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Study of the physical and functional interaction between
Mogl andHistones

Mog1 wasfirst describedas aGsptbinding proteininvolved in nuclear protein import both in
humans and yeadieing Gspl the homologue of the human-BdifPaselLater, it was found that
human Mog1 also regulates the trafficNd,1.5,t h esublihit of the cardiac sodium channel,

that has been associated with Brugada syndrome, a cardiac disease. Recently, it has been
discovered that Mogl regulates mRNA transcription and export to the cytoglasm
Saccharomyces cerevisid®y participatirg in the establishment of epigenetic marks during
transcription, specifically H2B monoubiquitylation on lysine 123 (H2Bubl) and H3
trimethylation on lysine 4 (H3K4mg3 These postranslational modifications (PTMs) are
correlated with actively transcribggnes, being important for transcription elongation, amongst
other functions. In addition, there is a crosstalk between H2Bubl and H3K4me3 since H2Bubl
has been shown to stimulate H3K4me3. However, the exactly molecular mechanism explaining
why these PTMgnhance transcription is not fully understood, although some mechanisms have
been proposed in which several proteins and complexes are involved.

How Mog1 participate in this process is unknown but it was proposed that it is independent on its
role in Gsplbinding, suggesting the existence of two cellular pools of Mog1l protein. Moreover,

it has been shown that two subunits of the COMPASS complex, Shgl and Sdcl, and histones
H2B1, H3 and H4, amongst other proteinspeecipitate with MogiTap tagged. The iataction
between Shgl and Mogl has been validated through a genome wide Sliybt@screening

finding a region in Mogl between amino acids residues 114 and 154 as the putative binding
domain. Part of this region is located in a long loop connectingosta sheets where there is a
tryptophan residue at position 145 especially exposed. Therefore, it is interesting to study if this
loop and, especially, W145 are important for M&#jig1 binding.

On the other hand, Mogl1 ¢mmunoprecipitation with histond42B1, H3 and H4 revealed that
Mog1l could participate in the establishmenH#Bubl and H3K4me3 by directly or indirectly
binding histones. Of especial interest is H2B because efH8imethylation dependency on
H2B-K123 monoubiquitylation. Consequentiiy is important to clarify if Mog1l interacts with
H2B directly and if so, to determine the interaction domain.

Furthermore, it was found in a screening that lysine at position 189 in Mog1 can be ubiquitylated
which points Mog1 as autative substrate fqrosttranslational modifications.

Therefore, the main objective of this study is to gain knowledge about the role of Mgl in
modulation of histone epigenetic modificatioH2Bubl and H3K4me3 by, on the one hand,
analysing the phenotypic effect of sealeogl mutants and, on the other hand, characterising
histone H2BMog1 interaction.
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Estudio de la interaccion fisica y funcional entre Mogl e
Histonas

Mog1l fuedescrita por primera ve&omo una teina de unidn a Gspl, proteina homdéloga a Ran
GTPasa en humanos, que participa en la importacion de proteinas al nacleo tanto en levadura
como en humanos. Més tarde, se encontrd que, en humanos, Mog1l regula el tNdidosdka
subunidadJdel canalde sodio cardiaco, que ha sido asociada con elosiedde Brugada, una
enfermedad cardiaca. Recientemente, se ha descubierto que Mog1l también regula la transcripcion
y exportacion del ARNm erSaccharomyces cerevisiamediante la participacién en el
estalblecimiento de marcas epigenéticas durante la transcripcion. Estas modificaciones
postraduccionales (PTMs por sus siglas en inglés) son la monoubiquitinacion de H2B en la lisina
123 0 H2Bub1 y la trimetilacién de la histona H3 en la lisina 4 o H3K4me3starerelacionadas

con genes activamente transcritos y son importantes en la elongacion transcripcional, entre otras
funciones. Ademas, existe una intercomunicacion entre H2Bubl y H3K4me3 ya que se ha
demostrado que H2Bubl estimula la trimetilacion de H3Kdn Sin embrago, no se ha
caracterizado todavia un mecanismo molecular que exphouguéestas PTMS aumentan la
transcripcion, aunque varios mecanismos se han propuesto englobando varias proteinas y
complejos.

Se desconoce como Mogl participa en este proceso, pero se ha propuesto que esisfuncion
independiente a su unién a Gspl, sugiriendo la existencia dpodtscelularesde Mogl.
Ademas, se ha encontrado que dos subunidades del complejo COMPASS, S$lofjlyyl&s

histonas H2B1, H3 y H4, entre otras proteinas, coprecipitan en un ensayo con Mogl con cola
Tap. La interaccién entre Mogl y Shgl ha sido validada en un ensayo de doble hibrido empleando
Shgl como la proteinhait, en el que ademas se describita uegién en Mogl entre los
aminoacidos 114 y 154 como posible dominioimieraccion Parte de esta secuencia esta
localizada en una region de bucle que conecta dos laminas beta y que contiene un triptéfano en
posicién 145 con su cadena lateral especialenexpuesta. Por lo tanto, es interesante estudiar si
esta regioén de bucle y, en concreto, W145 son importante para la interaccion entre Mogl y Shgl.

Por otra parte, la emmunoprecipitacién de Mogl e histonas H2B1, H3 y H4 sugiere que Mogl
podria desengfiar su funcién en el establecimiento de H2Bubl y H3K4me3 interaccionando
directa o indirectamente con las histonas. H2B es de especial interés por su influencia en la
trimetilacion de H3 en K4. Por ello, es importaegudiarsi Mogl interacciona con H2B
directamente y en tal caso, determinar el dominio de interaccion.

Ademas, un estudio ha encontrado que la lisina 189 en Mog1l puede estar ubiquitinada, indicando
que Mogl también puede ser sustrato para las modificaciones postraduccionales.

En consecuenaj el objetivo principal del presente estudio es indagar en la implicaciéon de Mog1l
en el establecimiento de las marcas epigenéticas H2Bubl y H3K4me3 mediante el analisis del
efecto fenotipico de varias mutaciones en la proteina Moglcaracterizacionedla interaccion

entre la histona H2B y Mog1.
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H3K4me3,SHG1
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1.INTRODUCTION



Saccharomyces cerevisjasmmmonly known as budding yeast, is a type of yeast and one of the
simplest eukaryotic organisms consistifgaonucleated single cell. This means that it shares
biological properties with other eukaryotic organisms, but its genetic manipulation is easier
compared to more complex animmbdes. In addition, it became the first eukaryotic organism

to have its genomcompletely sequenced in 1996 (Goffeau et al. 19@8) its first major update

in 2010 (Oteroet al. 2010) being this information available and manually curated in the
Saccharomyces genome databa3eefry et al. 202). In addition, the largacale ingérnational

Yeast Consortium 2.0 is currently constructing a synthetic version of the genome of the BY
lineage of the SC2&B reference strain likely being the first synthetic eukaryotic genome
(SYNTHETIC YEAST 2.02020. Because of the availability of igeenetic information, the easy
growth and manipulation and the powerful genetic techniques deve®peegrevisiadas been
widely used as a model organism to study different biological processes such as aging, regulation
of gene expression, signal transtion, cell cycle and apoptosis (Karathia et al. 2011). Of especial
interest is the use of budding yeast to study evolutionary conserved protein cor{pleeget

al. 202) since its representativeness has been supported by functional homology Guuelies.
these studies found statistically robust homologs of 31% of all the peteoding genes of yeast
amongt the mammalian protein sequence (Botstein et al. 1997). Another work performed by
Foury (1997 showed that 30% dhe genes involved in humadiiseases have orthologs in the
yeast proteome.

One of these orthologous genes is the one encdigirdgogl protein which was first identified

in yeast. Yead¥loglp is a 24kDauclear protein encoded by the yeast ORR074What binds
Gsplp, theS. cerevisiaeorthologue of the human Ran GTPase, which is essential for the
nucleocytoplasmic exchange of macromolecules through the nuclear pore cONR@XOki

and Nishimoto, 1998 Mogl binds to both nucleotide states of Gsadting as a guanine
nucleotide release factor together with RanGEF but remaining bound to the nudieeatiBan

in contrast to RanGEFS{eggerdaand Paschal, 200). Later, it was found that Mog1l induces
nucleotide release by blocking the GTPase active SiteggerdandPaschal, 2001 However,

Moglp has been only related to protein import buttagirotein export (Oki and Nashimoto,
1998; Bakeet al.2001). The 1.8 resolution crystal structure tfe yeast Moglp was solved by
Steward and Bakeg2000 (Figure 1.1.A). which helped to find a cluster of highly conserved
surface residues by analysing sequences of Moglp homologues. This cluster was located between
amino acids25 and 190 with the highekbmology between residues 38 and 67 which were
indicative of a putative Ran binding site. Later they identified by mutagenesis the conserved acidic
surface residu&lué5of Moglp as an important player in maintaining the M&ghinteraction

since Mog1E65K mutant showed defects in nuclear protein imgBeker et al. 2001)As other
proteins mediating nuclear transport, Moglp has been structurally and functionally conserved
throughout evolution, finding an orthologue in humagrscoded by thRANGRFgene Human

Mog1lp is a nuclear 28kDa protein that binds to both yeast and human Ran GTPase complex and
has a role in nuclear protein import as yeast Moglp (Marfatia et dl). 2@)structuravasalso
solvedby Baoet al.(2018)(Figure 1.1.B)
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Figure 2.1. Yeast and human Mogl structurd) X-ray diffraction 1.9A resolution crystal
structure of the yeast Moglp solved by Steward and §akéf). B) NMR solution structure of
the human Moglp solved by Basi al. (2018. Images from UniProtKB UNIPROT
CONSORTIUM2019.

Later, it was found that human Moglp could have a role in Brugada syndrome, a heart disease
first described in 1992 (Brugada and Brugada, 1992), which is characterized by an irregular
electrocardiographic pattern andistresponsible for-42% of the casesof sudden death and
aA20% of death in pati ent sAntaelevitdhet al.2008)tAtthect ur al
beginning, it was thought to be a genetic disorder due to autosomal dominant mutations in the
SCN5Agene which codifiesor Na,1 . 5, -subimigof ddrdiac sodium channel. Up to 100
mutations have been identified in this gene, all of them leading to a lower transmembrane sodium
current (Chen et al. 1998, Smits et al. 2002). However, o028 of the patients present
mutations in this gene, sugdgieg the implication of other genes or proteiAsizelevitchet al.

2005). One of these proteins is Mogl which was found to interact with the cytoplasmatic loop I
of Na/ 1.5 and to increase the cell surface expression of the channel (Wu et al. 2008}uidéte

showed that Mogl promotes intracellular trafficking W&,1.5 to plasma membranes in
cardiomyocytes (Kattygnarath et al. 2011) and the interaction domain was suggested to be located
in Mogl from 146 to 155aavhich corresponsito a long loop irthe human Mog1 structure (Yu

et al. 2018).

Recently, a new function of Moglp in mRNA transcription and export has been described in
yeast. This is related to the participation of Moglp in the establishment of epigenetic marks during
transcription, specifidly in H2B monoubiquitylation on lysine 123 (H2Bubl) and H3
trimethylation on lysine 4 (H3K4mé&Oliete Calvoet al. 2018)In the eukaryotic nucleus, DNA

is packaged by wrapping DNA around a globular histone octamer named nucleasicheas

formed by wo dimers of histone H2A/H2B and a tetramer of H3/H4r(lergandLorch, 1999).

Since the early 1960s it is known that histones presenttjaostiational modifications (PTMSs)
(Allfrey et al. 1964) which were localized in basic amiterminal tails protruding from the
histones when the structure of the nucleosome wh®d by Xray crystallography in 1997
(Luger et al 1998). Why these PTMs are important for chromatin structure regulation is not only
due to its exposed positiavithin the nucleosoméut also because they are able to be recognized
by remodelling enzynge However, the function of PTMs goésyondchromatin structure
remodelling, being involved in many other DNA processes such as transcription, repair,
replication and recombination (Bannister and Kouzarides, 2011). Amongst the different PTMs
that have bae described, histone methylation and ubiquitylation are of special interest for our
study. Histone methylation consists in the addition of one, two or three methyl groups on the side
chains of lysine and arginine residues, becoming matioor tri-methyhated. It is a dynamic
modi ficati on, being fiwritteno by histone methy
produces relatively small molecular changes to the amino acid side chains (Klose and Zhang,
2007). In contrast, histone ubiquitylation is ach larger covalent modification resulting in the
attachment of ubiquitin, a 7&mino acid polypeptide, to lysine residues on histone tails. This is
performed by the coperative and sequential action of three proteinsadiilating, E2
conjugating and E8gating enzymes Hershkoand Ciechanover, 1998 As in the case of
methylation, this modification can be removed byutquitin enzymes and the degree of
ubiquitylation changes from mondo poly-ubiquitylated being monabiquitylation the most
relevan for gene expression (Wang et al. 2004).

Consequently, gene expression is not only regulated by genetic factioasso by those that are
epigenetic. Complexity increases because of the recruitment of multivalent proteins and
complexes to these PTMsrttugh specific domains (Bartke et al. 2010). This is even more
complex when considerine crosstalk between different modifications resulting in the overall



control of gene expression. This crosstalk can occur (1) because of competitive antagonism
betwe@ modifications targeting the same site; (2) because the establishment of one modification
is dependent on another one; (3) by disrupting the binding of a protein to a particular modification
by an adjacent maodification or (4) because several modificatiogkt be necessary for the
recruitment of specific factors on adjacent modifications (Kouzarfi).

