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The present invention relates to a cell comprising an Endoplasmic Reticulum %}%? stress element
operably linkE %80§H%0[}8?ter element and an exogenous gene 5 encoding aPS i A& ces ER
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There are certain mechanisms that are common to the vast majority of protein
conformational diseases including aggregate formation, altered transcriptional
regulation, mitochondrial dysfunction, induction of ER stress and impairment of

25 the ubiquitin-proteasome system. Induction of ER stress is one of the most
common mechanisms associated with protein conformational diseases (Yoshida
H. FEBS J. 2007;274(3):630-58).

The ER is a major protein-folding compartment in a eukaryotic cell and is second
30 only to the cytosol. Protein folding in the ER is more complex than protein folding
in the cytosol because proteins are posttranslationally modified. Folding in the ER
must couple protein-synthesis pathways operating outside of the compartment
with ER-assisted folding (ERAF) pathways in the lumen. Expression of a mutant
version of a protein, or even some-wild-type proteins, viral infection, energy or
35 nutrient depletion, extreme environmental conditions, or stimuli that elicit
excessive calcium release from the ER lumen compromise protein-folding
reactions in the ER, causing unfolded protein to accumulate and initiate a cascade
of signals that are transmitted to the cytoplasm and nucleus. When the protein-



5 recruitment of the folding machinery, leading to a deficit of folding assistance in the ER.
Chaperone-mediated folding imbalances that are associated with numerous misfolding diseases ,
(including d¥Set/ HHdngton's disease, Alzheimess 10 disease, Parkinsd¥d/HERESEOHRSN
encephalopathies, cystic fibrosis and many others), trigger the unfolded-protein response (UPR), using
both transcriptional and translational pathways to correct the problem and alleviate ER stress. This
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W02005/03473 7+ Which describes a mammalian screen involving the use of Inositol Requiring 1 (IRE1)
and/or X-box-binding protein-1 (XBP-1) as 25 specific markers of ER stress. However, these screens
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15 that augment ER folding capacity and 3) translational attenuation to limit further
accumulation of unfolded proteins in the ER. Small-molecule modulators of
folding-response pathways provide new pharmacological tools to adjust these
imbalances. Reprogramming stress pathways with drugs provides a potential new
approach for balancing ER-protein load with cellular-folding capacity, thus

20 correcting the underlying disease.

Some screening methods for identifying ER stress modulators exist, such as that
described in WO2005/034737, which describes a mammalian screen involving the
use of Inositol Requiring 1 (IRE1) and/or X-box-binding protein-1 (XBP-1) as

25 specific markers of ER stress. However, these screens do not represent a cheap,
rapid throughput and sensitive system for identifying ER stress modulators.

As there js an urgent need for therapeutic agents with the potential to prevent
and/or treat ER stress-related diseases and disorders, there is a high demand for
30 arapid, throughput screening method that retains sensitivity.
4
The present invention provides such a sensitive, rapid and low-cost cell screening
platform for compounds that will be useful in the treatment of diseases or
disorders related to ER stress.
35
The first aspect of the invention provides a cell comprising an ER stress sensor
element:operably linked to a reporter element and comprising an .exogenous gene
encoding a protein that induces ER stress.



In one embodiment, the cell is a eukaryaotic cell. In a further embodiment, the cell is a yeast cell. In yet
a further embodiment, a Saccharomyces cerevisiae cell or any other Saccharomycetales yeast strain
is employedV® H8/ER186ress sensor element can be any component of the?SiRARMMG YHEvay known
to be activated in response to ER stress conditions, T.e. any component of the unfolded protein
response (UPR). An ER stress sensor element is the same as an ER stress marker. Components of
the UPR pathway are well known by 10 those skilled in the art and include all the generally designated
ER stress markers. An ER stress sensor element of the invention can be a yeast ER stress marker.
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20 further example, a marker for ER stress is ATF4 translation, as translation of
ATF4 is dependent on the activation of the UPR.

Transcriptional activation induced by the UPR can be used as an ER stress
marker. In one embodiment, the ER stress sensor element is a DNA sequence
25 corresponding to an unfolded protein response element (UPRE). When in use as
an ER stress sensor or marker the DNA sequence is transcription%lly activated. In
a further embodiment, the ER stress sensor element is a DNA sequence
corresponding to the UPRE of the Hac1, LHS1, PDI1 or KAR2 genes.

30 The KAR2 UPRE of the invention may comprise i) the nucleic acid sequence as
set forth in SEQ ID NO:1, a nucleic sequence that is more than 95% homologous
thereto or to its DNA complement or counterpart RNA sequence, a variant,
fragment or the complementary strand thereof or ii) a nucleic acid sequence,
especially DNA or RNA, which hybridises to the DNA sequence of SEQ ID NO:1,

35  a nucleic acid sequence that is more than 95% homologous thereto or a variant or
fragment thereof.



