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The present invention relates to a method for increasing the 
chronological lifespan of a cell comprising disrupting the 
function of at least one of the SAGA1 SLIK and/or SALSA 
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Figure 1 (cont) 
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Figure 1 (cont) 
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Figure 2 (cont) 
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Figure 3 
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Figure 4 
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SCREENING METHOD FORCELL AGING 

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 to a change in the chronological 
life span of a cell. 

BACKGROUND 

The target of rapamycin complex, TORC1, is conserved 
from yeast to man and has critical roles in sensing and sig 
nalling the nutrient and stress status of the cell, thus control 
ling the balance between cell growth" and cell survival''. 
In budding yeast TORC1 promotes fermentative growth on 
glucose and down regulates respiration' '. TORC1 con 
tains a phosphatidylinositol kinase (PI3-K)-related kinase, 
either Tor1 or Tor2. The macrolide rapamycin'", in a complex 
with Fpr1 (Fk506-sensitive Proline Rotamase), binds to 
Tor1/2 causing cells to enter a state that resembles nutrient 
limitation' probably due to a change in the substrate speci 
ficity of the Torkinase'. This new state of the cell is associ 
ated with changes in patterns of gene expression, particularly 
genes required for respiration and stress resistance'''''. 
The expression of many TORC1 genes is dependent on the 
SAGA family of transcriptional co-activator complexes 
including SAGA (Spt-Ada-Gcn5-Acetyltransferase)', 
SLIK (SAGA-like) and SALSA (SAGA altered, Spt8 
absent)’. SAGA, SLIK and SALSA contain the lysine 
acetyltransferase (KAT) Gcn5'', with lysine 14 on histone 
H3 (H3K14ac) as a substrate, but differ in their abundance, 
the genes they regulate and subunit composition'' 

The inventors have discovered that H3K18 acetylation, is 
central to a mechanism that controls the balance between cell 
growth and longevity. They have also identified a number of 
genes involved in the SAGASLIK and SALSA complexes 
whose disruption results in an increase in chronological 
lifespan. 

SUMMARY OF THE INVENTION 

According to a first aspect of the present invention 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 complexes in said cell. 

According to a second aspect of the present invention there 
is provided a method for identifying a potential modulator 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 

ii) determining if said compound has an effect on the acety 
lation 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 a third aspect of the present invention there is 
provided a modulator of the CLS of a cell identified by the 
method of the second aspect. 

According to an fourth aspect of the present invention there 
is 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. 
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2 
According to a fifth aspect of the present invention there is 

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 to 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 to a sixth aspect of the present invention there is 
provided a method of diagnosing a disorder associated with a 
change in the CLS of a cell, said method comprising identi 
fying 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. 

DETAILED DESCRIPTION OF THE INVENTION 

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

According to a first aspect there is provided a meth, for 
increasing the chronological 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 lifespan refers to the 

time cells in a stationary phase culture remain viable. 
It will be understood that the function of the at least one of 

the SAGA, SLIKand/or SALSA complexes may be disrupted 
directly or indirectly. These complexes play a crucial role in 
controlling of the acetylation state and CLS 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 

to interaction with the recited complexes refer to an interac 
tion with either the complex itself, or with a gene product 
from a gene encoding a 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 
least one gene or a product of at least one gene selected from 
the group consisting of Spt3, Rtg2, Gcn5, Ubp8, Spt7, Spt8 
and/or Snfl 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. cerevisiae have homologues in other organisms 
including mammels. For example, Spt3 shows homology to 
human SUPT3H-203; Gcn5 shows homology to human 
KAT2B-001 and KAT2A-001; Spt7 shows homology to 
human SUPT7H and SNF1 shows homology to PRKAA1 
and PRKAA2. 

It will be understood that these genes encode products 
which form part of the SAGA, SLIK and/or SALSA com 
plexes, or interact with said complexes in manner So as to 
affect acetylation of histones in a cell. 

Preferably, the disruption is effected through disruption of 
SPT7 (SEQID NO:11) or SPT7-217 (SEQ ID NO:19). 
As used herein the term “disrupting the function”, “disrup 

tion of the function” or “disrupts the function' when used in 
relation to a gene or gene product refers to disrupting the 
expression of the gene or disrupting the activity of the 
encoded polypeptide. It will be further understood that any 
stage of gene expression between initiation of transcription 
and production of a mature protein can be disrupted. The 
skilled person will understand that this will include epige 
netic means of controlling gene expression through control 



US 8,628,922 B2 
3 

ling chromatin structure as well as transcriptional, transla 
tional 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 produc 
tion 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 its binding partners such that the 
polypeptide does not perform its function. The production or 
function may be fully or partially prevented. In one embodi 
ment, preferably the production or function of the gene prod 
uct 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 90% or about 95% of the wildtype 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-transcriptionally silencing said gene through for 
example the use of iRNA or antisense RNA (gene silencing); 
(c) transcriptionally silencing said gene by, for example, epi 
genetic 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 prod 
uct. 

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

Preferably, the cell is transformed with a plasmid/vector 
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 iRNA refers to RNA interference 

(RNAi). This is a method of post-transcriptional gene silenc 
ing (PIGS) in eukaryotes induced by the direct introduction of 
dsRNA (Fire A, et al., (1998)). 

In a further preferred embodiment expression of the gene is 
disrupted at the transcriptional/DNA level. Preferably, said 
disruption is effected by insertion of at least one nucleotide 
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 its binding 
partners. 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 sequences of the polypeptides defined herein 
or of any nucleotide sequence encoding Such a polypeptide 
(hereinafter referred to as a "homologous sequence(s)'). 
Here, the term "homologous' means an entity having a cer 
tain 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. 

In the present context, a homologous sequence is taken to 
include an amino acid sequence which may be at least 50, 60. 
70, 75, 80, 85 or 90% identical, preferably at least 95%,97%. 
98% or 99% identical to the subject sequence. Typically, the 
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4 
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 to 
include nucleotide sequence which may be at least 50, 60, 70. 
75, 80, 85 or 90% identical, preferably at least 95%, 97%, 
98% or 99% identical to a nucleotide sequence encoding a 
polypeptide of the present invention (the Subject sequence). 
Typically, the homologues will comprise the same sequences 
that code for the active sites etc. as the Subject sequence. 
Although homology can also be considered in terms of simi 
larity (i.e. amino acid residues having similar chemical prop 
erties/functions). 
Homology comparisons can be conducted by eye, or more 

usually, with the aidofreadily available sequence comparison 
programs. These commercially available computer programs 
can calculate % homology between two or more sequences. 
% homology may be calculated over contiguous 

sequences, i.e. one sequence is aligned with the other 
sequence and each amino acid in one sequence is directly 
compared with the corresponding amino acid in the other 
sequence, one residue at a time. This is called an “ungapped' 
alignment. Typically, such ungapped alignments are per 
formed 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 other 
wise identical pair of sequences, one insertion ordeletion will 
cause the following amino acid residues to be put out of 
alignment, thus potentially resulting in a large reduction in 96 
homology when a global alignment is performed. 

Calculation of maximum 96 homology therefore firstly 
requires the production of an optimal alignment, taking into 
consideration gap penalties. A Suitable computer program for 
carrying out such an alignment is the Vector NTI (Invitrogen 
Corp.). Examples of Software that can perform sequence 
comparisons include, but are not limited to, the BLAST pack 
age (see Ausubel et al 1999 Short Protocols in Molecular 
Biology, 4th Ed Chapter 18), BLAST 2 (see FEMS Micro 
biol Lett 1999 174(2): 247-50; FEMS Microbiol Lett 1999 
177(1): 187-8 and tatian(ancbi.nlm.nih.gov), FASTA (Alts 
chul 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 Ausubeletal 1999, pages 
7-58 to 7-60). 

Suitably, the degree of identity with regard to a nucleotide 
sequence is determined over at least 20 contiguous nucle 
otides, preferably over at least 30 contiguous nucleotides, 
preferably over at least 40 contiguous 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 nucleotide 
sequence may be determined over the whole sequence. 
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 Sub 
ject sequence, for example SEQID NO:19, up to and includ 
ing a polypeptide comprising one amino acid less than the full 
length protein. 
When referring to a polynucleotide fragment, preferably 

the fragment comprises at least 100 nucleotides, more pref 
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erably, at least 200,500, 800, 1000, 1500 or more nucleotides, 
up to and including a polynucleotide comprising one nucle 
otide less than the full length polynucleotide. 

It will be understood by the skilled person that polynucle 
otides encoding a particular 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 
sequence can refer to a sequence which binds under stringent 
conditions to the polynucleotide sequence. 

Hybridisation conditions are based on the melting tem 
perature (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 Calif.), 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. to 10°C. below Tm; intermediate stringency at about 10° 
C. to 20° C. below Tm; and low stringency at about 20°C. t. 
25°C. below Tm. As will be understood by those of skill in the 
art, a maximum stringency hybridisation can be used to iden 
tify or detect identical nucleotide sequences while an inter 
mediate (or low) stringency hybridisation can be used to 
identify or detect similar or related polynucleotide sequences. 

In a preferred aspect, the present invention covers nucle 
otide 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 MNaCl, 0.015 MNa Citrate 
pH 7.0). Where the nucleotide sequence of the invention is 
double-stranded, both strands of the duplex, either individu 
ally or in combination, are encompassed by the present inven 
tion. 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 viral/bacterial, or cellular 
homologues particularly cellular homologues found in mam 
malian cells (e.g. rat, mouse, bovine and primate cells), 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 nucleotide 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 inven 
tion. In another aspect of the present invention there is pro 
vided a method for identifying a potential modulator 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 

ii) determining if said compound has an effect the acetyla 
tion status of H3K18 in said cell; 

wherein, a change in the acetylation status of H3K18 in the 
cell indicates that the compound modulates CLS. 
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It is known that modification of the histone components of 

chromatin often reflect whether genes are active or repressed 
and these changes are globally regulated by enzymes that 
depositor remove specific modifications. On active genes, the 
chromatin is often modified by lysine (K) acetylation (ac) or 
methylation (me), particularly of histone H3. The inventors 
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 to a compound which has an effect on the CLS 
of the cell. This effect may be to increase the CLS of the cell 
or to decrease the CLS of the cell. It will be understood that, 
dependent upon the purpose to which the compound is to be 
put, either effect may be desirable. 

It will be understood that the compound referred to herein 
may be any Suitable compound and may be, for example, a 
Small 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 least one gene selected from the group 
consisting of Spt3 (SEQID NO: 22), Rtg2 (SEQID NO: 4), 
Gcn5(SEQID NO: 6), Ubp8 (SEQID NO: 10), Spt7 (SEQID 
NO: 12), Spt8 (SEQID 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. 

Methods of producing such strains are well known to the 
skilled person and include for example, insertion of one or 
more nucleotides into the coding region of the gene. It will be 
understood that, as used herein, the term product of at least 
one gene refers to either a nucleic acid, e.g. mRNA, or peptide 
product. 

In a further preferred embodiment, the compound interacts 
with the gene designated Acs 1 (SEQID No: 18) or a product 
of the gene designated Acs1. 

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

In one embodiment, the acetylation status is determined by 
measurement of mitochondrial respiration. 

It will be understood by the skilled person that any suitable 
method for measuring mitochondrial respiration can be used. 
For example, mitochondrial respiration can be measured by 
incubating the cells in the presence DIOC6 and visualising 
the cells. 

In an alternative embodiment, the acetylation status is 
determined by indirect immunofluorescence with mono 
clonal antibodies against H3K18ac on live or fixed cells. 
The present invention also provides methods for identify 

ing 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 capable of actively dividing or 
whether the cell or population of cells are no 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 cellor population 
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 
WSa. 

It will be understood that this change can be deliberately 
induced or can occur naturally or through exposure to envi 
ronmental 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 skilled person will understand that an induced pluri 

potent stem cell is typically a Somatic cell which has been 
caused to regress to 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 sus 
pected 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 at risk of developing 
CaCC. 

Inafurther 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 com 
paring said acetylation status to 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 com 
prising an age related disorder, cancer, a blood disorder, Par 
kinson's disease or Alzheimer's disease. 
The invention will be further described with reference to 

the figures. References to strains in the figures refer to the 
strains disclosed in Table 1. In the figures:— 

FIG. 1 H3K14ac by SAGA reflects growth. FIG. 1 shows 
Western blots showing levels of various post-translational 
modifications to histone H3, in various backgrounds includ 
ing HA-Spt7 and Gcn5 in total cell extract prepared from cells 
mock-treated or treated with 10 uM rapamycin for up to 180 
minutes in the BY4741 background (a, b, c, d), FY168 and 
FY571 (e, h), FY2 and FY2030 (f) and JR-52A (g). In panel 
e The version of Spt7 expressed from the spt7-217 allele in 
FY571 is truncated at amino acid 1119 and has lost 213 
C-terminal residues. 

FIG. 2 SAGA and K14ac influence ageing. Western blots 
showing levels of K14ac (a) and HA-Spt7 (b) in total protein 
prepared from 1x10 cells of the FY2030 background (a,b) or 
FY168 and FY571 (c), subject to biotinylation, growth for 10 
or 20 generations in exponential culture (YPD) and isolation 
using magnetic streptavidinbeads. Young cells (majority less 
than 5 generations old) were prepared from the remaining 
non-biotinylated cells. * indicates a processed version of 
histone H3. 

FIG. 3 Control of SAGA, SLIK and K14.ac. Western blots 
showing levels of H3K14ac Gcn5 or HA-Spt7 in total cell 
extracts prepared from the strains indicated (genotype shown 
in Table 1) after growth in the presence of 10 uM rapamycin 
(+) or mock-treated (-) for 3 hours. WT strains are BY4741. 

FIG. 4 Rtg2 and SLIK determine chronological lifespan. a 
FY168 (WT), FY571 (Spt7-217) and rtg2A derivatives in 
exponential phase stained with DiOC6 to assess mitochon 
drial membrane potential (up). Scale bar is 10 um. b Serial 
ten-fold dilutions of cells from strains indicated grown with 
aeration to stationary phase in CSM containing 3% glucose 
and plated onto YDP on the day shown to assess viability. The 
average lifespan (time in days to 50% drop in viability) was 
calculated from colony counts.c Fluorographs of total protein 
extracts in exponential phase treated without or with cyclo 
hexamide to inhibit cytoplasmic translation and pulse 
labelled for 15 minutes with 35S methionine. 
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FIG. 5 shows Western blots showing levels of various 

post-translational modifications to histone H3 in total cell 
extract prepared from BY4741 in exponential or early sta 
tionary phase. 

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

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

FIG. 8 shows K14ac is reduced as cells age. 
FIG. 9 shows the effect of Rapamycin on K14ac at CIT2 

(SLIK induced) or HMS2 (not induced) by ChIP normalised 
to 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. 

FIG. 10 shows that Snfl is required for the rapamycin 
dependent reduction in K14ac on rapamycin treatment. 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, fig) or FY3 (c). n=3 
for all experiments shown. e Indirect immunofluorescence 
with FITC tagged anti-HA antibody (right panel) or DAPI 
(DNA) (left panel) of Gal83-HA. Cells were treated +/-10 
uM rapamycin for up to 3 hours. 

FIG. 11 shows Rtg2 is required for optimal levels of K14ac 
but K14ac is rapamycin sensitive in a rtg2A strain. Western 
blots showing levels of modifications at H3 (a) and Gcn5(b) 
in total cell extracts prepared from the strains indicated in the 
BY4741 background. Cells were treated +/-10 uM rapamy 
cin for up to 3 hours. Rtg2 is negatively regulated by the Lst8 
component of TORC1 and this repression is relieved by loss 
of TORC1 signalling or rapamycin treatment. Rtg2 is a com 
ponent of SLIK'' required for the induction of the retrograde 
responsive genes in quiescent cells. 

FIG. 12 shows the effect of loss of Sch9 on the inducibility 
of CIT2, ATG1 and ACS1 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 ACS1 is independent of Sch9 (data in FIG.9 
Suggests that this gene is dependent on Rtg2 dependent 
nuclear uptake of Rtg1/3 but not on SLIK). By contrast, CIT2 
(SLIK/Rtg2—dependent) and ATG1 (SALSA but not SLIK 
dependent) require Sch9 for their expression. 

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

FIG. 14 is a graph showing that disruption of SAGA 
extends the chronological lifespan of yeast cells. 

FIG.15 is a graph showing that disruption of H3K18 acety 
lation results in a significant reduction in chronological 
lifespan of yeast cells. 
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 0.4x10 cells/ml and treated with 10 uMrapamycin in 90% 
ethanol/10% Tween20 or mock treated for up to three hours. 
Details for preparation of whole cell extracts, western blot 
ting and antibodies used, preparation of RNA and RNA quan 
titation, chromatin immunoprecipitation (ChiP), protocols 
for ageing, assessment of ERCs and chronological ageing 
assays are set out below. 
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TABLE 1. 

Strain Parent Genotype Origin 

RMY200 WT MATa: ade2-10; 1 his3A200; Michael 
ys2-801; trp1A901; ura3-52; Grunstein 
hht1, hhfl:LEU2; hht2, 
hhf2::HIS3 plus pRM200 
(CENTRP1 HHF2 HHT2) 

H3K14R, RMY200 Plus pRM200 (hht2 K14R) Michael 
Grunstein 

H3K18R RMY200 plus pRM200 (hht2 K18R) Michael 
Grunstein 

YSL151 WT ura3-5; his3A20; leu2A; Shelley Berger 
trp1A63 lys2-128A(hht1 
hhf1)::LEU2: (hht2 
hhf2):HIS3; pTRP1-HHT2 
HHF2 

H3K4A YSL151 Plus pTRP1 (hht2 K4A) Shelley Berger 
YZS276 MATa: hta1-htb1A:LEU2 David Allis 

hta2-htb2A leu2-3-112 his3 
,-15 trp 1-1 ura3-1 ade2-1 

can1-100 (pZS 145 HTA1 
Flag-HTB1 CEN HIS3) 

H2B K123R YZS276 Plus pZS14 (htb1 K123R) David Allis 
LPYSO56 MATa; his3A200; leu2A1: Shelley Berger 

ura3-52; trp1A63; lys2-1288; 
(hht1-hhf1)A::LEU2 plus 
pRS314B (HHF2 HHT2) 

H3 S1 OA LPY8056 Plus PRS314B (hhf2 S10A) Shelley Berger 
H3K14A LPY8056 Plus PRS314B (hhf2 K14A) Shelley Berger 
H3 S1 OA LPY8056 Plus PRS314B (hhf2 S10A Shelley Berger 
K14A K14A) 
BY4741 MATa; his3A. leu2A; met15A; Euroscar 

ura 
gcn5A BY474 gcn5::KanMX EuroScar 
spp1A BY474 spp1:KanMX EuroScar 
S288c MATa; his3A1; leu2AO: Open 

met15AO: ura3AO Biosystems 
fpr1A BY474 fpr1::KanMX EuroScar 
fpr2A BY474 fpr2::KanMX EuroScar 
fpr3A BY474 fpr3:KanMX EuroScar 
fpr4A BY474 fpr4::KanMX EuroScar 
rim 15A BY474 rim15::KanMX EuroScar 
rtg2A BY474 rtg2::KanMX EuroScar 
msn2A BY474 msn2::KanMX EuroScar 
mSn4A BY474 mSna::KanMX EuroScar 
SnflA BY474 snfl::KanMX EuroScar 
sch9A BY474 sch9::KanMX EuroScar 
dot1A By4741 dot1::KanMX EuroScar 
LS487 MATa, ura3-52, leu2::hisG Aaron Mitchel 
sch9A LS487 Sch9::URA3 Paul Nutton 
Gal83-HA BY474 GAL83-HA-His3MX6 This study 
Gcn5-HA R-52A Plus pRS314 (GCN5 Shelley Berger 

3HA::his5+) 
spt20A BY474 spt20::KanMX Euroscarf 
spt8A BY474 spt8::KanMX Euroscarf 
FY3 MATa; ura3AO Fred Winston 
FY2030 FY3 MATa; ura3A0; leu2A1: Fred Winston 
HA-Spt7 trp1A63; his4-917 8; lys2 

173R2 HA-SPT7-URA3 
HA-Spt7 FY2030 Sinfl::KanMX This study 
SnflA 
HA-Spt7 FY2030 Sch9::KanMX This study 
sch9A 
FY168 MATa; leu2A1; his4-917 8: Fred Winston 

lys2-173R2 
FY168 rtg2::KanMX This study 
rtg2A 
FY571 MATa; ura3A0; leu2A1: Fred Winston 
spt7-217 trp1A63; his4-917 8; lys2 

173R2 spt7-217 
FY571 spt7-217 rtg2::KanMX This study 
rtg2A 

Preparation of Yeast Whole Cell Extracts. 
25 ml of cells were grown in YPD to an OD of ~0.4. A 

and harvested by centrifugation. For rapamycin treated cells, 
cells were grown to mid-log followed by the addition of 10 
uM rapamycin (Sigma R0395-1 MG) for up to 3 hours and 
harvested by centrifugation. Cell pellets were resuspended in 
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300 ul 8 Murea and broken by vortexing for 5 mins following 
the addition of 200 ul acid-washed glass beads (Sigma). 
Lysates were boiled for 5 mins in standard laemmli loading 
buffer. 
Western Blotting. 

Protein extracts were subject to electrophoresis on poly 
acrylamide gels using standard Tris-glycine running buffer 
(40% (w/v) glycine, 0.25 M Tris-base, 10% (w/v) SDS) fol 
lowing heating at 90° C. for 3 min. Proteins were transferred 
onto a nitrocellulose membrane using semi-dry transfer (Bio 
Rad). Successful transfer of protein was verified by PonceuS 
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 K14ac (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 K4me1 (Upstate 07-436), 1:2000 anti-H3 
K4me2 (Upstate 07-030), 1:5000 anti-H3 K4me3 (Upstate 
07-473), 1:500 anti-Gcn5 (Santa Cruz sc-9078), 1:5000 anti 
Tubulin (Abcam ab6160), 1:1000 Anti-HA (Roche clone 
3F10 1 1867423001) in 5% dry milk/PBS/0.5% Tween 20. 
Membranes were then washed for 6x5 min in PBS and incu 
bated for 1 hour with horseradish peroxidase conjugated sec 
ondary antibody in 5% dry milk/PBS/0.5% Tween 20, and 
washed for 6x5 min in PBS/0.5% Tween 20. Boundantibody 
was visualised using a Pico West chemiluminescence kit 
(Pierce Biotechnology Ltd) according to manufacturers 
instructions. Multiple exposures of each film were made to 
ensure signals detected were not saturated. Each experiment 
was repeated at least 3 times. 
RNA Extraction and Northern Blotting. 

Extraction of RNA was performed using hot phenol extrac 
tion. 15ug of total RNA was separated on 1.1% formaldehyde 
gels and transferred to Magna nylon membranes and baked at 
80° C. for 2 hours. The membranes were blocked by incuba 
tion for 2 hours at 65° C. with PerfectHyb Plus (Sigma). 
Membranes were typically exposed for 24 hours unless oth 
erwise stated. Levels of total RNA loaded was monitored by 
the rRNA species, which are equal across samples unless 
indicated. 
Isolation of Yeast at 10 or 20 Generations of Growth. 