H2Bub1 and H3K4me3 modifications exemplify this intricate mechanism and are both correlated
with actively transcribed genes playing a role in trapsiom elongation (Kouzarides, 2007). On
theone hand, it i's known that H3 K4 medgenesirt al i zes
budding yeast (Kouzarides, 2007; Berger, 2007). On the other hand, H2Bubl and its homologue
in humans H2BK120 monoubigitylation (Osley, 2006) is an essential histone modification for
optimal gene transcriptiofPavri et al. 2006and mMRNA exportYitaliano-Prunier et al2012),

apart from participating in DNA damage respon&afinattasio2005) and DNA replication
(Trujillo andOsley, 2012). Nevertheless, the molecular mechanism by which these maodifications
enable transcription elongationgsll unknown. In yeast, H2B monoubiquitylation is catalysed

by both the ubiquitin conjugating enzyme Rad6 (E2) and the ubiquitin ligase enzyme Brel (E3)
together with the transcriptional regulatory protein Lgel (Osley, 200 it is deubiquitylated

by two ubiquitin-specific proteases, Ubp8 and Ubpl10 (Henry et al. 2003; Ingvarsdottir et al.
2005). Studies found that both monoubiquitylation and deubiquitylation are required for gene
transcription being an important checkpoint for transcription elongatidenfy et al. 2003,

Wood et al. 2003Pavri et al. 2006; Lee et al. 2007). Why H2Bubl is important in mRNA
transcription elongation might be explained by the interaction of Rad6 and Brel with Pafl C and
the FACT complex (Figure 1.2) (WeakadWorkman, 2008Thornton et al. 2014)The Pafl C
(PolymeraseéAssociated Factor 1 complex) was initially described as a regulator in all the stages
of the Pol Il transcription cycleSguazzo et aR002; Rondn et al.2004) It was found that Rtf1,

a subunit of PaflQMueller and Jaehning, 20Q2jirectly promotes H2B monoubiquitylation on

K123 by interacting with Rad6 and stimulating its activity @al. 2003; Wood et al. 2003, Van
Osset al.2016) In addition, it has been shown to interact with RNA polymeraseyieast (Shi

et al. 1996). On the other hand, it has been suggested that H2Bub1 assists the recruitment of the
histone chaperone FACT (Facilitates Chromatin Transcription) which participates in transcription
elongation by binding to RNA polymerase |l andpié€ing H2B/H2A heterodimers to allow its
passageRavriet al. 2006 Fleming et al. 2008). Moreover, Paf1C and FACVdizeen shown to
genetically and physically interact in yeast (Formosa et al. 2002). Altogether, these findings show
that H2BK123 is monabiquitylated cetranscriptionally and H2Bubl levels have been related
with RNAPII elongation rate (Fuchs and Oren, 2014).

H2BK123

Figure 1.2. Molecular mechanism proposed by Thornton et(@014) that explains FACT and
Paf1C interaction with the H2B ubiquitylation machinery in the context of transcription
elongation.



Other studies showed thate disruption of either ubiquitylation or Ubp8ediated
deubiquitylation of H2B leads to changes inafid trimethylation of H3K4, potentially being an
example of the tranasegulation process between PTMs described previously (Wood et al. 2003;
Shahbazian eal. 2005;Lee et al. 2007).Why this crosstalk happens between H2Bubl and
H3K4me3 has been widely stied and several mechanismy&aéeen proposednost of them
pointing Swd2 as the main element in H2BtH3K4me3 crosstalk (Lee et al. 2007, Zheng et al.
2010; Soares and Buratowski, 2012). Swd2 is a subunit within the macromolecular complex
COMPASS (Commx of Proteins Associated with SetWhich is composed by other seven
subunits highly conserved in eukaryotes: Setl, Bre2, Swd1l, Sppl, Swd3, Sdcl and Shgl (Miller
et al. 2001). Setl is the enzyme that catalyses H3K4 mdr@nd trimethylation (Miller et al.
2001; Krogan et al. 2002; Shiifard, 2012). In 2008, Vitaliand’runier et al(2008 showed that
therecruitment of Rad6 and Brel to H2BK123 leads to ubiquitylation not only of H2BK123 but
alsoof Swd2 on Lys68 and Lys69. Upon ubiquitylation, Swd2 becomes able to recruit Sppl to
the diromatin which is the subunit of COMPASS required for H3K4atd trimethylation from

the monomethylated state (Morrillon et al. 20DBFé et al. 200§. Therefore, HBubl-dependent
Swd2 ubiquitylation would allow the efficient recruitment of the conepéetd stable form of the
COMPASS complex (Figure 1.3), being this mechanism conserved in mammals, including
humans (Kim et al. 2009). H2Bub1 also promotes Rigpendent H3K79 methylation (Vlaming

and van Leeuwen, 2016) and Set2diated H386 methylation(Hérissant et al. 2014but since
theloss ofMOG1did not affect global levels of H3K79me3 and H3K36me3 (Olieadvoet al.

2018), these histone crosstatkwill not be covered in this work.

- H3K4
HeB K, 4 H2B-K,,
}‘ 123 ““
Nucleosome Nucleosome
Step 1: ubiquitylation of H2B and Step 2: ubiquitylation of Swd2 Step 3: H3K4
H3K4 monomethylation/ Swd2 and Spp1 recruitment trimethylation

recruitment on H3

Figure 1.3. Molecular mechanism for H2BubH3K4me3 crosstallproposed by Vitaliane
Prunier et al.(2008. Shg1l is not showed in this graph.

Consequently, monoubiquitylation/deubiquitylation and trimethylation/demethylation of
H2BK123 and H3K4 respectively, are complex biological processes in which spraeihs

and complexes participate interacting with each other and with chromatin. The role of Moglp in
this mechanism was first suggested when Megé found to genetically interact with the DUBm
(DeUbiquitilating modulgsubunits Ubp8 and SusKdhleretal. 2006;Shuklaet al. 2008. This

led to the conclusion that Moglp and Ubp8/Susl may participate in the same biological process.
To answer this question, Olie@alvoet al.(2018 checked H2Bubl and H3K4me3 levelsSn
cerevisiaecells lackinglOG1, being these significantly reduced compared to the wild type strain.
To unravel why Mog1p could modulate H2Bub1 and H3K4me3 levels, iateoet al.(2018
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combinedmo g Wi deletion of proteins participating in H2B monoubiquitylation and H2Bub1
H3K4me3 crosstalk such aRADG BREL LGE1andRTF1 These double mutants showed an
additive growth phenotype compared to individual mutants leading to the conclusion that Mogl
and Rad6, Brel, Lgel or Rtf1 act in independent pathwagsldition, they analysetiegrowth

of mo g tetis with mutations in H2B (H2K123R) and H3 (HXK4A) specifically defective in

H2B monoubiquitylation and H3 trimethylation, respectively. These yeast strains showed a subtle
growth retardation suggesting the implication of Moglpoiher pathways other than H2B
monoubiquitylation and H3 trimethylatioAowever, since Moglp participates in nuclear protein
import (Oki and Nishimoto, 1998; Marfatia et al. 2DGhese effects dfIOG1deletion on growth

could be due to disruption of neer import of proteins participating in H2BK123
monoubiquitylation. This possibility was examined by Ol€vo et al. (2018 by tagging

Rad6, Brel, Rtfl and Ubp8 with GFP and monitotimgir cellular localization in botimo g 1
and WT yeast cells finding that in both cases, these proteins localized in the nucleus. These results
showed thathenuclear protein import disruption was not respondibtdow levels of H2Bub1l

and H3me3which indeed suggests the existence of twaediifit pools of Moglp in the cell, one
participating in nuclear protein import and the other in the regulation of gene transcription and
MRNA export.

Once it was clear that Moglp participates in the establishment of H2Bubl and H3K4me3 and
according to prewus studies showing the role of H2Bubl in transcription and mRNA export

(Pavri et al. 2006; BannistandKouzarides, 2011), the question to assess Wd®iG 1 deletion

affected transcription levels and mRNA export. Oli€tvo et al. (2018 showed that igbal

levels of MRNA synthesis rate (SR) and mRNA abundance (RA) were significantly lower (25%

reduction for SR and 30% in case of RA) im0 g logmpared to wild type yeast cells.
Furthermorethe deletion ofMOGL1 led to inefficient mMRNA export at 39°C whenmpared to

WT. Therefore, the remaining question was how Moglp affected H2B monoubiquitylation and

H3K4 trimethylation. OlieteCalvoet al.(2018 performed ChIP experiments to study chromatin
recruitment of Rad®é6, B r e lgioasrofdactifRety frahscribed génbse 3 6 a |
(ADH1, PMAlandYEF3 in mo g laga wild type cellsResults showed that the overall gene

association of these factors was significantly lowening Iceiss peci al l'y i n 506 ORF f
Rtf1 the strongest effect. Consequently, they fagged Mog1l in a yeast strain expressing Rtfl

Pk, finding that immungrecipitation of MogiTAP co-precipitated RtfIPK, which may be

indicative of direct or indirect physical contact between these two proteins.

Nevertheless, not onlyoesRtfl interact with Mogl. Immunoprecipitation ®AP-taggedVogl

and mass spectrometidnalysis (LC/M5-MS) revealed that apart from its previously described
partners, the GTBinding proteins Gspl, Gsp2, Nopl and Lgs1 @kiNishimoto, 1998; Baker

et al. 2001)theligase Brel; Spt5; fourteen subunits of the SAGA complex; two suburtite of
COMPASS complex (Shgl and Sdc1l); histones H2B1, H3 and H4; and several NplPgied

with Mog1(OlieteCalvoet al. 2018). From these proteins, Shgl is of special interest for several
reasons: (1) the interaction between Shgl and Mogl was validategh & genome wide Shgl
yeast twehybrid screening finding a region between nucleotides 342 aAd(btdween aa
residues 114 and 154) in all identified Mogl clones through which they interacted with Shgl
(Oliete-Calvo et al. 2018); (2) although Shgl wassdribed as an additional subunit of yeast
COMPASS (Roguewt al. 2001), no mammalian homologues have been yet identified and it does
not seem to have any effect over the pattern of H3K4 methylation by itself (Meieder2006),
therefore, its role mighbe allowing the interaction between Mogl and COMPASS; (3) When
analysing the possible interaction domain between Mogl and Shgl in the crystal structure of
Mog1l (StewarandBaker, 2000), it is interesting to notice that residues 143 to 154 are located in
an exposed loop connecting two beta sheets (Figure 1.4.A). Amongst these 11 aa there is a
tryptophan residue at position 145 with its side chain projecting away from tloé ttes residues



forming the loop (Figure 1.4.B). Since this residue is significantly exposed it is interesting to
study if it is important for ShgMog1 binding.

Figure 1.4. Yeast Mogl protein structure (brown) and human Mogl structure (blue)
overlappel. A) Part of the putative Shgflogl interaction domain highlighted in yellow in
yMogl. Exposed loop connecting two beta sheets. B) W145 highlighted in purple in yMog1 inside
the loop containing part of the putative interaction domain between Mogl and I&tagjes
obtained fromMJCSF Chimera softwar@ettersen et al. 2004

This new role of Mog1 in H2B monoubiquitylation and H3K4 methylation was suggested to be
independent of Mogl function in nuclear protein import (Oliegdvo et al. 2018)Inmo g 1
trandormed with the Ran binding mutariflogl-E65K (Figure 1.5A) methylation and
ubiquitylationlevels recovered the ones showedy g Yegst cellsvhat, thereforesupports

the hypothesis of the two cellular pools of Mogl. In this line of research and considering the likely
participation ofMog1l residue W145 in Shgogl interaction, it is reasonable to think that
modifying both residues (E65 and W145) Mog1 function wilirbpaired both in nuclear protein
import and mRNA transcription and export. Moreover, Swariey.(2013 found in a screening

of proteins ubiquitylated and/or phosphorylatedircerevisia¢hatthelysine at position 189 in
Mog1l (Figure 1.5B)s ubiquitylated showing that Mog1 is not only a player in the establishment
of histone modifications but also a putative substrate for posttranslational modifications

Figure 1.5. Yeast Mogl protein structure (brown) and human Mogl structure (blue)
overlappedA) E65 residue highlighted in red in yMog1l. B) K189 residue highlighted in blue in
yMogl.Images obtained frordCSF Chimera softwar@Petterseret al. 2004.

Going back tdliete-Calvoet al.(2018 results from immunoprecipitation dAP-taggedviogl

and mas spectrometry analysis, the interaction between Mogl and histones H2B, H3 and H4
cannot be overlookedrhe molecular mechanism by which Mogl modulates H3K4me3 and
H2Bubl is unknown but these results suggest that Mogl could perform this function by directl
or indirectly contacting histones. Of special interest is H2B because on one hand, at the end it is
affected by Mog1l function independently on the mechanism of action, and on the other hand,
since H3K4me3 seems to depend on H2B monoubiquitylationikely that if Mogl interacted

with any histone, H2B would be the first one to be contactbérefore, and in the way of
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answering the mechanism of action of Mog1 in epigenetic modifications, it is important to clarify

if Mogl interacts with H2B directly roindirectly. TAP-tag immunoprecipitations from cell
extracts give important information on protgrotein interactions but these can be indirect since
interacting proteins can be part of a larger complex or the interaction can proceed through another
protein. This is particularly significant in the case of Mdg2B interaction since H2B is part of

the histone octamer (Phizicky and Fields, 1995).