10 employ during hybridization a denaturing agent, such as forrnamide, for example, 50% (v/v)
formamide with 0.1%(tif/v bovine serum albumin/0.1% (WA,) Fico11/0.1% (w/v) polyvinylpyrrolidone/50

mM sodiumWRGSPFEIBRiffer at pH 6.5 with 750 miyl sodium chloride, 75 it SEARMPEIPEE at
42[deg.] C.; or (3) employ 50%(v/v) formamide, 5xSSC (0.75 M NacCl, 0.075 M sodium citrate), 50 mM
sodium 15 phosphate (pH 6.8), 0.1% sodium pyrophosphate, 5x Denhardfs solution, sonicated salmon
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The reporter efe en
described by Devereux et al. (Nucl. Acids Res. 12:387, 1984) and available from
the University of Wisconsin Genetics Computer Group (UWGCG). The GAP
25 program utilizes the alignment method of Needleman and Wunsch (J. Mol. Biol.
48:443, 1970), as revised by Smith and Waterman (Adv. Appl. Math 2:482, 1981).
The preferred default parameters for the GAP program include: (1) a unary
comparison matrix (containing a value of 1 for identities and 0 for non-identities)
for nucleotides, and the weighted comparison matrix of Gribskov and Burgess,
30 Nucl. Acids Res. 14:6745, 1986, as described by Schwartz and Dayhoff, eds.,
Atlas of Protein Sequence and Structure, National Biomedical Research
Foundation, pp. 353-358, 1979; (2) a penalty of 3.0 for each gap and an additional
0.10 penalty for each symbol in each gap; and (3) no penalty for end gaps. Other
programs used by one skilled in the art of sequence comparison, may also. be
35 used.

Isolation of the ER stress sensor element nucleotide sequence can be performed
by any suitable conventional method known by those of skill in the art, such as



20 expressed when the ER stress sensor element to which it is operably linked is activated. Examples
of reporter elements include, but are not limited to, 8- galactoeidase, alkaline phosphatase, luciferase
and tagged W@®#H439186 reporter element can encgde, for example, any fIBOTEBEHMB O84S marker
e.g. the yeast enhanced green fluorescent protein, as well as enzymes, immunological markers 25 or
any other example of selectable and screenable markers well known in the art. The reporter element is
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roceptd ato oS, e S AR i, PERK. 20 YWFS1 or
A1AT (alpha 1-antitrypsin). The exogenous gene may also encode any other protein with a mutation
known to caudeehrepartelistenent egmpsesyisthrugleutiddisetjasrdes coding fatican polypeptidethyretin
gene may copprihtl) HetBLEBle ¥y LetmbIRMEd SARBHL  preferably providing a readout that
is compatible with a high throughput screening assay. The reporter element is
20 expressed when the ER stress sensor element to which it is operably linked is
activated. Examples of reporter elements include, but are not limited to, p-
galactosidase, alkaline phosphatase, luciferase and tagged proteins: The reporter
element can encode, for example, any fluorescent based marker e.g. the yeast
enhanced green fluorescent protein, as well as enzymes, immunological markers
25 or any other example of selectable and screenable markers well known in the art.
The reporter element is operably linked to the ER stress sensor element and is
therefore under the control of the ER stress sensor element.

The ER stress sensor element can be inserted into any suitable vector, such as
30 an episomal, centromeric or integrative plasmid. The vector may be a yeast
vector including a cosmid or a yeast artificial chromosome.

Expression of the reporter element can be proportional to the level of ER stress to
which the cell of the invention is subjected.

35
The exogenous gene can encode any one of the human disease proteins known
to induce pathological conditions which are, at least partially, associated ‘with
induction of ER stress.



25 SEQ ID NO:2, a nucleic sequence that is more than 95% hornologOus thereto or to its DNA
complement or counterpart RNA sequence, a variant, fragment or the complementary strand thereof,
i) a nucleic WOFYBHI&H¥e, especially DNA or RNA, which hybridises to the? ONRIZ&H M8 of SEQ ID
NO:2, a nucleic acid sequence that is more than 95% homologous thereto or a variant or fragment 30
thereof or iii) a nucleic acid sequence, especially DNA or RNA, which, but for the degeneracy of the
genetic code,would hybridise to the DNA sequence of SEQ ID NQ:2. The transthyretin gene according
to the invention may also encode a protein 35 comprising a mutation from valine to methionine at
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SEQ ID NOgeainvéHuligéiNn SRIBPIRBEAYQS aiseusicsarsifgWhagtisance. The tau gene may
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deletion of timnmugihglebudionlight szhaiim ensulinu ealoitoin)-aypusléimivaistgps of SRAEAMNO:3.
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ataxins, PrP: (prion protein), APP (amyloid precursor protein), amylin, PERK,
20 WFS1 or A1AT (alpha 1-antitrypsin). The exogenous gene may also encode any

other protein with a mutation known to cause human disease or a protein with any

combination of such mutations.

The transthyretin gene may comprise i) the nucleic acid sequence set forth in

25 SEQ ID NO:2, a nucleic sequerice that is more than 95% homologdus thereto or
to its DNA complement or counterpart RNA sequence, a variant, fragment or the
compleméntéry strand thereof, ii) a nucleic acid sequence, especially DNA or
RNA, which hybridises to the DNA sequence of SEQ ID NO:2, a nucleic acid
sequence that is more than 95% homologous thereto or a variant or fragment

30 thereof or iii) a nucleic acid sequence, especially DNA or RNA, which, but for the
degeneracy of the genetic code, would hybridise to the DNA sequence of SEQ ID
NO:2. :

The transthyretin gene according to the invention may also encode a protein
35 comprising a mutation from valine to methionine at position 50 or a protein
comprising a mutation from leucine to proline at position 75 of the protein encoded
by SEQ ID NO:2. The mutation at position 50 correponds to a change of the
codon GTG to the codon ATG in the DNA sequence and the mutation at position



