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SCREENING METHOD FOR CELL AGEING

Field of invention

The present invention relates to methods of screening to identify compounds which
have an effect on ageing of a cell, more particularly chronological ageing of a cell,
methods of diagnosing disorders related {o a change in the chronological life span of
a cell,

Background

The target of rapamycin complex, TORCH1, is conserved from yeast o man and has
critical roles in sensing and signalling the nutrient and stress status of the cell, thus
controlling the balance between cell growth'® and cell survival®"", In budding yeast
TORC1 promotes fermentative growth on giucose and down reguiates
respiration’"®, TORC1 contains a phosphatidylinosiiol kinase (PI3-K)-related kinase,
either Tor1 or Tor2. The macrolide rapamycin', in a complex with Fpri (Fk506-
sensifive Proline Rotamase), binds fo Tor1/2 causing cells to enter a state that
resembles nutrient fimitation'® probably due to a change in the substrate specificity of
the Tor kinase ™. This new state of the cell is associafed with changes in pafterns of
gene expression, particularly genes required for respiration and siress
resistance®'®"""® The expression of many TORC1 genes is dependent on the SAGA
family of transcriptional co-activator complexes including SAGA {Spt-Ada-Genb-
Acetyltransferase)'®?, SLIK (SAGA-ike)*' and SALSA (SAGA altered, Spt8 absent)
224 SAGA, SLIK and SALSA contain the lysine acetyltransferase (KAT) Gens?'2,
with lysine 14 on histone H3 (M3K14ac) as a substrate, but differ in their abundance,
the genes they regulate and subunit composition'*

The inventors have discovered that H3K18 acetylation, is central fo a mechanism
that controls the balance between cell growth and iongevity. They have also
identified a number of genes involved in the SAGA SLIK and SALSA complexes
whose disruption resulls in an increase in chronoiogical lifespan.



Summary
In a first aspect, there is provided a method for increasing the chronological lifespan of a cell
comprising disrupting the function of the SAGA complex in said cell, wherein the complex is

disrupted by disrupting the function of the Spt7 gene or a homologue thereof.

According to the present disclosure, there is provided a method for increasing the
chronological lifespan of a cell comprising disrupting the function of at least one of the SAGA,

SLIK and/or SALSA compiexes in said cell.

According to the present disclosure, there is also provided a method for identifying a potential
moduiator of the chronological life span (CLS) of a cell, comprising the steps of
i) contacting a cell having a known Histone 3 Lysine 18 (H3K18) acetylation
status with a test compound; and
if) determining if said compound has an effect on the acetylation status of
H3K18 in said cell;
wherein, a change in the acetylation status of H3K18 in the cell indicates that the compound
modulates CLS.

According to the present disclosure, there is also provided a modulator of the CLS of a cell
identified by the method defined above.

According fo the present disclosure, there is also provided a method for identifying the
replication status of a cell comprising identifying the acetylation state of H3K18 , wherein the
presence of an acetyl modification of H3K18 indicates that the cell is an actively replicating
cell and the absence of an acetyl modification of H3K18 indicates a cell which is no longer
replicating.

According to the present disclosure, there is also provided a method of identifying a change in
the CLS of a cell comprising identifying the acetylation state of H3K18 in the cell and
comparing this fo the acetylation state of a control cell, wherein loss of H3K18Ac when
compared to the control cell indicates an increased CLS and acquisition of H3K18Ac¢ when

compared to the control cell indicates a reduced CLS.

According fo the present disclosure, there is also provided a method of diagnosing a disorder
associated with a change in the CLS of a cell, said method comprising identifying the
acetylation status of H3K18 in a cell previously isolated from a subject and comparing said

acetylation status to the acetylation status of a control cell.
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Detailed description of the invention

It will be understood that any preferred embodiments described herein in relation to
one aspect of the present invention can, where appropriate, be equally applicable to
any other aspect of the invention.

According to a first aspect there is provided a method for increasing the chronoiogical
lifespan of a cell comprising disrupting the function of at least one of the SAGA, SLIK
and/or SALSA complexes in said cell,

As used herein the term chronological life span refers to the time celis in a stationary
phase culture remain viable.

It will be understood that the function of the at least one of the SAGA, SLIK and/for
SALSA complexes may be disrupted directly or indirectly. These complexes play a
crucial mole in controlling of the acetylation state and CL.S of a cell, but differ in their
levels depending upon the status of the cell and its environment.

As used herein the terms directly and indirectly in relation {o interaction with the
recited complexes refer to an interaction with either the complex itself, or with a gene
product from a gene encoding & peptide which forms part of the complex, or with the
gene product from a gene which allows the complex to form.

Preferably, disruption is effected through disruption of at ieast one gene or a product
of at least one gene selected from the group consisting of Spt3, Rig2, Gen5, Ubps,
Spt7, Spt8 and/or Snf1 or their homologues.

The term homologue as used herein refers to an analogous gene from a different
organism which performs the same function and in general shows some degree of
sequence homology. The skilled person will understand that the above genes from
S. cerevisias have homologues in other organisms including mammels. For
example, Spt3 shows homology to human SUPT3H-203; Gend shows homology to
human KAT2B-001 and KAT2A-001; Spi7 shows homology fo human SUPT7H and
SNF1 shows homology to PRKAAT and PRKAAZ.
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it will be understood that these genes encode products which form part of the SAGA,
SLIK and/or SALSA complexes, or interact with said complexes in manner so as {o
affect acetylation of hisiones in a cell.

Preferably, the disruption is effected through disruption of SPT7 (SEQ ID NO:11) or
SPT7-217 (SEQ ID NO:19).

As used hersin the ferm “disrupting the funciion”, “disruption of the function” or
“disrupts the function” when used in relation 0 & gene or gene product refers {o
disrupting the expression of the gene or disrupting the aclivity of the encoded
polypeptide. it will be further understood that any stage of gene expression between
initiation of transcription and production of a maiure protein can be disrupted. The
skilled person will understand that this will include epigenetic means of controlling
gene expression through controlling chromatin structure as well as transcriptional,
translational and post translation means of controlling gene expression.

it will be understood that by disrupting expression of a gene as used herein is meant
preventing or inhibiting production of a functional polypeptide by any means known in
the art and that disrupting the activity of the encoded polypeptide refers to disrupting
interaction of the functional polypeptide with one or more of it's binding parthers such
that the polypeptide does not perform it’s function. The production or function may
be fully or partially prevented. In one embodiment, preferably the production or
function of the gene product is fully prevented, i.e. there is no active gene product. In
some instances the production or function of the gene product may be disrupted
such that there is only about 5%, about 10% about 20%, about 30%, about 50%,
about 60%, about 70%, about 80%, about 20% or about 85% of the wild type level of

expression remaining.

As used herein by inhibiting production of a functional polypeptide it is meant that the
production of the gene product may be prevented or inhibited by (a) knocking out
said gene; (b) post-ranscriptionally silencing said gene through for example the use
of IRNA or antisense RNA {(gene silencing); (c) transcriptionally silencing said gene
by, for example, epigenetic techniques; {d} preventing or altering the function of the
gene product by the introduction of at least one point mutation; (e) post translationally
inactivating the gene product.



10

15

30

35

WO 2011/004197 5 PCT/GB2010/051128

In one preferred embodiment, expression of the gene or homologue is disrupted by
IRNA.

Preferably, the cell is transformed with & plasmid/vecior encoding an iRNA under
control of a promoter. It will be apparent that this promoter may be a constitutive

promoter and/or a tissue specific promoter.

As used herein the term iIRNA refers to RNA interference (RNAI). This is & method of
posi-transcriptional gene silencing (PTGS) in eukaryotes induced by the direct
introduction of dsRNA (Fire A, et af., (1898)).

in a further preferred embodiment expression of the gene is disrupted at the
franscriptionat / DNA level. Preferably, said disruption is effected by insertion of at
least one nuclectide into the gene or deletion of at least one nucleotide from the
gene.

in a further embodiment, the disruption of the gene is effected by introduction of at
least one point mutation.

It will be understood that in the case of disruption of the interaction of the polypeptide
with one or more of it's binding pariners. this disruption can be by any suitable
means, for example, competitive inhibition, non-competitive inhibition, mixed
inhibition or uncompetitive inhibition.

The present invention encompasses the use of sequences having a degree of
sequence identity or sequence homology with amino acid seguences of the
polypeptides defined herein or of any nucleotide sequence encoding such a
polypeptide {hersinafter referred {0 as a “homologous sequence(s)”). Here, the term
“homologous” means an entity having a certain homology with the subject amino acid
sequences and the subject nucleotide sequences. Here, the term "homology” can be
equated with “identity”.

The homologous amino acid sequence and/or nucleotide sequence should provide
and/or encode a polypeptide which retains the functional activity and/or enhances the
activity of the enzyme.
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In the present context, a homologous sequence is taken to include an aminc acid
sequence which may be at least 50, 60, 70, 75, 80, 85 or 90% identical, preferably at
jeast 95%, 97%, 98% or 99% identical to the subject sequence. Typically, the
homologues will comprise the same active sites etc. as the subject amino acid
sequence. Although homology can also be considered in terms of similarity (i.e.
amino acid residues having similar chemical properties/functions}.

in the present context, a homologous sequence is taken ic include a nucleotide
seguence which may be at least 50, 80, 70, 75, 80, 85 or 80% identical, preferably at
least 95%, 97%, 98% or 99% identical to a nuciectide sequence encoding a
polypeptide of the preseni invention (the subject sequence). Typically, the
homologues will comiprise the same sequences that code for the active sites efc. as
the subject sequence. Although homology can also be considered in terms of
similarity (i.e. amino acid residues having similar chemical properties/functions).

Homology comparisons can be conducted by eye, or more usually, with the aid of
readily available sequence comparison programs. These commercially available

computer programs can calculate % homology between two or more sequences.

% homology may be calculated over contiguous sequences, {.e. one sequence is
aligned with the other sequence and each amino acid in one sequence is directly
compared with the cerresponding amino acid in the other sequence, one residue at a
fime. This is called an “ungapped” alignment. Typically, such ungapped alignmenis
are performed only over a relatively short number of residues.

Although this is a very simple and consistent method, it fails to take into
consideration that, for example, in an otherwise identical pair of sequences, one
insertion or deletion will cause the following amino acid residues to be put out of
alignment, thus potentially resulting in a large reduction in % homology when a global
alignment is performed.

Calculation of maximum % homology therefore firstly requires the production of an
optimai alignment, taking info consideration gap penalties. A suitable computer
program for carrying out such an alignment is the the Vector NTI (Invitrogen Corp.).
Examples of software that can perform sequence comparisons include, but are not
limited to, the BLAST package (see Ausubel et al 1999 Short Protocols in Molecular
Biology, 4th Ed - Chapter 18), BLAST 2 (see FEMS Microbiol Lett 1999 174(2): 247-
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50; FEMS Microbiol Lett 1989 177(1): 187-8 and faliana@ncbinim.nih.aov), FASTA
{Altschui et al 1990 J. Mol. Biol. 403-410) and AlignX for example. At least BLAST,
BLAST 2 and FASTA are available for offline and online searching (see Ausubel et al
1899, pages 7-58 fo 7-60).

Suitably, the degree of identity with regard to a nucleotide sequence is defermined
over at least 20 contiguous nucleofides, preferably over at least 30 contiguous
nucleotides, praferably over at least 40 configuous nucleotides, preferably over at
least 50 contiguous nucleotides, preferably over at least 60 contiguous nucleotides,
preferably over at least 100 contiguous nucleotides.

Suitably, the degree of identity with regard to a nuclectide sequence may be
determined over the whole seguence.

As used herein, the term fragment refers to a fragment of the sequence which
provides and/or encodes a polypeptide which retains the functional activity and/or
enhances the activity of the enzyme.

When referring to a polypeptide fragment, preferably, the fragment is at least 50
amino acids in length. More preferably, the fragment comprises at least 100, 200,
300, 400 or 500 600, 700, 800, 900 or 1000 continuous amino acids from the subject
sequence, for example SEQ ID NO:19, up o and including a polypeptide comprising
one amino acid less than the full length protein.

When referring fo 2 polynuclectide fragment, preferably the fragment comprises at
feast 100 nucleotides, more preferably, at ieast 200, 500, 800, 1000, 1500 or more
nucleotides, up to and including a polynuclectide comprising one nucleotide less than
the full length polynucleotide.

it will be understood by the skilled person that polynucieotides encoding a particuiar
polypeptide can differ from each other due to the degeneracy of the genetic code.
included herein are the use of such polynucleotides encoding the polypeptide of the
present invention.

it will be further apparent to the skilled person that the term homologous sequence in
relation to a polynucleotide seguence can refer to a sequence which binds under
siringent conditions to the polynuclectide sequence.
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Hybridisation conditions are based on the melting temperature {Tm) of the nucleotide
binding complex, as taught in Berger and Kimmel (1987, Guide to Molecular Cloning
Techniques, Methods in Enzymology, Vol. 152, Academic Press, San Diego CA),
and confer a defined "stringency” as explained below.

Maximum stringency typically occurs at about Tm-5°C (5°C below the Tm of the
probe); high stringency at about 5°C fo 10°C below Tmy; infermediate stringency at
about 10°C to 20°C below Tm; and low stringency at about 20°C to 25°C below Tm.
As will be understood by those of skill in the art, a maximum stringency hybridisation
can be used lo identify or detect identical nucieofide seguences while an
intermediate (or low) stringency hybridisation can be used to identify or detect similar
or related polynucieotide sequences.

In a preferred aspect, the present invention covers nucleotide sequences that can
hybridise to the nucleotide sequence of the present invention under stringent conditions
(e.g. 65°C and 0.1xSSC {1xSSC = 0.15 M NaCl, 0.015 M Na, Citrate pH 7.0). Where
the nucieotide sequence of the invention is double-stranded, both strands of the duplex,
either individually or in combination, are encompassed by the present invention. Where
the nucleotide sequence is single-stranded, it is to be understood that the
complementary sequence of that nucleotide sequence is also included within the scope
of the present invention.

Nucleotide sequences which are not 100% homologous to the sequences of the
present invention but fall within the scope of the invention can be obtained in a number
of ways. Other variants of the sequences described herein may be obtained for
example by probing DNA libraries made from a range of sources. in addition, other
virallbacterial, or celiular homologues particularly cellular homologues found in
mammalian cells (e.g. rat, mouse, bovine and primate celis), may be obtained and such
homologues and fragments thereof in general will be capable of selectively hybridising
to the sequences shown in the sequence listing herein. Such sequences may be
obtained by probing cDNA libraries made from or genomic DNA libraries from other
animal species, and probing such libraries with probes comprising all or part of the
nucieotide sequence set out in herein under conditions of medium to high stringency.
Similar considerations apply to obtaining species homologues and allelic variants of the
amino acid and/or nucleotide sequences of the present invention.
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in another aspect of the present invention there is provided a method for identifying a
potential modulator of the chronological fife span (CLS) of a celi, comprising the
steps of
i) contacting a cell having a known Histone 3 Lysine 18 (H3K18)
acetylation status with a test compound; and
it} determining if said compound has an effect the acetylation status of
H3K18 in said cell;
wherein, a change in the acetylation status of H3K18 in the cell indicates that the
compound modulates CLS.

It is known that modification of the histone componentis of chromatin often reflect
whether genes are active or repressed and these changes are globally regulated by
enzymes that deposit or remove specific modifications. On active genes, the
chromatin is often modified by lysine (K} acetylation {ac) or methylation (me),
particularty of histone H3. The inveniors have identified a new lysine in histone H3
whose modification status appears to play a critical role in determining the lifespan of
a cell.