Consequently, interactions detected by this method should be counteracted loy attoeor in

vitro experimentsWe could consider then other protgirotein interaction assayach as yeast

two hybrid §n vivo) or affinity chromatographyir§ vitro). The yeast two hybrid system lies on

the principle of using transcriptional activity to measure intavactince the DNAvinding

domain of a transcriptional activator is fused to the N terminal of one of the proteins being studied
and the transcriptional activation domain to the second protein. When both domains get close, the
transcriptional activation isufictional and stimulates the expression of a reporter gene that allows
growth on a selective media or a colour reaction (Fields and Song, I983gfore, the
interaction ismeasuredn vivo with the posttranslational modifications naturally occurring in
yeast.However,there are some disadvantagesedproteins caravoid interactions because of
steric hindrance leading to false negativi@lificky and Fields, 1995 false positives can arise
because th&used transcriptional activation domain interagith upstream activating sequences
(Stephens and Banting, 2)0and it is limited to soluble proteins (Briicner et al. 2008).
addition, in our case the problem déntifying if Mog1l is indeed directly interacting with H2B

or the other histones are mating the interaction is still present. That is why affinity
chromatography seems to be the best option for this approach. Testing the interaction of tagged
proteins previously purified by affinity chromatography allows to determine direct interactions
with a high sensitivity (Ratner, 197#hizicky and Fields, 1995being essential for the
representativeness of the results the purity of the proteins. In addition, when overexpressing the
proteins in bacterial systems high protein yieddsl homogeneous protein extraate obtained
(Demain and Vaishnav, 2009)he main problems with this system are that proteins are net post
translationally modified and the possibility of losing their native structure during purification
leading to falsenegativeshizickyand Fields, 1995 False negatives may also arise because of
steric hindrance due to protein tags of large size which in contrast increase solubility and stability
of the fused proteins (Lichty et al. 2005). These characteristics rffakity gurification a good

choice for studying MogH2B interaction to suppothe results obtained yliete-Calvoet al.

(2018 havingthelimitations of this techniquén mind.



2. OBJECTIVES



With the aim of understanding the role of Mogl in the modulation of histone epigenetic
modifications H2Bubl and H3K4me3and in the context of the physical and functional
interactions between Mogl and otlpgoteins and complexesvolved in theestablishment of
thesemodifications, the main objectives of this project are:

1. Analy=s the phenotypic effect of the W145A singladaE65KW145A double Mogl
mutants on their ability to restore the growthnob g hrggs e t 1 priSoagrévipiae
strains.

2. Analys the phenotypic effeadf the deletion othe K144-T153 region of Mogl and
preventing ubiquitylation of K189 in Mogl by alanine substitutionttweir ability to
restorethegrowth ofmo g angls e t 1 prBocgrdvigiastrains.

3. Study thein vitro direct interaction between H2B and Mog1l by affinity chromatography
using a bacterigdxpression system.

4. Study thein vitro direct interaction between H2B and the shorter version of Mog1l,
Mogls21s lacking the Gspl binding domaiby affinity chromatography using a
bacterial expression system.



3. MATERIALS AND METHODS



3.1. Yeast and bacterial strainsgrowth media, plasmids, antibodies

and primers used
All the yeast and bacterial strains, growth meglasmids antibodies and primexssed during
the experiments are listed in the following tables togetheraoithplementarynformation.

Table 3.1. Yeast strains used, their selection marker®agih or reference

Strain Genotype Origin/ Reference |
BY4741 (WT) MATahi s 3 1 | e u 2 Winstonetal 1995
ur a3 g0
moglao MATahi s 3 1 | e u 2 Thisgroup
ur a3 0:HIBD gl
set 1o MATahi s 3l | e u2 EUROSCARF(collection
ur a 3ahtKANMX4 from 2004)
setrhoagg 1 MATahi s 3 gl | e u 2 This work, created fron
ur a 3ahKANMX4 se t Strqin.
mogl::HIS3

Table 3.2. Bacterial strains used, their selection markeraigin or reference

Strain Genotype Origin/ Reference|
DH5U competent | dlacZDelta M15 Delta(lacZYAargF) Hanahan1983
Escherichiacoli U169 recAl endAl hsdR17(FKaK+)

SUpPE44 thil gyrA96 relAl
BL21-CodonPlus (DE3) f huA2 [l on] ompT ¢Wood,1966
Escherichiacoli &ehsdsS

& DE3 = & sBBimHI o

(l acl::PlacUV5s5::T7
DH5 U el ectr f huA2 @écad)uUlpFphoA ginvV44  Shigekawa&
Escherichiacoli u80m (1l acz) M15 gyr Dower,1988

endAl thil hsdR17

Table 3.3. Composition of the mediagether with the species used for indicated between
brackets. % are given as weight/volume jw/v

Medium Composition |

YPD (yeast) 2% bacterial peptone, 2% glucose and
yeast extract

SC(yeast) 2% glucose, 0.5%NH.)>.SQs, 0.17% YNB
and 0.2%Drop-out

LB (bacteria) 1% tryptone, 1% NaCl ah.5% yeast extrac

Drop-out refers to a mixcontaining2.0g of all the amino acids except for adenine, histidine,
leucine, lysine, methionine, tryptophan and uragiich are used as selection markersoum
case, the auxotrophic markarsed vereleucire or histidinetherefore, SC was complemented
with all the amino acids listed previouslgxcept forleucine or histidine depending dhe
experiment. The amino actbncentrationsised were the following2Cel/ml for adenine, uracil,
histidine, tryptophan and methioninghile 30el/ml for leucine andysine.

In order to make platesdm the media, agar was added up to 2% (w/v). In addition, ampicillin
(Amp) and chloramphenicdlChl) were added t€B mediumto a final concentration afseg/ml
and25eg/ml, respedwely, being the stock concentrati&@® mg/ml and 25mg/ml. For the B
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medium containing kanamyci(Kan) and chloramphenico(Chl), the concentrations were
50eg/ml and 28g/ml, respedvely, with stock concentration of 58g/ml and 25ng/ml.

Table 3.4. Plasmids usgethain characteristics and origiar reference The number indicated
with a hash corresponds to the plasmid number in SRN collection.

Plasmid
pRS3L5 (#21)

Description/Application

Yeast vector for new plasmids
(LEU2 marker)

pRS315-Mog1l (#559) Expression oMog1l
pRS315-Mog1-E65K (#617) Expression oMoglE65K mutant

PRS315-Mogl-W145A

(#618)

pRS315-Mog1-E65K- Expression oMoglE65KW145A
W145A (#620) mutant

pRS315Mogl1-K189A Expression of MogK189Anutant
(#641)

pRS315Mogl-qpK 1 4#53 Expression of Mogl mutaratking
(#645) the regionfrom K144to T153.
pRSI1403-HIS3 (#48) Obtainment of cassette fMOG1
gene substitution bMIS marker
Inducibleoverexpression of H2B
tagged withN-terminal His6 tag
(Kan marker)
Inducibleoverexpression of Mogl
tagged withN-terminal GST (Amp
marker)

Inducibleoverexpression of H2B
tagged withN-terminal His6 tag
(Kan marker).
Inducibleoverexpression ofishort
version of Mog1 tagged with-N
terminal GST (Amp marker)

PET28b-HTB1 (#324)
PGEXA4T-1-Mogl-GST
(#562)

PET28b-HTB1 (#644)

PGEX4T-Mog178218 GST
(#561)

Table 3.5 Primary antibodusedfor immunoblotting

Dilution
3:1000

Antibody Host
U-His6 -

Expression oMog1W145A mutant

Origin/ company
Gi ft

Origin/ Reference
Sikorski and Hieter,
1989

Lu et al. 2004
Oliete-Calvo etal.
2018

Joan Serrano Quilez
(SRNgroup)

Joan Serrano Quilez
(SRN goup)

Joan Serrano Quilez
(SRN goup)

Joan Serrano Quilez
(SRN goup)
CheeandHaase,
2012

Xuetong S

group

Lu et al. 2004

This work Stop
codon removed from
#324

Lu et al. 2004

from Jer

Table 3.6. Primers used together wiitieir sequence and applicatiohhe number indicated with

a hash corresponds to the oligo number in SRN collection.

Primer 5836 sequence
A3-HTB1 CACCCTGACACTGGTATTTC
(#1602)

A1-MOG1 FW | GCGCTATTCTTGTTGTCTTC
(#1004)

A4-MOG1 RV  GCTGTCTTCCGAGTAGAGTG
(#1005)

A4-pET28b TAGTTATTGCTCAGCGGTGG
(#1902)

Use |
Sequencing

PCR
PCR

Sequencing
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A2-HTB1 FW  TCTACTCAAGCACTCGAGCACCACCACCACCACCACTGAG  Quick-change

(#1904)
A3-HTBLRV  TGCTCGAGTGCTTGAGTAGAGGAAGAGTACTTGGTAACAG = Quick-change

(#1903)

3.2 Agarose gel electrophoresis

Nucleic acid gel electrophoresis was performed in a 1% (w/v) agarose gel using TAE buffer 1X
(40mM Trisacetate, 1mM EDTA pH 8.0). After adding the agarose, the mixtaseheated ia
microwave until it was completelgissolved When coolecenough green safavas addedo a

final concentration of 0&g /mL (10mg/mL stock solution)Then, the agarose gel was poured
into a gel tray with a well comb in place and let sojidif room temperatur&/hen the agarose
wascompletely solidified, it was placed into the gel box.

Loading buffer6X (0.25% (w/v) bromophenol blue, 0.25%/v) xylene cyanole blueg0% (v/v)
glycerol 506 (v/v), 12% (v/v) TAE 50X)was added to each tife DNA samplesip to 1Xbefore
loading them into the wellsAfter loading all the samples and the molecuaright marker
(100bp), the cuvettewas filled with TAE 1X until covering the gel. Then, the gel was run
horizontally ata constant voltage of 80Vntil the dye line was approximateit 80% of the
bottom of the gel. Finally, the DNA fragments were visualigeohg a UV transilluminator
(Ultima 16stPLUs, Isoge®) and the images wesmalysedising the softwaremage Studio Lite
(Li-COR Bioscience®)

3.3.Discontinuous mlyacrylamide gel electrophoresis

Proteinswere separated in denaturihg or 15% SDSPAGE gels which consistf a separating
and a stacking phase. The separating phasase of 15% SD®AGE gelwas prepared with
7.5mL of a solution of 30%w/v) acrylamide0.8% (w/v) bisacrylamide3.75mL TrisHCI/SDS
pH 88; 3.75mL MilliQ waterto which 50¢eL of 10% APSand 1@I| of TEMED were added to
allow the polymerization reactiofror 12% SDSPAGE ge] the following volumes were used:
6ml of the acrylamide/polyacrylamide solutioB.75ml TrisHCI/SDS pH 8.85.25mL MilliQ
water, 50¢L of 10% APS and 141 of TEMED. The stacking gel wgsreparedn both caseasing
0.65 mL of the acrylamide/bisacrylamidelution 1.25 mL of TrisHCI/SDS pH 6.83.05 mL
MilliQ water; 25¢L of 10%APS and 5L of TEMED.

Before loading the sampldsading buffer4X (50% (v/v) Tris 0.5M pH 6.8, 40%v/v) glycerol
100% (v/v), 9.2% (w/v) SDE&nd0.2% (w/v) bromophenol blugyas added to eactampleup to
1X and heated to enhance denaturation and reduce the viscosity of the giarrohg buffer
pH 8.3consisedof 25 mM Trisbase, 190 mM glycine artd01% (w/v)SDS.The electrophoresis
was performed in cuvettes at a constant voltage of 1f20Va periodenough for protein
separation.

3.4.Plasmidr ec overy flecvocompekebti) coli

The collection of plasmids used were recovered fiokh 5 dlectrocompetert. coli cells using
the Wizard® PlusSV Minipreps DNA Purification System from Promega®cording tothe
manufactureprotocol.

3.5. Transformation of yeast strains with plasmids

For an efficient transformatiothe LIAc/SS carrierDNA/ PEG methodlesigned by Gietand
Schiestl(2007) was usedvith the following modificationsY east cells were let grow in 50mL
Falcon tubes containing 10mL of liquid YPD at 3@%@ 160rprrup to an Olgyo value of 0.8
1.0. Then, cells were harvested dgntrifugation at 3000 rprirX-150 rotor)for 5 min. After
decanting the supernatant, tipellets were washed in 10mL of steril®lilliQ water and
resuspended by vortierg. After that a second centrifugatienesuspension step was performed
but, in this case, resuspending the cells in rhsterileMilliQ water. This mL was transferred
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to a 1.5mL microcentrifugetube and centrifuged for 30 sedt 13.000rpm discarding the
supernatangfter. The pellet were then resuspended with 1mL of sterN&lliQ water and

vortexed 200 e L  of t he ceeltrdnsferad dopnewnierocentrifugetubes and

centrifugedfor 30sec at 13.000rpnThen,36 0 ¢ L of t he tweeraddédmd mati on
resuspendedsing a pipette2e L of t he appropriate weleaddedi d (app
to thecell suspension and the tubes were incubated in a water bath at 4265@vigmagitation

for 40 min. Following incubation, the samples were centeligt 13.000 rpm for 30 seconds and

the transformation mix removed with a pipette. The pellet was resuspeitdéd0 0 e L of st er i |
MilliQ water and centrifuged again at 13.000 rpm for 30 seconds. The sampleBnaigre
resuspended i nterdl@atddnsetectionsniedtum iand enculated at 30°C for 2 or

3 days.All the centrifugation steps were performed at 4a?@ those at 13.000 rpwith F45

24-11 rotor.

The transformation mix was made of 240&eglL 50% (
DNA (salmon sperm DNA2 € g/ ¢ L)  ateritbwaBedperilsampléThe salmon sperm
DNA must be boiled for 5 min and let chill on ice before being added to the mix.