30 of SEQ ID NO:3, a mutation from valine to methionone, which corresponds to a mutation from
guanine to adenine at position 835 of SEQ ID NO:3 and a mutation from- arginine to tryptophan, which
correspondé’“tg HRdEH from cytosine to thymine,at position 1042 of SE%%Q@?@@Q%S aspect
of the invention extends to a tau gene comprising a nucleic acid sequence that is at least 96%, 97%,
98% or 99% homologous with the DNA sequence of SEQ ID NO:3 or with its DNA complement or a
counterpart SHEGAGS- agg% <) 2@(;}%0 @f,ﬁgmprise
1) the nucleifg\(l:'iéc??e uencgetg(;y(\elﬁorth in%ggqﬁ)g&égj?:ﬁa nucle??gégu%eﬁ-@ﬁgéisgnql@:?gan 95%
homologoussﬁ%?gf?)c%r to its DNA complement or counterpart RNA sequence, a variant, fragment or
the 5 complementary strand thereof, ii) a nucleic acid sequence, especially DNA or RNA, which
Eybrio:ises torﬁ&sl\b%ﬁaaueacetﬁé ﬁﬁ@iﬁdﬂ%@wauz?_d;)eis Q%W%me&%i&mmiwa%S’ﬁA
omologous, thereto or: t b i aci u eci or
RNA, whioh Ia i Saddghet IGATIE MOESEr oRbe. 6y o R L ST, FOBRISRBEE Wl oy s
ID 10NO:4. ﬁﬁﬁa%ﬁ%ﬂﬁ!‘ﬁ@c@?éﬁ@t@&é@@&{twﬁhﬂ%ﬁ;ﬁ% EABRIEMEITLRSIA COWR
mutation thaRN/A skedeemeef the residue phenylalanine at position 508 of the protein encoded by SEQ
ID NO:4. In a further embodiment, the CFTR gene may 15 also encode a mutation from glycine to

aspartic acid_at position 551, a protein comprising a muytation from arginine to threonine at ition 560
ora protein%ﬁﬁﬁﬁﬁr&eﬁﬁmﬁﬁ)ﬁm%ﬁa iﬁ%qor@glﬁl&iﬁ%%ié oSeEde! {He‘aﬁé&gjﬁ
encodé@ by NOG, I MOckeizoseRisensee thalf isomove than 8886 dwmelagpus theretooorptisiity a

nucleic acid prguessIAEEEM! KagottenSdito RGA 8e438AELMPIQgRIaMYYidgmEN  oregence of
SEQ ID NO:4 or vlnth its, DNA ﬁprﬂgl ment r.@counte{
iti R

¢ art RNA sequence. 25 EX f ssion,of the
exogenous °8r’fé°gee'H§%?e'¥ as' ) { ' t?e&ul‘ﬁ%?e%%' s%ﬁﬁg?ﬁ?en?%%?ﬂ%&hﬂ i€in all or
part of the fg%lﬂﬁeéﬁlﬂﬁ‘e hvbeigisessto dhgcDNAnseausnse RicPRR B NS fi@phruerie @giding
yviéhin th% cedegiuisnoe THat Efamstﬁans%%emﬁ?:wbgw's/wétbr@smr\(;urf'iarmgrliﬁagrm@éﬁtthat is
inducegkby iQn- t t [ represent a
model Syaton Ao o . EEBRFBeld el K BEMalNIIA B ok, SN ST e
gene that is 33RN&IaGYAfithe-aenrlicaedenvveuisehybridispite dhe PNASRAUERA RiBES Rl
NO:3. .

The tau gene according to the invention may also encode a protein comprising a

20 mutation from proline to serine, which corresponds to a change from cytosine to
thymine at position 727 of SEQ ID NO:3. The invention further includes a protein
comprising a mutation from proline to leucine, which corresponds to a change
from cytosine to thymine at position 728 of SEQ ID NO:3. The invention also
includes a protein comprising a deletion of the residue lysine, which corresponds

25 to a deletion of the residues adenine, adenine and guanine (AAG) at positions
664-666 of SEQ ID NO:3. The tau gene of the invention also includes a protein
comprising a mutation from glycine to valine, corresponding to a change from
guanine to thymine at position 641 of SEQ ID NO:3, a mutation from proline to
leucine, which corresponds to a change from cytosine to thymine at position 728

30 of SEQ ID NO:3, a mutation from valine to methionone, which corresponds to a
mutation from guanine to adenine at position 835 of SEQ ID NO:3 and a mutation
from- arginine to tryptophan, which corresponds to a mutation from cytosine to
thymine at position 1042 of SEQ ID NO:3.

35 This aspect of the invention extends to a tau gene comprising a nucleic acid
sequence that is at least 96%, 97%, 98% or 99% homologous with the DNA
sequence of SEQ ID NO:3 or with its DNA complement or a counterpart RNA
sequence.



therapeutic application. Expression of the exogenous gene (the disease protein) 35 can be achieved
by cloning of the desired cDNA into an appropriate vector using conventional recombinant DNA
technoIogy,W&WéGW%troduction into the modified cell system. WO PCT/PT2008/000025
2008/150186PCT/PT2008/000025 9 The cells accor%ing to the invention can additionally comprise at
least one promoter. The promoter can be operatively linked to the exogenous gene encoding a protein
that induces ER stress. The promoter may be constitutive, inducible and/or specific for expression in a
cell of the invention. Preferably, the 5 promoter drives expression of the exogenous gene encoding a
protein that iTd&6FER genss may codpiingiiththe, Mwslpioracid isequence sgbiodhl ipr&§EQADER
stress refers (Y, irabadrisie Reiyurité ehaeAnTbreatiRIPIESSIORShBIGHRINS ieretkeasr ad the ER