As used herein, the term modulator of the chronological life span refers fo a
compound which has an effect on the CLS of the cell. This effect may be {o increase
the CLS of the cell or to decrease the CLS of the cell. |t will be understocd that,
dependent upon the purpose to which the compound is to be put, either effect may
be desirabie.

It will be understood that the compound referred fo herein may be any suitable
compound and may be, for example, a smail molecule compound or equally a
biological molecule such as a peptide or nucleic acid.

Preferably, the compound interacts with at least one gene or a product of at ieast one
gene selected from the group consisting of Spt3 (SEQ 1D NO: 22), Rtg2 (SEQ ID NO:
4), Gen5 (SEQ ID NO: 8}, Ubp8 (SEQ ID NO: 10), Spt7 (SEQ ID NO: 12), Spt8 (SEQ
D NO: 14) and/or Snf1 (SEQ ID NO: 16) or their homologues.

it will be apparent to the skilled person that the gene with which the compound
interacts can be identified through the use of various knock out mutant strains.
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Methods of producing such strains are well known to the skilied person and include
for example, insertion of one or more nucleotides into the coding region of the gene.
it will be understcod that, as used herein, the term product of at least one gene refers
to either a nucleic acid, e.g. mMRNA, or peptide product.

In a further preferred embodiment, the compound interacts with the gene designated
Acst (SEQ ID No: 18) or a product of the gene designated Acs1.

It will be further apparent to the skilied person that the acetyiation status of H3K18
can be identified by any suitable means known in the art.

In one embediment, the acetylation siatus is determined by measurement of
mitochondrial respiration.

It will be understood by the skilled person that any suitabie method for measuring
mitochondrial respiration can be used. For example, mitochondrial respiration can be
measured by incubating the cells in the presence DIOCBS and visualising the celis.

In an alternative embodiment, the acetylation status is determined by indirect
immunofluorescence with monocional antibodies against H3K18ac on live or fixed
cells.

The present invention also provides methods for identifying the replication status of a
cell or identifying a change in the CLS of a cell.

As used herein, the term identifying the replication status refers to identifying whether
a particular cell or population of cells is actively dividing, or capabie of actively
dividing or whether the cell or population of cells are ho longer able divide.

As used herein, the term identifying a change in the CLS of a cell refers to identifying
a step change in a cell or popufation of cells from a state in which it/they is/are
capable of actively dividing to a state in which it/they can no longer divide or vice
versa.

it will be understood that this change can be deliberately induced or can occur
naturally or through exposure to environmental factors.
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Preferably, the cell is a mammalian cell. More preferably, the cell is a human cell.
in one preferred embodiment, the cell is an induced pluripotent stem cell.

The skilied person will understand that an induced pluripotent stem cell is typically a
somatic cell which has been caused fo regress 10 a pluripotent state either by
exposure to certain chemicals or through transfection with, for example, various
viruses,

in a further preferred embodiment the cell is a cell suspected of being neoplastic
and/or cancerous. Preferably, the cell is a cell from a sample which has previously
been isolated from a patient suspected of having or ai risk of developing cancer.

In a further aspect, their is provided a method of diagnosing a disorder associated
with a change in the CLS of a cell, said method comprising identifying the acetylation
status of H3K18 of a cell previously isolated from a subject and comparing said
acetylation status fo the acetylation status of a control cell.

As used herein, the term control cell refers to a cell of the same tissue type as that
isolated from the subject, the control cell being isolated from healthy tissue and
having a known acetylation status.

Preferably, said disorder is selected from the group comprising an age related
disorder, cancer, a blood disorder, Parkinson’s disease or Alzheimer's disease.

The invention will be further described with reference io the figures. References to
strains in the figures refer {o the strains disclosed in Table 1. in the figures:-

Figure 1 H3K14ac by SAGA refiects growth. Figure 1 shows Western blots
showing levels of various post- translational modifications o histone H3, in various
backgrounds inciuding HA-Spt7 and Gen5 in total cell extract prepared from celis
mock-treated or treated with 10uM rapamycin for up to 180 minuies in the BY4741
background (&, b, ¢, d), FY168 and FY571 (e, h), FY2 and FY2030 (f} and JR-52A
(g@). In panel e The version of Spt7 expressed from the spt7-277 allele in FY571 is
truncated at amino acid 1119 and has lost 213 C-terminal residues.
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Figure 2 SAGA and Kt4ac influence ageing. Western blots showing levels of
K14ac (a) and HA-Spt7 (b) in total protein prepared from 1 x 10° cells of the FY2030
background (a, b) or FY168 and FY571 (¢) , subject to biotinylation, growth for 10 or
20 generations in exponential culture (YPD) and isolation using magnetic streptavidin
beads. Young cells (majority less than 5 generations oid) were prepared from the
remaining non-biotinylated cells. * indicates a processed version of histone H3.

Figure 3 Conirol of SAGA, SLIK and K14ac.Western blots showing levels of
H3K14ac Gend or HA-Spt? in fotal cell exiracts prepared from the sirains indicated
(genotype shown in Table 1) after growth in the presence of 10pM rapamycin (+) or
mock-treated {-) for 3 hours, WT sfrains are BY4741.

Figure 4 Ritg2 and SLIK determine chronological lifespan. a FY168 (WT), FY571
(Spt7-217) and rtg24 derivatives in exponential phase stained with DIOCS to assess
mitochondrial membrane potential (ip). Scale bar is 10um. b Serial ten-fold dilutions
of cells from strains indicated grown with aeration 1o stationary phase in CSM
containing 3% glucose and plated onto YDP on the day shown {o assess viability.
The average lifespan (time in days to 50% drop in viability) was calculated from
colony counts. ¢ Fluorographs of total protein extracts in exponential phase treated
without or with cyclohexamide fo inhibit cytoplasmic translation and puise [abelled for
15 minutes with 35S methionine.

Figure 5 shows Western biots showing levels of various post-transiational
modifications to histone H3 in total cell extract prepared from BY4741 in exponential
or early stationary phase.

Figure 6 a shows the effect of expressing a C-terminally truncated version of Spt7
(8pt7-217) in strain FY571 and derivatives on K14ac and gene expression. Figures
12 b~i show the effect of growth phase and the presence of RTG2 on the induction of
various genes.

Figure 7 shows HA-Spt7 undergoes C-terminal processing in cells entering
stationary phase.

Figure 8 shows K14ac is reduced as cells age.
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Figure 9 shows the effect of Rapamycin on K14ac at C/72 (SLIK induced) or HMS2
(not induced) by ChIP normalised io histone H3. ChiP monitored by real time PCR®,
expressed as a percentage of input and normalised to levels of histone H3 in three
preparations of chromatin, at the 5" region of the genes shown.

Figure 10 shows that Snf1 is required for the rapamycin dependent reduction in
Kidac on rapamycin treaiment. a~d Western blots showing levels of modifications at
H3 on total cell extracts prepared from the strains indicated in the LPY8056
background (d), BY4741 {(a-b, f-g) or FY3 (¢}. n=3 for all experimenis shown. e
Indirect immunofiucrescence with FITC fagged anti-HA antibody (right panel) or DAP!
(DNA) {left panel) of Gal83-HA. Cells were treated +/- 10uM rapamycin for up {¢ 3
hours.

Figure 11 shows Rig2 is required for optimal levels of K14ac but K14ac is rapamycin
sensitive in a rtg24 strain . Wesiern blots showing levels of modifications at H3 (&)
and Genb {b) in total cell extracts prepared from the strains indicated in the BY4741
background. Cells were treated +/- 10puM rapamycin for up to 3 hours. Rig2 is
negatively requlated by the Lst8 component of TORC1% and this repression is
ralieved by loss of TORC1 signalling or rapamyein freatment. Rig2 is a component of
SLIK" required for the induction of the retrograde responsive genes in quiescent

cells.

Figure 12 shows the effect of loss of Sch8 on the inducibility of CiT2, ATGT and
ACST in stationary phase. This figure shows reverse transcription real time PCR
quantitation of RNA for the genes shown. The results suggest that Sch9 is required
to maintain the integrity of SALSA and SLIK in stationary phase cultures, Consistent
with this we show that the induction of ACST is independent of Sch9 (data in figure 9
suggests that this gene is dependent on Rig2 dependent nuclear uptake of Rig1/3
but not on SLIK). By contrast, C/T2 (SLIK/Rtg2 ~dependent) and ATGT (SALSA but
not SLIK depeandent) require Schg for their expression.

Figure 13 is a western blot showing that disruption of the SAGA complex resulis in
an increase H3K18 acetylation.

Figure 14 is a graph showing that disruption of SAGA extends the chronological
lifespan of yeast cells.
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Figure 15 is a graph showing that disruption of H3K18 acetylation resuits in a
significant reduction in chronofogical lifespan of yeast celis.

Materials and Methods

Details of strains are provided in the Table 1. Yeast were grown at 30°C in rich
medium (YPD), 1% bactpopeptone, 1% Difco yeast extract (BD and Co.), 2%
glucose to a density of 0.4 x 10° celis/m! and treated with 10uM rapamycin in 90%
ethanol/10% Tween20 or mock treated for up to three hours. Details for preparation
of whole cell extracts, western bloifing and antibodies used, preparation of RNA and
RNA guantitation, chromalin immunoprecipitation {ChiP), protocols for ageing,
assessment of ERCs and chronological ageing assays are set out below.

Table 1
Strain Parent Genotype Origin
RMY200 WT MATa; ade2-10;1 his34200; lys2-801; Michael
trp1A901; ura3-52; hht1,hhf1::LEU2; Grunstein
hht2,hhf2::HIS3 plus pRM200 {CEN
TRP1 HHF2 HHT2)
H3 K14R RMY200 Plus pRM200 (hht2 K14R) Michael
Grunstein
H3 K18R RMY200 plus pRM200 (hht2 K18R) Michael
Grunstein
YSL151TWT ura3-5; his3420; leu24; trp1463 lys2- Shelley Berger
128A(hht1-hhf1)::LEU2; (hht2-
hhf2)::HIS3; pTRP1-HHT2-HHF2
M3 K4A YSL151 Plus pTRP1 (hht2 K4A) Shelley Berger
YZS276 MATa; hta1-htb1A:LEU2 hta2-htb24 David Allis
ley2-3,-112 his3-11,-15 rp1-1 wra3-1
ade2-1 can1-100 (pZS145 HTA1-Flag-
HTB1 CEN HIS3)
H2B K123R YZS276 Plus pZS14 (htb1 K123R) David Aliis
LPY8056 MATa; his34200; leu2A41; ura3-52; Shelley Berger
trp1463; lys2-1286; (hht1-hhf1)A::LEU2
plus pRS314B (HHF2 HHT2)
H3 S10A LPY8056 Plus PRS314B (hhf2 S10A) Shelley Berger
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H3 K14A LPY8056 Pius PRS314B (hhf2 K14A) Shelley Berger
H3 S10A LPY8056 Plus PRS314B (hhf2 S104A K14A) Shelley Berger
K14A
BY4741 A Ta: his34; leu2d; metis4; ura3 Euroscaif
genb4 BY4741 genb:kanivixX Euroscarf
sppid BY4741 spp 1 KanMX Euroscarf
S288¢ MATa; his341; leu2A0; met15A0; ura3A0 | Open Biosystems
foris BY4741 for1::KanMX Euroscarf
fpraA BY4741 for2::KanMX Euroscarf
for34 BY4741 fpr3::KanMX Euroscarf
fprd4 BY4741 for4::KanMX Euroscarf
rim154 By4741 Hm15::KanMX Euroscarf
rtg24 BY4741 rtg2::KanMX Euroscarf
msn24 BY4741 msn2:KanMX Euroscarf
msn4A BY4741 msn4:KaniiX Euroscarf
snfiA BY4741 snft:KanMX Euroscarf
sch94 BY4741 sch9::KanMX Euroscarf
dot14 Byd741 dot1::KanMX Euroscarf
15487 MATz, ura3-52, leu2::hisG Aaron Mitchel
sch94 15487 sch9::URA3 Paul Nutton
Gal83-HA BY4741 GAL83-HA-His3MXE This study
GonS-HA JR-52A Plus pRS314 (GCNS 3HA::his5+) Shelley Berger
spt204 BY4741 spt20::KanMX Euroscarf
spt8A BY4741 spf8::KanMX Euroscarf
FY3 MATa ;ura340 Fred Winston
FY2030 FY3 MATa; ura340 ; leu2471 ; irp1463; his4- | Fred Winston
HA-Spt7 917 & lys2-173R2 HA-SPT7-URA3
HA-Spt7 FY2030 snff:KanMX This study
snfis
HA-Spt7 FY2030 sch9::KanMX This study
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FY168 MATa ; leu24t1; his4-917 &, lys2-173R2 | Fred Winsion
FY168 rtg2::KanMX This study
rtg24
FY571 MATa; ura340; leu247 ; trp1463; his4- | Fred Winston
spt7-217 917 §; lys2-173R2 spt7-217
FY571 sptr-217 rtg2::KanMX This study
rig24

Preparation of yeast whole cell extracts.

25 ml of cells were grown in YPD fo an OD of ~ 0.4 Agp and harvested by
centrifugation. For rapamycin freated cells, cells were grown to mid-log followed by
the addition of 10 uM rapamycin (Sigma RO0385-1MG) for up to 3 hours and
harvested by centrifugation. Cell pellets were resuspended in 300 yl 8 M urea and
broken by vortfexing for 5 mins foliowing the addition of 200 pl acid-washed glass
beads (Sigma). Lysates were boiled for 5 mins in standard laemmli loading buffer.

Western blotting.

Protein exiracts were subject to electrophoresis on polyacrylamide geis using
standard Tris-glycine running buffer (40% (w/v} glycine, 0.25 M Tris-base, 10% (w/v)
SDS) following heating at 90°C for 3 min. Proteins were transferred onfo a
nitrocellulose membrane using semi-dry transfer (Bio-Rad). Successful transfer of
protein was verified by Ponceu S staining (0.1 % Ponceu S, 5 % acetic acid).
Membranes were then blocked in PBS containing 5 % dry milk or BSA for 1 hour,
followed by incubation with primary antibody. 1:3000 anti-H3 (Abcam ab1791),
1:5000 anti-H3 K9ac (Upstate 07-352), 1:3000 anti-H3 K1idac (Upstate 07-353),
1:5000 anti-H3 K18ac {Upstate 07-354), 1:10,000 anti-H3 K23ac (Upstate 07-355),
1:3000 anti-H3 K27ac (Upstate 07-360), 1:5000 anti-H3 Kdme1 (Upstate 07-436),
1:2000 anti-H3 K4me2 (Upstate 07-030), 1:5000 anti-H3 K4me3 (Upstate 07-473),
1:500 anti-Genb (Santa Cruz sc-9078), 1:5000 anti-Tubulin (Abcam ab6160), 1:1000
Anti-HA (Roche clone 3F10 11867423001) in 5 % dry milk/PBS/0.5% Tween 20.
Membranes were then washed for 6 x 5 min in PBS and incubated for 1 hour with
horseradish peroxidase conjugated secondary antibody in 5 % dry milk/PBS/0.5%
Tween 20, and washed for 6 x 5 min in PBS/0.5% Tween 20. Bound antibody was
visualised using a Pico West chemiluminescence kit (Pierce Biotechnology Lid)
according to manufacturer's instructions. Multiple exposures of each film were made
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to ensure signals detected were not saturated. Each experiment was repeated at
least 3 times.

RNA extraction and Northern biotting.