3.6. Creation of the double mutants et 1 gomo g 1

3.6.1. Transformation of s e ty&agi cellswith cassette
The protocol designed Wgietzand Schiestl(2007) was used with the following modifications.
se t Yeqst cells were grown in 30mL of DRiquid medium at 30°@nd 160pmup toanODeoo
value of 0.50.8. Cells were harvested in 50mL Falcons and centrifuge3D@d rpm(TX-150
rotor) for 3 min. Then, the supernatant wadiscardedand the pellet washed with 10mL of cold
sterile MilliQ water. After resuspension, the samples were centrifuged aga@®@trpm(TX-
150 rotor)for 3 min discarding the supernatant and resuspending the ellebl of sterile
MilliQ water Then,the samples @&e transferred to microcentrifuge tubasd centifuged at
3000 rpm(F45-24-11 rotor) for 3 min The pelletwasresuspended in 1mL of sterNilliQ water
andfrom this ni., 12C&L were transferred to new microcentrifuge tsard centrifugeds before
Once the supernatant was discarded,eB50f the transformation miand ZL of cassette
mogl::HIS3(Table 3.4 Materials and Methodlsvere addedThe transformation mix was made
of 24 L50% wWNV)PEG, 36¢L 1M Li Ac, 50€2ecepdnttald moln cfper
10X TE.

Thecell suspensiowas ircubated at 30°C for 30 min and then, at 4ia°@water bath for 20 min
with agitation.After that, the samples were chilled on ice for 2 min and centrifug@@iC&x rpm
(F4524-11 rotor) for 2 min to remove the transformation mikie pellet was resuspended in
5mL liquid YPD and incubatefibr 2h at 30°C for recuperation. Aftémcubation samples were
centrifuged as previouslyand resuspendeidh 1mL of sterile waterFinally, 10CeL of setlgp
transformed cells were plated in ${5 solid mediumand let grow for 2 or 3 dayll the
centrifugation steps were performed &C4

3.6.2. Verification of Mog1 deletion

3.6.2.1. DNA extraction from yeast
Genomic DNAwas extracted fronse t rhapdpcells according to the protocol described by
Blount et al.(2016. se t rhagipcolonies were inoculated into 50ml Falcon containing 10ml
YPD andlet grow overnight at 30°@nd160 rpm Cells were harvested and centrifuged 3000
rpm (F45-24-11 rotor) for 1 min and the growth medium discarded. Then, the pellet was washed
with MilliQ water and resuspendedliiCe 5% (v/v) Chelex 100esin Glass beads were added
to half total sample vaime and vortexed at high speed and 4°C for 4 min (1 min on/ 1 min off).
After that, the samples were incubated at 100°C for 2 min followed by centrifugation at top speed
for 1 min. The supernatant was collectadd transferretb a newmicrocentrifugetubewithout
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takingthe beads and Chelekinally, the extractedMilliQ was quantity and quality checked by
NanodropAll the centrfugation steps were performed at 4°C.

3.6.2.2. PCR
The polymerase chain reaction (PCR) was performed using primers annealing to the flanking
region of theMOG1gene (Table 3.6RCL of the PCR mix was prepared per sample containing
le LTaq Polymerase Buffer 10x (Rodbgincluding MgCh; 2 L4 mM dNTPs (Invitroge®);
le L1 O e reVverseprimer, 1e L1 O ¢ fbtward primer, 0.2 LTag Polymerase (RocBg; 1 L
DNA template gpproximatelyl 00 ng genomi ¢ DNALS MIIQ wR& R mi x) a

The PCR programme for cassette amplificationsisted ban initial denaturation step of 3 min

at 95°C; 9 cycles of 15 sec at 95°C followed by 30 sec at 54°C and 2 min at 72°C which
corresponded to the first denaturation, annealing and amplification; 25 cycles of 15 sec at 95°C
with 30 sec at 54°C and 2 minstsec/cycle at 72 °r more cycles of denaturation, annealing

and amplificationfinal extension at 72°C for 7 min and a final holding temperatfid€C. The

PCR products weranalysedoy agarose gel electrophoreaiscording to the protocol described

in Materials and Methods 3.2

3.6.3 Storage of the strain
The new strain was glycerinatéabe keptin the collection at80°C For that, one colony was
inoculated into 50ml Falcon tubes containing 5ml of YPD angrtet at 30°C and60rpmuntil
an ODyo of 0.6:0.8. 60@ Lof the cell cultureveretransferred to aterile2ml microtubewith
screwcap. Then, 4@0Lof sterile 50% (v/v) glycerol were also added and the tubes rapidly frozen
with N2 liquid to avoid toxicity due to glycerol.

3.7. Growth assay

Transformed gast cel were grown in5ml SGLeu liquid mediumo/n. Saturated overnight

cultures were diluted into fresh mediaan ORyvalueof 0. 3 and {3WH.tAtthisup !l i cat €
point, they were diluted again 1©Dsgo values of 0.940.2, equalising the O valuesamongst

the different samplesHve serial dilutions (1; 1:10; 1:100; 1:1000; 1:10000, 1:100000) were

prepared for each strain in a-@@ll plate. L drops were placed in SCeu plates in rows and

columns, being the five dilutions of the same strain in a row. Two plates were prepared with the

same samples and incubated one at 30°C and the other one at 37°CZbr 4o biological

replicates for edccondition were prepared.

3.8. Growth curves

Yeast cell cultures were prepared as in Materials and Methods 3.7. In this case, three biological
replicates wereaised for each strain. Instead of preparing serial dilutions; 260 each cell

culture were plated in a 98ell plate(VWR® Tissue Culture Rlteg. Three wells werdilled

with 26 Lof medium as the blank. The @owas measured each 20maith continuous
shaking between readindaring22hat 30°C or 37°Cin a multimode microplate reader (Spar®,
TECAN).

3.9. IPTG induced protein expression in BL21CodonPlus (DE3)E. coli

3.9.1. Preparing BL21-CodonPlus(DES3) E. coli competent cells
BL21-CodonPlus (DE3) E. coli cells wee plated on LB platescontaining 2%g/ml
chloramphenicol and incubated at 37°C overnight. One colony was inoculated in 10mL of LB (+
chloramphenicol) liquid medium atet grow overnight at 37°C ar2b0 rpm From these 10 mL,
2mL were saved for blank and 5mL of the culture wesmnsferred into 500mL LB (+
chloramphenicol) ir2L flasks and allowed to grow at 37°C a2fD rpmuntil ODsod 0 . 4. Then,
the cells were transferred to 2 centrifuge bottles (250mL) and placed on ice for 20 min. After that,
cells were centrifuged at 30G0n (Sorval RT6000B rotgrfor 10 minand resuspended in 30mL
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of cold 0.1M CaGCl. The cell suspension was transferred to 50mL Falcon tubes and incubated on
ice for 30 min. After incubation, cells were centrifuged at 3p00(Sorval RT6000B rotgrfor

10 min, the supernatant waliscardedand the pellet was resuspended by pipetting 8mL cold
0.1M CaC} containing 15% (v/v) glycerol. Finally, 140 aliquotsof the cell suspension were
transferred to 1.5mL microcentrifuge tubes and placed ofoideansforméion or frozen at80

°C until useAll the centrifugation steps were performed at 4£(@tocol from Chang et dR017).

3.9.2. Transformation of BL21-CodonPlus(DE3) E. coli
BL21-CodonPlus(DE3) competentE. coli cells were transformed following the protocol
developed by Chang et §017). 1eL of the correspondent DNA plasmid (approximately 100ng)
was added t@BL21-CodonPlugDE3) competente. coli cellsand mixed by inversion for-8
times. Then, the tubes weptaced on ice for 30 min for maximum transformation efficiency
followed byincubation in a water bath at 42R@ 45sec while shakingAfter that, the tubes were
placed on ice for 2 miand recovered by addirignL of LB to each of the tubescubating &
37°C and 60 mimvhile shaking Finally, the cell samples were centrifuged3800 rpm(F45-24-

11 rotor) for 3 minand 4°Candresuspended ibOCeEL of sterile MilliQ water Then, they were
placed onto a B selection plate containing chlorampheni@ie g/ml) and kanamycin (53/ml)
or ampicillin (75¢g/ml) and incubated overnight at 37°C.

3.9.3. IPTG induced protein expressiortest
One colonyof BL21-CodonPlus(DE3) competentE. coli cells transformed with the desired
expression plasmidvas inoculated into50mL Falcon tubesontaining 10mL LB medium
(+chloramphenicohnd kanamycihampicillin) per sampland let growat 37°C an@00rpmuntil
an ODyoof 0.6:0.8. Before adding IPTGLM stock concentration)l mL of each sampleas
collected as thdPTG sample for checking tHesalexpression of the protein. Then, IPTG was
added to a final concentration bfnM and the samples were incubated &C and200rpmo/n.
After the incubdbn period, two samples of 1mL were taken as +IPTG and soluble/insoluble
fractionsamples

The microcentrifugetubes containing the three samples were centrifuged foinlat 4°C and
1300Gpm (F4524-11 rotor). The resulting pellet waimtroduced in liquid nitrogen until
completely freezingand then, 208L of lysis buffer added to each sample. After this, cell
disruption was performed by sonication on ice with an amplitude of 50% with pulses of 30 sec
followed by 30 sec pauses for 10 isimmple using SoniPrep 150 (Sanyo®). In case of the fraction
sample, after sonication the soluble and insoluble fractions were separated by centrifugation for
10min at 4°Cand 5500 rpnm(F45-24-11 rotor). Finally, loading buffer4X was added to each
sampleup to 1Xto run apolyacrylamide gel according to the procedure describddaiterials

and Methods3.3. The gelwasstained with Blue Safe® during0 min to observe the protein
bandsTwo lysisbuffers were used depending on the protein to be purifisd: byffer A (50mM
Tris-HCI pH 8, 5M NaCl and 20mM imidazole) and lysis buffer B (PBH 7.3).PBS 10X is

made of 0.02% (w/v) KCI, 0.02% (w/v) KH2PO4, 0.12% Na2HPO4 and 0.8% (w/v) Na@I.
protocol was adapted fromv ét l.(2016.

3.9.4. Scale up

1L of BL21-CodonPlugDE3) competenk. coli cells transformed withthe desired expression
plasmidwere grown to obtain enough protein content. For & colony wasnoculated in
50mL Falcon tubesontaining5mL of LB pluschloramphenicoand kanamycin/ampicillin and
let grow overnight at 37°C ar2D0 rpm 1ml of the cell culture was added to 500ml of fresh
medium(+selection markerdp 2L flasks, preparing twdlasks andincubated at 37°C arzD0
rpm until ODggo Was 0.61.0. Then1lmL was takencentrifuged att3000rpm (F45-24-11 rotor)
for 1 min and frozemwith N2 liquid as the- IPTG sample. TherimM IPTG was added to the cell
culturefollowed by incubation at6°C and200 rpmo/n. After incubation2ml weretakenas the
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-IPTG and the fraction samples and processed as in the expression test (Materials and Methods,
3.9.3). Then, the cultures were collected500ml centrifuge tubes and centrifuged4&t00 rpm
(SLA-3000 rotoy and 4°C for 30 min. The supernatant warmoved, andhe pellet resuspended

in 30mL ofthe correspondent lysis bufférhe cell suspensiowastransferred to 50mL Falcon
tubesand finallycentrifuged att000 rpm(TX-150 rotor)and 4°C for 20 min and the pellet frozen

with N liquid and storect-80°C until useThis protocol was adapted framv ét il.(2016.

3.10. Protein purification

3.10.1. HistaggedH2B. Immobilized Metal Affinity Chromatography
(IMAC)
For the purification of the HisaggedH2B, affinity column purification was performeatiding
TALONE Su p eesii (GB Wealthcare Life Sciences®)a column(Bio-Rad®). First,
the cell pellet kept orB0°C was resuspended in 25mL of wasHinffer A (same as lysis buffer
A, Materials and Methods, 3.9.and transferred into a beaker set on ice. THencells were
lysed by sonication with an amplitude of 50% with pulse8Q$ec followed byB80 sec pauses
for 30 min/sample using SoniPrep 18kanyo ®) After sonication, 26L were collected and
called ATOTALO sample, transf e OmLicentgfugetules r est of
for centrifugation al8000rpm(SS34 rotorand 4°C for 30 minAdditionally, a 2@L aliquot was
taken from the super nasangpleThe supethatamtavasecollecfedsadd. UB L E 0
transferred to a new Falcon tube for purificati®his soluble fraction was filtered with 0.2l
filter to avoid accumulation of aggregated or precipitated prot&ims.pellet was resuspended
with washing buffer Ataking a20sL aliquotast he Al NS Gdmp& L E 0

Before adding the soluble fraction to the column, the column was equilibrated. For this, ImL of
washing bufferA was poured into the column and let flowahgh the column. Then, 1mL of
TALON beadswere pipetted into the column and let drain without letting the beads to completely
dry. Finally, the beads were washed by adding 5CV of washing buffer (5 times the volume
occupied by the beads in the colurang Et to drain.

After column equilibration, the filtered soluble fraction vpasired into the column collecting the

flow throughand takinga20L al i quot as t he A FThéWieHBUW GHO s an
was washed 3 times with 5CV of washing buffetaking 2@L from each washing step for
AWASH?2and30 sampl es. After that, protein elutio
elution bufferA (50mM TrisHCI pH 8, 5M NaCl and 250mM imidaie) six times and taking a

10¢L aliquotfor eachelutionstepas A ELUATE 1, 2, 3, 4, 5, 60 sam,
washed with 2CV of elutin buffer A, followed by 5&/ of MilliQ water and 5 of 20% (v/v)

ethanol All the steps during cell lysis amlrification were performed at 4°Chis protocol was

adapted from BornhorsindFalke(2000.

Later, all the samples taken during the procedure were run in a polyacrylamide gel (Materials and
Methods, 3.3) and the gel stained with Blue Safe ® dithmin tocheckthe efficiency of the
purification

Finally, the eluates containing the most intense bamel® combinedand dialysed using a
dialysingtube MembraGel ®, SERVA)which was introduced into aL beaker containin@L

of washing buffer Ato reduceimidazole contentfrom the protein solutionThe final protein
content was quantified bgradford assa Then, the protein containing samples were aliquoted
and frozen in Mliquid rapidly to be stored a80°C until use.
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3.10.2. GST-Tagged Mogland GST-tagged Mogl 78218.Glutathione

Sepharose Chromatography.
GSTtagged Mogland GSTagged Mogl 7&18 proteirs were purified by affinity
chromatographyollowing the same procedure as with H2B but changing both the beatiseand
buffers used. In this case, glutathione sephareads were used (GE Healthcare ®) instead. The
lysis andwashing buffes consisted on PBS 1X pH 7(I§sis buffer B)while the eluting buffeB
contained 50mM TrigdCl pH 8 and OmM reduced glutathione pH 8.0his protocol was
adapted from HarpemdSpecher(2011).