1x10 cells from a culture at ODoo of 0.2 were washed in 
PBS, biotinylated with 3 mg of sulfo-NSH-LC-biotinat room 
temperature for 15 minutes, washed 6 times with PBS and 
added to 1 liter of pre-warmed YPD containing 2.5% glucose 
and incubated for 10 generations. Harvested cells were 
washed in PBS. 400 ul 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 to a second liter of prewarmed YPD 
and grown for an additional 10 generations, sorted and 
washed exactly as before. Protein or DNA was isolated from 
the yeast using urea and glass beads (see above) for analysis 
by Western blotting or by preparing sphaeroplasts and 
extracting total DNA by phenol chloroform extraction 
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 35S Methionine. 

Exponential cultures in synthetic complete medium with 
glucose were treated with or without cycloheximide (250 
ug/ml in 10 ml of culture), and the incubation was continued 
for 5 min prior to the 15-min incubation with 100 uCi of 
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Smethionine (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), 
dried, and exposed to X-ray film for 40-72 h. 
Microscopy. 

Cells in exponential growth or after 2.5 days in culture 
(stationary phase) were incubated with the membrane-poten 
tial-sensitive dye 3,3'-dihexyloxacarbocyanine iodide 
(DiOC6) obtained from Molecular Probes at a concentration 
of 20 ng/ml for 30 minutes, washed in PBS and visualised 
using exposure of 1000 ms (exponential cells) or 250 ms 
(stationary phase cells) the FITC channel on an Olympus 
IX-81 fluorescence microscope with a 150W xenon-mercury 
lamp and an Olympus 150X Plan NeoFluor oil-immersion 
objective. Brightfield images (DIC) were captures for each 
field. 
Optimizing Conditions for Treating Cells with Rapamycin 

Cells in exponential phase of growth were treated with 10 
uM 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 20 uM rapamycin 
for 30 minutes. A standard set of conditions were determined 
and for all work in this paper involved treatment of exponen 
tially growing cells (0.4x10 cell/ml) for 2 to 3 hours with 10 
uM rapamycin. 
Assay Showing the Dependency of Post-translational Modi 
fications to histone H3 on the Integrity of Factors Known to 
Influence Modifications on Histone H3. 

Total cell extracts were prepared from LPY8056 cells 
expressing histone H3 withalanine (A) substitutions at S10 or 
K14 or both residues, BY4741 carrying deletions of SPP1, 
encoding a factor required specifically for H3K4me3 or 
DOT1, 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 blotting of total cell 
protein extracts using antibodies specific for each modifica 
tion. 
HA-Spt7 Undergoes C-terminal Processing in Cells Entering 
Stationary Phase or Treated with Rapamycin. 

Strain FY2030, expressing an N-terminally tagged version 
of Spt7 from the SPT7 locus 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 monoclonal 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 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 also evident in these 
and other preparations when levels of full length Spt7 drop. b 
A repeat of the experiment shown above showing more exten 
sive C-terminally truncated version of Spt7 in all three growth 
conditions. About three of nine experiments show a profile 
Such as this while six show more discrete bands as in a. 

Indirect Immunofluoresence 
The acetylation/methylation staus of a cell was assessed 

using indirect immunoflurescence according to the following 
protocol. 10-50 ml of a fresh mid-log culture of cells per 
sample was used. Make fresh 30% formaldehyde (3g p-form 
aldehyde in 5 ml PEM, add 4M NaOH until dissolved and 
make up to 10 ml with PEM) and add /o" volume of 30% 
formaldehyde to the culture with agitation (in conical flask). 
30s later add gluteraldehyde solution to a final concentration 
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of 0.2% (w/v). Shakeat incubation temp for 90 min. Spin cells 
2K5 min then wash 3x in PBS or PEM (100 mM Pipes pH 
6.9; 1 mM EGTA, 1 mM Mg2SO4). Resuspend cells in 10 ml 
of PEMS (PEM in 1 M Sorbitol) and add 500 ul of ICNYeast 
Lytic Enzyme (10 ug/ml). Incubate at 37°C. until ~80% of 
cells are digested (about 15 min). Wash 3x in 10 ml of PEMS. 
Resuspend in 10 ml of 1% TritonX100 in PEM for 30s. Wash 
3x in 10 ml PEM. Roughly assess the volume of the final 
pellet. Resuspendin2 ml of PEMBAL (PEM, 0.1ML-lysine, 
1% BSA (globulin free), 0.1% Na Azide) and transfer a vol 
ume which will give a 20-30 ul pellet upon a subsequent spin 
to each of 2 Eppendorf tubes. Put on a rotating wheel for 30 
min at room temp. Spin for 10 sec. Resuspend in 50 ul of 
primary antibody in PEMBAL (test suitable dilution) and 
incubate for 16 hours on rotating wheel. Wash 3x in 1 ml 
PEMBAL. Resuspend in 1 ml of PEMBAL and rotate on a 
wheel for 30 min. Resuspend in 50 ul of Goat anti-mouse 
Texas Red at 20 mg/ml in PEMBAL. Incubate 16 hours on 
rotating wheel. Wash 3x in PEMBAL. Resuspend pellet in 
100 ul PEMBAL and mount on poly L-Lysine coated cover 
slips. Dry with hairdryer and invert on 1 g/ml DAPI in 100% 
glycerol if required. Alternatively use a FITC secondary anti 
body 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 

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 depositor remove specific modifications. On 
active genes, the chromatin is often modified by lysine (K) 
acetylation (ac) or methylation (me), particularly on histone 
H37. in order to identify post-translational modifications on 
histone H3 that reflect cell growth, we prepared total protein 
extracts from yeast in exponential or early stationary phase. 
Large and reproducible differences in the signals on Western 
blots allow us to correlate changes in acetylation and methy 
lation with cell physiology. Cells in Stationary phase show 
reductions in K14ac, K18ac 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 macrollide rapamycin, which blocks growth and pro 
liferation'' (FIGS. 1a and 10-11), suggesting that the pres 
ence of these modifications reflects the proliferative capacity 
of the cells. 
Gcn5 is the major acetyltransferase for K14 and K18 (FIG. 

1b). Furthermore, the rapamycin-sensitive K14ac detectable 
by Western blotting is mediated by Gcn5 in SAGA (FIG.1c). 
Strains lacking Spt8, specific to SAGA’ or Spt20, required 
for the integrity of SAGA and SLIK/SALSA'''''', have low 
levels of K14ac that do not detectably change when treated 
with rapamycin. In contrast, K14ac is resistant to rapamycin 
in a strain lacking Ubp8, a component of SAGA with ubiq 
uitin 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 
FIGS. 1c-e. Cells were treated +/-10 uM 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 
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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 rapamycin may have 
differential effects on SAGA and SLIKASALSA. SAGA is 
active in glucose grown cells while SLIK and SALSA are 
active in nutrient limited cells when TORC1 signalling is 
reduced (FIG. 6). 
The FY168 WT strain has been engineered to express only 

Spt7 containing a C-terminal truncation (FY571 Spt7-217) 
similar to that found naturally in the SLIK/SALSA complex. 
The Spt7 protein is expressed at similar level to full length 
Spt7'. we investigated levels of K14ac in this strain and the 
influence of Rtg2, the retrograde regulator and component of 
SLIK on the activity of this strain. FIG. 6a to shows that the 
K14ac is not significantly reduced in this strain when a dele 
tion of RTG2 is introduced. Rtg2 is required for the H3 
directed HAT activity of the SLIK complex'. 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 loci indicated: No indicates reaction with no 
RTase added to reaction to control for DNA contamination) in 
this strain in exponential growth (log) and in early stationary 
phase (Stat or SP). Levels of transcript were normalised to 
U4snRNA. Levels of this transcript 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 25S and 18S regions, are reduced over 7 fold in stationary 
phase. c The retrograde responsive gene CIT2' is induced in 
the stationary phase cells and is dependent on Rtg2 in the WT 
Spt7(FY168) and Spt7-217 (FY571)backgrounds, as 
expected. d Induction of ACS1, encoding mitochondrial 
acetyl CoA synthase is induced in stationary phase and is 
Rtg2-dependent. In cells containing high levels of the SLIK/ 
SALSA complex the gene is not induced. SLIK/SALSA may 
repress ACS1 expression or alternatively, the high levels of 
SLIK/SALSA may sequester Rtg2 creating an RTG2 null. e 
The induction of ATG1, a regulator of the autophagy', 
another starvation induced response, shows no dependence 
on Rtg2. Instead, the strains expressing Spt7-217 show a 
more than two fold increase in ATG1 mRNA levels under 
starvation conditions suggesting a role for the SALSA com 
plex. The patterns of expression of these three genes may 
define how the SLIK/SALSA complexes contribute to gene 
regulation. We propose that ATG1 is dependent on SALSA 
and independent of SLIK and Rtg2. By contrast, CIT2 
requires the SLIK complex for its activation while ACS1 is 
dependent on Rtg2 but not SLIK (The Rtg2 function to regu 
late nuclear uptake of Rtg1/3 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 extracts using antibodies 
specific to the modification or protein indicated. n=2 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 rapamycin treated (FIG.1f) 
or stationary phase cells (FIG. 7). Reduced levels and C-ter 
minal truncation of Spt7 occurs in both conditions and, by 
compromising the integrity of SAGA, explains the reduced 
K14.ac. Thus the integrity of SAGA is controlled by C-termi 
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14 
nal truncation of Spt7 that occurs when cells enter stationary 
phase or on rapamycin treatment. Levels of Gcn5, but not its 
RNA', also drop significantly in rapamycintreated WT cells 
(FIG. 1g). in contrast, Gcn5 levels are higher in rapamycin 
treated cells expressing Spt7-217 (FIG. 1h). Thus the reduc 
tion in Gcn5 is likely to be a consequence of the C-terminal 
truncation and reduction in levels of Spt7. 
SAGA Decreases with Age in Growing Cells 
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 length HA-Spt7 and increased truncated forms of 
HA-Spt7 Supporting loss of SAGA function during ageing 
(FIG.2b). By contrast, in the strain expressing only C-termi 
nally truncated Spt7 (Spt7-217) K14ac does not drop in old 
cells (FIG. 2c). 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. 8that 
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 
FIG.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. 
TORC1 F Maintains K14ac in Growing Cells 
We sought to define how rapamycin influences acetylation 

by SAGA. There are four targets of rapamycin in yeast, Fprl 
47. In the presence of rapamycin, Fpr1 inhibits functions 
associated with the PI3-related kinases Tor1 or Tor2 within 
the TORC1 complex. This supports TORC1-dependent sig 
nalling controlling the global levels of K14ac, K18ac and 
K4me3 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 rapamycin. 
AMPK is generally considered to negatively regulate 

mammalian mTOR, resulting in down regulation of TORC1 
signalling when glucose becomes Scarce and intracellular 
levels of AMP increase. The yeast AMPK Sinfl as can be 
seen from FIG. 10 may function in a similar way as it is 
required for the rapamycin-dependent reduction in K14ac (a). 
Levels of K14ac in a snflA strain are reduced to about 50% of 
those in a WT strain, due to Snfl directed phosphorylation of 
serine 10 on histone H3 that promotes K14 acetylation by 
Gcn5. Importantly, K14ac (a) and Gcn5(b) and some of the 
HA-Spt7 in the cell (c) are resistant to rapamycin in the snflA 
strain. Note that track five is under loaded in c. Note that the 
integrity of S10 on histone H3, phosphorylated by Snfl, does 
not influence the rapamycin sensitivity of K14ac although as 
with the snflA, level of K14ac is reduced in this background 
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(d). We asked is Snfl is functioning in the nucleus or cyto 
plasm. Gal83 is required for the nuclear uptake of Snfl' and 
HA tagged-Gal83 moves from the cytoplasm to the nucleus in 
rapamycin treated cells as demonstrated by indirect immun 
ofluorescence in fixed cells (e). However, the relationship 
between Gal83 and Snfl is not straightforward as gal83A 
strains show WT levels of K14ac in untreated cells and some 
resistance to rapamycin (f). Similar results are observed for 
Gcn5 protein in the gal83A strain (g). Thus it appears that 
Gal83 is required for the rapamycin dependent reduction in 
K14ac and Gcn5 Suggesting that this is a nuclear function for 
Snfl. 
SLIK Controls CLS Through Rtg2 
We examined mitochondrial membrane potential (up) and 

CLS in the strain expressing only truncated Spt7 (Spt7-217), 
and thus expressing high levels of SLIK/SALSA complexes 
during exponential growth. Both (FIG. 4a) and average 
CLS (FIG. 4b) are increased compared to WT but the strain 
then appears to undergo a rapid and complete loss of viability 
around day 12 in culture that may reflect imbalances in pat 
terns of gene expression. Rtg2 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 compo 
nent of SLIK'. The high levels of truncated Spt7 might result 
in sequestration of Rtg2 into a SLIK complex, resulting in an 
rtg2 null for other functions. In Support of this, an rtg2 Strain 
shows increase up in exponential phase (FIG. 4a), increased 
mitochondrial protein synthesis (FIG.4c) and enhanced CLS 
(FIG. 4b). This suggests that Rtg2 functions to repress mito 
chondrial function when TORC1 is active and that the forma 
tion of SLIK is linked to reduced TORC1 signalling, leading 
to truncation of Spt7 and relief of Rtg2-dependent repression 
of respiration. This provides an additional way to extend 
CLS. Interestingly, both Spt7 and Rtg2 are reported to be 
mitochondrially associated proteins''. Finally, we show 
that the most marked increase in CLS is observed when RTG2 
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 Rtg2 independent. It 
should be noted that this rtgA phenotype can also be produced 
by the addition of inhibitors of mitochondrial respiration. 

In summary, we show that the SAGA family of transcrip 
tional 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 Sch9 signalling 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 sig 
nalling to SAGA and SLIK highly efficient mechanism by 
which cells Switch fate in order to control the balance between 
growth and longevity. 
Disruption of SAGA Results in Increased H3K18 Acetylation 
and an Extension in Chronological Lifespan. 

FIG. 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. 

FIG. 14 shows that S. cerevisiae strains having a disrupted 
SAGA complex have an increased chronological lifespan. As 
show in the figure strains FY631 and FY2030 are wild type, 
strain FY 571 expresses a truncated Spt7 protein which lacks 
the SAGA specific Spt7 region, strain FY2037 is ASPT8 (Wu, 
P.Y. and Winston, F., Mol Cell Biol. 22(15), p5367-5379). 
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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 
culture using a Bioscreen C machine. Viabilities at various 
time points are compared to determine the chronological 
lifespan of the culture. 

FIG. 15 shows that in a H3K18Q mutant in which acety 
lation 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 embodi 
ments, it should be understood that the invention as claimed 
should not be unduly limited to 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 
intended to be with in the scope of the following claims. 
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Sequence Listing 

sch9 

SEO ID No: 1 
1 MMNFFTSKSS NODTGFSSOH OHPNGONNGN NNSSTAGNDN GYPCKLVSSG PCASSNNGAL 

61 FTNFTLOTAT PTTAISODLY AMGTTGITSE NALFOMKSMN NGISSVNNNN SNTPTIITTS 
121 OEETNAGNVH GDTGGNSLON SEDDNFSSSS TTKCLLSSTS SLSINOREAAAAAYGPDTDI 
181 PRGKLEWTII EARDLVTRSK DSOPYVVCTF ESSEFISNGP ESLGAINNNN NNNNNNOHNO 
241 NOHINNNNEN TNPDAASOHH NNNSGWNGSO LPSIKEHLKK KPLY THRSSS OLDOLNSCSS 
3 O1 VTDPSKRSSN SSSGSSNGPK NDSSHPIWHH KTTFDVLGSH SELDISVYDA AHDHMFLGOV 
3 61 RLYPMIHNLA. HASOHOWHSL KPRVIDEVVS GDILIKWTYK OTKKRHYGPO DFEVLRLLGK 
421 GTFGOVYOVK KKDTORIYAM KVLSKKVIVK KNEIAHTIGE RNILWTTASK SSPFIWGLKF 
481 SFOTPTDLYL VTDYMSGGEL FWHLOKEGRF SEDRAKFYIA ELVLALEHLH DNDIWYRDLK 
541 PENILLDANG NIALCDFGLS KADLKDRTNT FCGTTEYLAP ELLLDETGYT KMWDFWSLGW 

6O1 LIFEMCCGWS PFFAENNOKMYOKIAFGKVK FPRDVLSOEG RSFWKGLLNR NPKHRLGAID 
661 DGRELRAHPF FADIDWEALK OKKIPPPFKP HLVSETDTSN FDPEFTTAST SYMNKHOPMM 
721 TATPLSPAMO AKFAGFTFWD ESAIDEHVNN NRKFLONSYF MEPGSFIPGN PNLPPDEDVI 
781. DDDGDEDIND GFNOEKNMNN SHSOMDFDGD OHMDDEFWSG RFEI 

Sch9 

SEO ID No: 2 
Atgatgaatttittttacatcaaaatcgt.cgaatcaggatactggatttagct ct caacaccalacatccaaatggac 
agaacaatggaaacaataatagcago accgctggcaacgacaacggataccCatgtaaactggtgtc.ca.gtgggcc 
ctg.cgctt catcaaataatggtgcc.ctttittacgaattt tact ttacaaactgcaacgc.cgaccaccgctatt agt 
caggacittatatgcaatgggcacaac aggaataa catcagaaaatgc cctttittcaaatgaagttcaatgaataatg 
gaatat catcagttaataataacaacagcaac accc.ctacgattattaccacgt cacaggaagaaactaatgctgg 
aaatgtacatgg.cgataccggtggcaattic tittgcaaaattctgaagatgacaacttittct tccagttctaccac 
caaatgct tact citct tcc acttctt cqctat caataaatcaacgagaa.gcago agcagotgctitatggtccagat 
accatatt cottagggg taaact agaagttacaataatagaagicacgtgacctagt cactagatcaaaggatt cac 
agcc titatgttgtttgtacttittgagagttcagagttcatttctaatggtoctdag to actagg.cgc.cattaataa 
taacaacaataacaacaacaataatcagcataatcaaaaccagcatattaacaacaacaacgaaaatacca accct 
gacgctgctagdcagcatcataataataac agtggttggaacggttct cagttaccatcgataaaagagcacttga 
agaaaaaaccc.ctittatacacacagatcatct tcc caattagat cagotaaact cittgct ctitcagtaaccatcc 
gagcaaacgttcttctaattctt.cgt.cgggttcttcaaatggit coaaagaatgatagttcacatccaatatgg cat 
cacaagacaacgtttgatgttittgggat ct cact cqgaattagatatttctgtt tatgatgctg.cccacgaccata 
tgttct taggccaagttagacitgitat coaatgatt cataatttagcacatgct tcc caacac caatggcacagttt 



















Ser 

Thir 
65 

Ala 

Thir 

Wall 

Asn 
145 

Ser 

Asp 

Arg 

Thir 

Ala 
225 

Asn 

Ser 

Ser 

Ser 

Ser 
3. OS 

Asn 

Lell 

Asp 

Lell 

Ile 
385 

Glin 

Lell 

Asp 

Wall 

Wall 

Gly 
SO 

Luell 

Met 

Ser 

Pro 

His 
13 O 

Phe 

Luell 

Thir 

Asp 

Phe 
21 O 

Ile 

Glin 

Glin 

Ile 

Ser 
29 O 

Asp 

Gly 

His 

Ala 
37 O 

Asp 

Thir 

Luell 

Thir 

Lys 
450 

Thir 

Pro 

Glin 

Gly 

Met 

Thir 
115 

Gly 

Ser 

Ser 

Asp 

Luell 
195 

Glu 

Asn 

His 

His 

Lys 
27s 

Glin 

Arg 

Ser 

Ser 

Met 
355 

His 

Glu 

Gly 

Glin 
435 

Thir 

Thir 

Thir 

Asn 

Ile 

Asp 

Ser 

Ile 

Ile 
18O 

Wall 

Ser 

Asn 

Ile 

His 
26 O 

Glu 

Luell 

Ser 

Ser 

His 
34 O 

Phe 

Ala 

Wall 

Lys 
42O 

Arg 

Asn 

Ala 

Ala 

Ala 

Thir 
85 

Asn 

Ile 

Thir 

Ser 

Asn 
1.65 

Pro 

Thir 

Ser 

Asn 

Asn 
245 

Asn 

His 

Asp 

Ser 

His 
3.25 

Ser 

Lell 

Ser 

Wall 

Arg 
4 OS 

Gly 

Ile 

Glu 

Ser 

Ser 

Thir 
70 

Gly 

Gly 

Thir 

Gly 

Ser 
150 

Glin 

Arg 

Arg 

Glu 

Asn 
23 O 

Asn 

Asn 

Lell 

Glin 

Asn 
310 

Pro 

Glu 

Gly 

Glin 

Ser 
390 

His 

Thir 

Ile 

37 

Ser 
55 

Pro 

Ile 

Ile 

Thir 

Gly 
135 

Thir 

Arg 

Gly 

Ser 

Phe 
215 

Asn 

Asn 

Asn 

Lell 
295 

Ser 

Ile 

Lell 

Glin 

His 
375 

Gly 

Phe 

Ala 

Ala 
45.5 

Ser 

Asn 

Thir 

Thir 

Ser 

Ser 
12 O 

Asn 

Thir 

Glu 

Lys 

Ile 

Asn 

Asn 

Ser 

Lys 

Asn 

Ser 

Trp 

Asp 

Wall 
360 

Glin 

Asp 

Gly 

Gly 

Met 
44 O 

His 

Ser 

Asn 

Thir 

Ser 

Ser 
105 

Glin 

Ser 

Ala 

Luell 
185 

Asp 

Ser 

Asn 

Glu 

Gly 
265 

Ser 

Ser 

His 

Ile 
345 

Arg 

Trp 

Ile 

Pro 

Glin 
425 

Thir 

Pro 

Gly 

Ala 

Glu 
90 

Wall 

Glu 

Luell 

Ala 
17O 

Glu 

Ser 

Asn 

Asn 

Asn 
250 

Trp 

Pro 

Gly 

His 
330 

Ser 

Luell 

His 

Luell 

Glin 

Wall 

Wall 

Ile 

Phe 

Ala 

Ile 

ASn 

ASn 

Glu 

Glin 

Luell 
155 

Ala 

Wall 

Glin 

Gly 

ASn 
235 

Thir 

ASn 

Luell 

Ser 

Ser 
315 

Wall 

Tyr 

Ser 

Ile 
395 

Asp 

Luell 

Gly 

Ile 

US 8,628,922 B2 

- Continued 

Lell 
6 O 

Ser 

Ala 

Asn 

Thir 

Asn 
14 O 

Lell 

Ala 

Thir 

Pro 

Pro 
22O 

Asn 

Asn 

Gly 

Tyr 

Ser 
3 OO 

Ser 

Thir 

Pro 

Lell 

Phe 

Glin 

Ser 

Glu 
460 

Wall 

Phe 

Glin 

Lell 

Asn 

Asn 
125 

Ser 

Ser 

Ala 

Ile 

Tyr 

Glu 

Glin 

Pro 

Ser 

Thir 
285 

Wall 

Asn 

Thir 

Asp 

Met 
365 

Trp 

Glu 

Wall 

Lys 
445 

Arg 

Gly 

Thir 

Asp 

Phe 

Asn 
11 O 

Ala 

Glu 

Ser 

Ile 
19 O 

Wall 

Ser 

His 

Asp 

Glin 
27 O 

His 

Thir 

Gly 

Phe 

Ala 
35. O 

Ile 

Pro 

Thir 

Wall 

Lys 
43 O 

Asn 

Luell 

Asn 

Luell 

Glin 
95 

Ser 

Gly 

Asp 

Thir 

Gly 
17s 

Glu 

Wall 

Luell 

Asn 

Ala 
255 

Luell 

Arg 

Asp 

Pro 

Asp 
335 

Ala 

His 

Arg 

Luell 
415 

Wall 

Ile 

Phe 

Tyr 

Met 

Asn 

Asn 

Asp 

Ser 
160 

Pro 

Ala 

Gly 

Glin 
24 O 

Ala 

Pro 

Ser 

Pro 

Lys 

Wall 

His 

Asn 

Wall 

Lys 
4 OO 

Arg 

Ile 

Luell 

Phe 

38 
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- Continued 

465 470 47s 48O 

Ser Phe Glin Thr Pro Thr Asp Leu Tyr Lieu Val Thr Asp Tyr Met Ser 
485 490 495 

Gly Gly Glu Lieu. Phe Trp His Lieu Gln Lys Glu Gly Arg Phe Ser Glu 
SOO 505 51O 

Asp Arg Ala Lys Phe Tyr Ile Ala Glu Lieu Val Lieu Ala Lieu. Glu. His 
515 52O 525 