Extraction of RNA was performed using hot phenol extraction. 15ug of total RNA was
separated on 1.1% formaldehyde gels and transferred o Magna nylon membranes
and baked at 80°C for 2 hours. The membranes were biocked by incubation: for 2
hours at 85°C with PerfectHyb Plus {Sigma). Membranes were typically exposed for
24 hours unless otherwise stated. Levels of total RNA loaded was monitored by the
rRNA species, which are equal across sampies unless indicated.

isolation of yeast at 10 or 20 generations of growth.

1 x 10° celis from a culture at ODgg of 0.2 were washed in PBS, biotinylated with
3mg of sulfo-NSH-LC-biotin at room temperature for 15 minutes, washed & times with
PBS and added to 1 litre of pre-warmed YPD containing 2.5% glucese and incubated
for 10 generations. Harvested cells were washed in PBS. 400ul of strepavidin beads
were added and incubated with the cells on ice for 2 hours in PBS. A magnetic sorter
was used to select beads with biotinylated cells attached for 20 minutes on ice with
occasional mixing. The mixture was washed and reselected five times using PBS.
The sorted cells were added o a second lifre of prewarmed YPD and grown for an
additionai 10 generations, sorted and washed exacily as before. Protein or DNA was
isolated from the yeast using urea and giass beads (see above) for analysis by
Western blotting or by preparing sphaeroplasts and exiracting total DNA by phenol
chioroform exiraction exactly as described *'. The total DNA extract was separated
on a 0.8% agarose gel. DNA was visualized by hybridization to radiolabelled probes.

Labelling yeast with 358 methionine.

Exponential cultures in synthetic complete medium with glucose were treated with or
without cycloheximide (250 pg/miin 10 mi of culture), and the incubation was
continued for 5 min prior fo the 15-min incubation with 100 uCi of [**Simethionine
(PerkinElmer Life Sciences). Total protein was separated on a 10 or 15% SDS-PAGE
gel. The gel was then treated with Enlightening (PerkinElmer Life Sciences), drieq,
and exposed to x-ray film for 40-72 h.
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Microscopy.

Cells in exponential growth or after 2.5 days in culture (stationary phase) were
incubated with the membrane-potential-sensitive dye 3,3-dihexyloxacarbocyanine
fodide (DIOCB) obtained from Molecular Probes at a concentration of 20 ng/ml for 30
minutes, washed in PBS and visualised using exposure of 1000ms (exponential
cells) or 250ms (stationary phase cells) the FITC channel on an Olympus 1X-81
fluorescence microscope with a 150 W xenon-mercury iamp and an Olympus 150X
Pian NeoFiuor oil-immersion objective. Brightfield images (DIC) were captures for
each field.

Optimizing conditions for treating cells with rapamycin

Celis in exponential phase of growth were treated with 10uM rapamycin in
90%ethanol/10%Tween 20 for up to 180 minutes and levels of H3K14ac and histone
H3 examined. Alternatively, cells were treated with up to 20uM rapamycin for 30
minutes. A standard set of conditions were determined and for all work in this paper
involved treatment of exponentially growing cells (0.4 x 107 celi/ml) for 2 to 3 hours
with 10uM rapamycin.

Assay showing the dependency of post-translational modifications to histone
H3 on the integrity of factors known to influence modifications on histone H3.
Total cell exiracts were prepared from LPYB8056 cells expressing histone H3 with
alanine (A) substitutions at S10 or K14 or both residues, BY4741 carrying deletions
of SPP1, encoding a factor required specifically for H3K4me3> or DOTTY, the
methyltransferase for H3K79 %, or YZS276 carrying a substitution at H2BK123 >,
required for H3K4me2 and H3K4me3. The modifications of lysines on histone H3
were monitored by Western biotting of total cell protein exiracts using antibodies
specific for each modification.

HA-Spt7 undergoes C-terminal processing in cells entering stationary phase or
treated with rapamycin.

Strain FY2030, expressing an N-terminally tagged version of Spi7 from the SPT7
jocus and FY3, an untagged control were used for these experiments (n=9 for a). a
Cells were grown in YDP to mid-log phase, post-diauxic phase or early stationary
phase and total protein extracts prepared, subject to western blot using the 3F10
monocional antibody to reveal the HA epitope. Positions of the molecular weight
markers are shown and a blot developed to reveal histone H3 levels to act as a
loading control. Three high molecular weight form of HA-Spt are present, consistent
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with full length Spt7 in SAGA, a C-terminally truncated form missing approx 200aa
found in SLIK and form 3 who function is not known® %, in addition a form that
migrates at 50kDa is aiso evident in these and other preparations when levels of full
length Spt7 drop. b A repeat of the experiment shown above showing more extensive
C-terminally fruncated version of Spt7 in all three growth conditions, About three of

nine experiments show a profile such as this while six show more discrele bands as
in a.

Indirect Immunocfluoresence

The acetylation/methylation staus of a cell was assessed using indirect
immunofiurescence according to the following protocol. 10-50 ml of a fresh mid-iog
culture of cells per sample was used. Make fresh 30% formaldehyde (3g p-
formaldehyde in 5mi PEM, add 4M NaOH until dissolved and make up to 10 mi with
PEM) and add 1/10" volume of 30% formaldehyde to the culture with agitation (in
conical flask). 30s later add gluteraidehyde solution {o a final concentration of 0.2%
(wiv). Shake at incubation temp for 90 min. Spin celis 2K 5min then wash 3X in PBS
or PEM (100mM Pipes pH 6.9; 1mM EGTA, 1mM Mg2S04). Resuspend cells in
10mi of PEMS (PEM in 1M Sorbitol) and add 500! of ICN Yeast Lytic Enzyme
(10pg/mi). Incubate at 37°C until ~80% of cells are digested (about 15 min}. Wash 3X
in 10mi of PEMS. Resuspend in 10mi of 1% Triton X100 in PEM for 30s. Wash 3Xin
10ml PEM. Roughly assess the volume of the final pellet. Resuspend in 2ml of
PEMBAL (PEM, 0.1M L-lysine, 1% BSA (giobulin free), 0.1% Na Azide) and transfer
a volume which will give a 20-30ul pellet upon a subsequent spin to each of 2
Eppendorf fubes. Put on a rotating wheel for 30 min at room temp. Spin for 10 sec.
Resuspend in 50ul of primary antibody in PEMBAL (est suitable dilution) and
incubate for 16 hours on rotating wheel. Wash 3X in 1ml PEMBAL. Resuspend in 1mi
of PEMBAL and rotate on a wheel for 3¢ min. Resuspend in 50pt of Goat anti-mouse
Texas Red at 20mg/mi in PEMBAL. incubate 16 hours on rotating wheel. Wash 3Xin
PEMBAL. Resuspend pellet in 100u PEMBAL and mount on poly L- Lysine coated
coverslips. Dry with hairdryer and invert on 1ug/ml DAPL in 100% glycerol if required.
Alternatively use a FITC secondary antibody at 1/200 and incubate for 1 hour at room
temperature on a wheel. N.B. cover tubes with foil during incubations with secondary
antibody. The cells were then visualised
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Examples

H3K14ac by SAGA reflects growth

The type of post-translational modification on the histone components of chromatin
often reflects whether genes are active or repressed and these changes are globally
regulated by enzymes that deposit or remove specific modifications. On active
genes, the chromatin is often modified by lysine {K) acetylation (ac} or methylation
{me), particularly on histone H3?. In order to identify post-transiational modifications
on histone H3 that reflect cell growth, we prepared fotal protein exiracts from yeast in
exponentiai or early stationary phase. Large and reproducible differences in the
sighals on Western blots ailow us to correlate changes in acetylation and methylation
with cell physiology. Cells in stationary phase show reductions in K14ac, Ki8ac and
trimethylation (me3) of K4 that are not a consequence of cell-cycle arrest (Fig. 5).
These changes are similar in exponentially growing cells treated with the macrolide
rapamycin, which blocks growth and proliferation' (Fig. 1a and 10-11), suggesting
that the presence of these modifications reflects the proliferative capacity of the cells.

Genb is the major acetyliransferase for K14 and K18 (Fig. 1b). Furthermore, the
rapamycin-sensitive K14ac detectable by Western blotting is mediated by GenS in
SAGA (Fig 1c). Strains lacking Spt8, specific to SAGA? or Spi20, required for the
integrity of SAGA and SLIK/SALSAZ**'*2 have low levels of K14ac that do not
detectably change when treated with rapamycin. In contrast, K14ac is resistant to
rapamyecin in a strain facking Ubp8, a component of SAGA with ubiquitin protease
activity required for processing the C-terminal region of Spt7%# (Fig. 1b). Western
blots showing levels of modifications at H3 on total cell extracts prepared from the
strains indicated all in the BY4741 background are shown in figures 1c- e. Cells were
treated +/- 10uM rapamycin for up to 3 hours. A strain expressing Spt7 lacking the
C-terminal 213aa, known as Spt7-217* also shows rapamycin resistant K14ac,
suggesting that SLIK and SALSA are resistant to rapamycin (Fig. 1e). it is important
to note that in this strain, the truncated Spt7 is expressed at levels similar to full
length Spt7%, hence the high levels of K14ac. Levels of truncated Spt7 in SLIK and
SALSA are normally much lower than full length Spt7 and make a minimal
contribution to global levels of K14ac?%%, Moreover, this resistance to rapamycin is
consistent with roles in the activated, but not basal, expression of TATA box genes®
that function to promote growth when glucose is depleted'®*' (Fig. 6). Furthermore,
this implicates the C-terminal 213aa of Spt7 in the rapamycin sensitivity of K14ac by
SAGA as Spt8, a SAGA specific subunit, is recruited through this region®*®, Thus
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rapamycin may have differential effects on SAGA and SLIK/SALSA. SAGA is active
in glucose grown cells while SLIK and SALSA are active in nutrient limited cells when
TORCHT signalling is reduced (Fig. 8).

The FY168 WT strain has been engineered 1o express only Spt7 containing a C-
terminal truncation (FY571 Spi7-217) similar fo that found naturally in the
SLIK/SALSA compiex. The Spt7 protein is expressed at similar leve! to full length
Spt7". we investigated levels of K14ac in this strain and the influence of Rig2, the
retrograde regulator and component of SLIK on the activity of this strain. Figure 6a
shows that the K14ac is not significantly reduced in this strain when a deletion of
RTG2is introduced. Rig? is required for the M3 directed HAT activity of the SLIK
compiex''. This may reflect the naturally low levels of SLIK in cells compared to this
complex. in addition we tested transcriptional responses (using reverse transcription
coupled to real time PCR using primers to the lodi indicated; No indicates reaction
with no RTase added to reaction to control for DNA contamination} in this strain in
exponential growth {Jog) and in early stationary phase (Stat or SP). Levels of
transcript were normalised fo U4snRNA. Leveis of this franscript drop by half in
stationary phase cells (data not shown). b Levels of RDNA transcription, monitored
using a primer set to the intergenic region between the 258 and 188 regions, are
reduced over 7 fold in stationary phase. ¢ The retrograde responsive gene C/T2% is
induced in the stationary phase cells and is dependent on Rig2 in the WT
Spt7(FY168) and Spi7-217 (FY571)backgrounds, as expected. d Induction of ACS7,
encoding mitochondrial acetyl CoA synthase is induced in stationary phase and is
Rig2-dependent. In celis containing high levels of the SLIK/SALSA complex the gene
is not induced. SLIK/SALSA may repress ACST expression or aliernatively, the high
levels of SLIK/SALSA may sequester Rig2 creating an RTG2 null, e The induction of
ATG1, a regulator of the autophagy *, another starvation induced response, shows
no dependence on Rig2. Instead, the strains expressing Spt7-217 show a more than
two fold increase in ATGT mRNA levels under starvation conditions suggesting a role
for the SALSA complex. The patterns of expression of these thres genes may define
how the SLIK/SALSA compiexes contribute to gene regulation. We propose that
ATG1 is dependent on SALSA and independent of SLIK and Rig2. By contrast, CI72
requires the SLIK complex for its activation while ACS7 is dependent on Rig2 but not
SLIK (The Rtg2 function to regulate nuclear uptake of Rig1/3 as activators).
Expression at a number of other loci is also monitored (f-i) in log phase.
Modifications of lysines on histone H3 are monitored by Western blotting of total
protein exiracts using antibodies specific {o the modification or protein indicated. n=2
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for each experiment. Total protein and RNA were prepared from the same cultures
for the experiment shown,

We used an N-terminally HA tagged version of Spt7 to examine its levels and
integrity in rapamyecin treated (Fig. 1f) or stationary phase cells (Fig. 7). Reduced
levels and C-terminal truncation of Spt7 occurs in both conditions and, by
compromising the integrity of SAGAZ, explains the reduced K14ac. Thus the integrity
of SAGA is confrolled by C-terminal truncation of 8pt7 that occurs when celis enter
stationary phase or on rapamycin treatment. Levels of Gon5, buf not its RNA™, also
drep significantly in rapamycin treated WT cells (Fig. 1g). In conirast, Gens levels are
nigher in rapamycin-treated cells expressing Spt7-217 (Fig. 1h). Thus the reduction
in Gens is likely to be a consequence of the C-terminal truncation and reduction in
levels of Spt7.

SAGA decreases with age in growing celis

The data suggests that SAGA activity is a marker of growth and proliferation. As cells
age both proliferative capacity and mitochondrial function are reduced. Experiments
were undertaken to assess if SAGA changes during ageing by assessing levels in
young cells (generally <5 generations old) compared to cells after 10 or 20
generations of growth. As cells age, levels of K14ac drop (Fig. 2a) and this is
associated with an overall decrease in HA-Spt7 levels, in particular a drop in full
tength HA-Spt7 and increased truncated forms of HA-Spt7 supporting loss of SAGA
function during ageing (Fig. 2b). By contrast, in the sirain expressing only C-
terminally truncated Spt7 (Spt7-217) K14ac does not drop in old cells (Fig. 2¢). Total
protein preparations were made from young cells or biotinylated cells after 20
generations of growth in exponential phase in rich medium, isolated using
streptavidin magnetic beads. Western blot of levels of K14ac in total protein extracts
prepared from FY168 (WT) and FY571 expressing Spt7-217. Levels of histone H3
were assessed to control for loading. It can be seen from Fig. 8 that there are
differences in the amount of protein isolated. Levels of K14ac drop in the old WT
strain but not in the strain expressing Spt7-217 suggesting that the C-terminal region
of Spt7 is required for the reduction in K14ac and that SAGA is the target of this
regulation. Note in this preparation there is less histone “clipping” evident than in
other experiments (See Figure 2a). These cells also contain increased levels of a
smaller form of histone H3, possibly clipped®. This suggests that the mechanism by
which SAGA and K14ac are reduced as cells age is similar to that occurring in
rapamycin treated cells and involves processing of the C-terminal region of Spt7.
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TORC1 maintains Kidac in growing cells

We sought to define how rapamycin influences acetylation by SAGA, There are four
targets of rapamycin in yeast, Fpri-4°". In the presence of rapamycin, Fpr1i inhibits
functions associated with the Pl3-related kinases Tor1 or Tor2 within the TORCA
complex®. This supports TORC1-dependent signalfing controlling the global levels of
K14ac, K18ac and Kdme3 by maintaining SAGA function in proliferating cells.
inhibition of TORC1 by rapamycin during the early stages of growth results in
upregulation of SLIK/SALSA regulated genes that promote efficient respiration of
glucose and stress resistance (Fig. 9)°**. As can be seen in Fig 9b, levels of CIT2
expression, regulated by the TORC-1 complex are increased upon addition of
rapamyein.