3.11. Sequencing
Forsequencing, 0 of t he pl asmi d t o l[Moftheamespondentd ( 4100
primer were sent in separate microcentrifuge tubes to the sequencing service.

3.12. Site-directed mutagenesis

3.12.1. Quick-change
To delete the stop codon (TAA)f the HTB1-His tagged gene ipET28bHTBL, a pair of
overlappingoligos were designeainnealing to both sides of the stop codon but lacking it (Table
3.6). PCR mix was prepared by adding 10ng of piielr286HTBL; 0.5%¢L Phusion Taq
pol ymer aseE ( Tlfee TagpdiyimerasdeuffeE X 2.5cL dNTPs 4mM 2.5%L
FW primer 2.5cL RV primer and MilliQ water up to 5. per samplePCR was performed in a
thermocycler applying the following parameters: 8088°C for the initial denaturation, 35 cycles
of 10s at 98°C, 30s at 62%Dd2 min at 72°C for denaturation, annealing and amplification; a
final extension for 5min at 72°C and final holdiagd°C. The protocol was designed following
the recommendatien from P h us i o n{firect&®i Matagenesis Kit user guide
(THERMOSCIENTIFIG 2019.

Three different conditions were tested: (1) using HF Phusion buffer® as the Taq polymerase
buffer, (2) using HF Phusion buffer® and adding 5% DMSO to the transformation mix, (3) using
GC Phusion buffer® as the Taq polymerase buffer. For each of thticnsdhree samplegere
prepared one lacking the plasmid (PCR negative control), one lacking the Taq polymerase
(mutagenesis negative control) and one containing all the components.

3.12.2. Verification of stop codon deletion
After PCR, the ninsamples were run in a 1% agarose gel using a 1kB marker. FaotPeit,
of each sample3eL MilliQ water and EL loading buffer6X wereadded andoaded into the
wells (MaterialsandMethods 3.2).

3.12.3. Dpnl treatment
Following Quick-change Site Déected Mutagenesis Kit Instruction Manu@AGILENT
TECHNOLOGIES 201%), 1eL Dpnl was added to the thresamples and to those being the
negative control for mutagenesiad incubatedor 3h at 37°C in a thermocycler.

3.12.4. Plasmid recovery

DH5 U c¢ o fpeelitetisnlhvitrogen®) were transformed with the six samples treated with
Dpnl. For that, theHigh Efficiency Transformation Protoc§NEW ENGLAND BIOLABS,
20199 was followed3¢L of the positivesamplesvere added to 0 of cell aliquot and kept in

ice for 30 min. After that, they were subjected to a heat simoakvater batlior 45 sec at 42°C
and then chilled on ice for 5 min. Recuperation was performed by addieg S80C medium
(Invitrogen®) per sanple and incubating at 379Gr 1h. After transformationcells were plated

on LB medium containing $@/ml kanamycirandincubated overnight at 37°Chen, ame colony
was inoculated into 5ml of LB mediufrkanamycin andlet grow at 37°C an@50rpm until
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ODesoo 0.6-0.8. Finally, the plasmid was recovered following the same procedure as in section
3.4(Materials and Methodsnd sent for sequencing (Materials and Meth8d?).

3.12.5. Transfer and immunoblotting
BL21-CodonPIlugDE3)E. colicells wee transformed with the new plasmid pET28bBB1and
the expression of the His tagged H2B protein was induced and analysed following the same
procedure as in Materials and Method9.23.9.3. Once the proteins wergeparated by
electrophoresigheywere transferred ta0.45um nitrocellulose membrai@mersham Protran,
GE Healthcare Biosciences@pdcovered by wipers (Wipall, Kimberdglark ®) on both sides
for semidry transfer. The buffer used was Bjerrum and Schdfelsen buffer (48mM Tris,
39mM glycine, 20% Methanol (v/v), pH 9.2) kept at 4°GeTransfer was performed in Trans
Bl ot Tur bo Tr anRai® applgng antogtimisel prgtaBdl for 1.5mm Mini gels
using a voltage of 25V for 10 min.

After that, the proteins were stained with a solution of Ponceau 1% (w/v) in 1% (v/v) aaktic ac
for 1-2 min and washeadvith distilled water. Then, the membrane was blocked with 10mL of a
solution containing 5% (w/v) milk powder with TBBveen 0.02M TrisHCI pH 7.6 and 0.8 %

(w/v) NaCF0.01% (v/v) Tweef0) for an hour at room temperature whilaldhg. Following
blocking, the membrane was incubated for 1 hour waitlantibodybinding thehistidine tail

(Table 3.5, Materials and Methoddijuted in TBSTween with 5% (w/v) powder milk. Then,
three washing steps were performed with TB&een for 5-10 min while shaking.During
incubation and washing, the membrane was covered by aluminium foil. The membrane was
revealedn a luminescent image analyser ImageQuant LAS 4000(@mBiHealthcare ®).

3.12.6. Storage of the plasmid
To storet he pl asmi d i n tleckocompetenEe wli cells (New EDgHBAU
BioLabs®)were transformedby electroporatiorwith the plasmid, glycerinated and stored at
80°Cfollowing the ElectroporationProtocol NEW ENGLANDS BIOLABS 2019h. For that,
electroporation cuvettes were first steriliaeh UV light usingStratalinker ® UV Crosslinker
1800 for 5min and let chill on iceMeanwhile microtubes containing&0 o f | lddii U
electrocompetentells were prepared, one for each tramsfation plus one negative control, and
let chill on ice tooleL of the plasmidd 100ng) was added to the cell
cell/DNA mix transferred to a chilled electroporation cuvette maintaining sterile conditichs
without introducing bubles.Electroporation was performed with Eppendorf Electroporator 2510
using the following conditions: 1.7kV, 200 Omega andR25The time constanwas 4.8 to 5.1
milliseconds which correspoadto two rapid pulses. Immediately after, 45®f LB were addd
to the cuvettes and the cell suspension transferred to a microcentrifuge tube for incubation at 37°C
and 750rpnfor 40-60 min. After recuperation, tubes were centrifuge8Q@0rpm(F45-24-11
rotor) and 3 min at room temperature and the supernatant discarded. The cell pellet was finally
resuspended in 160 of sterile MilliQ water, plated ohB +Kanamycinand incubated at 37°C
for 24h.

One colony of each of the transformants was inoculated intd_Bnplus 5&g/ml kanamycin
and grown at 37°C arzbOrpmuntil ODs00.6-0.8. To glycerinate the cell culture, the procedure
was the same as in section 3.6.3 buteT06f the cell culture and 3@Q of glycerol were used
instead.

3.13. Pull down assay

Approximately 108L of beadswith affinity to the tag of th@rotein used as the bawere poured

into a 1.5mL microcentrifuge tube, washed with 1mL MilliQ water and the supernatant removed
after centrifugation. The beads were washed again witashingbuffer, A or B depending on

the protein useds thebait, andcentrifuged without completely removing the supernatbd:
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20Ceg of the purified tagged protein were incubated with the beads for 30n%i@ ahd constant

rotation. After incubation, the samepwascentrifuged,and the supernatant was collected as
AFLOWTRHOUGHO sampl e. The b evashisg buiferceatrifugeds hed wi
and the supernatant collectedfia8VA S HO  sThermyadhirg.step was repeated twice.

Then,the second purified protein, tpeay,was added to the beads in equimolar concentration to
thebaitprotein and incubated for 30min at 4°C and constant rotation. The sample was centrifuged
and collected as AFLOWTHROUGH 2dwitk amhpfthe. The b

samewashing buffeas beformndrec ent r i fuged to collect the supe
This step was repeated twice. Finally, the beads were collected addingf3fadingbuffer 4X
and boiling for 10mi rampedroro &ltha samples doléected Bukind T1 ON O

thedifferent steps of the procedure g€20were taken and loading buffer 4X was added up to 1X.
Then, the samples were run in a polyacrylamide gel electrophoresis (Materials and Methods, 3.3)
and dyed with Blu&afe® for 20minCentrifugation was done in all the steps at@pth F45
24-11rotor)and 4°C for 5Smin.

In parallel to this assay, another pdtéiwn was performed adding ortlye pray proteinat the
same concentration as in the previous one to test Ufisfmoding to the beads.
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4. RESULTS



4.1. Creation of the double mutans e t 1 gonfrong sl epxt straip

Three clones of e t Sl apevisiaecells were transformed with theeviouslyPCR-constructed
cassette from pRSII4681S3(Table 3.4 Materials and Methodldor the deletion othe MOG1

gene and grown in SeHis for the selection of the transformants as explained in Materials and
Methods,3.6.1. The substitution dhe MOG1 gene by the selection markidiS3is performed

by homologous recombination because 83 gene in the cassette is flanked by homologous
regions to those flankintpe MOG1 gene in the genomic DNAVhen the doubkstranded PCR
product is transformed into yeast, the genomM{@G1 gene is replaced through a double cross
over even{Appendix, Figure 8.1).

After transformation, DNA was extracted from the three clones (MatamadMethods, 3.6.2.1)
and it was checked by PCRlieMOG1gene was correctly substitutedii53gene as expected.
For that, 20nt oligos were designed annealing to the flanking regions dMQi&l gene and
named AIMOG1 FW and A4AMOG1RYV (Table 3.6 Mateials and Methods If MOG1 gene
(654bp is substituted byIS3(1184bp, a difference intte amplification produdrom the PCR
experiment can be detected as a slower migrating beimegh running an agarose gel
electrophoresiAppendix, Figure 8.2).

Two out of the three clonevore MOGL1 deletion (Clones | and )il since the bandsize
corresponded to the one expectedHd®3 amplification The third clonewas invalid since the
PCR failed, and no PCR product coulddetectedAppendix, Figure 8.3).

4.2. Fhenotypic effect of Mog1W145A and MoglE65KW145A

mutations inmo g Argds e t 1 pnSocgrévipiagrowth

S. cerevisiaenutant strainsno g armgbs e t 1 gpmwerg tlansformed with pRS315 containing
different versions of the Mogl prote{fiable 3.4 Materials and Methogiswild-type Mog1,
Mog1 with a single point mutation its residues5 (glutamic acidE) substituted by lysingK)),
Mog1 with a single pointutation in 145 (tryptophafWV) substituted by alanin@)) and a Mog1
mutant containing both single mutatioB65K and W145A (Materials and Methods, 3 Bhe

s et 1 opmetwam Is gieficient in H3K4 methylatioand other cellular processalowing the
detection of more subtle differences in growth caused by MagthntsThe growth of theno g 1
ands e t 1 qommuuigritsgvas compared to the strain transformed with the empty plasmid
(pRS315 withoutMOG1) and to the wild type strain (BY4741 fomo g lago s e t farg

s et 1 gpinlygyiowgth assay on SCeu plates(Figure 41) as detailed in Materials and
Methods 3.7.

A slower growth phenotype is observedrmo g dp&§mptystrain compared to the WT both at
30°C and 37C. This growth reduction is partially rescugtientheMog1l protein is expressed in

a plasmidat 30°C. NotablyMogl complementation is not complete37PC. Both single point
mutationsE65K and W145A and the double mutation E65KW145AMOG1 causea slower
growth phenotype compared to the WT but oompared tomo g 4plogl at 30C. Since

mo g fplogl shows the phenotype caused by the wild type protein when expressed from a
plasmid, it will be used as the reference strain to compare the phenotypic effd@Gt
mutations instead of the WT strain. A°€ the phenotype caused by the mutants is very different,
growing better thamo g dpiogl(Figure 41.A).

The @sence oMOG1leads to a synthetic sickness phenotype when combined with a deletion of
SET1both at 36C and 3YC. Growth is partially recovered by the expression MOG1in a
plasmid when comparedsoe t+fiEgnptyat both conditions. E65K and W14S#gle mutations

ard E65KW145A double mutation cause a slower growth phenotype at 30°C compared to the
s e tpEmptystrain but not tes e t 1 gwpdggl ap seen imo g .1Hmwever, at 37°C both
single mutations cause a reduction in growth comparedad 1 qpdiggl, being this effect
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stronger inthe case of W145Awhich shows a synthetically sick phenotypbee double mutant
showsthe same positive effect on growth asliemo g $tignat 37°C, in this case recovering

the growth levels of the compensated phenotype. Therefotleene t 1 pmatoan thepe are
significant phenotypic differences between the double mutant and the single mutants at 37°C
(Figure 4.1.B).

A

30°C 37°C

BY4741

mog 1A+pEmpty

mog14+ pMog1 SC-Leu

mog1A+ pMog1EG5K
mog1A +pMog1W145A

mog 1A +pMog1EG5K-W145A

B
30°C 37°G

set1A
setiAmog1A+pEmpty

set1Amog1A +pMog1
SC-Leu

set1Amog1A +pMog1E65K

set1Amog1A +pMog1W145A

set1Amog1A +pMog1E65K-W145A

Figure 4.1. Growth assayomo g 1 qp an d ssteaind cqgmioggplagmids with different
mutations on MOG1 Tenfold serial dilutions of the indicated strains were plated onlL8G
and incubated at 30/37°C for2daysPictures were taken at 48h.