and he actugy{gogFaRARENC P S BEhIa e A SR " SPOUB HBMURCED fig oo

has been termed "un ein respons econd as Invention provides

ed pro ! The's
a method of SOPRIRMERtaN Stard thegeek i) iR AHMEIG3RIH SeAUeNce BSRAUANY BN steps
of: a) contacRINAa ediiclf thybiiidisesptithétiDNAvsegaendéh of cBREQIdIDe NQodit andublpitetacidining
the effect of gcfRlbe AtaR a8 inefe! tRARY05% HETSRGAR theraBosea e o aghRnt
embodiment, éhe scgeer.l. nclude%}he eﬁogenousg%ine of the ceé@gggﬁggsse Determiining the
effect of the dORIFFLA ANAIUICIRIS RYY) IPAUERCELiERRAGIY t e R AN for
example, by d6ggnenagerbtbesgenetichcodgoneuid dykridisette thelINA IsequertecohSRR dQvith the
candidgig agN@m-with expression of a reporter element in a second cell of the first aspect of the
invention, that has not been contacted with the candidate agent, and wherein the exogenous gene of
the second cell is also expressed. Alternatively, expression of 30 the reporter element of the cell that

has been corkB&&dIRnaere-areridieginpthe famiopdndaalso sncededproteio comprisngter
element in a aethtitatibnstivateis @ daletichwofthe sgsidueplrengfitahineat\wostiangh8asE tyent is

any substanqgsedhe dreiedeld B SETIND 320 Prurther embodiment, the CFTR gene may
15 also encode a mutation from glycine to aspartic acid at position 551, a protein
comprising a mutation from arginine to threonine at position 560 or a protein
comprising a mutation from alanine to glutamic acid as position 561 of the protein

encoded by SEQ ID NO:4.

20 This aspect of the invention extends to a CFTR gene comprising a nucleic acid
sequence that is at least 96%, 97%, 98% or 99% homologous with the DNA
sequence of SEQ ID NO:4 or with its DNA complement or a counterpart RNA
sequence.

25 Expression of the exogenous gene generates a condition of ER stress in the cells
of the invention, which results in all or part of the features of the disease
associated with the expression of that specific protein occurring within the cell
system. The ER stress sensor element is ‘activated in response:to the ER stress
that is induced by expression of the exogenous gene. In this way, the cell of the

30 invention can represent a model system of any particular ER stress-related
disease or disorder depending on the exogenous gene that is expressed.

This cell allows for the targeted identification of compounds with potential
therapeutic application. Expression of the exogenous gene (the disease protein)

35 can be achieved by cloning of the desired cDNA into an appropriate vector using
conventional recombinant DNA technology, followed by introduction into the
modified cell system.



35 increase or decrease the ER stress in a cell of the invention. These candidate agents include
known and unidentified compounds isolated from microorganisms, animals, plants or any other living
organisms WHtHe§d 048 to extract possible effective modulator agents. APEHBIGEY8/ U8 can be a
small molecule including WO 2008/150186PCT/PT2008/000025 10 natural or synthetic molecules,
including peptidomimetics, peptides or polypeptides or fragments thereof including binding peptides or

po'vpept'de%r%éﬂt(?gf&eaeé&amaems&t@rw FheiYEe SPRALAIG A5HAdns Ueoidauplgrayranded

or single stra RNA,"a modificatio erivative t

antisense
oligonucleo®i@5ame bey;RIQRIOIEN ¢AD Qperatiyely linked olR cm?bg’igoﬂ?'a?'ésmﬂﬁﬂfthat is
being screeeadoidingxanppiden dhatiodudiesiizRastrassal ﬂfbdlmdmntqr majudiacconstiutitied

CompoundSﬁalﬁm@‘f%la&%EeW*ﬁméx i3¥i6n maé'@eﬂf&"matiﬁ%hﬂbﬁ orgegferabiyNipe 10 are
used to xtract effectlve modulator ntsﬁ) ﬂaps% e dis Iay Ilbraaf a cDNA librar ora
SoNA orart R AT P RSB RR P e KRB, 9H0R ENERE A RieieD
spectrophotd‘!ﬁ@@?sfllﬁﬁlmﬂum%%@&%ﬁ%etm IP(meﬂ%ﬁth%rratlabﬁuﬂl’@eVE@itern

blotting, or gsnoRibRIrdetection method known by a skilled person. Modulation of ER stress is reflected
by an increase or decrease in reporter element expression/activity. Modulation of ER stress can be

representedEb% a , ) . » .
stress refers to an imbalance between the demand that expression of proteins
10 makes on the ER and the actual folding capacity of the ER to meet that demand.
A response that counteracts ER stress has been termed “unfolded protein
response” (UPR).

The second aspect of the invention provides a method of screening a candidate
15 agent for its ability to modulate ER stress comprising the steps of:
a) contacting a cell of the first aspect of the invention with a candidate agent
and _
b) determining the effect of the candidate agent on the level of expression of
the reporter element.
20 ,
In one embodiment, the screen includes the exogenous gene of the cell being
expressed

Determining the effect of the candidate agent on the level of expression of the

25 reporter element can be done, for example, by comparing expression of the
reporter element of the cell that has been contacted with the candidate agent with
expression of a reporter element in a second cell of the first aspect of the
invention, that has not been contacted with the candidate agent, and wherein the
exogenous gene of the second cell is also expressed. Alternatively, expression of

30 the reporter element of the cell that has been contacted with the candidate agent
could be. compared with the expression of a reporter element in a cell that has
been contacted with an agent whose effect is known.