Lieu. His Asp Asn Asp Ile Val Tyr Arg Asp Lieu Lys Pro Glu Asn. Ile 
53 O 535 54 O 

Lieu. Lieu. Asp Ala Asn Gly Asn. Ile Ala Lieu. Cys Asp Phe Gly Lieu. Ser 
5.45 550 555 560 

Lys Ala Asp Lieu Lys Asp Arg Thr Asn. Thir Phe Cys Gly. Thir Thr Glu 
565 st O sts 

Tyr Lieu Ala Pro Glu Lieu. Lieu. Lieu. Asp Glu Thr Gly Tyr Thir Lys Met 
58O 585 59 O 

Val Asp Phe Trp Ser Lieu. Gly Val Lieu. Ile Phe Glu Met Cys Cys Gly 
595 6OO 605 

Trp Ser Pro Phe Phe Ala Glu Asn Asn Glin Lys Met Tyr Glin Lys Ile 
610 615 62O 

Ala Phe Gly Llys Val Llys Phe Pro Arg Asp Val Lieu. Ser Glin Glu Gly 
625 630 635 64 O 

Arg Ser Phe Val Lys Gly Lieu. Lieu. Asn Arg ASn Pro Llys His Arg Lieu 
645 650 655 

Gly Ala Ile Asp Asp Gly Arg Glu Lieu. Arg Ala His Pro Phe Phe Ala 
660 665 67 O 

Asp Ile Asp Trp Glu Ala Lieu Lys Glin Llys Lys Ile Pro Pro Pro Phe 
675 68O 685 

Llys Pro His Leu Val Ser Glu Thir Asp Thr Ser Asn Phe Asp Pro Glu 
69 O. 695 7 OO 

Phe Thir Thr Ala Ser Thr Ser Tyr Met Asn Llys His Gln Pro Met Met 
7 Os 71O 71s 72O 

Thr Ala Thr Pro Leu Ser Pro Ala Met Glin Ala Lys Phe Ala Gly Phe 
72 73 O 73 

Thir Phe Val Asp Glu Ser Ala Ile Asp Glu. His Val Asn. Asn. Asn Arg 
740 74. 7 O 

Llys Phe Leu Glin Asn Ser Tyr Phe Met Glu Pro Gly Ser Phe Ile Pro 
7ss 760 765 

Gly Asn Pro Asn Lieu Pro Pro Asp Glu Asp Val Ile Asp Asp Asp Gly 
770 775 78O 

Asp Glu Asp Ile Asn Asp Gly Phe Asin Glin Glu Lys Asn Met Asn. Asn 
78s 79 O 79. 8OO 

Ser His Ser Gln Met Asp Phe Asp Gly Asp Gln His Met Asp Asp Glu 
805 810 815 

Phe Val Ser Gly Arg Phe Glu Ile 
82O 

<210s, SEQ ID NO 2 
&211s LENGTH: 2475 
&212s. TYPE: DNA 

<213> ORGANISM: Saccharomyces cerevisiae 

<4 OOs, SEQUENCE: 2 

atgatgaatt tttitta catc aaaatcgt.cg aat caggata citggatt tag ct citcaiacac 6 O 

Caac at CCaa atggacagaa caatggaaac aataatagda gcaccgctgg caacgacaac 12 O 

40 
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- Continued 

<210s, SEQ ID NO 3 
&211s LENGTH: 588 
212. TYPE: PRT 

<213> ORGANISM: Saccharomyces cerevisiae 

<4 OOs, SEQUENCE: 3 

Met Ser Thr Lieu Ser Asp Ser Asp Thr Glu Thr Glu Val Val Ser Arg 
1. 5 1O 15 

Asn Lieu. Cys Gly Ile Val Asp Ile Gly Ser Asn Gly Ile Arg Phe Ser 
2O 25 3O 

Ile Ser Ser Lys Ala Ala His His Ala Arg Ile Met Pro Cys Val Phe 
35 4 O 45 

Lys Asp Arg Val Gly Lieu. Ser Lieu. Tyr Glu Val Glin Tyr Asn. Thir His 
SO 55 6 O 

Thir Asn Ala Lys Cys Pro Ile Pro Arg Asp Ile Ile Llys Glu Val Cys 
65 70 7s 8O 

Ser Ala Met Lys Arg Phe Llys Lieu. Ile Cys Asp Asp Phe Gly Val Pro 
85 90 95 

Glu Thir Ser Val Arg Val Ile Ala Thr Glu Ala Thr Arg Asp Ala Ile 
1OO 105 11 O 

Asn Ala Asp Glu Phe Val Asn Ala Val Tyr Gly Ser Thr Gly Trp Llys 
115 12 O 125 

Val Glu Ile Lieu. Gly Glin Glu Asp Glu Thir Arg Val Gly Ile Tyr Gly 
13 O 135 14 O 

Val Val Ser Ser Phe Asn Thr Val Arg Gly Lieu. Tyr Lieu. Asp Wall Ala 
145 150 155 160 

Gly Gly Ser Thr Gln Leu Ser Trp Val Ile Ser Ser His Gly Glu Val 
1.65 17O 17s 

Lys Glin Ser Ser Lys Pro Val Ser Leu Pro Tyr Gly Ala Gly Thr Lieu. 
18O 185 19 O 

Lieu. Arg Arg Met Arg Thr Asp Asp Asn Arg Ala Lieu. Phe Tyr Glu Ile 
195 2OO 2O5 

Lys Glu Ala Tyr Lys Asp Ala Ile Glu Lys Ile Gly Ile Pro Glin Glu 
21 O 215 22O 

Met Ile Asp Asp Ala Lys Lys Glu Gly Gly Phe Asp Lieu. Trp Thr Arg 
225 23 O 235 24 O 

Gly Gly Gly Lieu. Arg Gly Met Gly His Lieu. Lieu. Lieu. Tyr Glin Ser Glu 
245 250 255 

Gly Tyr Pro Ile Glin Thr Ile Ile Asin Gly Tyr Ala Cys Thr Tyr Glu 
26 O 265 27 O 

Glu Phe Ser Ser Met Ser Asp Tyr Lieu Phe Leu Lys Gln Lys Ile Pro 
27s 28O 285 

Gly Ser Ser Lys Glu. His Lys Ile Phe Llys Val Ser Asp Arg Arg Ala 
29 O 295 3 OO 

Lieu. Glin Lieu Pro Ala Val Gly Lieu. Phe Met Ser Ala Val Phe Glu Ala 
3. OS 310 315 32O 

Ile Pro Glin Ile Lys Ala Val His Phe Ser Glu Gly Gly Val Arg Glu 
3.25 330 335 

Gly Ser Lieu. Tyr Ser Lieu Lleu Pro Lys Glu Ile Arg Ala Glin Asp Pro 
34 O 345 35. O 

Lieu. Lieu. Ile Ala Ser Arg Pro Tyr Ala Pro Lieu. Lieu. Thr Glu Lys Tyr 
355 360 365 

Lieu. Tyr Lieu. Lieu. Arg Thr Ser Ile Pro Glin Glu Asp Ile Pro Glu Ile 
37 O 375 38O 

44 



Wall 
385 

Ala 

Thir 

Wall 

Arg 
5.45 

Ile 

Glu 

Asn 

Ser 

Arg 

Luell 

Ser 
450 

Gly 

Gly 

Arg 

Thir 

Lys 
53 O 

Ile 

Ile 

Arg 

Glu 

Gly 

Ile 
435 

Glu 

Asp 

Thir 

Asp 

Ser 
515 

Glu 

Ser 

Thir 

Wall 

Arg Ile 

Pro Llys 
4 OS 

Ile Ile 
42O 

Gly Ile 

Glu Lys 

Lys Ala 

Ile Met 
485 

Asn. Wall 
SOO 

Lieu Lys 

Glu Ser 

Lieu. Glin 
565 

Lys Ile 
58O 

<210s, SEQ ID NO 4 
&211s LENGTH: 1767 
&212s. TYPE: DNA 

<213> ORGANISM: Saccharomyces cerevisiae 

<4 OOs, SEQUENCE: 4 

45 

Ala Pro Ala 
390 

Glu Lieu. Glin 

Ala Gly Cys 

Ala Lieu. Cys 
44 O 

Tyr Ser Glin 
45.5 

Glu Ala Lieu. 
470 

Tyr Val Ile 

Phe Asp Phe 

Glu Lieu. Ile 
52O 

Thir Arg Llys 
535 

Asp Lieu Lys 
550 

Llys Llys Val 

Gly Val Glin 

atgtcaiacac ttagcgatag tataccgag 

atcgtcgaca 

gcaagaatta 

tataatacac 

tctgccatga 

agagtaattg 

gtttacggta 

ggcatatatg 

ggtgg tagta 

aaacct gitat 

aatagggcac 

atacct caag 

gggggtggitt 

caaacaataa. 

Ctattoctaa 

gatagaaggg 

attic cc caga 

taggttctaa togg tatt cqt 

tgccttgttgt ttittaaagat 

atacgaacgc aaaatgcc ct 

agagattcaa attaatttgc 

Calacagaa.gc cacgc.gagat 

gCactggctg gaaagtagaa 

gtgttgtttc ct catttaat 

cticagttatc atggg taata 

Ctttgc cata tigagctgga 

tttitt tatga gattaaagaa 

aaatgattga tigacgc.caag 

talagaggt at gggaCatctg 

ttaacggata togcttgcact 

aacaaaaaat accaggttct 

Ctttacaact tcc td.ccgtt 

tcaaagctgt acattt tagt 

Lieu. Cys Asn 
395 

Pro Thir Ala 
41O 

His Gly Lieu. 
425 

Ser Arg Trp 

Glu Lieu. Glu 

Arg Ile Val 

Cys Gly Val 
490 

His Wal Ser 
505 

Ile Asp Asp 

Asn Arg Gly 

Thir Ser Ala 
555 

Arg Llys Lieu. 
st O 

Phe Tyr Glu 
585 

actgaggtog 

tittagtatat 

agggttggtc 

att cocagag 

gatgattittg 

gct attaacg 

at attaggcc 

acagtaagag 

agctcgcacg 

act cittittga 

gcgtacaaag 

aaagaaggtg 

citt citt taco 

tatgaagaat 

tcaaaagagc 

ggtttgttca 

gagggtggtg 

US 8,628,922 B2 
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Lell 

Ala 

Ser 

Gly 

Glin 
460 

Trp 

His 

Ala 

Tyr 
54 O 

Ser 

Ser 

Glu 

Ala 

Lell 

His 

Gly 
445 

Wall 

Trp 

Pro 

Arg 

Asn 
525 

Glu 

Wall 

Arg 

Phe 

His 

Arg 
43 O 

Asn 

Wall 

Thir 

Gly 

Ser 

Thir 

Wall 

Arg 

Gly 

tgtc.gagaaa 

citt coaaggc 

titt ct citata 

at attataaa. 

gtgtacctga 

cggatgaatt 

aggaagatga 

gtctatat ct 

gagaagttcaa 

gaagaatgag 

atgcgattga 

gatttgacct 

agtC9galagg 

t ct cqtctat 

ataaaatatt 

tgagtgctgt 

titcgagaggg 

Wall His 
4 OO 

Wall Ala 
415 

Ala Arg 

Ile Pro 

Lieu. Arg 

Gly Asn 
495 

Glu Wall 

Thr Lys 

Wall Wall 

Ser Arg 
560 

Ser Wall 
sts 

Cttgttgttgga 

tgcacat cat 

cgaagttcaa 

agaggtttgt 

aac tagtgtc 

tgttaatgct 

alactagggit c 

agatgtggca 

gcaatccagc 

alacagatgat 

aaaaattggit 

ttggaccc.gt 

titat cocatc. 

gtcagattat 

taaggtttct 

ttittgaagcg 

tt cact titat 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 

84 O 

9 OO 

96.O 

46 



totottct to 

gctic cattac 

ataccagaaa 

gcct cittatc 

at agc.cggct 

agtagatggg 

gtagttctac 

attggtacga 

gtatttgatt 

attgatgatg 

galagtggttg 

attat cacgc 

attggcgtgc 

< 4 OOs 

caaaagaaat 

ttactgaaaa 

tagtaaacga 

Calaaggagtt 

gtcatggatt 

gcggcaac at 

gcgalaggtga 

titatgtatgt 

tccatgtttic 

caaacactac 

tgagaattag 

tacaaaagaa 

aattittatga 

SEO ID NO 5 
LENGTH: 439 
TYPE : 

ORGANISM: Saccharomyces cerevisiae 
PRT 

SEQUENCE: 5 

47 

tcqtgcacaa 

at atctatat 

aaggattgct 

a Caac Caa.ca 

atc to acaga 

tccggaat ct 

taaagctgaa 

gatttgcggit 

taa.gc.gtagt 

aaaggtaaaa 

taaggacgat 

agtacgcaag 

agaataa 

Met Val Thr Lys His Glin Ile Glu 
1. 

Thir 

Ile 

Glu 

Glu 
65 

Gly 

Glu 

Asn 

Pro 

His 
145 

Ile 

Met 

Phe 

Gly 
225 

Asp 

Glin 

Asn 
SO 

Wall 

Wall 

Gly 

Met 

Lys 
13 O 

Luell 

Thir 

Ala 

Asn 

Luell 
21 O 

Phe 

Pro 

Pro 
35 

Wall 

Glu 

Met 
115 

Met 

Ser 

Ile 

His 
195 

Thir 

Thir 

5 

Glu Val Lys Arg Val 

Glu Glin Ala Glu Thir 
4 O 

Gly Llys Phe Glu Lys 
55 

Thir Asp Val Glu Lys 
70 

Tyr Thr Phe Lys Glu 
85 

Ile Glu Phe Arg Val 

Val Lieu. Thr Gly Lieu. 
12 O 

Pro Lys Glu Tyr Ile 
135 

Met Ala Val Ile Arg 
150 

Arg Pro Phe Asp Llys 
1.65 

Ser Ser Thr Glu Glin 
18O 

Lieu Lys Asp Tyr Val 

Tyr Ala Asp Asn Tyr 
215 

Lys Glu Ile Thr Lieu 
23 O 

gatccattgc 

ctattgagaa 

cctgcttitat 

gctgcattac 

gctagagcgc 

gaagaaaaat 

gcattgagaa 

gttcatccag 

gaggtggaga 

gaagaatcca 

Cttaaaacaa. 

citat citagag 

Glu Asp His 
1O 

Llys Lieu. Glu 
25 

Asn Lys Glin 

Glu Thir Glu 

Gly Ile Val 
7s 

Arg Pro Ser 
90 

Wall Asn. Asn 
105 

Lys Asn. Ile 

Ala Arg Lieu. 

Llys Pro Lieu. 
155 

Arg Glu Phe 
17O 

Val Arg Gly 
185 

Arg Asn Thr 

Ala Ile Gly 

Asp Llys Ser 
235 

US 8,628,922 B2 
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taattgcgt.c 

Cat Caat CCC 

gta acttagc 

atgttgctac 

tgataggaat 

act cocaaga 

ttgtatggtg 

gtggtaatat 

c cagtttaaa 

cgc.gtaaaaa 

gaagtgtaga 

Lell 

Asn 

Glu 

Arg 
6 O 

Wall 

Asp 

Phe 

Wall 
14 O 

Thir 

Ala 

Ser 

Tyr 
22O 

Ile 

Asp 

Asn 

Gly 
45 

Ile 

Phe 

Wall 

Asn 

Glin 
125 

Wall 

Glu 

Gly 

Asn 

Phe 

Trp 

Gly 

Wall 

Thir 

Gly 

Glu 

Glu 

Thir 
11 O 

Asp 

Wall 

Ile 

Ala 
19 O 

Ile 

Met 

ccgt.cctitat 

acaagaagat 

atttgttcat 

aagagggata 

tgctictatot 

attagaacaa 

gacgaagitat 

cagagataac 

agaattaatc 

tcgcgggitat 

tcqtt coaga 

gagggittaaa 

Ala Thr 
15 

Glu Glu 

Asp Llys 

Gly Ser 

Phe Asp 
8O 

Glu Asn 
95 

Lys Glu 

Gln Lieu. 

Arg Ser 

Gly Gly 
160 

Wall Phe 
17s 

His Lieu. 

Lys Glin 

Gly Tyr 
24 O 

14 O 

2OO 

26 O 

32O 

44 O 

SOO 

560 

74 O 

767 

48 



Ile 

Arg 

Ala 

Pro 

Pro 
3. OS 

Asp 

Glin 

Lell 

Lys 
385 

Asn 

Ala 

Glu 

Ile 

Luell 

Gly 
29 O 

Met 

Ala 

Asn 

Glin 

Glu 
37 O 

Asn 

Asn 

Asp 

Arg 

Arg 

Luell 

Thir 

Luell 

Ile 

Pro 
355 

Pro 

Glin 

Arg 

Ser 
435 

49 

Tyr Glu Gly Gly Thr 
245 

Tyr Lieu. Asp Ala Gly 
26 O 

Arg Lys Ile Arg Thr 
28O 

Glu Glin Phe Lys Asp 
295 

Ile Pro Gly Lieu Lys 
310 

Ala Glin Arg Pro Llys 
3.25 

Lieu. Thr Glu Lieu. Glin 
34 O 

Val Asn Lys Glu Glu 
360 

Met Asp Leu Ser Thr 
375 

Llys Met Glu Asp Phe 
390 

Arg Met Tyr Asn Gly 
4 OS 

Lieu. Glu Lys Phe Phe 

His Lieu. Ile Asp 

<210s, SEQ ID NO 6 
&211s LENGTH: 2128 
&212s. TYPE: DNA 

<213> ORGANISM: Saccharomyces cerevisiae 

<4 OOs, SEQUENCE: 6 

t cittaalacac titatgggcag 

agggcgtaat 

ggcaattatt 

agatgtagca 

gccact attt 

agacatgtag 

aggcatattt 

ttttittatag 

ctatatgtat 

atgtttgatt 

aaaagttctitc 

gaagaggatc 

aacaacgttg 

aaagagaata 

acagatgtgg 

gagaga.ccca 

gataatacta 

gatgtttgct 

gcatactgca 

atgcagat.co 

gcttttitt cq 

tgcgctgt at 

aagtgtttgg 

ttggat attc 

CattatataC 

aagcaataaa 

agittaactica 

acttggatgg 

aagaaataca 

aaggaaagtt 

aaaaaggaat 

gtgtcgtaga 

aagaaaacat 

caaaaaatgc 

tgtcaacaaa 

agtactgagt 

titcct cagta 

caat cott tt 

ggaaaagaat 

acctaaacaa. 

atatattott 

gtt tatggat 

taaaaacaaa. 

ggttcg tatt 

agctacgacg 

acctgagcag 

cgagaaagaa 

tgtcaaattit 

ggaaaatgaa 

gatggtc.cta 

Lieu Met Glin 
250 

Lys Ile Lieu. 
265 

Ile Ser Lys 

Luell Asn. Asn 

Glu Ala Gly 
315 

Arg Gly Pro 
330 

Asn His Ala 
345 

Val Pro Asp 

Met Glu Ile 

Ile Tyr Asp 
395 

Glu Asn. Thir 
41O 

Asn Asn Lys 
425 

gtctttcttc 

tgaatacgta 

acgittaacgt. 

ggcttaatgc 

caatact cqa 

taattagaac 

tatat cqact 

acaactictot 

tttitcaaacc 

ggattggtaa 

ctacattaga 

gatcc.cgaag 

gctgagacca 

actgagagaa 

gaatttgatg 

ggtaaaattg 

actggattaa 
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Cys 

Lell 

Ser 

Ile 
3 OO 

Trp 

His 

Ala 

Lys 
38O 

Ala 

Ser 

Wall 

Ser 

Lell 

His 
285 

Thir 

Asp 

Ala 

Tyr 
365 

Lell 

Arg 

Met 

Glin 
27 O 

Ile 

Pro 

Pro 

Ala 

Trp 
35. O 

Asp 

Glu 

Luell 

Glu 
43 O 

cct cqtctgt 

Cagaa.gagaa 

tgctagaata 

tccactagaa 

gagcaaagac 

tttacaaacg 

attgaaattic 

c tactitt cag 

taaacaatta 

gggalaga.ccg 

tggtcacaaa 

ttaaacgggt 

ataaacaaga 

taggaggat C 

gtgttgaata 

agtttagggit 

aaaaCattitt 

Leul Pro 
255 

Glu Ala 

Val Arg 

Ile Asp 

Glu Met 

Ala Ile 
335 

Pro Phe 

Phe Ile 

Ser Asn 

Wall Phe 
4 OO 

Llys Tyr 
415 

Ile Pro 

tgttt tatgt 

ttctago caa 

acattaaatg 

tttittgacca 

aaaaaaaata 

cgtgttaaac 

ttacgcaaga 

ttttittgaag 

tactg.cgtaa 

tgagcc.gc.cc 

a catcagatt 

aaaattagaa 

gggcaccgat 

tgaagtggitt 

Cacattcaaa. 

ggtgaataat 

tcaaaagcaa 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 

84 O 

9 OO 

96.O 

50 



ttacCaaaaa. 

atggctgtca 

alaga.gagaat 

tatggtgcgc 

tatttitttga 

aaagaaatca 

acgctgatgc 

ttattacaag 

aggcctggitt 

attic ctdgct 

aagcgtggtc 

gcagcttggc 

atcaaagagc 

aagatggaag 

ggcgagaata 

gtaaaagaaa 

citac tatt co 

aggittattitt 

gttgg tattt 

<210s, SEQ I 
&211s LENGT 
212. TYPE : 

&213s ORGAN 

tgcc.caaaga 

ttaggaagcc 

tcgcagaaat 

atctaatgaa 

catatgcaga 

cgttggataa 

aatgttctat 

aag.cggcc ct 

tagagcaatt 

tgaaagaa.gc 

Cacacgatgc 

cottct taca 

caatggacitt 

actitcatata 

cgt.cgt atta 

tacctgaata 

titt cqaagaa 

act act tt to 

acctittatgt 

D NO 7 
H: 2470 
PRT 

51 

atacattgcc 

attgactgtc 

tgttittctgt 

toacttaaaa. 

taattacgct 

aagtatatgg 

gttaccalaga 

gcgaagaaaa 

caaagacitta 

cggctggact 

agcaatacag 

acccgittaat 

gag caccatg 

tgatgccaga 

caagtatgct 

ttct caccitt 

gaaataaatg 

ct t t cattitt 

alactatat 

aggittagt ct 

gtaggtggca 

gcc at cagtt 

gactatotta 

attggatact 

atgggatata 

atacgatatt 

ataagaacga 

aacaatlatca 

CCC gagatgg 

aatatactica 

aaagaggagg 

gaaataaaat 

ttggtgttta 

aat aggctag 

attgattaat 

tittagtacgg 

tgtaaggttt 

ISM: Saccharomyces cerevisiae 

<4 OO > SEQUENCE: 7 

Met Glu Pro 
1. 