4. 3. Phenotypic @153 adMogl&I8B9AMo g 1 K1 4 4
mutationsinmo g hrgds e t 1 gonSocgréviplagrowth

S. cerevisiaenutantstrainsmo g argbs e t 1 gpmwerg tlansformed with pRS315 containing
different versions of the bl protein(Table 3.4 Materials and Methoglswild-type Mog1,

Mogl with a single point mutation ih89 (lysine (K) substituted byalanine (A) and Mogl

lacking the region from K144 to T153 which corresponds to part of the putative sl

binding domain (Materials and Methods, 348 in the previous sectiomo g &angls et 1 qpmo g 1
transformed with the empty plasnmRS315BY4741 ands e tsfrags were used to compare

the effects caused by the mutations. In this case the growth was analysed by measurigg the OD
of the different cell culturefor 22h at 30°C and 37°C, exceptfoe t 1 pratB¢°a which was
recorded for 18liMaterials and Metbds, 3.8). Growth curves were represented with the values
obtained normalising each data point to the §&dof the blank (S@.eu) at that pointAppendix,

Figures 8.4 and 8.5%ince three biological replicates were used for each strain at both conditions,
the average of the three values at each time point was calculated and represented together with
error bars as the standard deviation (Figures 4.2 and 4.3).

Comparing WT BY4741) andmo g btrpins growth curves (Figure 4.2), the faster growth
corresponds to the WT whitbe slowest tan o g AipEmptyboth at 30°C and 37°@s expected
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WhentheMog1l protein is expressdbm a plasmid, the phenotype of tireo g ApEmptyis not
compktely compensated in either condition since growth does not fully recovers WT levels as
seen in WTimo g @rqwth assay (Figure 4.1). In this case, the growth curve fg fpgogl

will be also used to compare those of the mutants smoeg 4plfogl indeed rpresentghe
phenotype of Mogl expressefftom a plasmid. When analysing the mutants, both
mo g AplkhoglK189A andno gdpgMo g 1 pRK1b3séem to have the same phenotypic effect
asmo g Hpkpoglat both temperarturealthough growth is slightly highermo g fpkfogl.All

the strains reached a higher &dait the stationary phase at 30°C than &3athough standard
deviation is higher ithe case of the mutants at 37°C than at 30°C.

30°C

» Blank

& WT+pEmpty
moglA+pEmpty
mogli+phMogl

o Moglh+pK1B9A

& moglhA+pAK144-T153

-200 i" 200 400 600 BOO 1000 1200 1400

1,2

o Blank
» WT+pEmpty
mogli+pEmpty

ODsoa

mogli+pMogl
& moglA+pK1BSA
& mogli+pAK144-T153

Figure42. Gr owt h curves of WT (OBesYVvales arg remesetitedno gl g s
over time (min) as the average of theee biological replicates for each strain with the
correspondingstandard deviation.

When comparing e tahdp e t 1 qpriFiggrd 438)s e t 1 opapkmptycpthe strain having
the slowest growth at 30°C showing a synthetically sick phenotype at 37°C.sWhénl qomo g 1
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is complemented with the wild type Mogl, growth is partially recovered without reagitngh
levels ofs e tirlaither condition as seen lsg t /1sge t 1 o rgwtil apsay (Figure 4.1). In
this case, there are differences compatothe phenotypic effect of the mutantsrimo g .1l
set 1ogpme gl @opmpKIBIApand s et 1 gpmepgklepT153 grow better than

s et 1 qpwpMogl showing almost the sanbehaviour as e t+fdEmptyat both temperatures.
There is no significant difference with respect to thedPached at the stationary phase between

both temperatures
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Figure43. Gr owt h

600

Time (min)

curves

80O

of

1000 1200

s e @Djogpaluenacke representecooner g 1 g st

time (min) as the average of ttheeebiological replicates for each strain with the correspiod

standard deviation.

The phenotypic effects showed by the growth curves coincide with the growth rate and doubling
time calculagd for each of the straindgpendix, Table8.1). Growth rates were estimated from
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growth curve data by taking the log of the exponential phase and performing linear regression
according to the following equation:

0 0 Q —> a&0ato ()
Where ¢ i s t hB®),Agtheabiotbanceatt6@0nnf amd tis time (min).

Doubling time is calculated from the previous equation by applying the definition of doubling
time:0 —» 06 ¢oO

0 L 3 & > . aé
Gg= 60 —» A= 0 —» oy =
The estimated growth rate values were analysed for significant diffei@neach set of strains

and temperature condition using ANOVA test and then, compared in pairs to the correspondent

+pMogl strain by-test (Figure 4.4).
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Figure 4.4.Growth ratevalues estimated for each of the strains and conditiofise lines above

the bars indicate the strains included in each ANOVA analysis which were then compared to the
strain containing +pMogIfor significance Those strains showing nosignificant difference
correspond to those haviranly two replicatedor the analysigAppendix, Figures 8.4 and §.5

(*) p<0.05; (**) p<0.01; (***) p<0.001.
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When comparing the growth rates betwesro g Ingtants and WTFigure 4.4) the highest
growth rate corresponds to the Vddthat 30°C and 37°C. THewest growth ratés shown by
mo g tpEmpty, beindowerat 37°C Growth rate omo g *pddogl issignificantly lowerthan
that of the WT buslightly higherthan those omo g pi§189A andmo g * @ K Ir453at
both temperatures

When comparing e tafidgpe t 1 qpmetmigsiFmure 4.4)growth rates are highat 37°C than

at 30°C in all the strains except fere t 1 gap&Emplyguhich shows a synthetically sick
phenotypeat 37°C As inmo g gtrgin,s e t 1 gpwpdMggl growth rate is significantly lower
than that of s e ttdEmpty at both temperaturesdowever the growth rates of

set 1 pmKIBAAgands et 1 gpmp K @rLE3 are significantly higher than that of
s et 1 qpmdggl gothat 30°C and 37°Gwhile they showno significant difference with

setipr-pEmptygrowth rates aanytemperature (Appendix, Figure 8.6).

4.4. Proteinprotein interaction assay workflow

Dav 1 H2B-His expression Mogl/Mogly, ;.5-G5T expression .
Y 1| 10mi LB +25p/ml Chi+ 50pg/mi Kan 10ml LE+ 25pg/ml Chi +75pg/ml Amp | 182C/n
Day 2 H2B-His expression Mogl/Mog Ly 3::-G5T expression 168¢C ofn
Y 1L LE+25ug/ml Chl + S0pg/mi Kan 1L LB+ 25ug/ml Chl +75ug/mil Amp
Cell lysis: lysis buffer & Call ysis: lysiz buffer B
| |
Soluble/Insoluble fraction separstion Zoluble/Insoluble fraction separation
Affinity purification Affinity purification
TALOM,Ni-MTA beads Glutathione sepharose beads

Day 3 Washing buffer A Washing buffer 8

Elution buffer & Elution buffer B

Dialysis Dizlysis
Protein content Protein content
Storage Storage
| |
!
Protein-protein interaction assay
1. H2B-His | 1. Mogly |
2. Moeglf ] Mu,gl-' Maglagar G\ST i II'-'E His
Day 4 Mugl-. 1-G5T '. | Maglasze Gs:r'. | . H2B-His
TALOM,/Ni-NTA agarose beads Glutathione sepharose beads

Figure 45. Schematic depiction of proteiprotein interaction workflow.
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4.5. Histone H2BMog1 interaction

4.5.1. IPTG induced expression of HisaggedH2B and purification by

IMAC
PET28BHTBI #324) was r e cb. vokcells ibllowing thenproibebbdEscribed in
Materials and Methods8.4. Then, the quantity and quality of the plasmids were measured by
Nanodrop to confirm that the plasmid concentration was oveed@0and that theurve fitted
within the standards of good quality (lowest pick at 230nm/ highest pick at 260nm).

BL21-CodonPlugDE3) competent. colicellswere transformed with the plasmid according to

the procedure described in Materials and Meth®@s2. This strai was used because of its high
transformation efficiency ¢6x107 cfu¢g DNA), lack of proteases Lon and OmpT, highel

protein expression and induction in T7 expression system under the control of Lac dii&ndn (
ENGLAND BIOLABS, 220; AGILENT TECHNOLOGQES, 201%). The expression was
inducedin a small volume (10ml LB+Chl+Kary adding 1mM IPTG which mimics allolactose
and thus, all ows the transcription of-the | ac
galactosidase in contrast atlolactose (MarbaclndBettenbrock, 2012). The expression time

was set up to 4h at 37°C in growing cells and samples were taken before and after induction to
check protein content upon IPTG induction as well as samples from soluble and insoluble
fractiors obtained after sonication (Materials and Methods, 3.9.3). All samples were run in a 15%
SDSPAGE (Appendix, Figure 87A). This showed that the induction was effective because of
the appear ance @50754kDYGastaigerfetialc200fethe damplds obdained

after induction. However, the presence of the band in the insoluble fraction revealed that histone
H2B wasinsolubleprobably aggregated in inclusion bodies

Oncethe IPTG-induced expressionag checkedhe cell cultures were scale tllL volume as
described in Materials and Methods 3.9.4, growing the @ellgh at 37°C. However, before
proceeding with cell lysis, the expression of H2B was comfitagain taking samples before and
after adding IPTG and running a 15% SBAGE gel fnding that induction worked properly
(Appendix, Figure 8.B).

To purify H2B, it was necessary to recover it from inclusion bodies, therefore the same procedure
as in Materials and Methods 3.10.1 was followed but using instead the pellet obtained after
sonication andcentrifugation angburifying under denaturing conditions. For that, 8M urea was
added to both the washing and the elution buffers to solubilise inclusion lioktlegng the
protocol described by Tanaka et al. (2004pproximately 25ml ofthe solubilised insoluble
fraction were added to the column containing TALON beads. All the samples taken during the
procedure were also run in a 15% SBSGE (Appendix, Figure 8.8)lt was obtained that H2B

was correctly denatured and solubilised aftertteatment with 8M urea because of the presence

of an intense band a1 5 0 kB in theftreated insoluble fraction (named Sol 2). However, the
same band was present in the flow through while there was no band in any of the eluates meaning
that H2B did nobind to the TALON column

Therefore, it was suggested the hypothesis that H2B was not tagged with the histidine tail in

contrast to what was indicated by the plasmid provider. Therefore, the plasmid pETB&b

was sequenced using a prirmamedA3-HTBld esi gned t o anneal 100bp aw
of theHTB1gene sequence (Materials and Methods, Table 3.6). pET28b contains twiaglis6

coding sequences, one located 14@B6Bbp and the other one 2897 7bp from the 506
According to the information pxaded with the plasmid, thelTB1 gene was cloned between

Xhol (148bp) and Ncol (295bp) restriction sitdppendix, Figure3.9), and thus, it was expected

to find only the His&ag coding sequence located 1&Bbp in our plasmid because the other

was deléed when cloning the gert@ppendix, Figure 8.10).
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The sequence was aligned to the sequence &fTBd gene from SGDCherry et al. 2012)sing

the sequence analysis progr&pE. The alignment showed that tHEB1 gene in the plasmid
conserved the stop codon even though #ag was f ol
(Appendix, Figure 8.11)Therefore, the encoded H2B protein was not tagged with the
polyhistidine tail being unable to be purified by affinchromatography

It was decided to delete the stop codon (TAA) of thetbliggedHTB1 gene in pET28MHTB1by
site-directed mutagenesis using the guatiange technique as detailed in Materials and Methods,
3.12. The stop codon was deleted in the threelitions tested because of the presence of a band
between 5000 and 6000bp which corresponds to the plasmid size (538Big}here was no
band in any of the contro{&ppendix, Figure 8.12).

To clean the samples from the unmuted plasmid, they wergedragith Dpn| which is a
restriction enzyme that cleaves only when its restriction site is methylated, thus, producing the
cleavage of the plasmid without the mutation which is the one containing methyl groups
(Materials and Met h omnpstenE.Zolidels.w8r¢ transformedwiththe H5 U ¢
Dpnl treated samples (Materials and Methods 3.12.4) in order to circularise and amplify the
plasmid for sequencing (Materials and Methods 3.11). In addition, to check that theagddis6
could be expresseBL 21-CodonPlugDE3) competenk. colicellswere transformed and His6

tag expression was analysed by immunoblotting (Materials and Methods 3.12.5). Sequencing
showed that the stop codon was deleted from the pERZ®1 plasmid, now being the Hitag

i n frame att achekldTBltgene fppendix,3Figure®.13). tnhaddition,
immunoblotting revealed that the Hitfil was properly expressed at thetédminal of H2B
(Appendix, Figure 8.14).

Once we obtained a pET28lasmid containing théiTB1gene proper |l y tagged
histidine tail, the expression of HiaggedH2B protein was induced as explain in Materials and
Methods 3.9. This timéhe expression was induced at 16°C o/n since these conditions are less
stringent for protein production, likely reducing protein aggregation in inclusion bodies. The
expression test revealed that milder protein production conditions help to produce soluble H2B
Hi s since t hel5@75.1kB i tha solbblerraction tiough the overall protein
content is reduced because of the lower intensity of the l{&iglse 46A). When scaling up,
H2B-His content in the soluble fraction is significantly lower than in the insolublgFigare

4.6B) but we decided to purify the @iein from the soluble fraction to avoid denaturation and
later renaturation of the protein, thus reducing the overall duration and the complexity of the
procedure.
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Figure 46. His-taggedH2B induced expression with 1mM IPTG at %6 o/n. A) Expression
testfrom 10ml of cell culture. B) Expression téstm 1L of cell cultureProtein @amples analysed
in a 15% SDSPAGE gel. Growth media used was LB+Chl+Kan.
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His-taggedH2B was properly purified from the soluble fractig@pproximately 25mlwith a
TALON column(Materials and Methods, 3.10.1) finding the higher protein content in eluates 2
5 (Figure 47).
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Figure 4.7. His-taggedH2B purification by affinity chromatography usinga TALON column
Samples from each steptbé procedure were takincluding flowthrough (FT), three washing
steps (W1, W2, W3) and six elutions (E1, E2, E3, E4, E5 and E®),fepa the total, soluble
and insoluble fractions and run in a 15% SBAGE gel.