A candidate agent is any substance to be tested to determine any ability to
35 increase or decrease the ER stress in a cell of the invention. These candidate
agents include known and unidentified compounds isolated from microorganisms,
animals, plants or any other living organisms which are used to extract possible
effective modulator agents. A candidate agent can be a small molecule including



20 decrease in reporter element expression that is caused by a decrease in ER stress. A candidate
agent that decreases ER stress may have direct potential for treating ER stress diseases or disorders.
Alternatively’ thé¥\§&tR%f ER stress can be represented, by an increase iRCEFEBYHEI S Ment
expression that is caused by an increase in ER stres® A candidate agent that increases ER-stress can
be applied in treating infectious diseases, such as fungal infections, bacteria and/or other parasite
infections provided the agent increases ER stress in the disease causing organism and not the host. A

candidate agdtH# inBfeaSYRRRIC  <NOIRGYISR: o HRCdinG e ReRIdOMIMEIS: 1 PERHFER sBEss
diseases or digolyfeeptides exafiagments: thersofdidatadig nbiding: peistidesn ancpedypeptidBsstress

may be utszd_ satm}?&dailasaﬁﬁsghfm@m?éeﬁ Vmggﬁfégx@woﬁgage?aﬂr&ﬁwﬁyﬁs taaha&gigg
represented in the cell an S may ide ar r other candjdate agents and/gr 'screens.
Once a candi&g@nggén?%ag@geﬁ %@ﬂﬁﬁe@@éé’rﬁg %tr@s@ﬂ‘?ﬂ?b‘fﬁﬁ?&,qu%%ﬁ}@ﬁy Sfﬁ?%?ﬁfdr{ﬂ&tor to
a particuldr stexample,@nssensgtligonsideetitesa splaamatse SiRiNAS and iRO3IMES. the exogenous
gene encoding a protein that induces ER WO 2008/150186PCT/PT2008/000025 11 stress) will be

%Vd‘ﬂiﬂé?y<é‘éﬂ%ﬁ%ﬂéﬁ%ﬁ%%ﬁﬁééﬁ‘%%%iéﬁﬁeﬁrﬁf@%%335,‘*%@@?%%9%#@%%ﬁf%%i*ﬁ%ﬁ%eSS

exclude comeRRCAIN IPrant. ad geatial nRIgges ribrapr dneluding HeidentifiedcrrEIRaHRfere
with the normisglatesidiayy nfithecrghiristht)cnimiaisnplants bedng bttsdrcivingletgarfisriscwdriehtic

applicatigs. Lyd\geaarth aipibt sOEdmitstidbivethidinase AR HEPRFIbrAKHRALING,
touching, assog;sfg or making t (é\c’) pound accessible to thé& cell. The méthods of screening of the
invention prow AN 96~ ﬁlﬁ&dcity in the form of ER stress and thus does not only
select for agents that reduce ER 15 stress. ER stress is representative of cellular dysfunction such as

aggregate forqatipafisdesrd SRARENREpBAICBIaHERt neiprassiialdrsiuactianmrs upalisivgt of

the ubiquitin-prote cgu @B? rotein. conformational diseases ion,af the cell
with & cond R EReEeR, RUBn R AR ASae Rt e R S ER O RRer
consequéntly Rating.a WWestair Bilotinge RIctsy i thersdetectionmmeihod fertwmyaa skilledere
along the patipeagoni. mutant protein dysfunction, either upstream, downstream or at a level of the ER.
Measurement of ER stress is a checkpoint for cellular dysfunction and reflects the general condition of

the cell upon expressjon of ecific disease protein together with treatment with a candidate agent.
P iﬂgdu ation ota [‘2?{ stress is reflected tb\? an |[ncrease or decrease in reportergl

element expression/activity. Modulation of ER stress can be represented by a

20 decrease in reporter element expression that is caused by a-decrease in ER
stress. A candidate agent that decreases ER stress may have direct potential for
treating ER stress diseases or disorders.

Alternatively, modulation of ER stress can be represented: by an increase in

25 reporter element expression that is caused by an increase in ER stress. A
candidate -agent that increases ER-stress can be applied in treating infectious
diseases, such as fungal infections, bacteria and/or other parasite infections
provided the agent increases ER stress in the disease causing organism and not
the host. A candidate agent that increases ER stress may also have indirect

30 potential for treating ER stress diseases or disorders. For example, a siRNA
candidate agent that results in an increase in ER stress may be used to identify a
gene that plays a role in the pathway of the ER stress disease that is being
represented in the cell and thus may identify a target for other candidate agents
and/or screens.

35
Once a candidate agent has been identified as an ER stress modulator, specificity
of the modulator to a particular stress-inducing condition (i.e. the disease/disorder
that is associated with the exogenous gene encoding a protein that induces ER



25 One of the advantages of the methods of screening of the invention is that, as discussed above, it
measures toxicity in the form of ER stress. This type of screen has advantages of selecting both for
compoundsWa2MEedBovith the protein expressed py the exogenous genPbF RIEWERMIEFeam or
upstream 30 targets. Furthermore, the simplicity of the screen means that it can be conducted
relatively cheaply and quickly. In the embodiment of the invention that uses a yeast cell for screening,

a mammaliag cell line, far ex ine,.can energted that c XRIESS the same
exogenousag%r%égsr@g%stﬁ (%ﬁ%ﬁﬁv&%%&aﬁngﬁ ﬁﬁstgan %He%' eaﬁcﬁ' ot tan |J§%eglcj§rf§§ur?ds
obtained as @PRdititnr P ggaeralsFeMIcakERcBiress Jpduetiom e T/BMeAmKIn0Ss 12
Efficacy of ttizapsigkigie treatpentjls can be determined by standard pharmaceutical procedures in

this mammalian platform of ER stress conditions, e.g., for determining the LD50 (the dose that is lethal
to 50% of the popylation) and.the E350 (the dose that is therapeutically effective in 50% of the
population) BHGR L AR TRRIAEE R 0a A 1 EaRNGE CATPONTAR AIHED ACE RS GRNER he
expressed amothietons0f Peiestresswit cthpye rcan cpotentially vinierfanehiitharthetoepalitic
indices: Th 'Qﬁég?%ﬁh@@éﬂ\ﬁﬂiﬂ{bpéfbf@?ﬁa? rRAdeaeantidaRaIdiRE IR thBralatae Of