Ala Asn. Asn 

Lieu. Asn. Wall 
35 

Glu Phe Gly 
SO 

Asn Gly Asp 
65 

Lieu. Thir Ser 

Phe Asp Lieu. 

Glin Ala Wall 
115 

Thir Lys Llys 
13 O 

Lieu. Ile Ser 
145 

Arg Lieu Ala 

His Glu Glu Glin Ile 

Asp Met Asp Met Asp 

Asn Met Asn Met Lys 
4 O 

Lieu. Thir Ser Ser Arg 
55 

Val Asn Phe Llys Pro 
70 

Asp Tyr Lys Glu Glu 
85 

Lieu Wal Ser Lieu. Glu 

Ser Asn Asp Ile Asn 
12 O 

Thir Ser Thr Arg Val 
135 

Phe Tyr Ala Tyr Thr 
150 

Gly Tyr Lieu. Arg Gly 
1.65 

Trp Llys Ser 
1O 

Arg Asn Val 
25 

Met Asn Ala 

Phe Asp Gly 

Ile Lieu. Glu 
7s 

Arg Llys Lieu. 
90 

His Glu Lieu. 
105 

Asn Lys Ile 

Gly Ala Val 

Glu Arg Lieu. 
155 

Lieu. Ile Pro 
17O 

US 8,628,922 B2 
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atgat cqaag to atctitt.cc 

taa catat cq 

cgacggalaca 

gaaatacctic 

ttaaaaag.ca 

ttaaagatta 

tggacgc agg 

titt cqaaatc 

alaccgattga 

atgcgttggc 

cagagctaca 

tcc cc.gacta 

tagaga.gcaa. 

acaattgcc.g 

agaaatt citt 

gcgtagalaga 

cgagacgatg 

totttctittg 

Pro 

Ser 

Wall 
6 O 

Ala 

Ser 

Lell 

Lell 
14 O 

Pro 

Ser 

Lell 

Lell 

Arg 
45 

Wall 

Ile 

Ser 

Ile 

Glu 
125 

Ser 

Asn 

Asn 

Luell 

Ala 

Asn 

Ile 

Phe 

Ile 

Glu 
11 O 

Luell 

Ile 

Glu 

Asp 

acctitt.cgat 

ggtacgcggit 

gaacataaaa 

aggctt cact 

tgaaggtggit 

taagatticta 

gcatattgta 

tccaatgact 

acaacgt.ccc 

aaatcatgca 

titatgattitt 

caaatat cag 

aatgtacaat 

Caataataaa. 

agcttitt cog 

tgat caattg 

ttagtgtgac 

Lys Ala 
15 

Pro Asn 

Gly Asp 

Gly Ser 

Arg Glu 
8O 

Ser Luell 
95 

Glu Phe 

Wall His 

Asp Thr 

Thir Ser 
160 

Wall Glu 
17s 

14 O 

2OO 

26 O 

32O 

44 O 

SOO 

560 

74 O 

86 O 

92 O 

98 O 

21OO 

2128 

52 



Wall 

Gly 

Glu 

Pro 
225 

Glu 

Asn 

Ala 

Pro 

Tyr 
3. OS 

Wall 

Phe 

Phe 

Asn 
385 

Lell 

Glu 

Pro 
465 

Glu 

Lell 

Pro 

Asn 
5.45 

Asp 

Ser 

Ile 

Met 

Thir 

Trp 
21 O 

Asp 

Asn 

Ile 

Ser 

Glin 
29 O 

Gly 

Asp 

Met 

Asn 
37 O 

Glu 

Ile 

Asn 
450 

Wall 

Arg 

Wall 

Met 
53 O 

Ile 

Arg 

Glu 

Arg 

Tyr 
195 

Luell 

His 

Trp 

Ile 
27s 

Luell 

Phe 

Glin 

Ile 
355 

Pro 

Luell 

Asp 

Wall 

Glu 
435 

Glu 

Luell 

Pro 

Ile 

Cys 
515 

Glu 

Ser 

Phe 

His 
595 

Luell 
18O 

Thir 

Thir 

Ala 

Pro 

Arg 
26 O 

Thir 

Thir 

Glin 

Glu 

Met 
34 O 

Arg 

Glin 

Glu 

Asp 

Gly 

His 

Ile 

Gly 

Luell 

Pro 
SOO 

Ser 

Ile 

Ile 

Ile 

Ser 

Thir 

Ala 

Ser 

Ala 

Lys 

Tyr 
245 

Ala 

Lell 

Ser 

Wall 

Ile 
3.25 

Cys 

Glu 

Lell 

Ile 

Lys 
4 OS 

Pro 

Asp 

Phe 

Lys 

Ser 
485 

Ser 

Thir 

Pro 

Lell 

Ile 
565 

Lell 

Asp 

Ala 

Asp 

Ser 

His 
23 O 

Lell 

Lell 

Ala 

Glin 

Asn 
310 

Lel 

Lel 

Phe 

Lel 

390 

Asp 

Lell 

Lell 
470 

Asp 

Lell 

Lell 

Ser 

Glin 
550 

Ile 

Wall 

Pro 

53 

Phe 

Thir 
215 

Arg 

Lell 

Arg 

Trp 
295 

Thir 

Phe 

Asn 

Ile 

Ala 
375 

Thir 

Glin 

Ile 

Glin 

Cys 
45.5 

Lell 

Gly 

Ser 

Phe 
535 

Glin 

Glu 

Arg 

Thir 

Wall 
2OO 

Glu 

Ala 

Asp 

Cys 
28O 

Wall 

Luell 

Luell 

Tyr 
360 

Gly 

Asn 

Ile 

Ala 

Thir 
44 O 

Ile 

Asn 

Met 

Pro 

Gly 

Ser 

Thir 

Ala 

Phe 

Wall 
6OO 

Luell 
185 

Glu 

Luell 

Glin 

Pro 
265 

Luell 

Glin 

Glu 

Ile 
345 

Glin 

Ala 

Luell 

Pro 
425 

Gly 

Arg 

Glin 

Lys 
505 

Thir 

Arg 

Gly 

Phe 

Wall 
585 

Arg 

Gly 

Phe 

Asn 

Luell 

Tyr 
250 

His 

Ser 

Arg 

Asp 
330 

Ala 

Ile 

Pro 

Ile 

Phe 

Arg 

Asn 

Glu 
490 

Ile 

Pro 

Glu 

Glu 

Arg 
st O 

Arg 

Glu 

Ser 

Ile 
235 

Luell 

Luell 

Thir 

Luell 

Ile 
315 

Pro 

Wall 

Luell 

Ala 
395 

Ser 

Wall 

Luell 

Ile 

Thir 

ASn 

Phe 

Arg 

Ser 
555 

Met 

Ile 

Luell 

US 8,628,922 B2 
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Lell 

Ile 

Phe 
22O 

Ile 

Asn 

Wall 

Lell 

Ala 
3 OO 

His 

Phe 

Glu 

Pro 

His 

Ile 

Phe 

Ala 
460 

Lell 

Phe 

Asp 

Ile 

Ala 
54 O 

Asn 

Lell 

Wall 

Ala 

Ala 

Lys 

Ser 

Thir 

Ser 

Ile 

Arg 
285 

Thir 

Ala 

Lell 

Asn 

Lell 
365 

Glin 

Gly 

Glin 

Arg 
445 

Wall 

Asp 

Glin 

Glu 

Glin 
525 

Arg 

Asp 

Ala 

Ala 
605 

Wall 
19 O 

Ser 

Ser 

Ala 

Ile 

Arg 
27 O 

Asn 

Ser 

Ser 

Asn 

His 
35. O 

Luell 

Ile 

Ile 

Asp 

Ile 
43 O 

Pro 

Luell 

Ile 

Luell 

Pro 

Glu 

Asp 

Asn 

Luell 
59 O 

Luell 

Pro 

Cys 

Ser 

Luell 

Luell 
255 

Ile 

Arg 

Luell 

Glin 
335 

Ala 

Met 

Pro 

Ile 
415 

Luell 

Luell 

Met 

Luell 
495 

Luell 

Gly 

Trp 

Asn 

Ile 
sts 

Ser 

Thir 

Gly 

Luell 

Lys 

Ala 
24 O 

Asp 

Asp 

Asp 

Glu 

Luell 

Wall 

Ala 

Ser 

Asp 

His 
4 OO 

Ala 

Asp 

Phe 

Gly 

Phe 

Thir 

Asn 

Ser 

Arg 

Asn 
560 

Lys 

Tyr 

Ser 

54 



US 8,628,922 B2 
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Cys Glu Ile Tyr Val Lys Asp Asn. Ile Cys Lys Glin Thir Ser Lieu. His 
610 615 62O 

Ser Lieu. Asn Thr Val Ser Glu Val Lieu. Ser Lys Lieu. Lieu Ala Ile Thr 
625 630 635 64 O 

Ile Ala Asp Pro Lieu. Glin Asp Ile Arg Lieu. Glu Val Lieu Lys Asn Lieu. 
645 650 655 

Asn Pro Cys Phe Asp Pro Glin Lieu Ala Glin Pro Asp Asn Lieu. Arg Lieu 
660 665 67 O 

Lieu. Phe Ile Ala Lieu. His Asp Glu Ser Phe Asn. Ile Glin Ser Val Ala 
675 68O 685 

Met Glu Lieu Val Gly Arg Lieu. Ser Ser Val Asn Pro Ala Tyr Val Ile 
69 O. 695 7 OO 

Pro Ser Ile Arg Lys Ile Lieu. Lieu. Glu Lieu. Lieu. Thir Lys Lieu Lys Phe 
7 Os 71O 71s 72O 

Ser Thr Ser Ser Arg Glu Lys Glu Glu Thir Ala Ser Lieu. Lieu. Cys Thr 
72 73 O 73 

Lieu. Ile Arg Ser Ser Lys Asp Wall Ala Lys Pro Tyr Ile Glu Pro Lieu. 
740 74. 7 O 

Lieu. Asn Val Lieu Lleu Pro Llys Phe Glin Asp Thir Ser Ser Thr Val Ala 
7ss 760 765 

Ser Thr Ala Lieu. Arg Thir Ile Gly Glu Lieu. Ser Val Val Gly Gly Glu 
770 775 78O 

Asp Met Lys Ile Tyr Lieu Lys Asp Lieu. Phe Pro Lieu. Ile Ile Llys Thr 
78s 79 O 79. 8OO 

Phe Glin Asp Glin Ser Asn. Ser Phe Lys Arg Glu Ala Ala Lieu Lys Ala 
805 810 815 

Lieu. Gly Glin Lieu Ala Ala Ser Ser Gly Tyr Val Ile Asp Pro Lieu. Lieu. 
82O 825 83 O 

Asp Tyr Pro Glu Lieu. Lieu. Gly Ile Lieu Val Asn. Ile Lieu Lys Thr Glu 
835 84 O 845 

Asn Ser Glin Asn. Ile Arg Arg Glin Thr Val Thir Lieu. Ile Gly Ile Lieu 
850 855 860 

Gly Ala Ile Asp Pro Tyr Arg Glin Lys Glu Arg Glu Val Thir Ser Thr 
865 87O 87s 88O 

Thir Asp Ile Ser Thr Glu Glin Asn Ala Pro Pro Ile Asp Ile Ala Lieu. 
885 890 895 

Lieu Met Glin Gly Met Ser Pro Ser Asn Asp Glu Tyr Tyr Thr Thr Val 
9 OO 905 91 O 

Val Ile His Cys Lieu Lleu Lys Ile Lieu Lys Asp Pro Ser Lieu. Ser Ser 
915 92 O 925 

Tyr His Thr Ala Val Ile Glin Ala Ile Met His Ile Phe Glin Thr Lieu. 
93 O 935 94 O 

Gly Lieu Lys Cys Val Ser Phe Lieu. Asp Glin Ile Ile Pro Thir Ile Lieu. 
945 950 955 96.O 

Asp Val Met Arg Thr Cys Ser Glin Ser Lieu. Leu Glu Phe Tyr Phe Glin 
965 97O 97. 

Glin Lieu. Cys Ser Lieu. Ile Ile Ile Val Arg Glin His Ile Arg Pro His 
98O 985 99 O 

Val Asp Ser Ile Phe Glin Ala Ile Lys Asp Phe Ser Ser Wall Ala Lys 
995 1OOO 1005 

Lieu. Glin Ile Thr Lieu Val Ser Val Ile Glu Ala Ile Ser Lys Ala 
1010 1015 1 O2O 

Lieu. Glu Gly Glu Phe Lys Arg Lieu Val Pro Lieu. Thir Lieu. Thir Lieu. 



Phe 

Ser 

Wall 

Thir 

Glu 

Ala 

Glin 

Pro 

Trp 

Lell 

Glin 

Ala 

Ile 

Asn 

His 

Glu 

Arg 

Ser 
22O 

Glu 
235 

Ser 
250 

Pro 
265 

28O 

295 

310 

Luell 
3.25 

Glu 
415 

Wall 

Arg 

Thir 

Lell 

His 

Ser 

Gly 

Met 

Arg 

Asn 

Ala 

Ala 

Trp 

His 

Lell 

Glu 

Ile 

Lell 

Pro 

Ala 

Glu 

Glin 

Glin 

Lell 

Ile 

Wall 

Ser 

Ser 

Ala 

Ser 

Thir 

Ile 

Thir 

Gly 

Trp 

Ser 

Ala 

Ala 

Lell 

Ala 

Lell 

Ile 

Pro 

Lell 

Glin 

Glu 

Ala 

Luell 

Luell 

His 

Gly 

Luell 

Wall 

Ser 

Luell 

Thir 

Wall 

Asn 

Luell 

Luell 

Asn 

Pro 

Ala 

Glu 

Asn 

His 

Arg 

Gly 

Glu 

Arg 

Luell 

Asn 

Asp 

Luell 

Ile 

Phe 

His 

Asn 

Asp 

Ala 

Ser 

Arg 

Arg 

Glu 

Ser 

Ser 

Luell 

Thir 

Asn 

Glin 

His 

Trp 

Asp 

57 

Asn 
O45 

Luell 
O6 O 

Luell 
O9 O 

Ser 
225 

Luell 
24 O 

255 

Luell 
27 O 

Glin 
285 

Ser 

315 

Glin 
33 O 

345 

Ser 
360 

375 

Ser 
390 

Glu 
405 

Asp 

Luell 

Thir 

Glin 

Asp 

Wall 

Asn 

Ile 

Glin 

Asp 

Luell 

Glin 

Ser 

Phe 

Pro 

Glu 

Ser 

Luell 

Thir 

Asp 

Luell 

Asp 

Ser 

Glu 

Pro 

Arg 

Luell 

Luell 

Thir 

Phe 

His 

Wall 

Pro 

Pro 

Glin 

Ile 

Ser 

Asn 

Glin 

Luell 

Phe 

Luell 

His 

Ile 

Ala 

Glin 

Ala 

Wall 

Ser 

Ser 

Ser 

Phe 

Ser 

Luell 

Ile 

Thir 

Luell 

Ala 

Ile 

Arg 

Glin 

ASn 

Thir 

Glu 

ASn 

Met 

Gly 

Glu 

Ala 

Luell 

Luell 

Ser 

US 8,628,922 B2 

Ser 

Phe 

Ile 

Ala 

Glu 

Ser 

Ser 

Pro 

Ile 

Pro 

Glu 

Asn 

Thir 

Lell 

Lell 

Ala 

Asp 

Pro 

Glu 

Glu 

Ser 

Ile 

His 

Wall 

- Continued 

Lell 
245 

Ala 
26 O 

Phe 
27s 

Lell 
29 O 

Pro 
305 

yr 
335 

Glu 
350 

Lell 
365 

Glu 
395 

Ala 
41 O 

425 

Lys 

Pro 

Glin 

Ile 

Ser 

Thir 

Luell 

Ile 

Asp 

Met 

Ser 

Glu 

Ser 

Ala 

Ile 

Glu 

Asp 

Ala 

Ile 

Ile 

Ile 

Thir 

Luell 

Wall 

Asn 

Met 

Thir 

Ser 

Ser 

Lell 

Asn 

Asp 

Ile 

Glu 

Wall 

Asp 

Glu 

Met 

Glu 

Ile 

Asp 

Glu 

Ser 

Lell 

Trp 

Asn 

Gly 

Lell 

Lell 

Ala 

Ile 

Arg 

Asp 

Ile 

Glu 

Lell 

Lell 

Ala 

Lell 

Trp 

Ser 

Wall 

Ser 

His 

Arg 

Phe 

Ile 

Phe 

Glu 

58 



Met 

Lell 

Lell 

Trp 

Pro 

Ala 

Glu 

Wall 

Asn 

Lell 

Arg 

Ile 

Gly 

Asn 

Pro 

Thir 

Phe 

Asn 

Ile 

Wall 

Arg 
43 O 

Luell 
610 

Asn 
625 

Ser 
64 O 

rp 
655 

Phe 
670 

Met 
685 

yr 
7 OO 

Glin 
71s 

Asn 
73 O 

74. 

Phe 

Pro 
82O 

Ser 

Ala 

Ala 

Met 

Asp 

Thir 

Ser 

Ile 

Wall 

Met 

Ala 

Thir 

Ile 

Wall 

Gly 

Pro 

Glu 

Arg 

Gly 

Ala 

Lell 

Arg 

Pro 

Lell 

Glu 

Asn 

Glu 

Wall 

Glin 

Asp 

Pro 

Arg 

Lell 

Pro 

Thir 

Ser 

Ala 

Glu 

Glu 

Asp 

Asn 

Wall 

Asn 

Ile 

Asn 

Ile 

His 

Luell 

Asp 

Phe 

Ala 

Ile 

Ile 

Asn 

Luell 

Luell 

Pro 

Gly 

Arg 

Glin 

Glu 

Trp 

Ala 

Trp 

Ile 

Asp 

Asp 

Arg 

Ala 

Trp 

Ala 

Glu 

Phe 

Ser 

Ser 

Wall 

Luell 

Trp 

Glin 

Ser 

Glu 

Pro 

Ala 

Luell 

Ser 

Tyr 

Arg 

Ile 

Ser 

Asp 

Gly 

Gly 

Glin 
555 

rp 
st O 

Pro 
645 

yr 
660 

Ser 
79. 

Pro 
810 

Phe 
825 

Ala 

Wall 

Gly 

Ile 

Ala 

His 

Luell 

Thir 

Luell 

Thir 

Arg 

Luell 

Arg 

Gly 

Wall 

Lys 

His 

Lys 

Ala 

Gly 

Ala 

Wall 

Asp 

Ile 

Luell 

Phe 

Glu 

Ser 

Ala 

Ser 

Ile 

Ile 

Ile 

Glin 

Pro 

Wall 

Glin 

Met 

Thir 

Wall 

Glu 

Asp 

Luell 

Luell 

Thir 

Ser 

Trp 

Glin 

Asp 

Luell 

Glu 

His 

Trp 

Arg 

Wall 

Luell 

Luell 

ASn 

Ile 

Pro 

Arg 

Luell 

Ile 

Arg 

Ile 

Ala 

Luell 

Ser 

Luell 

Glin 

His 

Glu 

Thir 

Gly 

Luell 

Ser 
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Glu 

Lell 

Met 

Tyr 

Asn 

Glu 

Ile 

Asn 

Lell 

Arg 

Trp 

Lell 

Lell 

Ala 

Lell 

Gly 

Ser 

Ala 

Pro 

Lell 

Asn 

Glu 

Ala 

Ser 

Ile 

Ile 

- Continued 

Glin 
44 O 

Glin 
45.5 

Lell 
SOO 

Ala 
515 

53 O 

545 

560 

Lell 
sts 

le 
590 

le 
605 

Ala 
62O 

Wall 
635 

Glin 
650 

Asn 
665 

Lell 
68O 

Ala 
695 

Asn 
72 

Lell 
74 O 

rp 

770 

Wall 

Glin 
815 

83 O 

Lieu. Ser Glin 

Thir 

Ser 

Pro 

His 

Arg 

Glu 

Glu 

Gly 

Arg 

ASn 

Luell 

His 

Asp 

Ser 

Trp 

Ala 

Ala 

ASn 

Ser 

Arg 

Luell 

Lys 

Gly 

Asp 

Asn 

Phe 

Ser 

Phe 

Glin 

Lell 

Pro 

Thir 

Phe 

Arg 

Thir 

Lell 

Lell 

Asn 

Lell 

His 

Lell 

Lys 

Glu 

Ser 

Asn 

Lell 

Arg 

Glu 

Glin 

Lell 

Ala 

Ala 

Ile 

Ile 

Asn 

Ala 

Lell 

Asn 

His 

Ala 

Asn 

Asp 

Thir 

Wall 

Glu 

60 



Thir 

Asn 

Phe 

Lell 

Arg 

Ser 

Ile 

Glu 

Met 

Pro 

Asp 

Wall 

Asp 

Glu 

Arg 

Glin 

Lell 

Asp 

Ala 

Asn 

Ala 

Phe 

Ser 
835 

Phe 
850 

Asn 
865 

Phe 
985 

Glin 
2OOO 

Luell 
2015 

Phe 
2O45 

Luell 
2O60 

Luell 
2O75 

Pro 
221 O 

Thir 

Gly 

Lell 

Ser 

Ser 

Wall 

Wall 

Ala 

Ser 

Thir 

Asn 

Ile 

Arg 

Glin 

Ala 

Ala 

Pro 

Met 

Glu 

Pro 

Asp 

Ile 

Asp 

Lell 

Gly 

Met 

Arg 

Lell 

Pro 

Ala 

Lell 

Ala 

Ser 

Thir 

Lell 

Asp 

Asn 

His 

Wall 

Arg 

Wall 

Glin 

Lell 

Thir 

Pro 

Ala 

Glin 

Ile 

Ile 

Luell 

Luell 

Ala 

Wall 

Wall 

Arg 

Luell 

Ser 

Ala 

Asn 

Ile 

Wall 

Phe 

Lel 

Lel 

Phe 

Ser 

Phe 

Luell 

Glu 

Luell 

Asp 

Ile 

His 

Ser 

Thir 

Luell 

Asn 

Luell 

Glin 

Glu 

Glu 

Tyr 

Luell 

Thir 

Ser 

Gly 

Glu 

Phe 

Phe 

His 

Asn 

Asn 

Asp 

61 

84 O 

Glu 
855 

Glu 
87 O 

Glin 
885 

Ser 
93 O 

Glin 
945 

rp 
96.O 

Phe 
97. 