Eluates EZE5 were mixed andialysed (Materials and Methods 3.10.1), and the protein content
was quantified after dialysis by Bradford assahtaining a concentration of 7.06 mg/ml. Finally,

the dialysed sample was aliquoted in samples ofLOfapidly frozen and kept aB0°C unti
use.

4.5.2. IPTG induced expression of GEtaggedMog1l and purification

by Glutathione Sepharose Chromatography
PGEX4T-1-MOG1-GSTwas e xt r act E.aoli ¢ells@snexdaiidd ih Materials and
Methods 3.4 and the quality and quantity of plasmid was checked by Nanodrop before
transformingBL21-CodonPlus(DE3) competentE. coli cells and inducing expression. The
expression was induced following the same promeds with HistaggedH2B (16°C o/n)
although Mogl is a globular soluble protein that is not expected to aggregate in inclusion bodies.
Mog1l-GST was properly induced both snsmall culture volume (Figure 8A) and scaleup
(Figure 48B) as indicated byite p r e s e n ¢ 6126576 (Gastaigedet ah 20)Eiter
IPTG induction The presence of this band in the insoluble fraction during the test in small volume

culture but not when scalingp is probably due to an inefficient cell lysis during tlvstf
expression tegFigure 48).
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Figure 4.8. GST-taggedMogl induced expression with 1mM IPTG at %6 o/n.A) Expression
testfrom 10ml of bacterial culture. B) Expression tésim 1L of bacterial culture. Samplegere
analysed in a 12% SDBAGE gel Growth media used was LB+Chl+Amp.

The soluble fraction from the scal@ culture (approximately 25ml) was filtered and used to
purify the protein in a glutathione sepharose col@khaterias and Methods, 3.12). Mog1-GST

was purifed obtaining the highest protein content in the first four elution(§tepse 49). These
samples were dyalised obtaining a final protein content of 29,97mg/ml determined by Bradford
assay. The protein containing solution was frozen in aliqudt&8CL and kept at80°C.
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Figure 49. GSTtaggedMogl purification by affinity chromatography using aglutathion
sepharose columnSamples from eacheptof the procedure were takincluding flowthrough

(FT), three washing steps (W1, W2, W3) and six elutions (E1, E2, E3, E4, E5 and E6), apart from
the total, soluble and insoluble fractions and run in a 12%-8BSE gel.

4.5.3. Pulldown assay for histone H2BMog1 interaction
Once Hs-taggedH2B and GSTtaggedvioglwere purifiedtheirinteraction was tested in a doble
assay usingi) His-taggedH2B as the bait with TALON bead§igure 410, left image)andii)
GST-taggedMoglas the bait instead with glutathione sepharose He€aglee 410, right image.
In each case, as controls the pray protein was proved for unspecific interaction with the beads,
obtaining thatGST-tagged Moglhad some degree of unspecific interaction wiita TALON
beads and HitaggedH2B with glutathione sepharose beads. However, in both assayaddisd
H2B and GSTFtaggedMogl co-eluted.In addition, the stoichiometry of the interaction does not

seem to be 1:fkeing more intense the bandHik-taggedH2B than that of GS¥aggedVvoglin
both assaysHgure4.10).
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TALON beads Glutathione sepharose beads
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Figure 4.10. His-taggedH2B and GSFtaggedMog1l pull-down assaySamples from the flow
through (FW), two washing steps (V) and elution from each experiment were run in
denaturing 12% SD®AGE gels. Equimolar concentrations of the pray and bait proteins were
used in each assay.

4.6. Histone H2BMog1 7s21ginteraction
4.6.1. IPTG induced expression of HisaggedH2B and GST-tagged

Moglzgo1s
Moglrss2ig is a shorter version of Mogl protein lacking the Ran binding domak6728, see
Introduction). By testing the interaction between this version of Mog1 and H2B, information will
be gain about the putative interaction domain of these two proteipsodicce H2BHis protein
again and Mogk15GST, it was proceeded as previously, using pETR28B1 (#644) and
PGEX4T-Moglys21eGST plasmids (Materials and Methods, Table 3.6) first testing the
expression in a small volume Bf.21-CodonPlugDE3) competent. colicell culture and once
expression was confirméBigure 411), scalingup the expression to 1L per protéifigure 4.2).
The expression test from 10ml of cell culture revealed that both proteins were expressed by adding
1mM IPTG becausefo t he pr esenc4259m0K&D (Gastbigemed al. 22005 a
corresponding to Mogd.1eGST and a band aé 1 5 0 kDB, .cdrrésponding to H2Blis.
However, this time expression was less efficient than in the previous experiments, especially in
thecase 6Moglrs215GST. GST-taggedMoglss.iswasmostly expressed ithe soluble fraction
while HistaggedH2B in the insoluble onéFigure 411). When scaling up the production, the
expression of both proteins was higher, increasing histone content in the soluble (Fagtion
4.12).
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Figure 4.11. H2B-His and Mogs215-GSTinduced expression with 1mM IPTG at %6 o/n.
Expression test in 10ml of bacterial culture. 12% SPE5E gel.For H2B-His, LB+Chl+Kan
was used whereas LB+Chl+Amp fgloglys218-GST.
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Figure 4.12. H2B-His and MogYs215-GSTinduced expression with ImM IPTG at 36 o/n.
Expression tedtom 1L of bacterial culture. 12% SDBAGE gel.For H2B-His, LB+Chl+Kan
was usepwhereas LB+Chl+Amp foMoglrs21s-GST.

4.6.2.His-taggedH2B purification by IMAC
In this case, HidaggedH2B was purified from the solublfraction (approximately 25ml) by
using niqueknitriloacetic acid (NiNTA) agarose beads(Hi s P uNi-NTA Resin
ThermoScientific®)instead of TALON beads. Most of the protein was eluted in steps 2 and 3,
and to a lesser extent(Bigure 4.B). Nevertheless, the presence of other bands of different size
in the eluates 2 and 3 indicated that other proteins were purified together with our protein and
thus, the samples were not pure enough for a prpteitein interaction assayherefore, only
elute 4 was dialysed, aliquoted and frozen, being the protein concentration 1.5mg/ml as
determined by Bradford assay
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Figure 4.13. His-taggedH?2B purification by affinity chromatography using &i-NTA agarose
column. Samples from each step of grecedure were tanincluding flowthrough (FT), three
washing steps (W1, W2, W3) and six elutions (E1, E2, E3, E4, E5 and E&)frampeathe total,
soluble and insoluble fractions and run in a 15% SEXS5E gel.

4.6.3.GST-taggedMog1lzs218 purification by Gluthathione Sepharose

Chromatography
Moglis21eGSTwas puri fied from the soluble fraction (
(Materials and Methods, 3.1B).as in the case of GStiggedviogl. Although the protein content
seemed lower when checking the expression compared to-@8d1 after purification intense
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bandsa t42595.0%D were obtained in the six eluates, being significantly more intense and wider

in eluates 2 and @igure4.14) However, as in H2BHis purification, these fractions contained
contaminants that epurified with Moglzs216GST making these fractions not suitable for a
proteinprotein interaction assay. Therefore, the protein content of the other eluates was measured
by Bradford assay and only the eluate 4 which had the highest protein content (6.97 mg/ml), was
dialysed, aliquoted and frozen
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Figure 4.14. GST-taggedMoglzs.ispurification by affinity chromatography using glutathion
sepharose columnSamples froreach sgp of the procedure were takincluding flowthrough

(FT), three washing steps (W1, W2, W3) and six elutions (E1, E2, E3, E4, E5 and E6), apart from
the total, soluble and insoluble fractions and run in a 12%-BBS&E gel.

4.64. Pull-down assay for histone H2B Mog1lrs21ginteraction
H2B-Mog1lzs218binding was tested in both directions: i) by using-tdiggedH2B as the bait and
Ni-NTA agarose bead§igure 4.5, left) and ii) by usingglutathione sepharose beadglGST-
taggedMoglss215 as the bait(Figure 4.5, right). As seenin H2B-Mogl interaction assay,
unspecific H2BHis interaction with glutathione sepharose beads as wiklbgdrs21sGSTwith
Ni-NTA agarose beadsasdetected. Also, in both assays, the proteinslated althouglin this
case the purity of th#loglss215GSTsample wasotgood enough due to presence of other bands
at theMoglrs21e GST fraction (Figure 4.%).
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Figure 4.15. His-taggedH2B and GSTFtaggedMoglss21s pull-down assaySamples from the
flow through (FW), two washing steps (\8)land elution from each experiment were run in
denaturing 12% SD®AGE gels. Equimolar concentrations of the pray and bait proteins were
used in each assay.
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5. DISCUSSION



5.1. Phenotypic effect of Mog1W145A and Mog1lE65KW145A
mutations inmo g Argds e t 1 pnSocgrévipiagrowth

Defecive growth causedy gene deletions usually restored byntroducing a plasmid witthe

wild typeversion of the gene of interestoweverjn the case of Mog1l, plasmedmplementation

was only partial in bottmo g brep e t 1 pmatgnist@ins as seen by growth assay and by
growth curves. This might be due gpecific mMRNA structuresavoidingaccess to transcription
machinery and properly folding, reducing the stability of the protdiith, in turn, can reduce
protein availability angrotein content due tprotein degradatiornTherefore the phenotype of

the conplemented strain will be used as the reference to analyse the phenotypic effects of Mog1
mutations since itepresenthiowthe wild type Moglis expressedrom a plasmid.

In addition it is also relevant to consider the charactessticthe mutant straing.he phenotype
of mo g sumgestshatthe Mogl protein ismportantfor cell viability and its deletion makes
yeast temperature sensitive for growtéhich has been algeportedin other studies (Oki and
Nishimoto, 1998)Notably, Mogl is essential in other yeast species as for inst@npembe
(Tatebayashi et al. 20pIns e t 1 pnitee gadk SET1compromises cell viabilitecauset
performs important cellular functions. As explained in the introduction of this \#etk,isthe
catalytic subunit of COMPASS complex, responsible for motieand trimethylation of histone
H3 at K4 which in turn, is involved intranscription elongation regulation (see Introduction)
telomeric silencing (Nislovet al. 1997; Corda et al. 1999) aotther processes as for instance
meiosis (Miller et al. 2001Govindaraghavan &t. 2014). Thereforethe deletion of bottSET1
and MOG1 leads toa synthetically sick phenotype as seen both by growth assays and growth
curves.

In mo g Btepin, either single point mutations E65K and W145A or double point mutation
E65KW145Ado not have any phenotypic effect compareth&d showed byn o g dpkpogl at

30°C which is the optimal growth temperatutdowever, what it is interesij is the effect of
these mutations at 37°C since one would expect a slower growth phenotype luédhaese
temperature sensitive growth showed by hotb g Argdmo g fpipogl strairs. In contrast,
mutations complement growth better thamm g dpiogl. This cald be explained in terms of
protein stability. It could be that, if wild type Mogl is less stable because of unproper folding
when expresseflom a plasmid, these point mutations in Mog1 might help to stabilise the protein,
increasing the amount d@inctional protein available for the function or functions that are not
impaired byeachmutation. In case of the double mutant E65KW145A, in which Mog1 functions
in nuclear protein import and mRNA transcription #tireughtto be unpaied, this wouldimply
thatMogl might have other functions probabipre evident during stress conditions

This hypothesis gains weight when analysing the effects of the mutatisns in 1 gormaoitgnl ¢
strain. At 30°C, mutations show the sgohenotypesin mo g fngpant strairat 30°C. However,

at 37°C the behaviour is very different than that sSeeno g 1EGDK point mutation causea
slower growth phenotype comparedst@ t 1 o#pdigglvehile W145A point mutations leads
to a synthetically sick phenotypgjggesting that whemportant cellular functions are impaired
and cells arestressedincreaing Moglp stability is not sufficient to rescue the phenotype.
However, the double mutation E65KW145A has a positive effect on grawik could reflect a
higher stability under thessonditionsthan that of the single mutarasd fully availaklity of
Mog1l to perform other functions essential fell viability. These putative new functions are
likely related to stress response mechanisms and pushing the balance of Mogl towards these
functionsseems tdenefit the cell.
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5.2. Phenotypic -@153anadMogl&I89AMo gl qpK14 4
mutations inmo g Argds e t 1 pnSocgrévipiagrowth

Growth curves should be analysed alsmsidering whathas been explained about Mogl
complementation ancho g hrgds e t 1 gomutgnisgmins In a mo g Ingtant strainthe

K189A mutation and deletion afie K144-T153 loop reduce slightly the growth rate compared
tomo g 4dphlpogl. This suggests thidese residuemight beeither important for Mogl stability

or Mogl function. Nevertheless, when analysing t 1 o matgnistmain the effects on growth

of these mutations are totally different. Both mutations have a positive effecteon 1 qpmo g 1
growth, complementingrowth better thas e t 1 pfpdlgglaipboth temperature$he effect

of K189A mutationis especially interesting sinceiitcreaseghe growth rate o6 et 1 qgpmo g 1
almost tos e tal 3f°C, surpassing it at 37°C. It is also significant that the growth rates of the
s e t 1 gpmtoamslbgaring these mutations are higher at 37°C than atr88&@ing thathese
mutations intheMogl protein arsomehowmproving the growth of the cellsnder temperature
stress and in an unfavourable cellular environment. This miglaisoexplained in terms of
protein stability By deleting the loop K144153, both the structure and function of Mog1 could

be affected, improving stability aithe one handand impairing Mogl binding to Shgl on the
other hand, therefore, making the protein more available for other functions that might be more
necessary for cell viabifit Assuming our hypothesis of Mogl involvement in stress response
mechanisms, this charng@ Mogl would be important especially time case of the defective
strain s et 1 gomdgghrging K189A Mogl mutation, preventing putative K189
mono/polyubiquitylation could prevent protein degradation since K189 mono/polyubiquitylation
might be a targetite for degradation. A study found that contrary to what was thought, H2B is
extensively polyubiquitylated and not only monoubiquitylated, and it seems that these PTMs are
driven by different mechanisms (Geng and Tansey, 2@8jucing Mogl degradatiorould

lead to protein accumulation and cellular toxicity, in casmof g $tigin while inthe case of

s e t 1 qpmatgnistmin, theroteinavailability and content arinportantif Mog1l is involved

in stress response mechanisms, which fits well withekelts discussed in the previous section.