AMPK is generally considered to negatively regulate mammalian mTOR, resulting in
down reguiation of TORC1 signalling when glucose becomes scarce and intraceliular
levels of AMP increase®. The yeast AMPK Snf1 as can be seen from figure 10 may
function in a similar way as i is required for the rapamycin-dependent reduction in
K14ac (a). Levels of K14dac in a snfiA strain are reduced o about 50% of those in a
WT strain, due to Snf1 directed phosphorylation of serine 10 on hisfone H3 that
promotes K14 acetylation by Gens®. Importantly, K14ac (&) and Gen5 (b) and some
of the HA-Spt7 in the cell (¢) are resistant to rapamycin in the snfi4 strain. Nofe that
track five* is under loaded in ¢. Note that the integrity of $S10 on histone H3,
phosphorylated by Snf1, does not influence the rapamycin sensitivity of K14ac
although as with the snf74, level of K14ac is reduced in this background {d). We
asked is Snf1 is functioning in the nucleus or cytoplasm. Gal83 is required for the
nuclear uptake of 3nf1% and HA tagged-Gal83 moves from the cytoplasm to the
nucleus in rapamycin treated cells as demonsirated by indirect immuncfiuorescence
in fixed cells (e). However, the relationship between Gal83 and Snft is not
straightforward as gal834 strains show WT levels of K14ac in untreated cells and
some resistance to rapamycin (f). Similar results are observed for Gend protein in the
gal834 strain (g). Thus it appears that Gal83 is required for the rapamycin dependent
reduction in K14ac and Genb suggesting that this is a nuclear function for Snf1.

SLIK controls CLS through Rig2

We examined mitochondrial membrane potential (@) and CLS in the sirain
expressing only truncated Spt7 (Spt7-217), and thus expressing high levels of
SLIK/SALSA complexes during exponential growth. Both ¢ (Fig. 4a) and average
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CLS (Fig. 4b) are increased compared to WT but the strain then appears {o undergo
a rapid and complete loss of viability around day 12 in culture that may reflect
imbalances in patterns of gene expression. Rig2 is repressed by the TORC1
complex®® and has at least two distinct functions, one as a regulator of retrograde
response, and a second as a component of SLIK™. The high levels of truncated Spt7
might result in sequestration of Rig2 into a SLIK complex, resulting in an rig2 null for
other functions. in support of this, an rtg2 strain shows increase  in exponential
phase (Fig. 4a), increased mitochondrial protein synthesis (Fig. 4¢) and enhanced
CLS (Fig. 4b). This suggests that Rig2 functicns to repress mitochondrial function
when TORC1 is active and that the formation of SLIK is linked to reduced TORCH
signailing, leading to truncation of Spt7 and relief of Rig2-dependent repression of
respiration. This provides an additional way to extend CLS. interestingly, both Spt7
and Rig2 are reported to be mitochondrially associated proteins™*. Finally, we show
that the most marked increase in CLS is observed when RTGZ is knocked out of
FY571(Spt7-217) (Fig. 4b), perhaps reflecting strong induction of genes for
autophagy, known to prolong lifespan, by SALSA, as this is Rig2 independent. It
should be noted that this rigA phenotype can also be produced by the addition of
inhibitors of mitochondrial respiration.

In summary, we show that the SAGA family of transcriptional regulators control the
balance between growth and chronological lifespan. Metabolic changes resulting in
up- or down- regulation of respiration are differentially controlled by TORC1 and
Schg signaliing to these complexes. TORC1 coordinates mitochondrial function with
gene expression through the activities of Spt7 and Rtg2 and the chromatin
modification at K14 on histone H3, providing a TORC1 signalling to SAGA and SLIK
highly efficient mechanism by which cells switch fate in order to controi the balance
between growth and longevity.

Disruption of SAGA results in increased H3K18 acetylation and an extension in
chronological lifespan.

Figure 13 is a western blot showing the increase in H3K18 acetylation in strains in
which the SAGA complex has been disrupted. As can be seen in the top rows of
both panels, the amount of H3K18ac present in whole cell yeast extracts in stains in
which the SAGA complex has been disrupted are increased compared to wildtype.
The strains used in these experiments were either ASPT8 or Spt7 truncated.
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Figure 14 shows that S. cerevisiae strains having a disrupted SAGA complex have
an increased chronological lifespan. As show in the figure strains FY831 and
FY2030 are wiid type, strain FY571 expresses a fruncated Spt7 protein which lacks
the SAGA specific Spi7 region, strain FY2037 is ASPT8 (Wu, P.Y. and Winston, F.,
[2002] Mol Cell Biol,, 22(15), p5367-5379). Lifespan was determined as described in
Murakami, C. and Kaeberlein, M., (2009) J. Vis. Exp., 27. Briefly, chronological
lifespan of yeast refers to the profile of viability of an ageing yeast culture over time.
A yeast culture is grown in liquid media until the glucose carbon source is exhausted
and the cells stop dividing. At this point the proportion of cells which are alive and
able to divide is measured by observing the outgrowth characteristics of a fresh
inoculate of the aging culiure using a Bioscreen C machine. Viabilities at various fime
points are compared to determine the chronological lifespan of the culture.

Figure 15 shows that in a H3K18Q mutant in which acetylation at this position is
disrupted chronological lifespan, as measured using the method above, is reduced
compared to wild type. in the H3K18Q yeast strain, both endogenous copies of the
H3 gene have been deleted and replaced by a single copy of the H3 gene containing
a substitution of lysine 18 with glutamine, In the wild type strain shown in the figure,
the deleted H3 genes have been replaced with a single wild type copy of the gene.

All publications mentioned in the above specification are herein incorporated by
reference in their entirety. Various modifications and variations of the described
methods and system of the present invention will be apparent to those skilled in the
art without departing from the scope and spirit of the present invention. Although the
present invention has been described in connection with specific preferred
embodiments, it should be understood that the invention as claimed should not be
unduly fimited fo such specific embodiments. Indeed, various modifications of the
described modes for carrying out the invention which are obvious to those skilled in
biochemistry and biotechnology or related fields are iniended to be with in the scope

of the following claims.
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Sequence Listing

SEQ
schl

1
61
121
181
241
301
361
421
481
541
£01
661
721
781

ID No:l

MMNFFTSKSS
FINFTLQTAT
QEETNAGNVH
PRGKLEVTIY
NOHINNNNEN
VTDPSKRSEN
RLYPMIHNLA
GTFGEQVYQVK
SFOTPTDLYL
PENILLDANG
LIFEMCCGWS
DGRELRAHPF
TATPLSPAMQ
DDDGDEDIND

NQDTGFSSQH
PTTAISQDLY
GDTGGNSLON
EARDLVTRSK
TNPDAASQHH
SE8GSSNGPK
HASQHQWHSL
KKDTQRIYAM
VIDYMSGGEL
NIALCDFGLS
PFFAENNQKM
FADIDREALK
AKFAGFTFVD
GEFNQEKNMNN

QHPNGONNGN
AMGTTGITSE
SEDDNFSS8SS
DSQPYVVCTF
NNNSGWNGSQ
NDSSHPTWHH
KPRVIDEVVS
KVLSKKVIVK
FRHLOKEGRF
KADLKDRTNT
YOKIAFGKVK
QKKIPPPFKP
ESAIDEHVNN
SHSQMDFDGD

32

NNSSTAGNDN
NALFOMKSMN
TTKCLLESTS
ESSEFISNGP
LPSIKEHLKK
KTTFDVLGSH
GDILIKWIYE
KNEIZHTIGE
SEDRAKFYIA
FCGTTEYLAP
FPRDVLSQEG
HLVSETDTSN
NRKFLONSYF
QHMDDEFVSG

GYPCKLVSSG
NGISSVNNNN
SLSINQRERA
ESLGAINNNN
KPLYTHRRSSS
SELDISVYDA
QTKKRREYGPQ
RNILVTTASK
ELVLALERLH
ELLLDETGYT
RSFVKGLLNR
FDPEFTTAST
MEPGSFIPGN
RFETL

PCT/GB2010/651128

PCASSNNGAL
SNTPTIITTS
ARRYGPDTDT
NNNNNNQHNQ
QLDQLNSCSS
AHDHMFLGQV
DFEVLRLLGK
SSPFIVGLKF
DRDIVYRDLK
KMVDEFWSLGV
NPKHRLGAID
SYMNKHQPMM
PNLPPDEDVI

SEQ ID No:2
Schg

>YHR205W Chr 8
Atgatgaatttttttacatcaaaatcogtcgaatcaggatactggatttagetctcaacaccaacatceaaatggac
agaacaatyggaaacaataatagcagcaccgctggecaacgacaacggatacecatgtaaactggtgtccagtgggec
ctgegetteatcaaataatggtgecectttttacgaattttactttacaaactycaacgeegaccacegetattagt
caggacttatatgeaatgggeacaacaggaataacatcagaaaatgeectttttcaaatgaagtcaatgaataatyg
gaatatcatcagttaataataacaacagcaacaccogtacgattattaccacgtcacaggaagaaactaatgerygyg
“aaatgtacatggcgataccggtggcaattetttgecaaaattcigaagatgacaactttcttecagttetaccac
caaatgcttactetoticcacttcttegetatcaataaatcaacgagasgcageagcagetgettatggtecagat
accgatattcctaggggtaaactagaagttacaataatagaagcacgtgacctagteactagatcaaaggattcac
agecttatgttgtttgtacttttgagagttcagagttcattictaatggtoctgagtcactaggegeeattaataa
taacaacaataacaacaacaataatcagecataatcaaaaccageatattaacaaceacaacgaaaataccaaccet
gacgetgetagecageatcataataataacagtggttggaacggtictcagttaccategataaaagageacttga
agaaaaaacccctttatacacacagatcatctiecccaatragatcagetaaactettgetettcagtaaccgatec
gagcaaacgttctictaattctiegtegggttcttcaaatggtccaaagaatgatagttcacatecaatatggcat
cacaagacaacgttitgatgttttgggatcteacteggaattagatatttctgtttatgatgetgcccacgaccata
tgttcttaggecaagttagactgtateccaatgattecataatttagecacatgettoccaacaccaatggeacagttt
gaaacctcegegttattgatgaagttgtgtecggtgatattttaatcaaatyggacttacaaacagacaaagaaaaga
cattatggcccacaagattttgaagttcticgattattgggtaagggtacttitggecaagtctaccaagttaaga
agaaagacactcaaagaatttatgcaatgaaagttctctecaagaaagttattgtcaagaaaaatgagategeeca
cacaattggogaaagaaatatectagtcacgacagegtecaaategteccecatteattgteggattgaagttttec
ttteoaaacaccaacagatetgtatttggtcactgattatatgagtggtggagaattatictggeatttacaaaagg
agggcecattttteggaagacagagegaaattctatategetgagttagticctagegttagaacatttacacgataa
cgatatcgtttacagggacctaaagectgaaaacatictactegatgecaacggtaacategetectttgegatttt
ggtctttctaaagctgacttgaaggatagaacaaacacattttgeggecaccacggaatacctggeaccagaatigt
tactggacgaaaccggctacaccaaaatggtegatttetggtetetaggtgtittgatatitgaaatgrgttgtgy
ttggtcecotttectttgeggaaaataatcaaaaaatgtaccaaaaaattgecttggtaaagtcaaattececcaga
gacgtactgtcacaagaggggagygtettttgtaaagggtitactaaacagaaaccecaaacatagacteggtgeca
ttgatgatggaagagaactacgagctcatcecatttttegeagatategactgggaggecttgaageagaaaaaaat
tccacecacctttcaaacctcacctagteteggagacggatacctegaattttgacccagagttcacaacagetica
acttcatacatgaacaagcaccagccgatgatgactgetacccegetatctocagecatgecaageoaaagtttgotg
gtttcacctttgttgatgagtcegecategatgaacacgttaataacaacagaaaaticetacaaaactegtactt
tatggaacctggttoectttatcecgggaaatecaaacttacctccagacgaagatgtcategatgatgacgaggac
gaggacatcaatgatggattcaaccaagagasaaatatgaacaacagecaticgecagatggacttegacggegace
aacacatggatgacgaatttgtcagtggaagattcgaaatatga

SEQ ID No:3
Rtg2

1
61
121
181
241
301

MSTLSDSDTE
YNTHTHARCP
VYGSTGWRVE
KPVSLPYGAG
GGGLRGMGHL
DRRALQLPAV

EVVSRNLCG
IPRDIIKEVC
ILGQEDETRV
TLLRRMRTDD
LLYQSEGYPI
GLFMSAVFER

IVDIGSNGIR FSISSKAAHH ARIMPCVFKD RVGLSLYEVQ
SAMKRFKLIC DDFGVPETSV RVIATEATRD AINADEFVNA
GIYGVVSSFN TVRGLYLDVA GGSTQLSWVI SSHGEVKQSS
NRALFYEIKE AYKDAIEKIG IPQEMIDDAX KEGGFDLWTR
QTIINGYACT YEEFSSMSDY LFLKQXIPGS SKEHKIFRVS
IPQIKAVHFS EGGVREGSLY SLLPREIRAQ DPLLIASRPY
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361 APLLTEEYLY LLRTSIPQED IPEIVNERIA PALCNLAFVH ASYPRKELQPT AALHVATRGI
421 TASCHGLSHR ARALIGIALC SRWGGNIPES EEKVSQELEQ VVLREGDKRE ALRIVWWIKY
481 IGTIMYVICGE VEPGGNIRDN VFDFHVSKRS EVETSLKELI IDDANTTKVK EESTRRKNRGY
541 EVVVRISKDD LKTSASVRSR IITLQOKKVRK LSRGSVERVK IGVQFYEE

SEG ID No:4
tg2

>YGL252C Chr 7
atgtcaacacttagcgatagtgatacegagactgaggtegtgtegagaaactigtgtggaategtegacataggtt
ctaatggtattegtittagtatatcttecaaggetgeacatcatgeaagaattatgecttgtgtttttaaagatag
ggttggtetttetectatacgaagtitcaatataatacacatacgaacygcaaaatgeectattecccagagatattata
aaagaggtttgttotgecatgaagagattcaaattaatttgegatgatittggtgtacctgaaactagtgtcagay
taattgcaacagaagccacgegagatgetattaacgeggatgaatttgttaatgetgtttacggtageactyggety
gaaagtagaaatattaggccaggaagatgaaactagggtcggeatatatggtgtgtttecteatttaatacagta
agaggtctatatctagatgtggcaggtggtagtactcagttatcatgggtaataagetegeacggagaagteaage
aatccageaaacctgtatetttgecatatggagetggaactettttgagaagaatgagaacagatgataataggge
acttttttatgagattaaagaagegtacaaagatgecgattgaaaaaattggtatacctcaagaaatgattgatygac
gocaagaaagaaggtggatttgacatttggaccegtaggggtyggtttaagaggtatgggacatctgettetttace
agtcggaaggttatcccatccaaacaataattaacggatatgetigeacttatgaagaattetegtetatgtcaga
ttatctattoctaaaacaasaaataccaggttcttcaaaagagecataaaatatttaaggttictgatagaaggget
ttacaacttectgecgttggtitgttecatgagrgetgttittgaagegatteccocragatcaaagetgtacatttta
gtgagggtggtgttcgagagggttcactitatteteticttecaaaagaaattegtgcacaagatecatigetaat
tgcgtcacegtecttatgetecattacttactgaaaaatatctatatctatigagaacatcaatecracaagaagat
ataccagaaatagtaaacgaaaggattgcteeotgetttatgtaacttageattitgttecatgectettatecaaagy
agttacaaccaacagctgcattacatgttgctacaagagggataatagecggetygtecatggattatectcacagage
tagagegetgataggaattgetetatgtagtagatggggeggeaacattccggaatectgaagaaaaatacteccaa
gaattagaacaagtagttctacgegaaggtgataaagetgaagcattgagaattgtatggtggacgaagtatatty
gtacgattatgtatgtgatttgecggtgttcatccaggtggtaatatcagagataacgtatttgatttecatgtite
taagcgtagtgaggtggagaccagtttaaaagaattaatcattgatgatgcaaacactacaaaggtaaaagaagaa
tccacgegtaaaaatcgecgggtatgaagtggttgbgagaattagtaaggacgatettaaaacaagtygctteegtte
gttccagaattatcacgectacaaaagaaagtacgcaagctatctagaggaagtgtagagagggttaaaattggegt
gcaattttatgaagaataa