Pro 
990 

Wall 
2005 

Asn 
2O35 

Arg 
2OSO 

Pro 
2O65 

Thir 
2O8 O 

Pro 
2095 

Luell 
2215 

Asn 

Luell 

Wall 

Asn 

Pro 

Luell 

Ala 

Ile 

Ala 

His 

Phe 

Luell 

Ser 

Trp 

Glin 

Glin 

Glin 

Luell 

Ile 

His 

Luell 

His 

Ser 

Luell 

Glu 

Thir 

Thir 

Arg 

Ser 

Trp 

Asp 

Gly 

Ile 

Ile 

Glu 

Glu 

Wall 

His 

Phe 

Luell 

Ala 

Ile 

Luell 

Phe 

Phe 

Glu 

Wall 

Luell 

Gly 

Ile 

His 

Luell 

Luell 

Glin 

Luell 

Pro 

Lys 

Glu 

Luell 

Luell 

Glu 

Glin 

ASn 

Trp 

Pro 

Luell 

Pro 

Ser 

Gly 

Asp 

ASn 

Asp 

Luell 

Arg 

Trp 

Luell 

Gly 
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Ser 

Ala 

Glu 

Thir 

Ala 

Ser 

Wall 

Trp 

His 

His 

Asn 

Asp 

Glin 

Ala 

Gly 

Wall 

Ser 

Ile 

Thir 

Ile 

Lell 

Glu 

Wall 

Glin 

Glin 

- Continued 

Thir 
845 

Met 
86 O 

Wall 
87s 

Wall 
890 

905 

Glu 
92 O 

le 
935 

950 

yr 
965 

Asn 
98 O 

Lell 
995 

Ser 
2010 

Tyr 
2O25 

Ile 
2O4. O 

Lell 
2O55 

Thir 
2. Of O 

Lys 
2O85 

Met 
22O5 

Lys 
222 O 

Asp 

Luell 

Luell 

Ser 

Pro 

Ser 

Arg 

His 

Glu 

Ile 

Gly 

Phe 

Glin 

His 

Pro 

Ser 

Gly 

Glin 

Luell 

Glin 

Trp 

Arg 

Luell 

Ile 

Luell 

Lell 

Glu 

Pro 

Asn 

Glin 

Wall 

Ile 

Glu 

Gly 

Glu 

Asn 

Gly 

Thir 

Asp 

Thir 

Ser 

Tyr 

Wall 

Asp 

Glin 

Glu 

Tyr 

Phe 

Gly 

Glin 

Ser 

Ala 

Ser 

His 

Lell 

Lell 

Glu 

Arg 

Ser 

Asn 

Lell 

Lell 

Ile 

Asp 

Ser 

Asn 

Pro 

Pro 

Ala 

Met 

Wall 

62 



Ile 

Arg 

Asp 

Phe 

Phe 

Ile 

Lell 

Ala 

Ser 

Asn 

Met 

Ile 

Lell 

Ile 

< 4 OOs 

2225 

Luell 
224 O 

Thir 
2255 

Ile 
2270 

Arg 
2285 

Glu 
23 OO 

Arg 
2315 

Glu 
233 O 

Arg 
2345 

Luell 
2360 

Luell 
2375 

Glu 
23.90 

Met 
24 O5 

Luell 
242O 

Lys 
2435 

Ile 
2450 

Gly 
24 65 

Trp Lieu Lys 

Thr Tyr Thr 

Lieu. Gly Lieu. 

Ile Thr Gly 

Ala Ala Ile 

Lieu. Thir Arg 

Gly Ser Phe 

Asp Asn Lys 

Asp Pro Lieu. 

Thir Glu Glin 

Lieu. Lieu. Arg 

Glu Ala Glu 

Val Lieu. Arg 

Arg Phe Asn 

Glin Glin Ala 

Trp. Cys Pro 

SEQ ID NO 8 
LENGTH: 7413 
TYPE: DNA 

ORGANISM: Saccharomyces cerevisiae 

SEQUENCE: 8 

atggaaccgc atgaggagca 

atggacatgg atagaaatgt 

atgaatgcga gcaggaacgg 

gtgattggca gtaatgggga 

ttaaccagtg attacaagga 

gtat cottgg alacatgaatt 

aataagattt tagctggit 

tccatagaca ctittgattitc 

cgactggctg gttacctt.cg 

gctgcaaaga citctgggcaa. 

gaatttgaga taaagttcttg 

63 

223 O 

Ser Arg Ser 
2.245 

Arg Ser Lieu. 
226 O 

Gly Asp Arg 
2275 

Llys Val Ile 
229 O 

Lieu. Arg Glu 
23 OS 

Met Lieu. Thir 
232O 

Arg Ile Thr 
2335 

Glu Ser Lieu. 
2350 

Ile His Trp 
23.65 

Thr Gly Ile 
238O 

Lys Gly Ala 
23.95 

Glin Glin Asn 
241. O 

Arg Ile Thr 
24.25 

Glu Lieu. Asp 
244 O 

Thir Ser Ile 
2455 

Phe Trp 
2470 

gatttggaag 

gcc.gttggca 

ggatgaattic 

tgtaaattitt 

ggaacgaaaa 

gtcgatagaa 

CCatacaaaa. 

attctacgca 

agggctaata 

gttagc.cgtt 

Cttagaatgg 

US 8,628,922 B2 

Ser Glu. Thir 

Ala Wal Met 

His Pro Ser 

His Ile Asp 

Lys Tyr Pro 

Tyr Ala Met 

Cys Glu Asn 

Met Ala Ile 

Gly Phe Asp 

Pro Leul Pro 

Ile Thir Wall 

Glu Thir Arg 

Asp Llys Lieu. 

Wall Pro Glu 

Glu Arg Lieu. 

- Continued 

2235 

Trp 
225 O 

Ser 
2265 

Asn 
228O 

Phe 
2295 

Glu 
2310 

Glu 
2325 

Wall 
234 O 

Lell 
2355 

Lell 
2370 

Lell 
23.85 

Glu 
24 OO 

Asn 
24.15 

Thir 
243 O 

Glin 
2445 

Cys 
246 O 

Luell 

Met 

Luell 

Gly 

Wall 

Met 

Glu 

Pro 

Ile 

Glu 

Ala 

Gly 

Wall 

Glin 

agtaaactitt taaag.cggc 

ccgaatctgaatgtgaatat 

ggtctgactt Ctagtaggitt 

aagcc cattt toggagaaaat 

ttggc.cagta titt cattatt 

gagttcCaag cagtttcaaa 

aaaacgagca Ctaggg tagg 

tat actgaaa gottgcc taa 

CCttctaatg atgtagaggit 

c caggaggta catatacct c 

citt actgcct c cacggaaaa 

Glu Arg 

Thr Gly 

Met Leu. 

Asp Cys 

Wall Pro 

Ser Gly 

Arg Val 

Ala Phe 

Pro Glin 

Asn. Pro 

Ala Ala 

Arg Ala 

Asn Asp 

Asp Llys 

His Tyr 

taacaacgat 

gaacatgaaa 

tgatggagtg 

titt cog.cgaa 

tgatc tact a 

tgacataaac 

ggctgttcta 

cgaaact tca 

catgagactic 

tgattitcgtg 

gaatt catt c 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

64 









His 

Phe 
65 

Ile 

Phe 

Ile 

Ser 

Thir 
145 

Phe 

Arg 

Glu 

Ser 

Lys 
225 

Phe 

Lell 

Asp 
3. OS 

Asp 

Gly 

Lell 

Tyr 
385 

Ser 

Wall 

Ser 

Ser 

His 
SO 

Luell 

Met 
13 O 

Ile 

Ser 

Luell 

Thir 
21 O 

Ile 

Trp 

Pro 

Ile 

Pro 
29 O 

Luell 

Ser 

Glu 

Luell 

Asn 
37 O 

Luell 

Glu 

Ser 

Ile 

Ile 
450 

Wall 
35 

Glu 

Gly 

His 

Ala 
115 

Glu 

Phe 

Arg 

Pro 

Tyr 
195 

Asn 

Asn 

Glin 

Asn 

Wall 

Gly 

Ser 

Phe 

Pro 
355 

Gly 

Asn 

Asn 

His 

Ser 
435 

Ser 

Pro 

Ile 

Ile 

Glu 

Arg 

Met 

His 

Asp 
18O 

Gly 

Arg 

Glin 

Phe 

Ala 
26 O 

His 

Luell 

His 

Asn 
34 O 

Ser 

Ser 

Met 

Gly 

Lys 

Gly 

Glin 

Lys 

Asn 

Trp 

Phe 
85 

Asp 

Tyr 

Arg 

Ser 

Ser 
1.65 

Lys 

Ala 

Glin 

Asn 

Ile 
245 

Lys 

Thir 

Glin 

Asp 

Lys 
3.25 

Ser 

Wall 

Asn 

Lys 

Lys 
4 OS 

Gly 

Gly 

Glu 

Glu 

Ser 

Asn 
70 

Gly 

Trp 

Asp 

Ser 
150 

Met 

Lell 

Thir 

Lell 
23 O 

Ile 

Glu 

Wall 

Asn 

Ile 
310 

Thir 

Lell 

Arg 

Asn 
390 

Wall 

Thir 

Glin 

Glu 

71 

Gly 
55 

His 

Ile 

Ile 

Asp 

Gly 
135 

Ile 

Ser 

Phe 

Asn 

Gly 
215 

Ala 

Asn 

Wall 

Phe 

Asn 
295 

Glu 

Glin 

Wall 

Lys 
375 

Pro 

Wall 

Trp 

Wall 
45.5 

Phe 
4 O 

Ala 

Ser 

Asn 

Gly 

Asp 
12 O 

Luell 

Luell 

Glin 

Ser 

Thir 

Phe 

Gly 

Glin 

Ser 

Glu 
28O 

Ser 

Asp 

Glin 

Asp 

Luell 
360 

Luell 

Asp 

Asn 

Phe 
44 O 

Luell 

Luell 

Thir 

His 

Ser 

Asn 
105 

Wall 

Ser 

Glin 

Ile 

Cys 
185 

Ile 

Ile 

Arg 
265 

Gly 

Luell 

Ala 
345 

Glin 

Asp 

Ser 

Ile 

Glu 
425 

Asn 

Phe 

Phe 

Asn 
90 

Ile 

His 
17O 

Ala 

Glin 

Ser 

His 
250 

Ala 

Ser 

Thir 

Lys 
330 

Ile 

Luell 

Asp 

Thir 

Ile 

Gly 

Phe 

Glu 

Thir 

Met 

Luell 

ASn 

Asp 

Thir 

Luell 

Luell 
155 

Ser 

Luell 

Ala 

Luell 

Glin 
235 

Glin 

ASn 

Luell 

Thir 

Lys 
315 

Asp 

Phe 

Lys 
395 

His 

ASn 

Glin 

US 8,628,922 B2 
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Met 

Cys 
6 O 

Ser 

Gly 

Lell 

Ile 
14 O 

Ile 

Asn 

Asp 

Ser 

Lell 

Glin 

Ser 

Asn 

Glu 

Ile 
3 OO 

Lell 

Phe 

Glin 

Arg 

Ile 

Glu 

Glu 

Asp 

Ala 
460 

Lys 
45 

Lell 

His 

Lell 

Ile 

Thir 
125 

Asn 

His 

Asn 

Ser 
2O5 

Thir 

Asp 

Ser 
285 

Asp 

Asn 

Lell 

Phe 
365 

Glu 

Lell 

Ile 

Ser 
445 

Cys 

Glin 

Ser 

Luell 

Asn 
11 O 

Met 

Met 

Asn 

Ile 
19 O 

Ser 

Ala 

Wall 

Glin 
27 O 

Ser 

Pro 

Glu 

Gly 
35. O 

Glu 

Phe 

Asp 

Ile 

Ala 
43 O 

Met 

Luell 

Gly 

Phe 
95 

Asp 

Wall 

Gly 

Pro 

Lys 
17s 

Wall 

Ser 

Ala 

His 

Luell 
255 

Ile 

Phe 

His 
335 

Ile 

His 

Pro 

Gly 
415 

Phe 

Wall 

Luell 

Thir 

Gly 

Glin 

Cys 

Ala 

Pro 

Ser 

Tyr 
160 

Wall 

His 

Thir 

Trp 

Glu 
24 O 

Asp 

Glu 

Wall 

Luell 

Luell 

Cys 

His 

Luell 

Thir 

His 
4 OO 

Ile 

Cys 

Ser 

Phe 

72 
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- Continued 

Tyr Thir Ile Arg Glin Val Asn 
465 470 

<210s, SEQ ID NO 10 
&211s LENGTH: 1416 
&212s. TYPE: DNA 

<213> ORGANISM: Saccharomyces cerevisiae 

<4 OOs, SEQUENCE: 10 

atgagcattt gtcCacat at acagdaagta titt Cagaatgaaaagtictaa agatggggitt 6 O 

ctaaaaacgt gcaatgctgc caggtatata ttaaatcatt ccgtacccaa goaaaaattic 12 O 

ttaalacacca tdaaatgtgg tacatgccac gaaataaact citggtgcaac titt catgtgt 18O 

ctacaatgtg gattttgtgg atgttggaac catt.cgcatt ttct citctica cagtaaa.ca.g 24 O 

attggit caca tatttggitat caact caaat aatggcc titt tattittgctt caaatgtgag 3OO 

gactatatag ggaat atcga t ctgattaac gatgctatcc tagcgaagta ttgggacgac 360 

gtgtgcacaa agaccatggit toctagdatg gaaagaagag atgggctitt C tecCtgat C 42O 

aacatgggat coacttgttt catgagtagt attct coaat gtctaatcca taacccttac 48O 

tittattaggc act caatgag toaaattcat tctaataatt gtaaagtgcg ttct c cagat 54 O 

aaatgtttitt catgtgcact cqataaaatt gttcatgaac tittatggagc gctgaataca 6OO 

aagcaa.gctt citt cqt catc tacatctact aatcggcaaa ccggatt cat at atcttitta 660 

acttgttgcct ggaaaatcaa totaaaatcta gcaggg tatt cacaacaaga tigct catgaa 72 O 

ttttggcagt ttataattaa ccaaatccac caaagctatgttcttgattit gccaaatgcc 78O 

aaggaagt ca gcagagcaaa taataagcag titgaatgca tagtgcatac ttgtttgag 84 O 

ggct cottgg aaagttct at tdtgttgtcca ggctgtcaaa ataattcaaa gacaaccatt 9 OO 

gatc cattct tdgatctittc. tctggatat c aaggataaga aaaaactitta togaatgtc.tt 96.O 

gacagttt Co. ataaaaaaga acagttgaag gatttcaact at Cattgttgg ggagtgtaac 1 O2O 

agcact caag atgcaataaa goaac taggc atacacaaat taccatcggit tttggittittg 108 O 

caattgaaaa gatt.cgaaca cct acttaat gigaagtaiaca gaaaactaga cqattittatt 114 O 

gaattitccaa cittatttaaa tatgaaaaat tactgttcaa cqaaggaaaa agataagcat 12 OO 

tctgaaaatg gcaaggttcc agacattatt tacga attaa togg tattgt titc.ccacaag 126 O 

gggacggitta atgagggaca ttatattgca ttttgtaaaa tittctggagg gcaatggittt 132O 

aaattcaatig attic catggit citcctictata t ct caagaag aggttittaaa gogaac aggca 1380 

tatttatt at tctacaccat t cqtcaagta aattga 1416 

<210s, SEQ ID NO 11 
&211s LENGTH: 1332 
212. TYPE: PRT 

<213> ORGANISM: Saccharomyces cerevisiae 

<4 OOs, SEQUENCE: 11 

Met Thr Glu Arg Ile Pro Ile Lys Asn Tyr Glin Arg Thr Asn Ala Lys 
1. 5 1O 15 

Ala Lieu. Lieu Lys Lieu. Thr Glu Lys Lieu. Phe Asn Lys Asn. Phe Phe Asp 
2O 25 3O 

Lieu. Tyr Lieu. Thir Ser Glin Gln Lieu Val Val Lieu. Glu Tyr Lieu. Lieu. Ser 
35 4 O 45 

Ile Ser Ser Glu Glu Asp Llys Lieu Lys Ala Trp Asp Tyr Phe Lieu Lys 
SO 55 6 O 



Gly 
65 

Glu 

Asp 

Thir 

Gly 

Ser 
145 

Ile 

Arg 

Wall 

Asn 
225 

Glu 

Asp 

Asp 

Lell 

Asn 
3. OS 

Arg 

Glu 

Glu 

Asn 
385 

His 

Asp 

Pro 
465 

Ile 

Asn 

Glu 

Wall 

Ser 

Asp 
13 O 

Asp 

Glin 

Arg 

Asn 

Glu 
21 O 

Asp 

Pro 

Asp 

Ser 
29 O 

Luell 

Arg 

Asn 

Gly 
37 O 

Luell 

Luell 

Trp 

Glu 
450 

Phe 

Ile 

Ile 

His 

Ser 

Ile 
115 

Asn 

Asn 

Glin 

Glu 
195 

Glu 

Glu 

Glu 

Pro 

Glu 

Ile 

Ser 

Thir 
355 

Ser 

Asp 

Luell 

Glu 

Thir 
435 

Luell 

Ala 

His 

Ser 

Ser 

Ala 

Wall 

Ile 

Wall 
18O 

Phe 

Gly 

Asn 

Lys 
26 O 

Arg 

Luell 

Luell 

Arg 
34 O 

Asn 

Thir 

Luell 

Ser 

Luell 

Ser 

Wall 

Asn 

Lell 

Gly 
85 

Glin 

Asn 

Ile 

Glu 

Ser 
1.65 

Lell 

Gly 

Glu 

Ile 

Tyr 
245 

Asn 

Arg 

Lys 

His 

Glu 
3.25 

Ser 

Asp 

Phe 

Thir 

Ser 
4 OS 

Lys 

Asp 

Wall 

Lys 

Ser 
485 

Asn 
70 

Ala 

Thir 

Glu 

Ala 

Glu 
150 

Gly 

Trp 

Asp 

Glu 

Ser 
23 O 

Asp 

Lell 

Lell 

Thir 

Ser 
310 

Glu 

Asp 

Glu 

Ser 

Wall 
390 

Ile 

His 

Glu 

Lell 

Wall 
470 

Met 

75 

Wall 

Wall 

Ile 

Asn 

Asn 
135 

Asp 

Thir 

Glin 

Glu 

Glu 
215 

Glu 

Asp 

Wall 

Asn 
295 

Phe 

Ser 

Lell 

Pro 

Asp 
375 

Asn 

Glin 

Lell 

Arg 

Glu 
45.5 

Ser 

Asp 

Glu 

Ser 

His 
12 O 

Glu 

Luell 

Arg 

Asn 

Glu 

Phe 

Asp 

Ser 

Luell 

Asn 

Glu 

Asp 

Glu 

Asp 
360 

Thir 

Luell 

Glin 

Ile 

Ile 
44 O 

Luell 

Luell 

Pro 

Asp 
105 

Wall 

Asp 

Phe 

Phe 

Ala 
185 

Asp 

Ile 

Ala 

Ser 

Ile 
265 

Asn 

Wall 

Ala 
345 

Thir 

Gly 

Gly 

Met 
425 

Gly 

Arg 

Arg 

Asn 

Ser 

Ala 
90 

Asn 

Glu 

Asn 

Ile 
17O 

Ile 

Thir 

Gly 

Glu 

Thir 
250 

Ser 

Ile 

Glu 

Asp 

Met 
330 

Ala 

Asn 

Asn 

Ile 

Lys 

Asp 

Glin 

Asn 

Glu 

Thir 
490 

Phe 

Wall 

ASn 

ASn 

Phe 

Luell 
155 

Gly 

Asp 

Glu 

Asp 
235 

Asp 

Ser 

Ser 

Glu 

Lys 
315 

Ile 

Thir 

Glin 

Glu 
395 

Ser 

Wall 

Glu 

Ala 
47s 

Wall 

US 8,628,922 B2 
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Pro 

Asp 

Asn 

Glu 

Wall 
14 O 

Asp 

Asn 

Asn 
22O 

Glu 

Wall 

Ser 

Ile 

Ile 
3 OO 

Glu 

Glu 

Asp 

Arg 
38O 

Asn 

Glin 

Arg 

Glu 

Thir 
460 

Pro 

Lell 

Lell 

Thir 

Thir 

Ile 
125 

Asn 

Lell 

Lell 

Ile 

Thir 

Glu 

Asp 

Asn 

Ser 
285 

Met 

Thir 

Glu 

Lel 

365 

Lel 

Lel 

Lel 

445 

Glu 

Asn 

Thir 

Arg 

Asn 
11 O 

Glu 

Asn 

Glu 

Ser 

Tyr 
19 O 

Luell 

Asn 

Ile 
27 O 

Gly 

Met 

Gly 

Glin 
35. O 

Pro 

Ser 

Gly 

Asn 
43 O 

His 

Glin 

Ser 
95 

Thir 

Asp 

Asp 

Asp 

Luell 
17s 

Luell 

Pro 

Asp 

Wall 
255 

Glu 

Glu 

Asn 

Ile 

Lys 
335 

Asp 

Thir 

Glin 

Luell 

Ile 
415 

Arg 

Glu 

Ser 

His 

Luell 
495 

Glu 
8O 

Asp 

Asn 

Glu 

Luell 
160 

Asp 

Asp 

Glin 

Asp 
24 O 

Asp 

Ile 

Thir 

Trp 

Lys 

Arg 

Pro 

Ser 

Lys 
4 OO 

Ser 

Ser 

Ala 

Thir 

Glin 
48O 

76 



Ser 

Ile 

Arg 

Met 
5.45 

Ile 

Glu 

Lell 

Wall 

Pro 
625 

Wall 

Glu 

Asp 
7 Os 

Trp 

Thir 

Lell 

Tyr 

Asn 

Asp 

Ala 

Lell 

Gly 
865 

Arg 

Glin 

Phe 

Trp 

Gly 
53 O 

Ile 

Glu 

Wall 

Ala 

Lys 
610 

Glu 

His 

Glu 

Asp 

Thir 
69 O. 

Asp 

Luell 

Glu 

Lys 
770 

Ser 

Asp 

Phe 

Glin 
850 

Wall 

Met 

Asp 

Glin 

Glin 

Lys 
515 

His 

Pro 

Asp 

Ala 

Lys 
595 

Asp 

Gly 

Glu 

Glin 

Ala 
675 

Ala 

Asp 

Luell 

Thir 

Tyr 

Asn 

Glu 

Ile 

Glin 

Glu 
835 

Glu 

Asn 

Luell 

Luell 

Ile 

Tyr 
SOO 

Asn 

Ala 

Asn 

Met 

Gly 

Glu 

Glu 

Glu 

Asn 

Asp 
660 

Asp 

Glu 

Asp 

Glu 

Wall 
740 

Phe 

Pro 

Glin 

Met 

Luell 
82O 

Thir 

Glin 

Gly 
9 OO 

Arg 

Asp 

Cys 

Ile 

Ile 

Glu 
565 

Ser 

Asn 

Ala 

Lys 

Wall 
645 

Met 

Ala 

Asn 

Glu 

Lys 
72 

Thir 

Lys 

Glin 

Lys 

Lys 
805 

Glin 

Glin 

Asp 

Lys 

Asn 
885 

Lell 

His 

Ser 

Lell 

Ala 

Thir 
550 

Gly 

Gly 

Pro 

Glu 
630 

Asn 

Wall 

Ala 

Asp 

Asp 

Ala 

Asn 

Arg 

Ala 
79 O 

Asn 

Phe 

Pro 

Ile 

Thir 

Gly 

Thir 

Ile 

77 

Thir 

Met 
535 

Ile 

Asp 

Arg 

Thir 
615 

Glu 

Glu 
695 

Glu 

Asp 

Gly 

Met 
775 

Lell 

Gly 

His 

Asn 

Ser 
855 

Lell 

Ile 

Pro 

Glin 

Tyr 
52O 

Glin 

Arg 

Wall 

Asn 

Asp 

Asn 

Glu 

Lys 

Ala 

Asp 

Asp 

Wall 

Lys 
760 

Glu 

Phe 

Asn 

Asp 
84 O 

Asn 

Asp 

Asn 

His 

Glu 
505 

Asn 

Asn 

Asp 

Gly 
585 

Ser 

Asp 

Glu 

Ser 
665 

Asp 

Gly 

Glu 

Arg 

Arg 
74. 