screening o E@lry? ion. The candidate agent selected by a screening method can be an activator or
- .~ ~applic S. . : : .
an inhibitor and/or a transcriptional modulator, a translational modulator, a folding modulator, a protein
interaction modulator, a protein stability modulator, an aggregation modulator or any other modulator

that arpelioraiesubed chistein]ystonttiotingflutiesl ke xwitissiprcompedridexefirsots @xposingpding a
protein that r ' ' if] i e of the invention
can have pJﬂ}%ﬁ{g%%@@ﬁggrgggsﬁ%g%&@%@g%@%@ﬁmﬁ%@%}ggﬁg éé@'other field
where application of ER stress modulators is-applicable. 20 The fourth aspect of the invention provides
a candidate ‘Elgemneihqdﬁemf Isprémingtbﬁthefia_verﬂimg:cd\thteia\m;siemffmupeasuriagiw_xéacim one
embodimeninthigeCRIMHIH ERISHESSSHA'HIS HbESHUDRI SR TSt S tRserRLES REATS. AN
ER strfgs-relta\ted dispase R_r disorder is a dlzease ogdBﬁr er (c’au'sed %ﬂor coptributed to be ER
stress 18velsS Fo sexa%%k?, Rﬁz%éﬁnr&pﬁﬁgg %tév’ezg t?l%_ Slfs ¥§ Unatt | AL ABAIVEARIR
ischemia, cylSimAbRTsis altefrde diapsaliptienallidegiativner mitechendriahildysfunyetion and
?oly_lr}elurr]opathpémmﬂlta&mnwwwwmmmelBy&ami@f%@éqtmpbi@m@wmi&ﬁaﬂs),
amilial hyp 0 S e LSy St : - as,
GM1 g ang P ooreat. nRLanalier ML B ERamdy %ﬁéﬁ*ﬁfﬁé@%ﬁ%ﬁ%ﬁ’s‘% R
hereditary cSRAUHY AlgNiatethe Seluar iysluacionandcansemientiy eag o sessurabieeditary,
renal e_ﬂﬁyl_oix@nhjstiberé{dﬁi_ygtymnelﬁmqmate sigenitsyinais atitcsayfrere alontp theipatiwakain
amyloidosis gnfiassngtistotdmealeringrlisedifay gktrianh fblasreara R 8 ibreinyraite
Parklnson'iEBeasi,éPellzaeus- (afﬂr‘zmer disease, L%Hm‘\?gpsﬁitﬁqrplc m%os&, secondary
systemic a idosi ,egﬁH[@"é%e ica §15?883|§, &KE 2 CEGA o l&ﬂa?ﬁ d bulbar
muscular atféfegishngeapeilacongdition obdhgifceth epeapexpogssion Hforasrerifiusiseasely
myositis, tygsrdtein together with treatment with a candidate agent.
25

One of the advantages of the methods of screening of the invention is that, as

discussed above, it measures toxicity in the form of ER stress. This type of

screen has advantages of selecting both for compounds that interact with the

protein expressed by the exogenous gene by also downstream or upstream

30 targets. Furthermore, the simplicity of the screen means that it can be conducted
relatively cheaply and quickly.

in the embodiment of the invention that uses a yeast cell for screening, a
mammalian cell line, for example a human cell line, can be generated that can

35 express the same exogenous gene as the cell of the invention and this can be
used to verify candidate compounds obtained as a result of the screen using the
yeast cell.



WO 2008/150186PCT/PT2008/000025 13 diabetes, viral infections, Wolcott-Rallison syndrome,
Wolfram syndrome or Z alpha 1-antitrypsin deficiency. The fifth aspect of the inventionﬂ%govides a

method for ﬁ’é%ﬁ%g/éﬁ@ﬁess-related 5 diseases or disorders in a subject cgﬁ%ﬁgﬁqasf ‘gﬁep of

administering a candidate. agent identified by the méthod of screening of the invention to the subject.
The subject is in need of such treatment or might benefit from such treatment. 10 In one embodiment,

more than o andidate agent identified by the method of the invention is administered to the subject.
In a further e Sﬁ%erﬂ?t?l%ecar?&'aéégg?gen%grgf)é’ ad |nj§%}eoggm§ﬁg% 'ﬂé}] : sB ars;tl?érfé %Fd
sequentially. Phasmaeeuticalperredures dmthismammalianaplpitasmefh &Rt HEesscpendidianshuman

or non-humae.gnifonldeteesihirig e LOHO¢thieoddisat mmhhhemélttfoosm_%l(fdi tresapopulation) )
treatment m It [ : - f ent).
Treatment m%".ﬁé%G%B?Pfé%@%?“g%v?ﬁﬁc?ﬁ“%@o ﬁ%‘é%@ye?@&‘“’%cts. amagz%@%mﬁ%sz&
herein t&tha ABNREAREIGIDARY i%.40e Al REINESD X% A0d dhetaneil; s1ecs ASHEAMThe
term "therapbetiexpoessed: aeckBE0/ENSQly tRieferansgecwitl tbeatgivemtiicotampoonsy . whidtarly,

"prophylacticegiigit RiPgaREPpENE PRIt the subject will not eventually contract a disease
condition. 25 Accordingly, therapeutic and prophylactic treatment includes amelioration of the

symptoms of a particular condition or preventing or otherwise reducing the risk of developing a
particular corld@otNinchasnest Rbheideyentiny peovidesdarcandidaiecagemeidentfigdobh@onset
of a patticulamethodiaf. ‘Stheenieytiof ey adaiationducthbecmdidite§ agentisizlgotedditpnaA
therapeutica ive t jda ﬁg?ﬂ identifie f ' e
invention is a n%r%?ﬁt@emgmga egﬁ't%]rgégegﬁzal y érffﬁti\_gli(;:H ﬁnhg‘l)jr{#? ;%ﬁﬂ%% %eﬁﬁ%@%ﬁ@ég

tgrm ein .
amount capdPRANRudnY %‘P?T@té‘ﬁﬂﬁ' dRedviaton & dolding Mmpdulalon, &i@sigin interaction

modulator, a protein stability modulator, an aggregation modulator or any other
modulator that ameliorates the cellular dysfunction caused by expression of the

15 exogenous gene encoding a protein that induces ER stress. The candidate
agents identified by a screening method of the invention can have potential use in
medicine, biotechnology, veterinary, agriculture, industry, and any other field
where application of ER stress modulators is applicable.