Regarding the growth rate and doubling time values estimated, some studies have reported that
the doubling time of th&. cerevisiadY4741 wild type strain is approximately 90 min when
optimal growing conditions are applied, pH=4 and DO= E#eperlein201Q Salari and Salari,

2017. The doubling time calculated in our experiments B&4741 wild type strain almost
doubles the expected. Bhian be explained by the growth conditions during the measurement of
ODsooin the microplates where cell cultures in the wells of the microplate do not accomplish the
mediumvessel proportion of 1.5 to assure aeration, and shaking is not continuous.

5.3. Histone H2BMog1 interaction

Protein overexpression and purification is not an easy and simple procedure, especially when
producing recombinant histones. These small basic proteins are insoluble in physiological
conditions and require histone chaperdor acquiring their native structure (Akey and Luger,
2003). Histone proteins purified from homologous cell extracts are heterogeneous because there
are isoforms with minor sequence differences that can bear sequence dependent posttranslational
modificaions (Wallis et al. 1980KamakakaandBiggins, 2005 Henikoff and Smith, 2015) In

addition, the proteolytic products that accumulate during isolation can contaminate the protein
extract (Urban et al. 1979). Bacterially expressed histones are ndtgmssationally modified
obtaining high homogeneous protein content that should limit proteolytic degradation (Tanaka et
al. 2004). Actually, a nucleosome core particle has been reconstitutedEfroali expressed
histones ofXenophudaevis(Luger at al. 1997 Luger et al. 1999Lee et al. 2016and more
recently, human histones were expressed and purified ¢oli (Tanaka et al. 2004). However,

33



when proteins are overexpressedtircoli, the rate of protein proper folding is often muotvér

than that of protein aggregation because chaperons are rapidly used and heat shock proteins are
induced, therefore, proteins can aggregate and form inclusion bodies, although this event depends
on protein stability and conditions during induced exgies (Chesshyreand Hipkiss, 1989

Clark, 200). Inclusion bodies are protein aggregates that can be found in the cytoplasm of
bacteria and it has been reported that when histones are expressed individually, they end up
forming inclusion bodies (Luger ek 4997b, Tanaka et al. 2004; Anderson et al. 2010, Shim et

al. 2012;Lee et al. 2015; v ét &l. 2016).

Consequently, several strategies have been developed to either minimize histone aggregation in
inclusion bodies or to recover histones from them.aRdigg the first approach, it has been
proposed to reduce gene expression rates by lowering the culture temperatt289%6 (6v ét |

al. 2016), to coproduce histone chaperons together with histones (Anderson et al. 2010), to co
express the histone dimd2A-H2B and tetramer (H814),(Anderson et al. 2010, v at dl. 2016)

or even including the four histone genes in a polycistronic vector (Shim et al. 2012). The second
approach involves recovering inclusion bodies to transform aggregated recombirsuashisio

the active soluble form by solubilisation and refolding. Histones can be solubilised from inclusion
bodies by adding denaturing agents such as guanidine hydrochloride or urea and refolding later
by first removing denaturants through dialysis (é@uchi and Miyazaki, 2014) and later mixing

the unfolded histones together (Luger et al. 19%®aka et al. 2004.ee et al. 2016 However,

the efficiency and success of these procedures is variable and unpredictable (Rinas et al. 2017).

Furthermoregven when obtaining high expression levels of soluble protein, purification is not
trivial, especiallywhen high purity is necessary for a protpiotein interaction assaplizicky
andField, 1995). Histone H2B was purified using TALON beaais immobilized metal affinity
chromatography (IMAC) resin charged with cobaltthich is highly specific foHis-tagged
proteins, obtaining 10fbld enrichments in a single purification stepAKARA BIO, 2018).
However, since other proteins in the celiraxts can have two or more adjacent histidine residues

in their sequence, 20mM imidazole, a natural analogue of histidine, and a high salt concentration
(500mM) was added to the washing and elution buffers (see Materials and Methods, 3.10.1) to
reduce ungecific binding. Also, the addition of 10mMrercaptoetanol, Triton 400, Tween

20, up to 20% glycerol or low levels of ethanol (up to 20%) to the washing and elution buffers is
commonly used for this purposBdrnhorstandFalke 2000). Inthecase of Mgl purification in
glutathione sepharose columns, unspecific binding is less likely because of the nature of the GST
tag, a naturally occurring 26kDa protein found in eukaryotic celiserand Speicher2011).
However, in histone H2B/10g1 proteinprotean interaction assay both HiaggedH2B interacted

with the glutathione sepharose column and @&RjgedMogl with the TALON column. One

could expect that MogGST could interact with TALON column because of the presence of two

or more adjacent histidinesidues either in Mog1 protein or GST, but this is not case. In addition,
this would not explain why H28Blis also bound to the glutathione sepharose column. Otherwise,
unspecific binding happened likely because too many beads were used for-thenpudsay,

leaving more empty space for the proteins to directly adsorb to the resin. To pnesiarfurther
experiments, one could try to reduce the volume of beads used or add BSA (Bovine Serum
Albumin) as a blocking agenBérnhorstandFalke 2000). If unspecific binding is still detected,

it could be useful to change the columns used or evearfihéy tags.

Despite the unspecific binding, when comparing the intensity of the bands in the eluates between
the controls and its corresponding interaction assay, we can suggest that Mogl and histone H2B
interact. In both cases, the band correspondinthé fraction of pray protein bindingon
specifically to the beads is significantly less intense that the band corresponding to the pray
protein when ceeluted with the bajteven thouglhis putative interaction should be counteracted

in further experinents. On the one hand, with the aim of reassembling more the physiological
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state of the proteins, GST tapuld be cleaved from Mog1l since the plasmid contains a protease
cleavage site for thr ombMOGL testmg agaretne in@®dh and
between Mogl and H2B. hecase of H2B, the relatively small size and charge of the His6 tag
makes its cleavagmnecessaryOn the other hand, it would be very informative to determine the
affinity of the interaction. For that, there exists seviethniques such as biolayer interferometry
which is an optical analytical technique that analyses the shift in the interference pattern when a
protein interacts with another protein immobilised on a biosensor tip (Shah and Duncan, 2014).
The affinity ofthe interaction can also be quantified by measuring shifts in protein stability upon
binding which is called thermal sift assay or thermofluor (LaytonHeltinga, 2011; Bai et al.

2019) or by white light scattering applied to a chromatographic sepamagtirod (GEMALS

or SECMALS) (Some, 2013). MALS also gives information about the absolute stoichiometry of
the interaction, making MALS a good choice because-NR1 interaction seemed not to be

1:1 since the intensity of the H2Bis band is significanyl higher than that of MogGST band

when ceeluted in both assays. This suggests that several units of H2B could bind to a single
Mogl protein. For this purpose, blue native PAGE gels are commonly used but it is not appliable
in this case because on onenthiathe high isoelectric point of H2Bis tagged (pl= 10.10,
Gasteiger et al. 200%revents histones to enter into gel and run towards the anode and, on the
other hand, the isoelectric point of GElggedMoglis 5.10 Gasteiger et al. 2005herefore it

is not possible to adjust the pH of the running buffer so it is suitable for both proteins since pl<pH
(Wittig et al. 2006)

5.4. Histone H2BMogl7s21ginteraction

Apart from the difficulties found when overexpressiagombinant histonds E. coli discussed

in the previous section, one must face with-gonsistent protein expression. When comparing
induced expression of H2Bis and Mog1GST in the first assay to2B-His andMogl7g215GST

in the second one, protein production is less efficient in this last assay although applying the same
induction and growth conditions. This problem has been reported elsewhere and it has to do with
the bacterial expression systersed, BL21CodonPlus (DE3E. coli. This strain expresses T7

RNA polymerase at a high basal level, therefore proteins are often expressed before induction.
This is a problem when the protein is toxic for the cell which can be noticed by the presence of
colonies of different size when plating cells after transformation. This can be avoided by using
BL21(DE)pLysSE. colicellssince T7 lysozyme which naturally inhibits T7 RNA polymerase is
expressed in the plasmid pLysS providing tight promotor control. Mered is recommended

not to maintain the colonies plated more than one week before inducing expression (NEW
ENGLAND BIOLABS, 2011; AGILENT TECHNOLOGIES, 259. Therefore, BL21(DE3)
pLysSE. colistrain should be used instead in further experiments.

Once proteins were expressed, purification was not stringent enough since in both purifications
the eluates with the highest protein content were significantly contaminatde: dase of the
His-tagged H2B it might be due to the use of INITA column instead of TALON beads used
previously. It has been suggested that TALON beads coulddhigitagged proteins with higher
specificity than nicketharged resinTAKARA BIO, 2018). Using the eluates fro the last
purifications with no or less contaminants worked for H2B but not forMog17e21eGST since

those bands also appeared during thegalvn assay. At this stage, it is not possible to conclude

if H2B andMoglrsoiginteract directly. The assahould be repeated using the highest protein
content eluates after -purification by affinity chromatography and adding more reagents that
reduce unspecific binding as described in the previous section.
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6. CONCLUSIONS



From the experiments performed in this project and after the analysis of the results, the
following conclusions can be stated:

1. WI145A and E65KW145A mutatioria the Mogl protein improve gast cell growth at
high temperatures imo g Ingiant strain but onlfE65KW145A mutationhas this
phenotypic effect irs e t 1 gomutgnt sprain.Thesemutations might increase the
stability ofthe Mogl protein when expressdéwm a plasmid in absence of genomic
MOGL1 rising the amount of protein available to perform the functions that are not
impaired by the mutations. This improvement of the protein stability seems to be
especially important when the cells are exposed to highaexnpes, suggestirthat
Mogl might have other functions more evident during stress conditiden
combiningMOG1andSETldeletionstheincrease in stability due to W145A mutations
is not enough to rescue the phenotype under stress. However, E65KWil4&#on
positive effect on growth suggests that liberating Mogl from its known functions
benefits the cell, supporting the hypothesis of Mogl participation in stress response
mechanisms.

2. K144-T153 deletion and K189A mutation in Mogl improve yeast caliMjn at high
temperatures when important cellular functions are also compromised, this is the case
ofs et 1 qpmtoain.1KdAN4T153 deletion might benefit the cell by increasing Mogl
stability and liberating Mogl from Shg1l binding, making the protein meaagadle to
perform other functions that might be more important for cell viability. At the same
time, the K189A mutation could prevent mono/polyubiquitylation at this residue which
could avoid degradation of Mogl, which in turn means that more proteifd vibeu
available. Altogether these resudispport the hypothesis of a new function of Mogl
related to stress response mechanisms.

3. Histone H2B and Mog1 protein interaatvitro in a stoichiometry likely different to
1:1. Further experiments should be perfed to support these results and determine the
stoichiometry of the interaction.

4. Direct interaction between H2B aniloglsszis cannot be concluded from the
experiments performed in this work and the assay should be repeated considering the
aspectsliscussed.
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8. APPENDIX



8.1. Creation of the double mutans e t 1 gonfrong sl ept straip

Cassette I HIs3 ]
Double crossover event
Target gene MOG1

One-step gene replacement

Modified target gene 4- HIS3 E

Figure 8.1.MOG1disruption by PCR amplified HIS3 cassetteMOG1deletion takes place by
a double crossover event during homologous recombination. The homologous regions flanking
bothMOG1andHIS3are 40nt length.

A1-MOGI

—  MOG1

654bp —

Ad-MOG1

Al-MOGI

e — e

— HIS3 ——

1184bp -

Ad-MOGI

Figure 8.2. PCR amplification of the modified target genePrimers designed to align to the
flanking regions of the target gene allow the detection of the gene disruption due to difference in
sizebetween the target gene and the silaenarker.

N | SR || R 6 o 0=

HIS3 e 1000 bp

MOG 1 600 bp

Figure 8.3. Confirmation of MOG1 deletion in s e t. 1% yegarose gel electrophoresis of the
PCR products from thed1S3/MOG1 amplification in the three clones transformed with
HIS3:MOGL1.As the positive control, the DNA from a ntransformeds e tcalapy was used
while the negative control correspondediePCR mix without DNA.
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Figure 8.4. Growth curves of theWT/mo g lstrains represented as Olgy Vvs. time
WT+pEmptyreplicate 1 (30°C) anth o g dpgp K 1-HLE3 replicate 1 (37°C) were removed from
the data set and not included in further analysis because of significant defriatiotheir
replicates. Blank values corresponded to theg@measurements of the growth me&@&-Leu
and were used to normalise BB®soovalues at each time point.
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Figure 85. Growth curves of thes e t/sleqp 1 qnswaind rgpresented as Olgy vs. time
s e t+dEmpty replicate 1 (30°C), s et 1 qpwpEmplyg replicate 1 (30°C)

s et 1 qprpKIBIAgeplicate 1 (37°Gnds e t 1 gpoggKL1p 33 replicate 1 (37°C) were
removed from the data set and not included in further analysis because of significant deviation

amongst their replicates. Blank values corresponded to the ®@Basurements of the growth
media SGLeu and were used to normalise @Bsoovalues at each time point.
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