Luell 

Arg 

Ser 

Gly 

Asp 
825 

Ile 

Ala 

Met 
905 

Lys 

Phe 

Ser 

Arg 

Tyr 
st O 

Luell 

Glu 

Asp 

Thir 

Ile 
650 

Ser 

Thir 

Glu 

Asp 

Asp 
73 O 

Ala 

Asn 

Phe 

Thir 
810 

His 

Glu 

Ile 

Met 

Glin 
890 

Asn 

Ile 

Wall 

Asp 

Ser 

Ala 
555 

Glu 

ASn 

Ala 
635 

Glu 

ASn 

Met 

Asp 

Glu 

Ser 

Asp 

Arg 
79. 

Wall 

Ser 

Luell 

Pro 

Glu 

Ser 

Glin 

Ser 
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Asp Asp Ile 

Pro 

Lell 
54 O 

Asp 

Lell 

Met 

Asp 

Lell 

Ser 

Glu 

Thir 

Asp 

Asn 
7 OO 

Wall 

Lell 

Ile 

Asp 

Glin 

Glin 

Lell 

Lell 

Asp 

Asp 
860 

Asp 

Arg 

Asn 

Lell 

Ser 
525 

Glin 

Lell 

Asp 

Gly 

Ser 
605 

Thir 

Ser 

Asn 

Glu 

Gly 
685 

Glu 

Asp 

Glu 

Ser 
765 

Lell 

Asn 

Asp 
845 

Ile 

Ala 

Phe 

Ile 

Ile 

His 

Luell 

Glu 

Glu 

Ala 
59 O 

Ser 

Ser 

Thir 

Gly 

Asp 
67 O 

Luell 

Glu 

Ser 

Ile 

Luell 
7 O 

Glu 

Phe 

Ile 

Glin 

Gly 
83 O 

Thir 

Wall 

Ser 

Luell 

Thir 
91 O 

Arg 

Met 

Phe 

Ile 

Glu 
sts 

His 

Wall 

Wall 

Lys 
655 

Ser 

Glin 

Glu 

Glin 

Ser 
73 

Ala 

Luell 

Glu 

Glu 
815 

Asn 

Arg 

Wall 

Ala 
895 

Luell 

Met 

Luell 

Luell 

Arg 

Glu 
560 

Glu 

Met 

Thir 

Ile 

Thir 
64 O 

Asn 

Ser 

Asp 

Glu 

Ser 

Wall 

Phe 

Glu 

Glin 

Asp 

Glu 

Phe 

Glu 

Asp 

Asn 

Ile 

Luell 

78 
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915 92 O 925 

Glin Ser Pro Lieu. Ser Ala Glin Asn. Ser Arg Ser Asn Pro Asn Ala Phe 
93 O 935 94 O 

Lieu. Asn. Asn His Ile Tyr Asn Tyr Thir Ile Ile Asp Asp Ser Lieu. Asp 
945 950 955 96.O 

Ile Asp Pro Val Ser Glin Lieu Pro Thr His Asp Tyr Lys Asn. Asn Arg 
965 97O 97. 

Glu Lieu. Ile Trp Llys Phe Met His Lys Asn. Ile Ser Llys Val Ala Met 
98O 985 99 O 

Ala Asn Gly Phe Glu Thir Ala His Pro Ser Ala Ile Asn Met Lieu. Thr 
995 1OOO 1005 

Glu Ile Ala Gly Asp Tyr Lieu. Ser Asn Lieu. Ile Llys Thr Lieu Lys 
O1O O15 O2O 

Lieu. His His Glu Thir Asn. Ser Lieu. Asn Arg Gly. Thir Asn Val Glu 
O25 O3 O O35 

Met Lieu. Glin Thir Thr Lieu. Lieu. Glu Asn Gly Ile Asn Arg Pro Asp 
O4 O O45 OSO 

Asp Leu Phe Ser Tyr Val Glu Ser Glu Phe Gly Lys Llys Thr Lys 
O55 O6 O O65 

Llys Lieu. Glin Asp Ile Lys Glin Llys Lieu. Glu Ser Phe Lieu. Arg Ala 
Of O O7 O8O 

Lieu. Lieu. Arg Pro Thir Lieu. Glin Glu Lieu. Ser Glu Arg Asn. Phe Glu 
O85 O9 O O95 

Asp Glu Ser Glin Ser Phe Phe Thr Gly Asp Phe Ala Ser Glu Lieu. 

Thr Gly Glu Asp Phe Phe Gly Phe Arg Glu Lieu. Gly Lieu. Glu Lys 

Glu Phe Gly Val Lieu Ser Ser Ser Val Pro Leu Gln Leu Lleu. Thr 

Thr Glin Phe Glin Thr Val Asp Gly Glu Thir Lys Val Glin Ala Lys 

Lys e Glin Pro Glu Glu Ser Asp Ser Ile Val Tyr Lys Lys Ile 

Thir Lys Gly Met Lieu. Asp Ala Gly Ser Phe Trp Asn. Thir Lieu. Lieu. 

Pro Lieu. Lieu. Glin Lys Asp Tyr Glu Arg Ser Lys Ala Tyr Ile Ala 

Lys Glin Ser Lys Ser Ser Ala Asn Asp Llys Thr Ser Met Thir Ser 

Thr Glu Asp Asn. Ser Phe Ala Lieu. Lieu. Glu Glu Asp Glin Phe Val 

Ser Lys Llys Thr Ala Thir Lys Ala Arg Lieu Pro Pro Thr Gly Lys 

Ile Ser Thr Thr Tyr Lys Llys Llys Pro Ile Ala Ser Ala Phe Ile 
250 255 26 O 

Lieu Pro Glu Glu Asp Lieu. Glu Asn Asp Wall Lys Ala Asp Pro Thr 
265 27 O 27s 

Thir Thr Val Asn Ala Lys Val Gly Ala Glu Asn Asp Gly Asp Ser 
28O 285 29 O 

Ser Lieu. Phe Lieu. Arg Thr Pro Glin Pro Lieu. Asp Pro Lieu. Asp Met 
295 3OO 305 

Asp Asp Ala Phe Asp Asp Thr Asn Met Gly Ser Asn. Ser Ser Phe 
310 315 32O 
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gaagaggaag aggatgatga tigacgaagat galagacgaag acatggtca citcc caatct 216 O 

tatt tacttgaaaaggatga catagagac gatttggaaa tat cogtgtg gaaaactgta 222 O 

actgccaaag titcgtgcgga aatttgctta aaaagaactgaat attittaa aaatggaaaa 228O 

ttaaat agtg attcagaggc gtttittgaaa aacccacaaa gaatgaaaag gttcgaccag 234 O 

Ctttitt cittgaatataaaga gcagaaagct ttagaat cat atcgtcaaaa aatagagcaa. 24 OO 

aatticcatta taaaaatgg Ctttggalaca gtact aaaac aggaagacga tigaccalattg 246 O 

cagttt cata atgat cactic tittaaatgga aatgaagctt ttgaaaag.ca acc caatgat 252O 

attgagttag atgataccag attcc tacag gaatatgata ttagtaacgc cattcctgac 2580 

at agtatacg agggagtaaa tactaaaa.ca ttaga caaga tiggaagacgc titc.cgtggac 264 O 

cgcatgcttcaaaatggitat caacaaacaa agcagatttic toggctaacaa gogatttagga 27 OO 

ctaacaccita aaatgalacca aaatat caca citgatticago: aaattagg.ca catatgc cat 276 O 

aaaatat ccc tdatcagaat gttacagagc cctittatcgg citcaaaactic cagaa.gcaat 282O 

cc caacgctt to cittaacaa cca catttat aattacacta ttattgatga ct cactic gat 288O 

attgat Cogg tt cacagct tccaacgcat gattacaaaa acaac aggga gctgatatgg 294 O 

aaatt catgc ataagaac at atctaaggitt gctatggcca atgggtttga aactgcc cat 3 OOO 

c catcagdaa taalacatgct tactgaaatc gcc.ggggatt accitat citaa totgataaag 3 O 6 O 

actittgaagc titcatcatga aacta actico ttaaatagag gaacaaatgt gigaaatgctg 312 O 

caaacaacac togttggaaaa cqgitat caac aggccagacg atc tattitt c ctatttgaa 318O 

tctgaatttg gtaaaaaaac taagaaactt cagga catca aacagaaact agaaagctitt 324 O 

ttgaga.gc.ct tattalaggcc aactittgcag gagttgtc.cg agagaaactt talagacgag 33 OO 

agccaaagct tttittacagg tactittgcc agcga attga Ctggtgaaga Ctt Ctttggit 3360 

tittagaga.gc titggattaga aaaggagttt ggagttittga gttcatctgt t c cattacag 342O 

ttactgacta ct cagttt ca aactgttgac ggggaalacca aagtgcaggc caaaaagat C 3480 

Calaccggaag aat Cagacag cattgttgt at aagaaaatta caaaaggitat gctggatgct 354 O 

ggttcattct ggaatact ct act tcc.ccta ttacaaaaag attatgaacg titccaaggcc 36OO 

tatatagdaa agcaaa.gcaa gttcatctgca aatgataaaa cct caatgac titccacagaa 366 O 

gacaattctt togctt tact agaagaggat cagtttgtct caaagaaaac cqcaacgaag 372 O 

gcaagattac citcc tactgg taagataagt accacataca aaaagaalacc gatcgcaa.gc 378 O 

gcgtttatac titccagaaga agaCttggala aacgacgtaa aag.cggat.cc aacaacaact 384 O 

gtaaacgc.ca aagtgggtgc agaaaatgat ggagatt Ctt CCttatttitt gcgaacgc.ct 3900 

caac ctittag atc ctittgga tatggatgat gcttittgatg ataccaatat giggcagdaat 396 O 

agttcattta gcttgagcct tcc togcc tit aat caataa 3999 

<210s, SEQ ID NO 13 
&211s LENGTH: 6O2 
212. TYPE : PRT 

<213> ORGANISM: Saccharomyces cerevisiae 

<4 OOs, SEQUENCE: 13 

Met Asp Glu Val Asp Asp Ile Lieu. Ile Asn. Asn Glin Val Val Asp Asp 
1. 5 15 

Glu Glu Asp Asp Glu Glu Met Lieu. Ser Gly Lieu. Glu Asn Asp Ser Lys 
25 

Glin Asp Lieu. Glu Gly Asn Asp Asp Gly Gly Glu Asp Glu Glu Asp Asp 
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Asp 

Asp 
65 

Asp 

Ala 

Thir 

Wall 

Gly 
145 

Ala 

His 

Gly 

Glu 

Ser 
225 

Pro 

Glu 

Lell 

Wall 

Gly 
3. OS 

Arg 

Glin 

Ser 

Asn 

Ser 
385 

Glu 

Glin 

Met 

Thir 

Asp 
SO 

Asp 

Ala 

Gly 
13 O 

Glu 

Asp 

Wall 

Gly 

Gly 
21 O 

Ile 

Glin 

Pro 

Phe 

Arg 
29 O 

His 

Phe 

Thir 

Ser 

Wall 
37 O 

Luell 

Pro 

Ile 

Thir 

Glin 
450 

35 

Asp 

Glu 

Thir 

Ala 

Ile 
115 

Ser 

Wall 

Ser 

Asn 

Ser 
195 

Glin 

Ile 

Thir 

Luell 

Gly 

Luell 
355 

Asn 

Phe 

Wall 

Ser 

Ser 
435 

Ser 

Asp 

Glin 

Ala 

Ala 

Gly 

Arg 

Ala 
18O 

Asp 

Luell 

Asn 

Wall 
26 O 

Luell 

Met 

Glin 

Ser 

Asp 
34 O 

Glu 

Ser 

Gly 

Glu 

Glu 

Gly 

Pro 

Glu 

Glu 

Thir 
85 

Gly 

Ser 

Glu 

Glu 

Asn 
1.65 

Lell 

Gly 

Ser 

Ala 

Ser 
245 

Ser 

Ser 

Glu 

Ile 

Gly 
3.25 

Ile 

Met 

Gly 

Asp 

Thir 
4 OS 

Glu 

Lell 

Ala 

Asp 

Asp 
70 

Pro 

Ala 

Glu 

Ala 

Tyr 
150 

Ile 

Ala 

Lell 

Gly 
23 O 

Glu 

Pro 

Gly 

Gly 

Wall 
310 

Ser 

Wall 

Arg 

Glu 
390 

Gly 

Ser 

Asn 

Lell 

85 

Asp 
55 

Asp 

Thir 

Gly 

Asp 

Ser 
135 

Wall 

Ile 

Thir 
215 

Ile 

Met 

Wall 

Lell 

Ser 
295 

Asn 

Trp 

Asn 

Pro 

Glu 
375 

Asp 

Asp 

Lell 

Gly 

Ser 

45.5 

4 O 

Asp 

Asp 

Asn 

Gly 

Wall 
12 O 

Ser 

Pro 

Ser 

Arg 

Ile 

Luell 

His 

Glin 

Ile 

Ile 

Asp 

Glu 

Luell 
360 

Asn 

Glu 

Gly 

Asn 

Ser 
44 O 

Luell 

Asp 

Gly 

Glu 

Ala 
105 

Ser 

His 

Thir 

Arg 
185 

Luell 

Glin 

Luell 

Ser 
265 

Asn 

Ala 

Luell 

Phe 
345 

Glu 

Asp 

Ser 

Ile 
425 

Wall 

Glu 

Asp 

Glu 

His 
90 

Gly 

Luell 

Thir 

Met 

Ala 
17O 

Gly 

Glin 

Ser 

Ser 
250 

Luell 

Gly 

His 

Arg 

Arg 
330 

Ser 

Asn 

Glu 

Asn 

Wall 

His 

Arg 

Glu 

Asp 

Glin 

Asp 

Ser 

His 

Luell 
155 

Ala 

Luell 

Asp 

Tyr 
235 

Ala 

Glu 

Gly 

Luell 
315 

Luell 

Ser 

Ala 

Lys 
395 

Gly 

Ile 

Gly 

US 8,628,922 B2 
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Asp 
6 O 

Asp 

His 

Ser 

Asp 

Glu 
14 O 

Asn 

Ile 

Lell 

His 
22O 

Trp 

Asn 

Wall 

Ile 

Phe 
3 OO 

Asn 

Lell 

Ser 

Wall 

Asp 

Glin 

Glu 

Asp 

Trp 

Ala 
460 

45 

Glu 

Ala 

Asp 

Gly 

Wall 
125 

Ala 

Ala 

Pro 

Lell 
2O5 

Ser 

Glu 

Glin 

Thir 
285 

Gly 

Glu 

Arg 

Asp 
365 

Asp 

Asp 

Glu 

Glu 

Asp 
445 

Gly 

Arg 

Ala 

Glu 

Asp 
11 O 

Asp 

Ser 

Ala 

Ile 

Luell 
19 O 

Asn 

Luell 

Asn 

Thir 

Ser 
27 O 

Met 

Gly 

Glin 

Trp 

Ser 
35. O 

Wall 

Asp 

Ala 

Asn 

Ser 
43 O 

Arg 

Wall 

Glu 

Arg 

Phe 

Thir 

Ala 

Glu 

Asp 
255 

Glu 

Glin 

Arg 

Glu 

Asp 
335 

Glu 

Ser 

Met 

Gly 

Lys 
415 

Wall 

Arg 

Pro 

Asp 

Met 

Wall 

Gly 

Asn 

Ile 
160 

Thir 

Luell 

Luell 

Glu 

Ile 
24 O 

Gly 

Asn 

Asp 

Luell 

Luell 

Gly 

Asp 

Asn 
4 OO 

Glu 

Phe 

Met 

Pro 
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ggcgt.cccac 

gggagalagga 

aatttgaaac 

aagcatttac 

gatgct tcga 

cacggtggta 

agtggcaa.ca 

ttagaatag 

< 4 OOs 

cgtggtgttt 

atgcctgttgt 

tgccttctat 

tatgtgcatc 

att cqactac 

ttatat Caaa. 

gaggctggca 

SEO ID NO 15 
LENGTH: 633 
TYPE : 

ORGANISM: Saccharomyces cerevisiae 
PRT 

SEQUENCE: 15 

89 

gtc.cgcatgt 

ggagcagttt 

ttcagggc ct 

gcgggataat 

aaagagttct 

cittatacctic 

gggga attct 

Met Ser Ser Asn. Asn. Asn. Thir Asn 
1. 

Ser 

Gly 

Gly 

Ser 
65 

Wall 

Glin 

Pro 

Ile 

Glin 
145 

Ile 

Asp 

Ile 

Gly 
225 

Ile 

Ile 

Wall 

His 

Gly 

Ala 
SO 

Phe 

Ala 

Gly 

His 

Met 
13 O 

Arg 

Ile 

Luell 

Ala 

Thir 
21 O 

Luell 

Pro 

Phe 

Asn 

His 

Ser 
35 

His 

Gly 

Luell 

Arg 

Ile 
115 

Wall 

Asp 

Ser 

Asp 
195 

Ser 

Luell 

Wall 

Luell 
27s 

Pro 

5 

His His His His His 

Asn Ser Thir Lieu. Asn 
4 O 

Ile Gly Asn Tyr Glin 
55 

Llys Wall Lys Lieu Ala 
70 

Lys Ile Ile Asn Lys 
85 

Ile Glu Arg Glu Ile 

Ile Llys Lieu. Tyr Asp 
12 O 

Ile Glu Tyr Ala Gly 
135 

Lys Met Ser Glu Glin 
150 

Ala Val Glu Tyr Cys 
1.65 

Pro Glu Asn Lieu. Lieu. 
18O 

Phe Gly Lieu. Ser Asn 

Cys Gly Ser Pro Asn 
215 

Tyr Ala Gly Pro Glu 
23 O 

Val Met Lieu. Cys Arg 
245 

Lieu. Phe Lys Asn. Ile 
26 O 

Ser Pro Gly Ala Ala 

Lieu. Asn Arg Ile Ser 

tggggtgtag 

gactitgaaga 

gtc.tc.ttgtg 

atcagattgt 

aaagtgc.cgt. 

gaccc cactt 

acggacacga 

Thir Ala Pro 
1O 

His His His 
25 

Asn Pro Llys 

Ile Val Lys 

Tyr His Thr 
7s 

Llys Val Lieu. 
90 

Ser Tyr Lieu. 
105 

Val Ile Llys 

Asn. Glu Lieu. 

Glu Ala Arg 
155 

His Arg His 
17O 

Lieu. Asp Glu 
185 

Ile Met Thr 

Tyr Ala Ala 

Val Asp Val 
235 

Arg Lieu Pro 
250 

Ser Asn Gly 
265 

Gly Lieu. Ile 

Ile His Glu 
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atggtgat.ca 

tgc cct cqaa 

ttaaag.c cat 

acaacgttga 

t cct catcgt. 

caagattitat 

c cott attta 

Ala 

His 

Ser 

Thir 
6 O 

Thir 

Ala 

Arg 

Ser 

Phe 
14 O 

Arg 

His 

Asp 

Pro 
22O 

Trp 

Phe 

Wall 

Ile 

Asn 

His 

Ser 
45 

Lell 

Thir 

Lell 

Lys 
125 

Asp 

Phe 

Ile 

Lell 

Gly 

Glu 

Ser 

Asp 

Arg 
285 

Met 

Ala 

His 

Luell 

Gly 

Gly 

Ser 

Luell 
11 O 

Asp 

Phe 

Wall 

Asn 
19 O 

Asn 

Wall 

Asp 

Thir 
27 O 

Met 

Glin 

tgttgtatgca 

accitatcCat 

gcc taataac 

aattgcagta 

gcc.gggc cat 

aataagcaca 

cgatatagac 

Asn. Ser 
15 

Gly His 

Ala Asp 

Glu Gly 

Gln Lys 
8O 

Asp Met 
95 

Arg His 

Glu Ile 

Ile Wall 

Glin Glin 
160 

His Arg 
17s 

Val Lys 

Phe Lieu. 