SEQ ID No:b
Gend

1 MVTKHQIEED HLDGATTDPE VKRVKLENNV EEIQPEQAET NKOEGTDKEN KGKFEKETER
61 IGESEVVTDV EKGIVKFEFD GVEYTFKERP SVVEENEGKI EFRVVNNDNT KENMMVLIGL
121 KNIFQKQLPK MPKEYIARLV YDRSHLSMAV IRKPLTVVGG ITYRPFDKRE FAEIVFCAIS
181 STEQVRGYGA HLMNHLKDYV RNTSNIKYFL TYADNYAIGY FKEKQGFTKEI TLDRKSIWMGY
241 IRDYEGGTLM QCSMLPRIRY LDAGKILLLQ EAALRRKIRT ISKSHIVRPG LEQFKDLNNI
301 KPIDPMTIPG LKEAGWTPEM DALAQRPXRG PHDAAIQNIL TELONHAAAW PFLOPVNKEE
361 VPDYYDFIKE PMDLSTMEIK LESNKYQKME DFIYDARLVF NNCRMYNGEN TSYYKYANRL
421 EKFFNNKVKE IPEYSHLID

SEQ ID No:6
Gonb

tcttasacacttatgggcagcaaaaaatgegbcttetteectegtetgttgtittatgtagggegtaatgatgtt
tgcttgtecaacaaatgaatacgtacagaagagaattctagecaaggcaattattgeatactgeaagtactgagtac
gttaacgttgctagaataacattaaatgagatgtagcaatgragatecttcctcagtaggettaatgetecactay
aatttttgaccagecactatttgettitttegeaatecttitecaatactegagagcaaagacaaaaaaaataagac
atgtagtgcgetgtatggaaaagaattaattagaactttacaaacgegtgttaaacagygcatattiaagtgttigy
acctasacaatatatcgactattgaaattcttacgeaagatttittatagttggatattearatattcttacaact
ctctoctactttcagttttttgaagetatatgbatecattatatacgtttatggatttttecanacctaaacaatiata
ctgcgtaaatgtttgattaagecaataaatasaaacaaaggattggtaagggaagaccgtgagecgeecaaaagtet
teagtraactcaggttegtattetacattagatggtcacaaaacatcagattgaagaggatcactiggatggaget
acgacggatoccgaagttaaacgggtaaaattagaaaacaacygtigaagaaatacaacctgagcaggctgagacca
ataaacaagagggcaccgataaagagaataaaggaaagttcgagaaagaaactgagagaataggaggatctgaagt
ggttacagatgtggaaaaaggaattgtcaaatttgaattigatggtygttgaatacacattcaaagagagacceagt
gtcgtagaggaaaatgaaggtaaaattgagtttagggtggtgaataatgataastactaaagaaaacatgatggtee
taactggattaaaaaacatttttcaaaagcaattaccaaaaatgeccaaagaatacattgecaggttagtctatga
tcgaagtcatectttecatggetgteattaggaagecattgactgtegtaggtggecataacatategacctttegat
aagagagaattcegeagaaattgtttictgtgeecatcagttegacggaacaggtacgeggttatggtgegcatetaa
tgaatcacttaaaagactatgttagaaatacctegaacataaaatatttittgacatatgeagataattacgetat
tggatactitaaaaagcaaggettecactaaagaaatcacgttggataasagtatactggatgggatatattaaagat
tatgaaggtagtacgetgatgeaatgttctatgttaccaagaatacgatatttggacgecaggtaagattectatrat
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tacaagaagcggecctgegaagaaadataagaacgatttcgaaatcgeatattgtaaggectggtttagageaatt
caaagacttaaacaatatcaaaccgattgatcecaatgactattoctyggettgaaagaagecyggetggactecegay
atggatgegtiggcacaacgteccaagegtggiccacacgatgeageaatacagaatatactcacagagctacaaa
atcatgrageagetggeceticktacaaccegttaataaagaggaggtececgactattatgattttatcaaaga
gccaatggacttgagecaccatggaaataaaattagagagcaacaaatatcagaagatggaagactcatatatgat
gcecagattggtgtttaacaattgocgastgtacaatggegagaatacqgtegtattacaagtatgetaataggeotag
agaaattcttcaataataaagtaaaagaaatacctgaatattctcaccttattgattaatgegtagaagaagettt
tcecgetactattectttecgaagaagaaataaatgtttagtacggecgagacgatgtgatcaattgaggttattttac
tacttttectttcattittgtaaggttttettictttgttagtgtgacgttggtatttacctttatgtaactatat

SEQ ID No:7

Torl

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
201
961
1021
1081
1141
1201
1261
1321
izel
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461

MEPHEEQIWK
VIGSNGDVNF
NKILELVHTK
AAKTLGKLAV
ENCPYLLYQY
TSCEYGFQVN
QIVPLLASFN
PDIARPYVKQI
KCPLEDYMQE
REWRNESILO
RKLAALTSCE
DPQLAQPDNL
STSSREKEET
VGGEDMKIYL
LVNILKTENS
MSPSNDEYYT
DVMRTCSQSL
SKALEGEFKR
QMAEFTSGNL
LLIOMGTSFA
MEAADAGVAK
SMYYPLAKEL
DDKALPIPTQ
ILKHAQQHHS
LSQLAARKWK
HKNDYDNASK
EKKLHYONLW
NKALNMLLEG
DPNNMIAQSV
ATHFDKNWYK
SLTINGNRYP
YEGFNLMKIE
SVSRQKAALS
IERMFSTLEP
YYNVFRKITR
SSKORPRKFS
QYPAIPLSPK
IBVFTYALDN
LMLDRITGKV
MRVLRDNKES
EAANMEAEQQ
QHYIGWCPFW

SKLLKAANND
KPILEKIFRE
KTSTRVGAVL
PGGTYTSDEV
LNSILDNIWR
TLECIHASLL
POQLFAGKYLH
LDYIEHDLQT
TFQILTERIP
KTGESNDDNN
IYVKDNICKQ
RLLFIALHDE
ASLLCTLIRS
KDLFPLIIKT
QNIRRQTVIL
TVVIHCLLKI
LEFYFOQLCS
LVPLTLTLFL
QRSAIITIGK
IFIPVINEVL
LPINQSVLKS
FNTAFACVWT
SLGEYAERCE
LOLKETWFEK
VSKLOTKKLI
HILNARDLLV
TRKRLLGCQKN
GTILVYQIRS
KLSSASTAPY
AWHNWALANF
LELIQRHVVP
NWLEVLPQLY
IIEKIRIHSP
LHKHLGNEPRQ
QIPQLOTLDIL
IKGSDGKDYK
SGLLGWVPNS
TKEQDLYKIL
IHIDFGDCFE
LMATLEAFAL
NETRNARAML

MDMDRNVPLA
LTSDYKEERK
SIDTLISFYA
EFEIKSCLEW
ALRDPHLVIR
VYKEILFLKD
QIMDNYLEIL
KFKFREKFEN
SLGPKINDEL
DIKIIIQAFR
TSLHSLNTVS
SFNIQSVAME
SKDVAKPYIE
FODOSNSFKR
IGILGAIDPY
LKDPSLSSYH
LITIVRQOHIR
VILENDKSSD
LAKDVDLFEM
MEKRHIQHTTY
AWNSSQORTK
ELYSQYQEDL
AYAKALHYKE
LERWEDALHA
APLAAGARGG
TEISALINES
VDLWQRVLRI
KPPPPVVYAQ
VEEYTKLLAR
EVISMVQEET
ATRGFFHSIS
SRIHQPDPTV
VLVNQAELVS
TLSEVSFQKS
QHVSPQLLAT
YVLKGHEDIR
DTFHVLIREH
WLKSRSSETW
ABRILREKYPE
DPLIHWGFDL
VLRRITDKLT

PNINVNMNMK
LASISLFDLL
YTERLEPNETS
LTASTERNSF
IDASITIAKC
PFLNQVFDOM
TNAPAKKIPH
BEIFYCIGRLA
LNLVCSTLSG
MLKNIKSRFS
EVLSKLLAIT
LVGRLBSVNP
PLLNVLLPKF
EAALKALGQL
RQKEREVTST
TAVIQAIMHI
PHVDBIFQATL
KVLSRRVLRL
SSRIVHSLLR
DDLTNRILNN
EDWQEWSKRL
TIESLCIALSS
IKFIKEPENS
YNEREKAGDT
SGEWDMLDEY
YNRAYSVIVR
RSLVIKPRQD
LKYIWATGAY
CFLKQGEWRI
KLNGGKNDDD
LLETSCLQDT
SNSLLSLLSD
EELIRVAVLW
FGRDLNDAYE
HDLELAVPGT
QDSLVMQLFG
RDAKKIPLNI
LERRTTYTRS
KVPFRLTRML
PPQXLTEQTG
GNDIKRFNEL

MNASRNGDEF
VSLEHELSIE
RLAGYLRGLI
SSSKPDHAKH
LSTLRNRDPQ
CLNCIAYENH
LKDDKPQILI
VPLGPVLGKL
TPFIQPGSPFM
LVEFVRIVAL
IADPLODIRL
AYVIPSIRKI
QDTSSTVAST
AASSGYVIDP
TDISTEQNAP
FQTLGLKCVS
KDFESVAKLQ
LESFGPNLEG
VLSSTTSDEL
DVLPTKILEA
SIQLLKESPS
PLNPPEIHQT
TIESLISINN
SVSVTLGKMR
ISVMKPKSPD
TQIITEFEEI
LOIWIKFANL
KEALNHLIGF
ATQPNWRNTN
DDTAVNNDNV
LRLSTLLFNF
LGKAHPQALV
HELWYEGLED
WLNNYKKSKD
YFPGKPTIRI
LVNTLLKNDS
EEWVMLQOMAP
LAVMSMTGY T
TYAMEVSGIE
IPLPLINPSE
DVPEQVDKLI

GLTSSREDGV
EFQAVSNDIN
PSNDVEVMRL
RALLIITALR
LTSQWVORLA
KAXKMIREKTIY
STGDIAYEVG
LNRNILDLMF
EIPSFSRERA
SYIEHTDPRV
EVLKNLNPCF
LLELLTKLKF
ALRTIGELSV
LLDYPELLGI
PIDIALLMQG
FLDQIIPTIL
ITLVSVIEAL
YSHLITPKIV
SKVIMNTLSL
NTTDYKPAEQ
HALRACSNLA
LLNLVEFMEH
QLNQTDAALG
SLHALAEWEQ
KEFFDAILYL
IKYKQLPPNS
CRKSGRMRLA
TSRLAHDLGL
PDAILGSYLL
RIDGSILGSG
GGIXKEVSCAM
YPLTVAIKSE
ASROFFVEHN
INNLNQAWDT
AKFEPLFSVI
ECFXRHLDIQ
DYENLTLLOK
LGLGDREPSN
GSFRITCENV
LLRKGAITVE
QOATSIERLC