20 The fourth aspect of the invention provides a candidate agent identified by the
method of screening of the invention for use in medicine. In one embodiment, the
candidate agents are for use in treating ER stress-related diseases or disorders.
An ER stress-related disease or disorder is a disease or disorder caused by or
contributed to be ER stress levels. For example, Alzheimers disease,

25 atherosclerosis, atrial amyloidosis, cerebral ischemia, cystic fibrosis, diabetes
meliitus, familial Alzheimer's disease, familial amyloid polyneuropathy 1, familial
amyloid -polyneuropathy Ill, familial amyotrophic lateral sclerosis (FALS), familial
hypercholestrolemia, Finnish hereditary systemic amyloidosis, fronto-temporal
dementias, GM1 gangliosidosis, = haemodialysis-related =~ amyloidosis,

30 haemodialysis-related amyloidosis, hereditary cerebral amyloid angiopathy,
hereditary non-neuropathic systemic amyloidosis, hereditary_renal amyloidosis,
hereditary tyrosinemia type |, Huntington’s disease, immunogliobulin light chain
amyloidosis, inflammation, injection-localised amyloidosis, medullary carcinoma of
the thyroid, Parkinson’s disease, Pelizaeus-Merzbacher disease, primary systemic

35 amyloidosis, secondary systemic amyloidosis, senile systemic amyloidosis, sickle
cell anemia, solid tumours, spinal and bulbar muscular atrophy, spinocerebellar
ataxias, spongiform encephalopathy, sporadic inclusion body myositis, type Il



WO 2008/150186PCT/PT2008/000025 14 dose will depend upon a number of factors, including the
precise nature of the form of a candidate agent identified by the method of screening of the invention
to be admin®RAE/ETHE present invention is equglly applicable to human BaHRI 2RI medicine.
Route of administration may include; parenterally (including subcutaneous, intramuscular, intravenous,
by means of, for example a drip patch), some further suitable routes of administration include (but are

not lmited \QigBRE a0 Hickierl WoRMMRU°laRaTEl Wil reRorRoTBe 7

intradermal, |ntra rlton |nt ranlally Intrathecal an aI admlnlstratlon or admlnlstratlon
via oral or n%ﬁp 5 f€BEYor example a nebullser or inhaler, or by an implant. 15 The
candidate agent |dent|f|ed by the method of screening of the invention can be deliverable as an

Imectlable ﬁt‘ﬁ@gﬂﬁ’%ﬁéﬂ?ﬂﬁ@rﬁ%&&ﬁ%{ bﬁo@éﬂ?ﬂﬁﬁhﬁtﬁ tfbttt?elaﬁtsg ER%t@g@ﬁéthYﬁOffl (2)5
nasal inpala or adminjstration. via the oral.or nasal inhalatio rou candidate
gt nERAT 5 e B LS SRR SOTNFR 1 S 5 O Mo
formulation mmﬁmm‘@g% Hh@@téﬂﬁiﬁpﬂ)rﬁf isereemiganof rﬁb@r@%‘lﬁ@!@ﬁ‘td‘hﬁhﬁhaler or

nebuliser desidsject. FTheesubjesteithinondedt bhalchhirdloneistu s might seeneftnfrowiratien is by a
25 SPAG (spalthsstiulate aerosol generator) may be used. For intravenous injection, the candidate

agent identified, by the method of screening of the invention will be in the form of a parenterally

acceptable aqueous solution which is pyrogen-free and has suitable pH, isotonicity and stability. 30
Those W1 relbvansiémbadinentarmorelithate, m@mﬁatﬂtzﬁgerﬂolddotiﬁaubm ther meihqﬂeofsotonic

\F/)ehlcles ?UcfhéslﬁQéhﬁBﬁhi%][@@dﬂﬁfl@PQd%%é en, ;ﬁt@%ﬂt%geé&t?bg?ﬁ% .
A candidate G HIPRIE 00D 8 AP e BT SIS R OBRIENF o 5 i e may be
in tablet, capsule, powder or liquid form. A tablet may comprise a solid carrier such as gelatin. Liquid
compositionF lgerteraty treatpigst ailquik daeesiaur)) rRfer e angirelfirmenathiaiatan rgesablg oils,
minera pil opYkAR WIHOANGRRR TP P00 3¢ dGch treatment or that might benefit from

such treatment. The treatment may be in respect of an existing condition or may

be prophylactic (preventative treatment). Treatment may include curative,

alleviation or prophylactic effects.

20  More specifically, reference herein to “therapeutic” and “prophg}lactic" treatment is
to be considered in its broadest context. The term “therapeutic’ does not
necessarily imply that a subject is treated until total recovery. Similarly,
“prophylactic’ does not necessarily mean that the subject will not eventually
contract a disease condition.

25 .