Ile Ser 

Gly Val 
24 O 

Glu Ser 
255 

Leul Pro 

Lieu. Ile 

Asp Asp 

144 O 

15OO 

1560 

162O 

168O 

1740 

18OO 

1809 

90 



Trp 
3. OS 

Pro 

Ser 

Ser 

Ser 

Lell 
385 

Ser 

Phe 

Thir 

Arg 

Ser 
465 

Asn 

Wall 

Ser 

Lell 

Lys 
5.45 

Thir 

Thir 

Glu 
625 

29 O 

Phe 

His 

Ser 

Ser 

Ser 
37 O 

Ile 

Wall 

Glin 

Ala 

Thir 
450 

Thir 

Met 

Thir 

Gly 
53 O 

Luell 

Ile 

Asn 

Gly 

Phe 
610 

Luell 

Pro 

Pro 

Thir 
355 

Glu 

Ser 

Glin 

Lys 
435 

Wall 

Luell 

Pro 
515 

Ala 

Arg 

Pro 

Asn 

Asp 
595 

Ser 

Ala 

91 

295 

Val Asp Lieu Pro Glu 
310 

Glu Glu Glu Asn. Glu 
3.25 

Asp Asn Asp Glu Ile 
34 O 

Met Gly Tyr Glu Lys 
360 

Asp Thr Pro Ala Phe 
375 

Glu Asn Llys Ser Lieu. 
390 

Asp Glu Lieu. Asp Thr 
4 OS 

Glin Ser Lys Ser His 

Gln His Ala Arg Arg 
44 O 

His Glin Ser Pro Phe 
45.5 

Ser Ile Leu Pro Thr 
470 

Ala Glin Gly Ser Pro 
485 

Llys Ser Llys Thr Arg 
SOO 

Lieu. Asp Val Met Gly 

Glu Trp Ala Lys Pro 
535 

Trp Llys Tyr Asp Ile 
550 

Asp Lieu Met Lys Met 
565 

Tyr Lieu Val Asp Phe 

Asp Thr Thr Val Ser 

Ala Tyr Pro Phe Leu 
615 

Wall Asn. Ser Glin Ser 
630 

<210s, SEQ ID NO 16 
&211s LENGTH: 1902 
&212s. TYPE: DNA 

<213> ORGANISM: Saccharomyces cerevisiae 

<4 OOs, SEQUENCE: 16 

atgagcagta 

CaCCat Cacc 

aatcc.caagt 

Ctgggagagg 

a Caacaa.ca 

acCatcacca 

cgt.cct tagc 

ggtc.ctttgg 

aaacacagca 

CCaCCatCaC 

ggatggtgca 

taaagttaaa 

Tyr Lieu. Lieu. 
315 

Asn Asn Asp 
330 

Asp Asp Asn 
345 

Asp Glu Ile 

Asn. Glu Ile 

Ile Lys Asp 
395 

Phe Lieu. Ser 
41O 

Gln Lys Ser 
425 

Met Ala Ser 

Met Asp Glin 

Ser Lieu. Pro 
47s 

Ala Ala Ser 
490 

Trp. His Phe 
505 

Glu Ile Tyr 

Ser Glu Glu 

Gly Asn Lys 
555 

Wall Ile Glin 
st O 

Llys Phe Asp 
585 

ASn Ile Ser 

His Lieu. Thir 

Asn 

cctgccaatg 

ggit catggcg 

catat cqgga 

ttggcat atc 

US 8,628,922 B2 
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3 OO 

Pro Pro Asp Lieu Lys 
32O 

Ser Llys Lys Asp Gly 
335 

Lieu Wall Asn. Ile Lieu. 
35. O 

Tyr Glu Ser Lieu. Glu 
365 

Arg Asp Ala Tyr Met 
38O 

Met Lys Ala Asn Lys 
4 OO 

Glin Ser Pro Pro Thr 
415 

Glin Val Asp His Glu 
43 O 

Ala Ile Thr Glin Glin 
445 

Tyr Lys Glu Glu Asp 
460 

Glin Ile His Arg Ala 
48O 

Lys Ile Ser Pro Lieu. 
495 

Gly Ile Arg Ser Arg 
51O 

Ile Ala Lieu Lys Asn 
525 

Asp Lieu. Trp Thir Ile 
54 O 

Thir Asn. Thir Asn. Glu 
560 

Leul Phe Glin Ile Glu 
sts 

Gly Trp Glu Ser Ser 
59 O 

Glu Asp Glu Met Ser 
605 

Thr Lys Lieu. Ile Met 
62O 

caaattic tag ccaccaccac 

gaa.gcaactic gacgctaaac 

actaccalaat cqtcaaaacg 

ataccactac giggccaaaaa 

6 O 

12 O 

18O 

24 O 

92 
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gttgct ctaa aaatcattaa taagaaggitt ttggcaaaga gtgatatgca gggcaga att 3OO 

gaaagagaaa tat cittatct gag act citta agacaccc.cc acatcatcaa act g tatgat 360 

gttatcaaat coaaagatga aat cattatg gttatagagt acgc.cgggaa cqaattgttt 42O 

gact at attgttcagagaga caaaatgagc gagcaa.gagg Caagaagatt ttt coag cag 48O 

atcatcagtg ccgt.cgagta Ctgccatagg cacaaaattg tccatagaga t ctgaagcct 54 O 

gaaaacttac tact agatga gcatctgaat gtaaagattig ccgattittgg tttgttcaaac 6OO 

at catgactg atggtaattt cittaaagact tcttgtggitt citcc caatta togcggct cot 660 

gaagittatca gcggtaagct gtacgcaggc ccagaagtgg acgtgtggit C atgtggggitt 72 O 

atcc tittatgttatgctttgtcgtcgt.cta ccgtttgacg atgaaag.cat cocagtgctt 78O 

ttcaagaata t cagdaacgg tdtttacacc ttgcc taaat ttittatctoc toggagctgct 84 O 

gggctaatca aaagaatgtt aatcgittaat coattgaaca gaataag cat t catgaaatt 9 OO 

atgcaagacg attggttcaa agttgacctg ccagaat atc tact tccacc agatttgaaa 96.O 

ccacacccag aagaagagaa taaaataat gaCtcaaaaa aggatggcag cagcc Cagat O2O 

aacgatgaaa ttgatgacaa ccttgttcaat attittat cat cqaccatggg ttacgaaaaa O8O 

gacgagattt atgagt cctt agaat catca gaaga cactic ctdcattcaa cqaaattagg 14 O 

gacgcgtaca tttgattaa ggagaataaa t ctittgatca aggatatgaa ggcaaacaaa 2OO 

agcgtcagtg atgaactgga tacct ttctg. tcc cagt cac citccaactitt toaacaacaa 26 O 

agcaaatcCC atcaaaagag ticaagtagat catgaaactg. C Caagcaa.ca cqcaagaagg 32O 

atggcaagtg citat cactica acaaaggaca tat caccaat caccott cat ggat cagtat 38O 

aaagaagaag acticta cagt titc cattttg cctacat citt tacct cagat coacagagct 44 O 

aatatgttag cacaaggttc gcc agctgcc tictaaaatat citcct cittgt aacgaaaaaa SOO 

tctaaaacga gatggcattt toggtatacga t ct cqct cat atc cattaga cqttatgggit 560 

gaaatttata ttgccttgaa gaatttgggit gcc.gaatggg C caa.gc.cat C talagaggat 62O 

titatggacta t caaattaag gtggaaatat gat attggaa acaagacaaa cactaatgaa 68O 

aaaatacctg atttaatgaa aatgg taatt caattatttic aaattgaaac caataattat 74 O 

ttggtggatt tdaaatttga C9gctgggaa agtag titatg gagatgatac tactgtttct 8OO 

aatatttctgaagatgaaat gag tacttitt toagcct acc catttittaca tttaacaa.ca 86 O 

aaactaatta tdgaattago cqtta acagt caaagcaatt ga 902 

<210s, SEQ ID NO 17 
&211s LENGTH: 713 
212. TYPE : PRT 

<213> ORGANISM: Saccharomyces cerevisiae 

<4 OOs, SEQUENCE: 17 

Met Ser Pro Ser Ala Wa 
1. 

Glu Ile Asp Llys 

5 

Glin Arg Llys Lys Glu Hi 
35 

Val Pro Glin Arg Pro Il 
SO 

His Tyr Ser Pro His Le 
65 70 

Il Glin Ser 

Lieu Lys Ala Lys 

s Glu Tyr 
4 O 

e Ser Asp 
55 

u Asp Gly 

Ser Lys Lieu. 
1O 

Met Ser Glin 
25 

Glu. His Lieu. 

Arg Lieu. Glin 

Lieu. Glin Asp 
7s 

Glu Glu Glin 

Ser Ala Ala 
3O 

Thir Ser Wall 
45 

Pro Ala Ile 
6 O 

Tyr Glin Arg 

Ser Ser 
15 

Thir Ala 

Lys Ile 

Ala Thr 

Lieu. His 
8O 
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Glin 

Pro 

Gly 

Thir 
145 

Gly 

Ala 

Ala 

Ile 

Ser 
225 

Ile 

Arg 

Lell 

Arg 

Pro 
3. OS 

Ser 

Glin 

His 

Wall 
385 

Ile 

Lell 

Lell 

Glu 

Ile 
465 

Pro 

Pro 

Glu 

Phe 

Glin 
13 O 

Pro 

Tyr 

Glin 

Wall 

Ser 
21 O 

Asn 

Thir 

Ile 

Wall 

Asp 
29 O 

Gly 

Luell 

Glu 

Thir 
37 O 

Phe 

Ile 

Arg 

Wall 
450 

Wall 

Luell 

Phe 

Ser 

Luell 

Thir 
115 

Luell 

Asn 

Ser 

Wall 

Tyr 
195 

Arg 

Ser 

Thir 

Wall 

Tyr 
27s 

Luell 

Thir 

Ser 

Luell 

Asp 
355 

Glu 

Asp 

Luell 

Ser 
435 

Trp 

Asp 

Ala 

Phe 

Ile 

Asn 
1OO 

Gly 

Asn 

Ile 

Luell 
18O 

Met 

Ile 

Luell 

Asp 

Asp 
26 O 

Arg 

Asp 

Pro 

Thir 

Gly 
34 O 

Wall 

Wall 

Gly 

Glu 

Luell 

Luell 

Glu 

Thir 

Gly 

Gly 
SOO 

Glu 
85 

Trp 

Arg 

Ala 

Lys 

Thir 
1.65 

Thir 

Pro 

Gly 

Arg 

Glu 
245 

Asp 

Trp 

Wall 

Gly 
3.25 

Ala 

Phe 

Wall 

Thir 

His 
4 OS 

Arg 

Trp 

Tyr 

Gly 
485 

Ile 

Asp 

Ser 

Pro 

Ala 
150 

Met 

Ala 

Asp 
23 O 

Ser 

Ala 

Thir 

Ala 

Asp 
310 

Ala 

Lell 

Phe 

Pro 
390 

Trp 
470 

Wall 

Asp 

95 

Pro 

Ser 

Tyr 
135 

Ile 

Ser 

Wall 

Ile 
215 

Arg 

Asn 

Lell 

Asn 

Thir 
295 

Ser 

Pro 

Lell 

Thir 

Gly 
375 

Ala 

Wall 

Ala 

Lell 

Ser 
45.5 

Glin 

Thir 

Ala 

Ala 

Pro 

Phe 
12 O 

Asn 

Ile 

Glu 

Met 

Pro 

His 

Ile 

Arg 

Arg 

Asn 
28O 

Glu 

Glu 

Thir 

Ala 
360 

Pro 

Thir 

Gly 

Gly 
44 O 

Glu 

Thir 

Pro 

Wall 

Phe 
105 

Glin 

Phe 

Luell 

Gly 
185 

Glu 

Ser 

Asn 

Gly 

Glu 
265 

Pro 

Asp 

Gly 

Met 
345 

Gly 

Luell 

Pro 

Glin 

Asp 
425 

Ser 

Glu 

Met 

Wall 
505 

Phe 
90 

Asp 

Asn 

Wall 

Glu 

Luell 
17O 

Wall 

Ala 

Wall 

Asp 

Gly 
250 

Thir 

Ser 

Pro 

Wall 
330 

Arg 

Asp 

Luell 

Asn 

Phe 

Ser 

Wall 

Ile 

Ser 

Lys 
490 

Luell 

Phe 

ASn 

Asp 

Gly 
155 

Glu 

Arg 

Ile 

Wall 

Gly 
235 

Lys 

Pro 

Wall 

Luell 
315 

Glin 

yr 

le 

yr 

yr 
395 

yr 

yr 

Gly 

Gly 

Gly 

Pro 

Asp 

US 8,628,922 B2 

- Continued 

Gly 

Wall 

Ala 

Arg 
14 O 

Asp 

Glu 

Ile 

Phe 
22O 

Asp 

Wall 

Gly 

Ala 

Tyr 
3 OO 

Phe 

His 

Thir 

Gly 

Gly 

Ser 

Wall 

Ile 

Glu 

Lys 
460 

Ser 

Gly 

Pro 

Ser 

Phe 

Trp 
125 

His 

Glu 

Wall 

Gly 

Thir 

Ala 

Ser 

Ile 

Wall 

Phe 
285 

Lell 

Ser 

Phe 

Trp 
365 

Cys 

Arg 

Ala 

Glu 

Pro 
445 

Asn 

His 

Ser 

Asn 

Lys 

Ile 
11 O 

Phe 

Ala 

Pro 

Asp 
19 O 

Luell 

Gly 

Glu 

Arg 
27 O 

His 

Thir 

Luell 

Thir 

Asp 
35. O 

Ile 

Ala 

Pro 

Asn 
43 O 

Ile 

Glu 

Luell 

Ala 

Thir 
51O 

Ala 
95 

Pro 

Luell 

Luell 

Gly 

Glin 
17s 

Thir 

Luell 

Phe 

Wall 

Thir 
255 

His 

Ala 

Tyr 

Ala 
335 

Thir 

Thir 

Thir 

Trp 

Thir 
415 

His 

Ala 

Ile 

Wall 

Ser 
495 

Gly 

Thir 

Asp 

Asn 

Glin 
160 

Wall 

Wall 

Ala 

Ser 

Wall 
24 O 

Wall 

Pro 

Tyr 

Thir 

Gly 

His 

Gly 

Luell 

Asp 
4 OO 

Ala 

Ser 

Ala 

Pro 

Thir 

Phe 

Glu 

96 



Glu 

Trp 

Asp 
5.45 

Ala 

Asp 

Ala 

Phe 

Lys 
625 

Ile 

Ala 

Ser 

Ser 

Arg 
7 Os 

< 4 OOs 

Luell 

Pro 
53 O 

Thir 

Ala 

Wall 

Ala 

Asn 
610 

Asn 

Ala 

Gly 

Asp 
69 O. 

His 

Asn 
515 

Ser 

Wall 

Ile 
595 

Asp 

Pro 

Lys 
675 

Glin 

Luell 

97 

Thir Ser His Ala Glu 

Phe Ala Arg Thr Ile 
535 

Lieu. Asn Pro Tyr Pro 
550 

Asp Lys Asp Gly Tyr 
565 

Asn Val Ser Gly His 

Ile Glu Asp Pro Ile 

Asp Lieu. Thr Gly Glin 
615 

Ser Ser Trp Ser Thr 
630 

His Lieu. Wall Phe Thr 
645 

Llys Lieu. Ile Ile Lieu 
660 

Ile Met Arg Arg Ile 

Lieu. Gly Asp Wal Ser 
695 

Ile Asp Ser Val Lys 
71O 

SEQ ID NO 18 
LENGTH: 2142 
TYPE: DNA 

ORGANISM: Saccharomyces cerevisiae 

SEQUENCE: 18 

atgtc.gcc ct ctd.ccgtaca 

ttgaaagcaa. 

gaacatttga 

gcaattgcta 

aaggagticta 

tggit ctaagc 

Cagaacaatg 

catgcc ttga 

ggct attcca 

act tacticta 

gaagcaat Ca 

gccgggttitt 

at cact acag 

gacgc.gctaa 

c catctgttg 

aaga cc tact 

aaatgtcc.ca 

citt cqgtcaa 

CCCaCtatto 

ttgaag accc 

catt.cgataa 

catggttcct 

agactic ctaa 

ttacctacala 

tgggcgttcg 

taaccttgtt 

Ctt CCaactic 

atgaatccaa 

gagaga.ccc.c 

ctitt coatgc 

atc catgcac 

atcatcaaaa. 

gat.cgtgc.ca 

tccacacttg 

tgctaagttc 

ggtgttcatc 

Caacggccaa 

Caagaaagcc 

ggaac tactt 

Caagggcgat 

ggc catttico 

Cttgagagat 

Cagaggtggit 

agg.cgtgaga 

CCC cagagat 

accc.gttgat 

Gly Val Lieu. 

Trp Lys Asn 

Gly Tyr Tyr 
555 

Ile Trp Ile 
st O 

Arg Lieu. Ser 
585 

Wall Ala Glu 

Ala Wall Ala 

Ala Thr Asp 
635 

Val Arg Llys 
650 

Val Asp Asp 
665 

Lieu. Arg Llys 

Thir Lieu. Ser 

Luell 

Ctagaagaac 

actgcgcagc 

Caacggcc.ca 

gacgggttgc 

titcggttcta 

ccagacccta 

ttaaacgc.ct 

attatttitcg 

gaagaagttt 

actgttgcc.g 

cgitat cqgtg 

cgitat caacg 

aaagt cattg 

cacgt. Cttgg 

ttggattggg 

tctgaggatc 

US 8,628,922 B2 

- Continued 

Ala 

His 
54 O 

Phe 

Lell 

Thir 

Ala 

Asp 

Asp 

Lell 

Ile 

Asn 
7 OO 

Wall 
525 

Asp 

Thir 

Gly 

Ala 

Ala 
605 

Phe 

Glu 

Ile 

Pro 

Lell 
685 

Pro 

Lys 

Arg 

Gly 

Arg 

Glu 
59 O 

Wall 

Wall 

Luell 

Gly 

Lys 
67 O 

Ala 

Gly 

agt caagtga 

agaagaagga 

t ct cagatag 

aggactatca 

aagct accca 

aaacgggcag 

gttacaactg 

alaggtgacga 

gtcaagtggc 

tgtacatgcc 

CCatt Cact C 

atggggactic 

agactaaaag 

tittatagaaa 

caacagaaaa 

cat tatt citt 

Ala Ala 

Tyr Lieu. 

Asp Gly 
560 

Val Asp 
sts 

Ile Glu 

Val Gly 

Wall Lieu 

Glin Asp 
64 O 

Pro Phe 
655 

Thr Arg 

Gly Glu 

Ile Wall 

aattgacaag 

acatgagtat 

actgcagcc c 

gcgcttgcac 

atttittaaac 

gcc ct cottc 

tgttgacaga 

gcc tdgc.cala 

acaagtgctg 

tatggtcc.ca 

cg tagt ctitt 

taaagttgtc 

aattgttgat 

gaccaacaat 

gaagaaatac 

gttgtatacg 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 

84 O 

9 OO 

96.O 

98 



tctggttcta 

gctttgttga 

ggagacattg 

tgtgcc actt 

attattgatg 

aaaagagctg 

aatgaaatcc 

attgatgcag 

ggtgtcCttg 

gataggitatic 

gctgcaaagg 

gtct Ctggtc 

gtgg.ccgagt 

tttgttggtgt 

atcaagaa.gc 

ttgat cattt 

ttaagaaaaa 

Ctggtgcc cc 

c catgcgcta 

gctggattac 

tggtctttga 

aacacaaagt 

gtgatt cota 

agc caattgc 

c cattgtaga 

gtggtgttac 

ttgttcttga 

cc.gtcaaagc 

tag acactta 

ataaggatgg 

accotctgtc 

gtgctgttgt 

tgaaaaacaa 

atttggtc.tt 

tagtggatga 

tcc tag cagg 

cctggcattgttagacat ct 

<210s, SEQ ID NO 19 
&211s LENGTH: 1119 
212. TYPE : 

&213s ORGANISM: 
PRT 

<4 OOs, SEQUENCE: 19 

99 

Caagggtgtt 

cacttittgac 

aggcc acact 

agggactic ct 

CaCCCaatitt 

catcgaaaat 

tgctgaagtt 

cacct actgg 

accaatgaaa 

CCCtalacact 

tgcatggc.ca 

tittgaaccct 

ttatatctgg 

taccgctgaa 

cggattcaac 

atctagttgg 

tactgttaga 

cittgcc.caag 

agaaagtgac 

aattgatt cq 

Met Thr Glu Arg Ile Pro Ile Llys 
1. 

Ala 

Lell 

Ile 

Gly 
65 

Glu 

Asp 

Thir 

Gly 

Ser 
145 

Luell 

Tyr 

Ser 
SO 

Asn 

Glu 

Wall 

Ser 

Asp 
13 O 

Asp 

Glin 

Luell 

Luell 
35 

Ser 

Ile 

His 

Ser 

Ile 
115 

Asn 

Asn 

Glin 

5 

Llys Lieu. Thr Glu Lys 

Thir Ser Glin Glin Lieu. 
4 O 

Glu Glu Asp Llys Lieu. 
55 

Ala Lieu. Asn. Wall Glu 
70 

His Gly Ala Val Ser 
85 

Ser Glin Thr Ile Llys 

Ser Asn. Glu Asn His 
12 O 

Ala Ile Ala Asn. Glu 
135 

Val Glu Glu Asp Lieu. 
150 

Ile Ser Gly Thr Arg 
1.65 

Calacatt Cta 

act caccaag 

tatgtggittt 

gcgtaccCaa 

tatgttgcgc 

Cattic Cittaa. 

tgggagtggit 

caaacagaat 

ccgggttctg 

ggtgaagaac 

t catttgcaa 

taccctggct 

attittgggtc 

attgaggctg 

gatgacttga 

tccaccgcaa 

aaaga catcg 

acaagat.ccg 

caact aggcg 

gtcaagttgt 

Saccharomyces cerevisiae 

Asn Tyr Glin 
1O 

Lieu. Phe Asn 
25 

Wal Wall Lieu. 

Lys Ala Trp 

Lys Ser Phe 
7s 

Pro Ala Wall 
90 

Asp Asn. Asn 
105 

Wall Glu Asn 

Asp Asn. Phe 

Phe Llys Lieu. 
155 

Phe Ile Gly 
17O 

US 8,628,922 B2 

- Continued 

cc.gcaggitta Cttgctggga 

aagacgttitt 

atggit coctit 

attactic cc.g 

caactgctitt 

aatctittgcg 

actctgaaaa 

Ctggttcgca 

c ct catt coc 

tta acaccag 

gaact atttg 

act attt CaC 

gtgtagacga 

ctatt at cqa 

Ctggit Caagc 

Cagatgatga 

ggc catttgc 

gcaaaattat 

acgtttctac 

a.a. 