SEQ ID No:8
Torl

>YJRO66W Chr 10

atggaaccgcatgaggageagatttggaagagtaaacttitgaaagegyctaacaacgatatggacatggatagaa
atgtygeegtiggcaccgaatctgaatgtgaatatgaacatgaaaatgaatgcgageaggaacggggatgaattegg
tctgacttctagtaggtttgatggagbggtgattggcagtaatggggatgtaaattttaageccattttggagaaa
atrttcegcgaartaaccagtgattacaaggaggaacgaaaattgygccagtatitcattatttgatctactagtat
cettggaacatgaattgtogatagaagagticeaageagtttcaaatgacataaacaataagattttggagetggt
ccatacaaaaaaaacgagcactagggtaggggctgttctatecatagacactittgattteattctacgeatatact
gagaggttgectaacgaaacttcacgactggetgygttaccttegagggetaatacecttctaatgatgtagaggtea
tgagactcgetgcazagactetgggeaagttageogticcaggaggtacatatacctetgatttegtaggaatttga
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gataaagtottgottagaatggecttactgectoccacggaaaagaattecattctegagttegaagecagaccatget
aaacatgctgegettetgattataacagegttggcagagaattgtectiatttactctaccaatacttgaatteea
tactagataacatttaggagadgcactaagagacceacattiggtgatcagaattgatgecgtecattacattggecaa
atgtcttteccaccctacgaaatagggatecteagttaactagecagtgggtgecagagattggetacaagttgtgaa
tacggatttcaagtaaacacattagaatgeatccatgeaagtttgtitggtitataaggaaatctigttitttgaagy
atecctrtttgaatcaagtgttogaccaaatgtgictaaattgratagettatgaaaatcataaagegaaaatgat
tagagaaaagatttaccagattgttcccetattageatcgttcaatecteaattatttgectggcaaatatttgeac
caaattatggacaactatttagagattttaaccaatgctecageaaataaaataccacatcteaaagatgacaaac
cacagattttaatatcgatiggtgatattgecatatgaagtcgggeccgatatcgecaccttatgtgaaacaaatict
tgattatattgaacatgatttacagacgaaattcaaattcagaaagaaatttgaaaatgaaatittictactgeate
ggaagattggragtteceettgggeeccegttetaggtaaattattaaacagaaatatactggacctgatgttecaaat
gecetetttcocgactatatgecagoaaacgtttcaaattctgactgagagaataceatcactaggecceaaaataaa
tgacgagttgcttaacctagtctgttecaaccttatetggaacaccatttateccagecagggtcaccaatggagata
ccatcgttttegagagaaagagcaagagaatggagaaataaaaacatectacagaaaactggtgasagtaacgatyg
ataataatyatataaaaatcattatacaagettttagaatgttaaaaaatatcazaagcagattttegttggtaga
attcgtgagaattgttgcactittettacatigageatacagatcccagagtaaggaaactagetgegttgacatcet
tgtgaaatttacgtcaaggataacatctgeaaacaaacatcactacactetctgaacactgtatectgaagtgttat
caaagcttetageeattacgattgeggacectttacaagatatccgtttagaagttitaaagaatcttaatecatyg
tttcgatcoccagttggecacaaccagataattigagactetigtttactgcactgeacgatgagtegttcaatatt
cagtragtagcaatggagettgteggtaggttgtettecgtaaaccetgeatacgtecateecatecgataagaaaaa
tactactggaactgctaacaaaattaaaattctcaacttctictcgagaaaaggaagaaactgecagttgrtatg
tactcttatcaggtegagtaaagatgttgegaaacctratategaacctecttttaaatgticttttaccaazatee
caagatacctettcaacyggtigeatcaactgcactgagaactataggtgageratotgtigtagggggcgaagata
tgaagatatatcttaaggatttgtttectrtaattatcaaaacattitcaggatcaatcaaactotttcaagagaga
agctgcoacttaaggcccttggtecaactigeagectecatctggtiacgtgatagatectitactegactateccgaa
ttattgggtatattggtgaatatattgaagacagaaaactctcasaatattaggagacaaacagtcacttigatag
gtatactgggagctatcgacccatatogecaaaaagaacgtgaggttacctectactacegatatatetacagaaca
gaacgececgectatogacattgetocttetcatgeagggeatgictecttcgaatgatgagtattataccactgtt
gtcattcactgectgetaaaaatectaaaagatecatcectateatcttaccacactgeegtgatecaagegatta
tgcatattottcaaaccettggtectaaaatgtgttteattottggaccagatcateccaactatitiggacgtaat
gogtacatgetetecagtcactattagaattttactteccaacagetttgetetttgattattategtaaggeeacac
ataagacctcatgtogattectatattccaggctatcaaagatttitattcggttgetaagetacaaataacgetyg
taagtgttattgaagcaatatcaaaggcictggagggtgaattcaaaagatiggieactcttactctgacettgrt
cottgbaattttggagaatgacaagtctagtgacaaggtectectecagaagggtattgagactgttagaategett
ggtcctaacttagaaggttattcegeatitgattacacccaagatagttcaaatggecagaattcaccagegyggaace
tacaaaggtctgcaataattactattggcaaactggecaaggatgttgacctitttgagatgtectcaagaattgt
tcactctttacttagggtactaagticaacaacgagtgacgaactctecaaaagtcattatgaatactttaagteta
ctgctaatacaaatgggeacatectttgeotatettcatecoctgtecattaatgaagttttaatgaagaaacatatte
aacacacaatatatgatgacttgacaaacagaatattaaacaatgatgttttacccacaaaaattcttgaageaaa
racaacggattataageccogeggaacaaatggaggecageagatgetggggtegeaaaattacctataaaccaacca
gtrttgaaaagtgcatggaatictagecaacaaagaactasagaagattggcaggaatggagcaaacgtctateca
ttcaattattaaaagagtcaccetoccatgeictaagagettgttcaaatcttgraagecatgtattatccactage
cazagaactttitaataccgcattegeatgtgtttggacegaactttatagecaatatcaagaagatttaattggg
tcattatgtatagecttatcttcteccttaaatccaccagaaatacatcaaacattgttaaacctggtagaattta
tggaacacgatgacaaggcattaccaataccaactcaaagectgggegagtatgetgaaagatgtcacgectatge
casagcgctacattataaagagattaaatttattaaagagectgagaactcaactattgaatcattgatcageatt
aacaaccagctgaatcaaacggatgctygcaattggtatattaaagcatgecraacaacatcattcacttcaattaa
aggagacatggtttgaaaaattagagcgttgggaagatgcactacatgettataatgaacgtgaaaagygcaggtga
tacttocgtgagegttacacteggtaagatgagatecctcatgeecteggegaatgggaacagttgtegeaatty
geagectagaaagtggaaagtitcgaagrtacaaactaagaagetaatagetecctiggcagetggtgetgegtggyg
ggttgggagagtgggatatgcttgagcaatatatcagegttatgaaacctaaatctecagataaggaattttitga
tgcaattttatacttgeacaagaatgattacgacaatgetagtaagcatatattasacgccagagatttgettgty
actgaaatttcocgegttgatcaatgaaagttataatagageatatagegtiattgttagaactcaaataataacag
agtttgaggaaatcatcaagtataaaceattgcecacctaattecgagaaasaacttcactatcaaaatectttggac
aaaaagactgctgggetgecaaaaaaatgtegattratggcaaagagtgettagagtaagarcattggtaataaayg
ceccaagcaagacctgeaaatatggatasaatttgcaaatttgtgecagaaaatctggtagaatgagygctageaaata
aggeattgaatatgctactagaaggaggeaacgatcctagtttaccaaatacgttcaaagetoecteococagitgt
ttacgcgcaactaaaatatatttgggcracaggagettataaagaagecattaaaccactigataggatttacacce
aggttagegeatgatcttggtttggateccgaataatatgategegeaaagtgtcaaactatcaagtgecaagtactg
cteegtatgttygaggaatacacaaaattattagetegatgttttttasagcaaggtgagtggagaatagcaacaca
accgaactggagasacacaaatecggatgeaattettggttettatetattggetacacarttegataaaaattgyg
tacaaggratggcataattgggccttagetaattitgaagtaatatccatggttcaggaagagactaagectcaacy
gaggtaagaatgatgatgatgatgacacggcagttaataatgataatgtgeggattgacggtagtatectaggaag
tggttotttgactattaatggcaacagataccegetagagettattecaaagacatgttgttecagegatcaaggge
ttttttcattcaatatctctattagaaacaagttgtttgecaagacacgrtgaggttattgactectittatttaact
ttggtgytattaaagaagtctcacaageccatgtatgaaggettecaatttgatgaaaatagagaactggettgaagt
cttaccacagttgatctetogtatacatcagecagatcectacggtgagtaattoocttitgtegitgetttetgat
ttagggaaagctcatccacaageteteogtgtatoctttaactgtegegatecaagtctgaatetgtitcaagacaaa
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aagcggcetetttcaataatagagaaaattaggattcatagtecagtectggtaaaccaggcagaattagttagtea
cgagttgatcagagtagecgttctatggeacgaattatggtatgaaggactggaagatgcgageeygccaattttte
gttgaacataacatagaaaaaatgttttctactitagaacctttacataaacacttaggcaatgagectcaaacgt
taagtgaggtategtitcagaaatcatttggtagagatttgaacgatgectacgaatggttgaataactacaaaaa
gtcaaaagacatcaataatttgaaccaagettgggatatitattataacgtettcagaaaaataacacgtcaaata
ccacagttacaaaccttagacttacageatgtttctecceagettectggetactcatgatetegaattggetgtta
ctgggacatatticecaggaaaacctaccattagaatagecgaagtitgagecattattttetgtgatctcttegaa
gcaaaggccaagaaaattctccatcaagggtagegacggtaaagattataaatacgttttaaagggacatgaagat
ataagacaagatagccttgttatgeaattatitggtctagttaacactttgttgaagaatgattcagagtgtttca
agagacatttggatatccaacaatacccggetattecatigtegectaaatectggtitactaggatgggtacraaa
tagtgacacattccacgttttgatcagagaacaccgtgatgccaaaaaaattcegttgaacattgaacattgggtt
atgttacaaatggecccoegattatgagaatttgactettttacaaaaaattgaagtattcacgtacgetttagata
atacaaaaggccaagacctitataaaatattatggttaaagagtaggtegtcagagacatggctagaacgtagaac
aacttatacgagatctttagcagttatgtccatgactggttatattectgggactaggtgategecateccaageaac
ctgatgctagatagaatcaccggtaaagttatecacattgatticeggegattgtitigaagetgceatcttaagag
aaaagtatcecagaaaaagtgecatttagactaactaggatgtiaacatacgeaatggaagttagtggaattgaagy
cagttteegaattacttgtgaaaatgtcatgagagtcttaagagataataaagaatcattaatggegatettggaa
gottttgegettgatceetttgatccattygggatitgatttaccgecacaaaaacttactgageasactggaattc
cttrgeegtitgattaatectagtgaattattaaggaagggggcaattactgtegaagaageggeaaatatggaage
agaacaacaaaatgagaccaaaaacgecagagcaatgettgttttgagacgtattacagataaattaacgggecaat
gatatcaagaggttcaatgaattagacgtcecctgagecaggttgataaactgateccaacaagecacttctatiigaaa
ggttatgtcaacattatattggatggtgeceattetggtga

SEQ ID No:$8
Ubp8

PCT/GB2016/051128

1
61
121
isl
241
301
361
421

MSTICPHIQQV
LQCGFCGCWN
VCTKTMVPSM
RCFSCALDKI
FWQFIINQIH
DPFLDLSLDL
QLERFEHLLM
GTVNEGHYIA

FQNEKSKDGV
HSHFLSHSKQ
ERRDGLSGLI
VHELYGALNT
QSYVLDLENA
KDKXKLYECL
GSNRKLDDFI
FCKISGGQWF

LKTCNAARRYT
TGHIFGINSN
NMGSTCFMSS
RQASBSSTST
KEVSRANNKD
DSFHKKEQLK
EFPTYLNMKN
KFNDSMVSSI

LNHSVPRKEKF
NGLLFCFKCE
ILQCLIHNPY
NRQTGFIYLL
CECIVHIVEE
DFNYHCGECN
YCSTRERDKH
SQEEVLKEQA

LNTMKCGTCH REINSGATFMC
DYIGNIDLIN DAILAKYWDD
FIRHSMSQIH SNNCKVREPD
TCAWKINONL AGYSQQODAHE
GSLESSIVCP GCONNSKITI
STODAIKQLG IHKLPSVLVL
SENGKVPDII YELIGIVSHK
YLLFYTIRQV N

SEQ ID No:10
Ubp8

>YMR223%W Chr 13
atgagcatttgtccacatatacagcaagtatttcagaatgaaaagtctaaagatggggttctaaaaacgtgcaatg
ctgecaggtatatattaaatcattecgtacccaaggaaaaattcttaaacaccatgaaatgtggtacatgecacga
aatasactctggtgcaacttteatgtgtctacaatgtggattitgtggatgttggaaccaticgeattttetetet
cacagtasacagattggtcacatattiggtatcaactcaaataatggectittattitgeticaaatgtgaggact
atatagggaatatcgatctgattaacgatgetatectagegaagtattgggacgacgtgtgeacaaagaccatggt
tectageatggaaagaagagatyggctttotggectgatcaacatgggatccacttgtttcatgagtagtatcte
caatgtctaatccataacecttactttattaggractcaatgagtcaaattcattctaataattgtaaagtgegtt
ctececagataaatgttttucatgtgecactegataaaattgttcatgaactttatggagegetgaatacaaagcaage
ttettegtecatetacatctactaateggcaaaccggattcatatatectittaacttgtgectggaaaatcaatcaa
aatctagcagggtattcacaacaagatgctcatgaattitggeagtttataattaaccaaatccaccaaagetatyg
ttettgatttgccasatgecaaggaagtcagecagagecaaataataagcagtgtgaatgecatagtgcatactgtgtt
tgagggetecttyggaaagttetattgtgigtecaggetgtcaaaataattcaaagacaaccattgatecattettg
gatctttctctggatatcaaggataagaaaaaactttatgaatgtettgacagtttocataaaaaagaacagttga
aggatttcaactatcattgtyggggagtgtaacagcactcaagatgcaataaagcaactaggcatacacaaattace
atcggttttggttttgeaattgaaaagattegaacacctacttaatggaagtaacagaaaactagacgattttatt
gaatttccaacttatttaaatatgaaaaattactgticaacgaaggaaaaagataagecattctgaaaatggcaagy
rtecagacattatttacgaattaateggtatigtiteccacaaggggacggttaatgagggacattatattgeatt
ttgtaaaatttctggagggcaatggtttaaattcaatgattecatggtctectetatatctcaagaagaggtttea
aaggaacaggcatatttattattctacaccattegtcaagtaaattga

SEQ ID No:1l

Spt7

1 MTERIPIKNY QRTNAKALLK LTEKLFNKNF FDLYLTSQQL VVLEYLLSIS SEEDKLKAWD
61  YFLKGNIALN VEKRSFPLTQE EEHHGAVSPA VDTRSDDVSS QTIKDNKNTN TNTSISNENH
121 VENEIEDKGD NAIANEDNFV NNDESDNVEE DLFKLDLEDL KQQISGTRFI GNLSLKIRYV
181 LWQCAIDYIY CDRNEFGDEN DTEYTLLDVE EKEEEEIGKN EKPONKEGIS KFAEDEDYDD
241 EDENYDEDST DVKNVDDPPK NLDSISSSNI EIDDERRLVL NISTSKETLS KLKTHWNVEEI
301 MCGNWNKIYHS FEYDKETMIK RLKLEESDKM IEKGKKKRSR SDLEAATDEQ DRENTNDEPD
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361 TNQXLPTPEG STFSDTGNKR PRKQSNLDLTV NLGIENLSLK HLLSSIQOKK SQLGISDVEL
423 KHLIMDVREN RSKWTSDERI GQEFLYEACE KVVLELRNYT EHSTPFLNKV SKREAPNYHO
481 ITIKKSMDLNT VLKKLKSFQY DSKQEFVDDI MLIWKNCLTY NSDPSHFLRG HAIAMQKKSL
541 QLIRMIPNIT IRNRADLEKE IEDMEKDKDY ELDEEEEVAG SGRKCGLNMGA HMLAKENGKV
601 SEKDSSKTVK DEAPTNDDKL TSVIPEGEKE KDKTASSTVT VHENVNENEI KENGKNEEQD
661 MVEESSKTED SSKDADRAAKK DTEDGLODKT AENKEAGENN EEEEDDDDED EDEDMVDSQS
721  YLLEKDDDRD DLEISVWKTV TARVRAEICL KRTEYFKNGK LNSDSEAFLK NPORMKRFDQ
781 LFLEYKEQKA LESYRQKIEQ NSIMKNGFGT VLKQEDDDQL QFHNDHSLNG NEAFEKQPND
841 IELDDTRFLQ EYDISNAIPD IVYEGVNTKT LDKMEDASVD RMLONGIWKQ SRFLANKDLG
201 LTPKMNQNIT LIQQIRHICH KISLIRMLQS PLSAQNSRSN PNAFLNNHIY NYTIIDDSLD
961 IDPVSQLPTH DYKNNRELIW KFMHKNISKV AMANGFETAH PSAINMLTEI AGDYLSNLIK
1021 TLKLHHETNS LNRGTNVEML QTTLLENGIN RPDDLFSYVE SEFGKKTKKIL QDIKQKLESF
1081 LRALLRPTLQ ELSERNFEDE SQSFFTGDFA SELTGEDFFG FRELGLEKEF GVLSSSVPLQ
1141 LLTTQFQTVD GETKVQAKKI QPEESDSIVY KKITKGMLDA GSFWNTLLPL LOKDYERSKA
1201 YIAKQSKSSA NDKTSMTSTE DNSFALLEED QFVSKKTATK ARLPPTGKIS TTYKKKPIAS
1261 AFILPEEDLE NDVKADPTTT VNAKVGAEND GDSSLFLRTP QPLDPLDMDD AFDDTNMGSN
1321 SSFSLSLPRL NQ

37

SEQ ID No:l2
Spt7

>YBRO8B1C Chr 2

atgactgaaagaataccaataasagaattatcaazagaacaaatgccaaagetttacttaaattgactgaaaaacttt
ttaacaagaactttttigatctectatttaacctectcageaattggtegticttgaatacectgetgtegatttcaag
tgaagaagacaaactgaaageatgggactatttcttaaagggaaacatagecattaaatgtcgaaaaatecatttcea
ttaacccaagaagaagaacatcacggageggtetetectgocgttgacacacgatcagatgatgtaccatcacaaa
caattaaggacaataacaatactaataccaacaccagtatcagcaatgaaaatcatgttgaaaatgaaattgaaga
taaaggcgataacgcaatagcaaatgaagataattttgtgaataatgacgaaagtgataatgttgaagaagactta
ttcasattagatctagaggacttgaagcageasataageggaacaaggtttattggaaacttatecttgaaaatea
gatacgtcttgtggcagtgegecatagattatatatactgtgatcgtaatgagtttggtgatgaaaatgatacaga
atacaccctattagatgttgaagagaaggaggaagaggaaatiggtaaaaatgagaagecacaaaacaaagaaggt
atttegaagttegecgaggatgaagattacgacgatgaagacgagaactatgatgaagacagtacagacgtasaaa
atgtecgatgatcectecaaaaaatctegattctatttectecttctaatategaaattgacgatgaacgacgettggt
gectaaatatcteaatatcaaaagaaacactgtcaaagttaaaaacaaataatgtagaagaaattatgggasattgg
aacaaaatttaccacagttttgaatacgataaagaaactatgataaagegattaasacttgaagaaagegataaaa
tgatagagaaaggaaagaagaaacgaagtcegaagtgatttagaagcagetaccgatgaacaagatcgegzaaatac
aaatgatgagccagatactaatcaaaaattgeoccactoctgaaggtbtcaacaticagegatactgggaacaagaege
cccaaacaaagtaatttagatttaacagtcaatetaggeatcgaaaarttatcattaaageaccttctatecateta
tcecageaaaaaaaatcccaattaggaatatcagattacgaattaaaacatctgattatggatgtcagaaaaaatcg
gtcaaaatggacatcggatgaaagaattgggeaagaggaattatacgaagectygtgaaaaggttgttttggaactt
agaaactacactgagcatictacaccatttetgaataaagtgagcaaaagagaagececcaattatcatcaaatca
tcaaaaagtocatggacctgaatactgttttaaaaaaactgaaaagetticaatatgactccaaacaagaatttgt
agacgatattatgctaatatggaaaaattgtttgacctataaticagatecticacattbtttgagagggecatget
attgctatgeagaagasatcteticagttgattegeatgattecaaatatcacaatccgaaacagggetgatttag
aaaaggaaattgaagatatggaaaaagacaaagactacgaattagatgaggaagaggaagttgctggtictggaag
aaaaggattgaatatgggagetcatatgtiggocaaagagaatggcaaggtgtragaaaaagatagetotaaaace
gtcaaggatgaageaccaaccaatgatgacaaactaacttctgtcatecctgaggggyaaaaagagaaagataaaa
ctgcttecatectactgtaacggtacacgaaaatgtasataagaacgaaatasaagaasaatgggaaaaatgaagagca
agatatggttgaggaaagtagtaagactgaggattcatcaaaagatgctgatgctgocaaaaaggatacggaagac
ggactacaagataaaactgeagaaaataaggaggctggggaaaataatgaagaggaagaggatgatgatgacgaag
atgaagacgaagacatggtcgactceccaatcttatttacttgaaaaggatgacgatagagacgattitggaaatate
cgtgtggaaaactgtaactgeraaagticgtgeggaaatttgctiaagaagaactgaatattttaaaaatygaasaa
ttaaatagtgattcagaggegtttttgaaaaacccacaaagaatgaaaaggttcgaccagettttottgaatata
aagagcagaaagctitagaatcatatcgtecaaaaaatagageasaattccatiatgaaaaatggettiggaacagt
actaaaacaggaagacgatgaccaattgcagtttcataatgatcactctttaaatggaaatgaagettitgaaaag
caacceaatgatattgagttagatgataccagattectacaggaatatgatattagtaacgecattoctgacatag
tatacgagggagtaaatactaaaacattagacaagatggaagacgcettcegtggaccgeatgetecaaaatggtat
caacaaacaaageagatttctggctaacaaggatitaggactaacacctaaaatgaaccaaaatatcacactgatt
cagcasattaggeacatatgecataaaatatcectgatecagaatgttacagagecctttateggetcaaaacteca
gaagcaatceccaacgcttioottaacaaccacatttataattacactattattgatgactcactegatattgatce
ggtgtcacagettecaacgecatgattacaaaaacaacagggagetgatatggaaattcatgeataagaacatatet
aaggttgctatggecaatyggtttgaaactgeccatecatcageaataaacatgertactgaaatcgecgygyggatt
acctatctaatctgataaagactttgaagettcatcatgaaactaactecttaaatagagygaacaaatgtggaaat
getgcaaacaacactgttggaaaacggtateaacaggecagacgatetatttteactatgttgaatectgaattiggt
aaaaaaactaagaaacttcaggacatcaaacagaaactagaaagctttttgagagecttattaaggecaactitge
aggagttgtoegagagaaactttgaagacgagagecaaagetittttacaggtgactttgecagegaattgactygg
tgaagacttetttggttittagagagectrggattagaaaaggagtttggagtttigagttcatetgttecattacag
ttactgactactcagttteoaaactgttgacggggaaaccaaagtgcaggeccaaaaagatccaaccggaagaatcag
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acagcattgtgtataagaaaattacaaaaggtatgetggatgetggticatictggaatactctacttecectatt
acaaaaagattatgaacgttecaaggectatatagecaaagcaaagcasgticatctgcaaatgataasacetcaaty
acttccacagaagacaattctticgetttactagaagaggatcagitigtetcaaagaaaaccgcaacgaaggcaa
gattacctectactyggtaagataagtaccacatacaaazagaaacegatcgecaagegegtitatacttccagaaga
5 agacttgygaaaacgacgtaaaagcggatccaacaacaactgtaaacygccaaagtgggtgecagaaaatgatggagat
tcttecttatttttgegaacgeecteaacctttagatectttggatatggatgatgettttgatgataccaatatgg

10

[
h

20

gcagcaatagttcatttagecttgagecttectegecttaatcaataa

SEQ
SPT8

1
61
121
181l
241
301
361
421
48%
541

ID No:13

MDEVDDILIN
EREDDDEQED
KLSDVDGGVG
LAVSRGLKYL
PQKKSEMKLS
KERNGHTQIV
YSSVDVSGNV
ESLNIVYDES
GRRNACVEQF
DASNSTTKSS

NQVVDDEEDD
DDGEDDAARM
SREASSSTHE
FLGGSDGYIR
ANKTDYEPRY
NILRLNGQED
NSGKENENAD
VFMTSGLNGS
DLKMPSKPIH
XKVPFLIVPGH

EEMLSGLEND
DKTATPTNEH
ASANGEVYEY
KYDLLNTLEG
SPVHSLEVQS
RFLSGSWDKR
DDMDSLFGDE
VHIWDRRMTQ
NLKLPSISGP
BEGGIISNLYL

SXQDLEGNDD
QHDEQKAAAR
YKHMINAAQT
KLSLTILOKI
ECLFILSGLQ
LLEWDLQTGD
DEDEKQDAGN
SPALSLERGA
VSCVEAMPNN
DPTSRFIIST

GGEDEEDDDD
GAGGARAGDSGD
ADSYNIYPTA
SLAESIQNAG
NGGITMOGVR
IVNEFKKSRS
EPVETGDGSN
GVPPWCLEAC
KHLLCASRDN
SGNRGWQGENS

DDEDDDDDED
AVTRKIGSEDV
AIPIQTHVNA
ILOSYWENEI
YMEGSIAHYF
ELSSLENMRPL
GEENKEQISHE
WEVDGDHUYA
IRLYNVEIAV
TDTTLIYDID

601 LE

SEQ
8pt8

ID No:l4
25

>YLRO55C Chr 12
atggacgaggttgacgatattctaattaacaaccaggtggtggatgacgaggaggatgacgaagagatgectgagty
ggctggaaaacgactcaaageaggacctcgaggggaatgatgacggtggtgaagatgaagaggatgacgatgatga
tgatgaggacgatgatgatgacgaggacgaacgagaggacgacgatgaacaggaggacgacgatggtgaggacgac
geegeaagaatggataagactgctacaccgacgaatgagecaccagcatgatgageaaaaggetgetgetgetygty
ctggeggtocaggegatagtggegatgetgttactaagattggatcegaggatgbgaaattgagegatgttgatgg
aggagtggggtccagggaageatettectctacacacgaagectetgetaatggagaggtttatgagtactataag
cacatgttgaatgecgcacagattgeggattegtacaatatetaccccacggecagecatacccatecagacgeacyg
tcaatgegttggeegtgtacaggggtoetcaagtacehgtttitgggeggtagegatyggatacataaggaagtacga
cttgctgaacacgcttgaggggaaactttectotaactatectgecagaagecacttegttggetgagtetattecagaac
gegggtatettgecagtegtactgggaaaatgagatcoogcagaaaaaatcagaaatgaaactctecgetaataaga
cagattacgagceccaaagttageccegttcattctitggaagtecaaagegaatgectetttatactgageggget
acagaatggtgggattaccatgecagggegticgetacatggaggggagcattgegeactattttaagggeaggaat
ggacatacccaaatogttaacatactgagattaaacggtcaagaggacaggtittitgagtggttectgggataage
gtettttogaatgggatttgeagacgggtgacatagttaatgagtitaaaaaatcaaggtctgaattgteateectt
ggaaatgcggecgetgtactegtecgtggatgtgteceggtaacgtcaacagtggtaaagagaatgaaaatgcagat
gacgatatggattctetgtttggtgatgaagacgaagacgaaaagcaagatgctyggcaacgaaccegtegagacgg
goggatggttctaatggtgaagagaacaaagaacagatatcbgaagaatctitgaacatagtctatgatgaatcegt
ttttatgacctcagggttgaacggttecgtgeatatttgggaccgacgcatgacgcaghegecagecatigtetety
gagagaggtgcaggegteccaccgtggtgtttgtecgecatgttggagtgtagatggtgatcatgtgtatgecaggga
gaaggaatgectgtgtggageagtttgacttgaagatgeectegaaacctatocataatttgaaactgectctat
ttcagggecetgtetottgtgttaaagecatgectaataacaageatttactatgtgeatcgegyggataatatcaga
ttgtacaacgttgaaattygcagtagatgetticgaattecgactacaaagagttctaaagtgecgttectecategtge
cgggccatcacggtggtattatatcasacttatacctegaccecacticaagatttataataagcacaagtggoaa
cagaggctggeaggggaattctacggacacgacecttatttacgatatagacttagaatag

30

40

45

50

SEQ ID No:15
Snfl
55

60

65

L
61
12%
181
241
301
361
421
481
541
601

MSSNNNTNTA
LGEGSFGKVK
VIKSKDEIIM
ENLLLDEHLN
TLYVMLCRRL
MODDWFKVDL
DEIYESLESS
SKSHQKSQVD
NMLAQGSPAA
LWTIKLRWKY
NISEDEMSTF

PANANSSHHH
LAYHTTTGQK
VIEYAGNELF
VKIADFGLSN
PFDDESIPVL
PEYLLPPDLK
EDTPAFNEIR
HETAXQHARR
SKISPLVTKK
DIGNKINTNE
SAYPFLELTT

HHHHHEHHHHE
VALKIINKKV
DYIVORDKMS
IMTDGNFLKT
FENISNGVYT
PHPEEENENN
DAYMLIKENK
MASATTQORT
SKTRWHFGIR
KIPDLMKMVI
KLIMELAVNS

GHGGSNSTIN
LAKSDMQGRI
EQEARRFFQQ
SCGSPNYAARP
LPKFLSPGRA
DSKKDGSSPD
SLIKDMKANK
YHQSPFMDQY
SREYPLDVMG
QLFQIETNNY
QSK

NPKSSLADGA
EREISYLRLL
IISAVEYCHR
EVISGKLYAG
GLIKRMLIVN
NDEIDDNLVN
SVSDELDTFL
KEBDSTVSIL
EIYVIALKRNLG
LVDFKFDGWE

HIGNYQIVKT
RHPHIIKLYD
HKIVHRDLKP
PEVDVWSCGV
PLNRISIHEL
ILSSTMGYEK
SQSPPTFQQQ
PTSLPQIHRA
AEWAXPSEED
SS8YGDDTTVS
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SEQ ID Wo:16
Snfl

YDR477W Chr 4
atgagcagtaacaacaacacaaacacagcacctgecaatgcaaattetagecaccaccaccaccateaccaccate
accaccaccatcacggtcatggeggaagcaactegacgctaaacaatcccaagtegtocettageggatggtycaca
tatcgggaactaccaaategtcaaaacgectgggagaggggtectttggtaaagttaaattggcatatcataccact
acgggccaaaaagttgetetaaaaatcattaataagaaggtittggecaaagagtgatatgcagggeagaattgaaa
gagaaatatcttatctygagactecttaagacaccececacatcatcaaactigtatgatgitatcaaatcecaaagatga
aatcattatggttatagagtacgcegggaacgaattgtttgactatattgttcagagagacaaaatgagegageaa
gaggcaagaagatttttecagcagatcatcagtgecgtcgagtactgecataggcacaaaattgtceatagagate
tgaagcctgaaaacttactactagatgagcatetgaatgtaaagattgecgattttggittgtcaaacatcatgac
tgatggtaatttcttaaagacttecttgtggtteteccaattatgeggctectgaagttatcageggtaagetgtac
gcaggcecagaagtggacgtgtggtecatgtggggttatectttatgttatgetttgtegtegtetacegtttgacy
atgaaagcatceccagtgettttecaagaatatcageaacggtgtitacaccttgectaasatttttatectectggage
tgctgggctaatcaaaagaatgttaatcgttaatccattgaacagaataagecattcatgaaattatgcaagacgat
tggttcaaagttgacctgocagaatatctacticcaccagatttgaaaccacacccagaagaagagaatgaaaata
atgactcasaaaaggatggeageageccagataacgatgaaattgatgacaaccttgtcaatatittatcategac
catgggttacgaaaaagacgagatttatgagtecttagaatcatcagaagacactocctgeattcaacgaaattagg
gacgcgtacatgttgattaaggagaataaatctttgatcaaggatatgaaggcaaacaaaagegtcagtgatgaac
tggatacctttctgicecagtcacctecaacttticaacaacaaagcaaatcccatcaaaagagtcaagtagatea
tgaaactgccaagcaacacgcaagaaggatggcaagtgctatcactcaavaaaggacatatcaccaatecacectte
atggatcagtataaagaagaagacitctacagtttecatttigoctacatetitacctcagatocacagagetaata
tgttagcacaaggttegecagetgectetaaaatatetectettgtaacgaaaaaatctagaacgagatggeattt
tggtatacgatctegcteatatecattagacgttatgggtgaaatitatattgectigaagaattitgggtgeecgaa
tgggecaagecatcigaagaggatttatggactatcaaattaaggtggaaatatgatattggaaacaagacaaaca
ctaatgaaaaaatacctgatttaatgaaaatggtaattcaattatttcaaattgaaaccaataattatttggtygga
ttteaaatttgacggetgggaaagtagttatggagatgatactactgtttctaatatttetgaagatgaaatgagt
acttttteagectacceatttttacatttaacaacaaaactaattatgyaattagecygttaacagteaaageaatt
ga

SEG ID No:l1l7
ACS1

PCT/GB2010/051128

1 - MSPSAVQSSK

61l

121
181
241
301
361
421
481
541
601
661

ATATHYSPHL
QNNAWFLNGQ
TYSMGVRRGD
ITTDESNRGG
KTYYPCTPVD
GDIGWITGHT
KRAGDSYIEN
PLAGGVTPMK
DRYLDTYLNP
VAECAVVGEN
LITLVDDLPX

LEEQSSEIDK
DELODYORLH
LNACYNCVDR
TVAVYMPMVP
KVIETKRIVD
SEDPLFLLYT
YVVYGPLLYG
HSLKSLRCLG
POSASFPEFFG
YPGYYFTGDG
DDLTGQAVAZL
TREGKIMRRI

LEKARMSOSAR
KESIEDPAKF
HALKTPNRKA
EAIITLLAILS
DALRETPGVR
SGSTGAPKGV
CATLVFEGTP
SVGEPIAREV
IDAVVLDPNT
AAKDKDGYIW
FVVLKNKSSW
LRKILAGESD