Arg 

Glu 

Asp 
6 O 

Pro 

Asp 

Asn 

Glu 

Wall 
14 O 

Asp 

Asn 

Thir 

Asn 

Tyr 
45 

Lell 

Thir 

Thir 

Ile 
125 

Asn 

Lell 

Lell 

Asn 

Phe 

Luell 

Phe 

Thir 

Arg 

Asn 
11 O 

Glu 

Asn 

Glu 

Ser 

citt cacagot 

actatatggit 

ttattgggat 

gcgtttgttg 

ttgcttgggt 

aat aggtaaa 

tctggtcacc 

cittctitcggit 

ccacgcagag 

gaaaaat cat 

tggtgatggit 

tgtggtgaac 

agatccaatt 

agttgctgca 

attacaagat 

cgcaccaaaa 

gagacgt att 

attgtcaaac 

Ala Lys 
15 

Phe Asp 

Luell Ser 

Lieu Lys 

Glin Glu 
8O 

Ser Asp 
95 

Thir Asn 

Asp Llys 

Asp Glu 

Asp Lieu. 
160 

Lieu Lys 
17s 

14 O 

2OO 

26 O 

32O 

44 O 

SOO 

560 

74 O 

86 O 

92 O 

98 O 

21OO 

2142 

100 



Ile 

Arg 

Wall 

Asn 
225 

Glu 

Asp 

Asp 

Lell 

Asn 
3. OS 

Arg 

Glu 

Glu 

Asn 
385 

His 

Asp 

Pro 
465 

Ile 

Ser 

Ile 

Arg 

Met 
5.45 

Ile 

Glu 

Lell 

Arg 

Asn 

Glu 
21 O 

Asp 

Pro 

Asp 

Ser 
29 O 

Luell 

Arg 

Asn 

Gly 
37 O 

Luell 

Luell 

Trp 

Glu 
450 

Phe 

Ile 

Phe 

Trp 

Gly 
53 O 

Ile 

Glu 

Wall 

Ala 

Glu 
195 

Glu 

Glu 

Glu 

Pro 

Glu 

Ile 

Ser 

Thir 
355 

Ser 

Asp 

Luell 

Glu 

Thir 
435 

Luell 

Glin 

Lys 
515 

His 

Pro 

Asp 

Ala 

Wall 
18O 

Phe 

Gly 

Asn 

Lys 
26 O 

Arg 

Luell 

Luell 

Arg 
34 O 

Asn 

Thir 

Luell 

Ser 

Luell 

Ser 

Wall 

Asn 

Tyr 
SOO 

Asn 

Ala 

Asn 

Met 

Gly 
58O 

Glu 

Lell 

Gly 

Glu 

Ile 

Tyr 
245 

Asn 

Arg 

His 

Glu 
3.25 

Ser 

Asp 

Phe 

Thir 

Ser 
4 OS 

Asp 

Wall 

Ser 
485 

Asp 

Ile 

Ile 

Glu 
565 

Ser 

Asn 

Trp 

Asp 

Glu 

Ser 
23 O 

Asp 

Lell 

Lell 

Thir 

Ser 
310 

Glu 

Asp 

Glu 

Ser 

Wall 
390 

Ile 

His 

Glu 

Lell 

Wall 
470 

Met 

Ser 

Lell 

Ala 

Thir 
550 

Gly 

Gly 

101 

Glin 

Glu 

Glu 
215 

Glu 

Asp 

Wall 

Asn 
295 

Phe 

Ser 

Lell 

Pro 

Asp 
375 

Asn 

Glin 

Lell 

Arg 

Glu 
45.5 

Ser 

Asp 

Thir 

Met 
535 

Ile 

Asp 

Arg 

Asn 

Glu 

Phe 

Asp 

Ser 

Luell 

Asn 

Glu 

Asp 

Glu 

Asp 
360 

Thir 

Luell 

Glin 

Ile 

Ile 
44 O 

Luell 

Luell 

Glin 

Tyr 

Glin 

Arg 

Wall 

Ala 
185 

Asp 

Ile 

Ala 

Ser 

Ile 
265 

Asn 

Wall 

Tyr 

Ala 
345 

Thir 

Gly 

Gly 

Met 
425 

Gly 

Arg 

Arg 

Asn 

Glu 
505 

Asn 

Asn 

Asp 

Gly 
585 

Ser 

Ile 

Thir 

Gly 

Glu 

Thir 
250 

Ser 

Ile 

Glu 

Asp 

Met 
330 

Ala 

Asn 

Asn 

Ile 

Lys 

Asp 

Glin 

Asn 

Glu 

Thir 
490 

Phe 

Ser 

Arg 

Tyr 
st O 

Luell 

Glu 

Asp 

Glu 

Lys 

Asp 
235 

Asp 

Ser 

Ser 

Glu 

Lys 
315 

Ile 

Thir 

Glin 

Lys 

Glu 
395 

Ser 

Wall 

Glu 

Tyr 

Ala 

Wall 

Wall 

Asp 

Ser 

Ala 
555 

Glu 

ASn 

Lys 

US 8,628,922 B2 

- Continued 

Tyr 

Tyr 

Asn 
22O 

Glu 

Wall 

Ser 

Ile 

Ile 
3 OO 

Glu 

Glu 

Asp 

Arg 

Asn 

Glin 

Arg 

Glu 

Thir 
460 

Pro 

Lell 

Asp 

Pro 

Lell 
54 O 

Asp 

Lell 

Met 

Asp 

Ile 

Thir 
2O5 

Glu 

Asp 

Asn 

Ser 
285 

Met 

Thir 

Glu 

Lel 

365 

Lel 

Lel 

Lel 

445 

Glu 

Asn 

Asp 

Ser 
525 

Glin 

Lell 

Asp 

Gly 

Ser 

Tyr 
19 O 

Luell 

Asn 

Ile 
27 O 

Gly 

Met 

Gly 

Glin 
35. O 

Pro 

Ser 

Gly 

Asn 
43 O 

Tyr 

His 

Tyr 

Ile 

His 

Luell 

Glu 

Glu 

Ala 
59 O 

Ser 

Cys 

Luell 

Pro 

Asp 

Wall 
255 

Glu 

Glu 

Asn 

Ile 

Lys 
335 

Asp 

Thir 

Glin 

Luell 

Ile 
415 

Arg 

Glu 

Ser 

His 

Luell 
495 

Met 

Phe 

Ile 

Glu 
sts 

His 

Asp 

Asp 

Glin 

Asp 
24 O 

Asp 

Ile 

Thir 

Trp 

Lys 

Lys 

Arg 

Pro 

Ser 

Lys 
4 OO 

Ser 

Ser 

Ala 

Thir 

Glin 

Luell 

Luell 

Arg 

Glu 
560 

Glu 

Met 

Thir 

102 



Wall 

Pro 
625 

Wall 

Glu 

Asp 
7 Os 

Trp 

Thir 

Lell 

Tyr 

Asn 

Asp 

Ala 

Lell 

Gly 
865 

Arg 

Glin 

Glin 

Lell 
945 

Ile 

Glu 

Ala 

Glu 

Lys 
610 

Glu 

His 

Glu 

Asp 

Thir 
69 O. 

Asp 

Luell 

Glu 

Lys 
770 

Ser 

Asp 

Phe 

Glin 
850 

Wall 

Met 

Asp 

Glin 

Ser 
93 O 

Asn 

Asp 

Luell 

Asn 

Ile 
1010 

595 

Asp 

Gly 

Glu 

Glin 

Ala 
675 

Ala 

Asp 

Luell 

Thir 

Tyr 

Asn 

Glu 

Ile 

Glin 

Glu 
835 

Glu 

Asn 

Luell 

Luell 

Ile 
915 

Pro 

Asn 

Pro 

Ile 

Gly 
995 

Ala Gly Asp Tyr Lieu. 

Glu 

Glu 

Asn 

Asp 
660 

Asp 

Glu 

Asp 

Glu 

Wall 
740 

Phe 

Pro 

Glin 

Met 

Luell 
82O 

Thir 

Glin 

Gly 
9 OO 

Arg 

Luell 

His 

Wall 

Trp 

Phe 

Ala 

Lys 

Wall 
645 

Met 

Ala 

Asn 

Glu 

Lys 
72 

Thir 

Lys 

Glin 

Lys 

Lys 
805 

Glin 

Glin 

Asp 

Lys 

Asn 
885 

Lell 

His 

Ser 

Ile 

Ser 
965 

Lys 

Glu 

Pro 

Glu 
630 

Asn 

Wall 

Ala 

Asp 

Asp 

Ala 

Asn 

Arg 

Ala 
79 O 

Asn 

Phe 

Pro 

Ile 

Thir 

Gly 

Thir 

Ile 

Ala 

Tyr 
950 

Glin 

Phe 

Thir 

103 

Thir 
615 

Glu 

Glu 
695 

Glu 

Asp 

Gly 

Met 
775 

Lell 

Gly 

His 

Asn 

Ser 
855 

Lell 

Ile 

Pro 

Glin 
935 

Asn 

Lell 

Met 

Ala 

Asn 

Asp 

Asn 

Glu 

Lys 

Ala 

Asp 

Asp 

Wall 

Lys 
760 

Glu 

Phe 

Asn 

Asp 
84 O 

Asn 

Asp 

Asn 

His 
92 O 

Asn 

Pro 

His 

His 
1OOO 

Asp 

Glu 

Ser 
665 

Asp 

Gly 

Glu 

Arg 

Arg 
74. 

Luell 

Arg 

Ser 

Gly 

Asp 
825 

Ile 

Ala 

Met 
905 

Ser 

Thir 

Thir 

Lys 
985 

Pro Ser Ala Ile Asn. Met Lieu. Thir 

Asp 

Thir 

Ile 
650 

Ser 

Thir 

Glu 

Asp 

Asp 
73 O 

Ala 

Asn 

Phe 

Thir 
810 

His 

Glu 

Ile 

Met 

Glin 
890 

Asn 

Ile 

Arg 

Ile 

His 

Asn 

Ala 
635 

Glu 

ASn 

Met 

Asp 

Glu 

Ser 

Asp 

Arg 
79. 

Wall 

Ser 

Luell 

Pro 

Glu 

Ser 

Glin 

Ser 

Ser 

Ile 
955 

Asp 

Ile 

US 8,628,922 B2 

- Continued 

Lell 

Ser 

Glu 

Thir 

Asp 

Asn 
7 OO 

Wall 

Lell 

Ile 

Asp 

Glin 

Glin 

Lell 

Lell 

Asp 

Asp 
860 

Asp 

Arg 

Asn 

Lell 

Asn 
94 O 

Asp 

Ser 

605 

Thir 

Ser 

Asn 

Glu 

Gly 
685 

Glu 

Asp 

Glu 

Ser 
765 

Lell 

Asn 

Asp 
845 

Ile 

Ala 

Phe 

Ile 

Ile 
925 

Pro 

Asp 

Lys 

Lys 

Ser Asn Lieu. Ile Llys 
1015 

Ser 

Thir 

Gly 

Asp 
67 O 

Luell 

Glu 

Ser 

Ile 

Luell 
7 O 

Glu 

Phe 

Ile 

Glin 

Gly 
83 O 

Thir 

Wall 

Ser 

Luell 

Thir 
91 O 

Arg 

Asn 

Ser 

Asn 

Wall 
99 O 

Wall 

Wall 

Lys 
655 

Ser 

Glin 

Glu 

Glin 

Ser 
73 

Ala 

Luell 

Glu 

Glu 
815 

Asn 

Arg 

Wall 

Ala 
895 

Luell 

Met 

Ala 

Luell 

Asn 
97. 

Ala 

Ile 

Thir 
64 O 

Asn 

Ser 

Asp 

Glu 

Ser 

Wall 

Phe 

Glu 

Glin 

Asp 

Glu 

Phe 

Glu 

Asp 

Asn 

Ile 

Luell 

Phe 

Asp 
96.O 

Arg 

Met 

Thir Lieu Lys 

104 



Lieu. His His Glu. Thr 
O25 

Met Leul Glin. Thir Thr 

Asp Leu Phe Ser Tyr 

Llys Lieu. Glin Asp Ile 
Of O 

Lieu. Lieu. Arg Pro Thr 

Asp Glu Ser Glin Ser 
1 OO 

Thr Gly Glu Asp Phe 
115 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 3357 
212. TYPE : DNA 

105 

Asn. Ser Luell 
O3 O 

Lieu. Lieu. Glu 
O45 

Wall Glu Ser 
O6 O 

Lys Glin Lys 
O7 

Lieu. Glin Glu 
O9 O 

Phe Phe Thr 
105 

Phe 

US 8,628,922 B2 

- Continued 

Asn Arg Gly Thr Asn 

Asin Gly Ile Asn Arg 
OSO 

Glu Phe Gly Llys Llys 

Lieu. Glu Ser Phe Lieu 

Lieu. Ser Glu Arg Asn 

Gly Asp Phe Ala Ser 

<213> ORGANISM: Saccharomyces cerevisiae 

<4 OOs, SEQUENCE: 2O 

atgactgaaa 

ttgactgaaa 

gtcgttcttg 

tatt tottaa. 

gaagaacatc 

caaacaatta 

gttgaaaatg 

aataatgacg 

alagcagcaaa 

ttgttggcagt 

gatacagaat 

gaga agccac 

gaagacgaga 

aatctogatt 

aatatotoala 

atgggaaatt 

cgattaaaac 

agtgatttag 

actaatcaaa. 

CCCaaacaaa. 

caccitt citat 

aaac atctga 

gggcaa.gagg 

gagcattcta 

atcatcaaaa. 

gact coaaac 

gaataccaat 

aacttitttala 

aatacctgct 

agggaaac at 

acggagcggit 

aggacaataa 

aaattgaaga 

aaagtgataa 

taa.gcggaac 

gcgc.cataga 

acaccotatt 

aaaacaaaga 

actatogatga 

citat titcc to 

tat caaaaga 

ggaacaaaat 

ttgaagaaag 

aag cagctac 

aattgcc.cac 

gtaatttaga 

Catctato Ca 

titatggatgt 

aattatacga 

cac cattt ct 

agt ccatgga 

aagaatttgt 

aaagaattat 

caagaactitt 

gtcgattitca 

agcattaaat 

citctoctogcc 

Caatactaat 

taaaggcgat 

tgttgaagaa 

aaggtttatt 

ttatatataC 

agatgttgaa 

agg tattt cq 

agacagtaca 

ttctaatlatc. 

aac actgtca 

ttaccacagt 

cgataaaatg 

cgatgaacaa 

t cctgaaggt 

tittaa.cagtic 

gcaaaaaaaa 

cagaaaaaat 

agcctgttgaa 

gaataaagtg 

cctgaatact 

agacgatatt 

caaagaacaa 

tittgat citct 

agtgaagaag 

gtcgaaaaat 

gttgacacac 

accala Cacca 

aacgcaatag 

gacittatt ca 

ggaaactitat 

tgttgatcgta 

gagaaggagg 

aagttcgc.cg 

gacgtaaaaa 

gaaattgacg 

aagttaaaaa 

tittgaatacg 

atagagaaag 

gat.cgcgaaa 

toalacattca 

aatct aggca 

tcc caattag 

cggtcaaaat 

alaggttgttt 

agcaaaagag 

gttittaaaaa 

atgctaatat 

11 O 

atgccaaagc 

attta acct C 

acaaactgaa 

cattt coatt 

gat Cagatga 

gtat cagdaa 

caaatgalaga 

aattagatct 

ccttgaaaat 

atgagtttgg 

aagaggaaat 

aggatgalaga 

atgtcgatga 

atgaacgacg 

caaataatgt 

ataaagaaac 

gaaagaagaa 

atacaaatga 

gcgat actgg 

tcqaaaattit 

gaat atcaga 

gga catcgga 

tggaact tag 

aagcc cc caa 

aactgaaaag 

ggaaaaattg 

Wall Glu 

Pro Asp 

Thr Lys 

Arg Ala 

Phe Glu 

Glu Lieu. 

titt acttaala 

t cagdaattg 

agcatgggac 

aac ccaagaa 

tgitat catca 

tgaaaat cat 

taattttgttg 

agaggacttg 

cagatacgt.c 

tgatgaaaat 

tggtaaaaat 

ttacgacgat 

to CtcCaaaa. 

Cttggtgcta 

agaagaaatt 

tatgataaag 

acgaagttctga 

tgagccagat 

gaacaag.cgc 

at cattaaag 

ttacgaatta 

tgaaagaatt 

aaact acact 

ttatcat Caa 

Ctttcaatat 

tittgaccitat 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 

84 O 

9 OO 

96.O 

14 O 

2OO 

26 O 

32O 

44 O 

SOO 

560 
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aatt cagatc citt cacattt tttgagaggg catgctattg citatgcagaa gaaatct citt 162O 

cagttgattic gcatgattico aaatat caca atc.cgaalaca gggctgattt agaaaaggaa 168O 

attgaagata tigaaaaaga caaag act ac gaattagatg aggaagagga agttgctggit 1740 

tctggaagaa aaggattgaa tatgggagct catatgttgg C caaagagala tigcaaggtg 18OO 

t cagaaaaag atagotctaa aaccotcaag gatgaagicac caaccaatga tigacaaacta 1860 

acttctgtca t c cctgagggggaaaaagag aaagataaaa citgct tcatC tactgtaacg 1920 

gtacacgaaa atgtaaataa gaacgaaata aaagaaaatg ggaaaaatga agagcaagat 198O 

atggttgagg aaagtag taa gactgaggat t catcaaaag atgctgatgc tigccaaaaag 2O4. O 

gatacggaag acggactaca agataaaact gcagaaaata aggaggctgg ggaaaataat 21OO 

gaagaggaag aggatgatga tigacgaagat galagacgaag acatggtca citcc caatct 216 O 

tatt tacttgaaaaggatga catagagac gatttggaaa tat cogtgtg gaaaactgta 222 O 

actgccaaag titcgtgcgga aatttgctta aaaagaactgaat attittaa aaatggaaaa 228O 

ttaaat agtg attcagaggc gtttittgaaa aacccacaaa gaatgaaaag gttcgaccag 234 O 

Ctttitt cittgaatataaaga gcagaaagct ttagaat cat atcgtcaaaa aatagagcaa. 24 OO 

aatticcatta taaaaatgg Ctttggalaca gtact aaaac aggaagacga tigaccalattg 246 O 

cagttt cata atgat cactic tittaaatgga aatgaagctt ttgaaaag.ca acc caatgat 252O 

attgagttag atgataccag attcc tacag gaatatgata ttagtaacgc cattcctgac 2580 

at agtatacg agggagtaaa tactaaaa.ca ttaga caaga tiggaagacgc titc.cgtggac 264 O 

cgcatgcttcaaaatggitat caacaaacaa agcagatttic toggctaacaa gogatttagga 27 OO 

ctaacaccita aaatgalacca aaatat caca citgatticago: aaattagg.ca catatgc cat 276 O 

aaaatat ccc tdatcagaat gttacagagc cctittatcgg citcaaaactic cagaa.gcaat 282O 

cc caacgctt to cittaacaa cca catttat aattacacta ttattgatga ct cactic gat 288O 

attgat Cogg tt cacagct tccaacgcat gattacaaaa acaac aggga gctgatatgg 294 O 

aaatt catgc ataagaac at atctaaggitt gctatggcca atgggtttga aactgcc cat 3 OOO 

c catcagdaa taalacatgct tactgaaatc gcc.ggggatt accitat citaa totgataaag 3 O 6 O 

actittgaagc titcatcatga aacta actico ttaaatagag gaacaaatgt gigaaatgctg 312 O 

caaacaacac togttggaaaa cqgitat caac aggccagacg atc tattitt c ctatttgaa 318O 

tctgaatttg gtaaaaaaac taagaaactt cagga catca aacagaaact agaaagctitt 324 O 

ttgaga.gc.ct tattalaggcc aactittgcag gagttgtc.cg agagaaactt talagacgag 33 OO 

agccaaagct tttitta cagg togactittgcc agc gaattga citggtgaaga cittctitt 3357 

<210s, SEQ ID NO 21 
&211s LENGTH: 337 
212. TYPE: PRT 

<213> ORGANISM: Saccharomyces cerevisiae 

<4 OOs, SEQUENCE: 21 

Met Met Asp Llys His Lys Tyr Arg Val Glu Ile Glin Gln Met Met Phe 
1. 5 1O 15 

Val Ser Gly Glu Ile Asn Asp Pro Pro Val Glu Thir Thr Ser Lieu. Ile 
2O 25 3O 

Glu Asp Ile Val Arg Gly Glin Val Ile Glu Ile Lieu. Lieu. Glin Ser Asn 
35 4 O 45 

Llys Thr Ala His Lieu. Arg Gly Ser Arg Ser Ile Lieu Pro Glu Asp Wall 
SO 55 6 O 
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Ile 
65 

Ser 

Asp 

Gly 

Lell 
145 

Asp 

Arg 

Asn 

Lys 
225 

Ile 

Glin 

Asn 

Lell 

Ile 
3. OS 

Ala 

Met 

< 4 OOs 

Phe 

Luell 

Ala 

Asp 

Asn 
13 O 

Glin 

Asp 

Luell 

Wall 

Lys 
21 O 

Pro 

Wall 

Wall 

Thir 

Phe 
29 O 

Glu 

Luell 

Luell 

Ser 

Gly 

Luell 
115 

Met 

Phe 

Met 

His 
195 

Arg 

His 

Luell 

Asn 
27s 

Asp 

Glu 

Thir 

109 

Ile Arg His Asp Llys 
70 

Trp Lys Asp Lieu. Arg 
85 

Val Ala Ser Gly Thr 

Llys Lys Ala Gly Gly 
12 O 

Met Llys Wall Lys Llys 
135 

Met Phe ASn Glu. His 
150 

Asp Glu Asp Glu Arg 
1.65 

Met Ala Asp Asp Arg 
18O 

Trp Ser Asp Cys Arg 

Phe Lys Asp Trp Ser 
215 

Asp Asp Val Ile Asp 
23 O 

Ser Lieu. Thir Glu. Thir 
245 

Glin Thr Gln Lys Asp 
26 O 

Phe Glu Phe Ala Ser 
28O 

Gly Pro Glu Asn Val 
295 

Ala Trp Arg Val Lieu. 
310 

Asin Phe Lys Gly Gly 
3.25 

SEQ ID NO 22 
LENGTH: 1014 
TYPE: DNA 

ORGANISM: Saccharomyces cerevisiae 

SEQUENCE: 22 

atgatggaca agcatalagta 

attaacgacc 

atagaaattic 

Cctgaagacg 

tatctgtcat 

gcgagtggca 

ggcgagaaag 

Ctgc catggg 

gatgatatgg 

Caccc.gtaga 

ttttacagtic 

t cattt tott 

ggaaggattt 

ctggaaatcc 

acgaaaaaga 

aattgcagtt 

atgaggatga 

tCgtgttggag 

aaCCaCat Ca 

aaacaaaacg 

gat Cagacac 

gcgtaaaaac 

tggggcaggt 

tggtggaaac 

tatgttcaat 

acgagaagct 

Ala Lys Val 
7s 

Lys Asn Ala 
90 

Gly Asn Pro 
105 

Gly Glu Lys 

Ser Glin Ile 

Pro Lieu. Glu 
155 

Glu Ala Asn 
17O 

Thir Arg Asn 
185 

Glin Ala Ser 

Gly Ile Ser 

Ile Lieu. Gly 
235 

Ala Lieu Lys 
250 

Llys Ser Glin 
265 

Ser Thir Lieu. 

Ile Asn. Pro 

Glin. Thir Ile 
315 

Arg Lieu. Ser 
330 

attcaacaga 

Ctgatagaag 

gcc catctta 

gacaaggc.ca 

gccaaggacc 

ggtgaagatg 

atgatgaagg 

gaa catcctt 

aatatagt ca 
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Asn Arg Lieu. Arg Thr 

Lys 

Gly 

Asp 

Lys 
14 O 

Asn 

Ile 

Met 

Phe 

Glin 

Phe 

Ile 

Glin 

His 

Lell 
3 OO 

Asp 

Ser 

Asp 

Ala 

Glu 
125 

Lell 

Asn 

Wall 

Thir 

Thir 

Lell 

Lell 

Ser 

Arg 
285 

Met 

Glin 

Gly 
11 O 

Pro 

Asp 

Thir 

Lys 
19 O 

Phe 

Thir 

Thir 

Glin 

Ser 
27 O 

Pro 

Arg 

Pro 

tgatgtttgt 

atatagtgag 

ggggalagtag 

aagtcaatcg 

aagatgctag 

atttgaaaaa 

t caagaaatc 

tagaaaataa 

ctittgaaaag 

Asp Ala 
95 

Gly Glu 

Asp Gly 

Trp. Glu 

Asp Asn 
160 

Lieu Lys 
17s 

Glu Glu 

Arg Llys 

Glu Gly 

Phe Glu 
24 O 

Arg Glu 
255 

Glin Asp 

Arg His 

His Arg 
32O 

Ile Ile 
335 

Ctctggtgaa 

gggtcaagtg 

gag cattctic 

tittgagaaca 

tgc.cggtgta 

agc aggtggit 

c caaattaag 

tgacgacaat 

gctgaaaatg 

6 O 

12 O 

18O 

24 O 

3OO 

360 

48O 

54 O 
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gctgacgata galacacgaala catgactaaa gaggagtacg to attggit C cattgtcga 6OO 

Caggcaagtt ttacatttag gaagaataaa aggttcaagg actggtctgg aattt cqcala 660 

ttaactgagg ggaalaccc.ca tatgatgtg attgatatac tigggtttct a acttittgag 72 O 

attgtctgtt ctittgacgga aac agctctgaaaatcaaac aaa.gagaac a gg tattacag 78O 

actcaaaagg acaaatcc.ca gcaatctago caagataata ctaactittga atttgcatca 84 O 

tccacattac atagaaagaa aagattattt gatgg acctgaaaatgttat aaaccc.gctic 9 OO 

aalacca aggc atatagagga agcctggaga gtact acaaa caattgacat gaggcatagg 96.O 

gctittgacca actittaaagg togg tagactic agttctaaac caattat cat gtaa 1014 

The invention claimed is: 3. The method according to claim 1, wherein the function 
1. A method for increasing a chronological lifespan of a of the gene is disrupted by iRNA. 

cell comprising disrupting a function the Spt-Ada-Gcn5 
Acetyltransferase complex in said cell, wherein the complex 20 4. The method according to claim 1, wherein the function 
is disrupted by disrupting the function of the Spt7 gene or of the gene is disrupted at a transcriptional/DNA level. 
homologue thereof. 

2. The method according to claim 1 wherein the at least one 
complex is directly or indirectly disrupted. k . . . . 
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