TAQRKKEHEY
FGSKATQFLN
IIFEGDEPGQ
RIGAIHSVVF
HVLVYRKTNN
QHSTAGYLLG
AYPNYSRYWD
WEWYSEKIGK
GEELNTSHAE
ILGRVDDVVN
STATDDELQD
QLGDVSTLEN

EHLTSVKIVP
WSKPFDRVFL
GYSITYKELL
AGFSSNSLRD
PSVAFHAPRD
ALLTMRYTFD
LIDEHKVTQPR
NEIPIVDTYW
GVLAVKAAWP
VSGHRLSTAE
IRKHLVFTVR
PGIVRHLIDS

QRPISDRLOP
PDPKTIGRPSF
EEVCQVAQVL
RINDGDSKVV
LDWATEXKKKY
THQEDVEFTA
YVAPTALRLL
QTESGSHLVT
SFARTIWKNH
IEAATIEDPIL
KDIGPFAARPK
VKL

SEQ
Acsi

ID No:18

>YALO54C Chr 1

atgtcgeecctcetgecgtacaatcatcaaaactagaagaacagtcaagtgasattgacaagttgaaageaaaaatgt
cceagtctgecgecactgegcagragaagaaggaacatgagtatgaacatttgactteggtcaagategtgecaca
acggccratetecagatagactgeageecgecaattgetacecactattctecacacttggacgggttgecaggactat
cagegetitgeacaaggagtetattgaagaccetgcetaagtictteggtictaaagetacecaatttttasactyggt
ctaagccattegataaggtgttcateccagacectaaaacgggcaggecetecttccagaacaatgeatggtteet
caacggccaattaaacgectgttacaactgtgttgacagacatgectigaagactcctaacaagaaagecattatt
ttcgaaggtgacgagectggecaaggetattccattacctacaaggaactacttgaagaagtiigtcaagtggeac
aagtgctgacttactectatgggcegttegeaagggegatactygtigeegtgtacatgectatggteccagaageaat
cataaccttgttggcoattteccgtateyggtgecattcacteecgtagtetttgecgggttttcttecaactecttyg
agagatcgtatcaacgatggggactctaaagttgtcatcactacagatgaatccaacagaggtggtaaagteatty
agactasaagaattygttgatgacgegectaagagagaccecaggcgtgagacacgtecttggtttatagaaagacecaa
caatccatctgttgetttecatgeoceecagagatttggattgggcaacagaaaagaagaaatacaagacctactat
ccatgcacaccegttgattctgaggatecattatticttgttgtatacgtctggtictactggtigeceecaagggtyg
ttcaacattctacegeaggttactrgetgggagetttgttgaccatgegetacacttttgacactcaccaagaaga
cgttttcettecacagctaogagacattggetggattacaggecacacttatgtggtttatggteccttactatatggt
tgtgecacrotggtetttgaagggacteotgegtacccaaattactecegttattgggatattattgatgaacaca
aagtcacccaatittatgttgecgecaactgetttgegtttottgaaaagagetggtgattectacatcgaaaatca
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ttocttaaaatcttigegttgcttgggtteggteggtgagecaatigetgetgaagrttgggagtiggtactctgaa
aaaataggtaaaaatgaaatceccattgtagacacctactyggcaaacagaatctggttegecatetggteaceecge
tggetggtggtgttacaccaatgaaaccgggttetgecteattececticttoggtattgatgeagtigtictiga
ccctaacactggtgaagaacttaacaccagecacgecagagggtgtecttgecgteaaagetgeatggecateatt
gcaagaactatttggaaaaatcatgataggtatctagacacttatttgaacecttaccctggctactatttecactg
gtgatggtgctgcazaggataaggatggttatatetggattttgggtegtgtagacgatgtggtgaacgtetetgg
tcaccgtetgtctacegetgaaattgaggetgetattategaagatecaattgtggoecgagtgtgetgttgteagga
ttcaacgatgacttgactggtcaagecagttgetgcatttgtggtgttgaasaacaaatctagttggtecaccgeaa
cagatgatgaattacaagatatcaagaagcatttggtctitactgttagaaaagacatecgggecatitgecgeace
gazattgatcattitagtggatgacttgcecaagacaagatecggcaaaattatgagacgtattitaagaaaaate
ctagcaggagaaagtgaccaactaggcgacgtttetacattgtcaaacectggecattgttagacatctaattgatt

cggtcaagttgtaa

SEQ ID No:19

Spt7-217

1 MTERIPIXKNY QRTNAKALLK LTEKLFNKNF FDLYLTSQQL VVLEYLLSIS SEEDKLKAWD
61 YFLKGNTIALN VEKSFPLTQE EEHHGAVSPA VDTRSDDVSS QTIKDNNNTN TNTSISNENH
121 VENEIEDKGD NAIANEDNFV NNDESDNVEE DLFKLDLEDL KQQISGTRFI GNLSLKIRYV
181 LWQCAIDYIY CDRNEFGDEN DTEVTLLDVE EXKEEEEIGKN EXKPOWKEGIS KFAEDEDYDD
241 EDENYDEDST DVKNVDDPPK NLDSISSSNI EIDDERRLVI. NISISKETLS KLRKTNNVEEL
301 MCNWNKIYHS FEYDKETMIK RLKLEESDKM IEKGKKKRSR SDLEAATDEQ DRENTNDEPD
361 TNQRLPTPEG STFSDTGNKR PKOSNLDLTV NWLGIENLSLK HLLSSTIQQKK SQLEGISDYEL
421 KHLIMDVREKN RSKWTSDERI GQEELYEACE KVVLELRNYT EHSTPFLNKV SKREAPNYHQ
481 IIKKSMDLNT VLKKLKSFQY DSKQEFVDDI MLIWKNCLTIY NSDPSHFLRG HAIAMQKKSL
541 QLIRMIPNIT IRNRADLEKE IEDMEKDKDY ELDEEEEVAG SGRKGLNMGA BMLAKENGKV
6D1 SEKDSSKTVK DEAPTNDDKL TSVIPEGEKE KDKTASSTVT VHENVNENEI RENGENEEQD
661 MVEESSKTED SSKDADAAKK DTEDGLQODKT AENKEAGENN EEEEDDDDED EDEDMVDSQS
721 YLLEKDDDRD DLEISVWKTV TAKVRAEICL KRTEYFKNGK LNSDSEAFLK NPQRMERFDQ
781 LFLEYKEQKA LESYRQKIEQ NSIMKNGFGT VLKQEDDDQL QFHNDHSLNG NEAFEKQPND
841 IELDDTRFLQ EYDISNAIPD IVVYEGVNTKT LDKMEDASVD RMLONGINKQ SRFLANKDLG
901 LTPKMNQNIT LIQQIRHICH KISLIRMLOS PLSAQNSRSN PNAFLNNHIY NYTIIDDSLD
961 IDPVSQLPTH DYKNNRELIW KFMEKNISKV AMANGFETAH PSAINMLTEI AGDYLSNLIK
1021 TLRLHHETNS LNRGTNVEML QTTLLENGIN RPDDLFSYVE SEFGKKTKKL QDIKQKLESF
1081 LRALLRPTLO ELSERNFEDE SQSFFTGDFA SELTGEDFF

SEQ ID No:20
8pT7-217 DNA

atgactgaaagaataccaataaagaattatceaagaacaaatgccaaagetitacttaaattgactgaaaaacttt

taacaagaacttttitgatetetatttaacctoctcageaattggtbcgttcttgaatacctgetgtegatttcaag
tgaagaagacaaactgaaagcatgggactatticttaaagggaaacatagcattaaatgtegaaaaatcatttceca
ttaacccaagaagaagaacatcacyggageggteteteetgeegttgacacacgatcagatgatgtatcatcacaaa
caattaaggacaataacaatactaataccaacaccagtatcagcaatgaaaatcatgttgaaaatgaaattgaaga
taaaggcgataacgcaatageaaatgaagataattttgtgaataatgacgaaagtgataatgttgaagaagactta
ttcaaattagatctagaggacttgaagcageaaataageggaacaaggtttatbtggaaacttatecttgaaaatea
gatacgtettgtggcagtgogecatagattatatatactgtgategtaatgagtittggtgatgaaaatgatacaga
atacaccctattagatgttgaagagaaggaggaagaggaaattggtaaasatgagaagccacaaaacaaagaaggt
arttegaagttegecgaggatgaagattacgacgatgaagacgagaactatgatgaagacagtacagacgtaaaaa
atgtegatgatectocaaaaaatetegatictatttectetictaatatcgaaattgacgatgaacgacgetgyt
gctaaatatcteaatatcaaaagaaacactgtcaasagttaaaaacaaataatgtagaagaaattatgggaaattgg
aacaaaatttaccacagttttgaatacgataaagaaactatgataaagcgattaaaacttgaagaaagegataaaa
tgatagagaaaggaaagaadaaacgaagtcgaagtgatitagaagcagetaccyatgaacaagatcgegaaaatac
aaatgatgagccagatactaatcaaasaatigeccactectgaaggtitcaacatcagegatactgggaacaagoge
cccaasacaaagtaatttagatttaacagrcaatetaggeatecgaaaatttatcattaaageaccttictateatcta
tccagcaaaaaaaateccaattaggaatatcagattacgaattaaaacatctgattatggatgtcagaaaaaatcyg
gtcaaaatggacatcggatgaaagaattgggeaagaggaattatacgaagectgtgaaaaggttgttttggaactt
agaaactacactgagecattctacaccatttctgaataaagtgagraaaagagaagececcaattatcatcaaatcea
tcaaasaagtccatggacctgaatactgttttaasaaaactgaaaagcttrcaatatgacteccaaacaagaatttgt
agacgatattatgctaatatggasaaattgtittgacctataattcagatecticacattttttgagagggeatget
attgctatgcagaagaaatctettecagttgattegeatgattccaaatatcacaatecgaaacagggctgatitag
saaaggaaattgaagatatygaaaaagacaaagactacgaattagatgaggaagaggaagttyctggttctyggaay
aaaaggattgaatatgggagctcatatgttggccaaagagaatggcaaggtgtcagaaaaagatagctetaaaace
gtcaaggatgaagcaccaaccaatgatgacaaactaacttetgtcatecctgagggggaaaaagagaaagataaaa
ctgctteatetactgtaacggtacacgaaaatgtaaataagaacgaaataaaagaaaatgggaaaaatgaagagea
agatatggttgaggaaagitagtaagactgaggattcatcaaaagatgetgatgctgecaaaaaggatacggaagac
ggactacaagataaaactygcagaaaataaggaggctggogaaaataatgaagaggaagaggatgatgatgacgaay
atgaagacgaagacatggtcgactcccaatettatttacttgaaaaggatgacgatagagacgatitggaaatate



15

20

25

30

35

40

WO 2011/004197 41 PCT/GB2010/051128

cgtgtggaaaactgtaactgecaaagttegtgeggaaatitgettaaaaagaactgaatattttaaaaatggaaaa
ttaaatagtgattcagaggeogtttttgaaaaacccacaaagaatgaaaaggttogaccagetithtetigaatata
aagagcagaaagcticagaatcatategtcaasaaatagageaaaattecattatgaaaaatggetttggaacagt
actaaaacaggaagacgatgaccaattgragtitcataatgatcactetttaaatggaaatgaagettttgaasay
caacccaatgatatigagttagatgataccagattectacaggaatatgatattagtaacygccatteoctgacatag
tatacgagggagtaaatactasaacattagacaagatggaagacgettcegtggaccgcatgcticaaaatggtat
caacaaacaaagcagatttctggectaacaaggatttaggactaacacctaaaatgaaccaaaatatcacactgatt
cagcaaattaggeacatatgecataaaatatecctgatcagaatygttacagageecectttateggctcaaaactceea
gaagcaatcccaacgctttccttaacaaccacatttataattacactattattgatgaétcactcgatattgatcc
ggtgtcacagettccaacgecatgattacaaaaacaacagggagctgatatggaaattcatgecataagaacatatct
aaggttgctatggecaatgggtttgaaactgeecatecatcagcaataaacatgcttactgaaatecgecgggygatt
acctatctaatctgataaagactttgaagettcatcatgaaactaactocttaaatagaggaacaaatgtggaaat
gctgeaaacaacactgttggaaaacggtateaacaggecagacgatectattttectatgttgaatetgaatttggt
aaaaaaactaagaaacttcaggacatcaaacagaaactagaaagcitttigagagecttattaaggecaactttge
aggagttgtecgagagaaactttgaagacgagagecaaagettttttacaggtgacttigecagegaattgactgg
tgaagacttettt

SEQ ID No:21
Spt3

1 MMDKHKYRVE IQQOMMFVSCGE INDPPVETTS LIEDIVRGQV IEILLOSNKT AHLRGSRSIL
61 PEDVIFLIRH DKAKVNRLRT YLSWKDLRKIN AKDODASAGV ASGTGNPGAG GEDDLKKAGGS
121 GEKDERDGGN MMKVKESQIK LPWELQFMFN EHPLENNDDN DDMDEDEREA NIVTLKRLKM
181 ADDRTRNMTK EEYVHWSDCR QASFTFRKNK RFKDWSGISQ LTEGKPHDDV IDILGFLTFE
241 IVCSLTETAL KIKQREQVLQ TQKDKSQQSS QDNTNFEFAS STLHRKKRLF DGPENVINPL
3031 KPREHIEEAWR VLOTIDMRHR ALTNFKGGRL SSKPIIM

SEQ ID No:22
Spt3

atgatggacaagcataagtategtgtggagattecaacagatgatgtttgtetetggtigaaattaacgacccaccegtagaa
accacatcactgatagaagatatagtgaggggtcaagtgatagaaattettttacagtcaaacaaaacggegeatcttagg
ggaagtaggagecatteteectgaagacgtecatittettgatcagacacgacaaggecaaagtcaategtttgagaacatat
ctgteatggaaggatttgegtaaaaacgccaaggaccaagatgeragtgecggtgtagegagtggecactggaaatectyggy
graggtggtgaagatgatttgaaaaaagcaggtggtggcgagaaagacgaaaaagatggtggaaacatgatgaaggtcaag
aaatcccaaattaagetgcecatgggaattgeagtitatgttcaatgaacatoctttagaaaataatgacgacaatgatgat
atggatgaggatgaacgagaagetaatatagtcactttgasaaggctgaaaatggctgacgatagaacacgasacatgact
aaagaggagtacgtgcattggtoccgattgtegacaggcaagttttacatttaggaagaataaaagyticaaggactggtet
ggaatttcegeaattaactgaggggaaaccccatgatgatgtgatigatatactggggtitetaacttttgagattgtotgt
tctttgacggaaacagetctgaaaatcaaacaaagagaacaggtattacagactcaaaaggacaaateccagecaatctage
caagataatactaactitgaatttgeatcatecacattacatagaaagaaaagattatttgatggacetgaaaatgttata
aaccegctcaaaccaaggeatatagaggaagectggagagtactacaaacaactgacatgaggeatagggetttgaccaac
tttaaaggtggtagactcagttctaaaccaattatcatygtaa



CLAIMS

1.

42

A method for increasing the chronological tifespan of a cell comprising
disrupting the function of the SAGA complex in said cell, wherein the
compiex is disrupted by disrupting the function of the Spt7 gene or a
homologue thereof.

The method according to claim 1 wherein the SAGA complex is directly or
indirectly disrupted.

The method according to any preceding claim, wherein the function of a
gene is disrupted by iRNA.

The method according to any one of claims 1 fo 3, wherein the function of
a gene is disrupted at the transcriptional / DNA level.