Accordingly, therapeutic and prophylactic treatment includes amelioration of the
symptoms of a particular condition or preventing or otherwise reducing the risk of
developing a particular condition. The term “prophylactic’ may be considered as
reducing the severity or the onset of a particular condition. “Therapeutic’ may
30 also reduce the severity of an existing condition.

A therapeutically effective amount of a candidate agent identified by the method of

screening of the invention is administered. The term “therapeutically effective

amount” as used herein means an amount capable of reducing or treating an ER
35 stress-related disease or disorder. "

The candidate agent identified by the method of screening of the invention may be
administered to a patient in need of treatment via any suitable route. The precise



synthetic oil. Physiological saline solution, dextrose or other saccharide solution or glycols such as
ethylene glycol, propylene glycol or polyethylene glycol may be included. 5 The candidate agent may
also be adniHist@eR AN EMmicrospheres, liposomes gther microparticulate dBHRIERY 2812 Dr
sustained release formulations placed in certain tissues including blood. Suitable examples of
sustained release carriers include semipermeable polymer matrices in the form of shared articles, e.g.

suppositori [ suI {ri include
polylactldes%%;§ gﬁ%“@dm&%g@ﬁ%’é%@%ﬁ?@ ﬁéﬁrﬁlc aC| § 8 }}%trni?afé Wﬁqé‘
ethyl-L-glutdRsmeotasandidate, ae@abqqﬁm}&ezgm fmms%@dlgeg;rwg of the invention to
(2-hydroxyetieyadmihteyéade) or ethylene vinyl acetate (Langer et al, J. Biomed. Mater. Res. 15:
167-277, 1981, and Langer, Chem. Tech. 12:98-105, 1982). 15 Examples of the techniques and

protocols megntioned above and other te tng %UET‘.‘%@ protocols WhICh ma be used in gccordance with
the invehtio %Mféﬁmﬁ% BhiRGAUE AR fsman.aed fgtH ariRaryedigisea r
Lippincott Williams & Wilkins; 20th edition (December 15, 2000) ISBN 0-912734-04-3 and 20

Pharmaceulga0TI adRinIstAatibR Wﬁd?dlﬁeﬁ‘{d%}’si%i’ént‘é Hikelfding 7Subsliand S\
0-683305-72-7 the entlre dlS Iosures of iS here ? mco éed HY refe e, Thg ac&hal ‘amount

admlnlstered1 tanra Y36 and' rﬁ"’% Pse maqugt?a‘tlon Wi R &8 %ﬂ hature an severlty of

what is be|ngul'ltéﬁlédfW@crﬂft@ﬁ’BF’tﬁi@ﬁﬁ@ht"@'@'dée&wbrﬂ GG é&'gé%ict% @tainelydingin the
respongbilityutdiatahd dsublingoal, geeetail prastliortepicand mdnedwmaptqrﬂrmmalcally
takes acco %ﬂyr t th ol of |n of delivery,
the methoduio“ d’tglms tration aﬁ'ﬁ orseilzﬁfpogﬂ"v;rlg ogi%oélrﬂaactltlg ners he o%ﬂig (@é cagr? be
determined B?'BW§$E?§\9§' R r‘?%ﬂﬂﬁﬂ Liohatasion. by Breans i igr frAR ﬁé‘e&}g‘%ﬂrwelght,

severity of tirthaterliiobyamiampdantd, the active ingredient being administered and the route of
35administration. WO 2008/150186PCT/PT2008/000025 16 encoding an ER stress sensor element, a

Gene o a (0 SRORCRS ARt AR R Y TR Mg TR IR0 (D SRR IL 2D Bieociing
an ER stresgeliverablacasean inigctahle/compositiondisasmipistesed @I@“ﬁerﬁra\%m&lﬁééfﬁﬁlto the

cell on the sptive/keigs aRtamasrsdeblideoraboenasatinivalimtipan exogenous gene is introduced into
the cell on a different vector. In a further embodiment, all the nucleotide sequences are introduced into

the cell on the same vector, . . ) )
For administration via the oral or nasal inhalation routes, preferably the candidate

20 agent identified by the method of screening of the invention will be in a suitable
pharmaceutical formulation and may be delivered using a mechanical form
including, but not restricted to an inhaler or nebuliser device.

Further, where the oral or nasal inhalation routes are used, administration is by a
25 SPAG (small particulate aerosol generator) may be used.

For intravenous injection, the candidate agent identified by the method of
screening of the invention will be in the form of a parenterally acceptable aqueous
solution which is pyrogen-free and has suitable pH, isotonicity and stability.

30 Those of relevant skill in the art are well able to prepare suitable solutions using,
for example, isotonic vehicles such as sodium chloride injection, Ringer's
injection, Lactated Ringer's injection. Preservatives, stabilisers, buffers,
antioxidants and/or other additives may be included, as required.

35 A candidate agent identified by the method of screening of the invention for oral
administration may be in tablet, capsule, powder or liquid form. A tablet may
comprise a solid carrier such as gelatin. Liquid compositions generally comprise a
liquid carrier such as water, petroleum, animal or vegetable oils, mineral oil or



10 The vectors carrying the desired nucleic acid molecules can be integrated into the host cell
genome, either through homologous recombination into a specific genomic locus or through
non-homoloY&uAP8déM#tnation into any site of the fpost cell genome. 15 THECEAAMIEREY X! can be
validated by growing the cell in the presence of the protein, which the exogenous gene encodes for.
Expression of the report element indicates successful transformation. The invention also provides a

vector comPUAR B sleoBAa SERCEE SR DAAR AR eSS ARG LB BE S R one

encoding a reporter element e sequencé enco ené that in stress,
Preferred feRAUAIKARISAECh-88 RIhvieNe.8 @@J&f@&é!ﬂﬁ%%@?ﬁb%@&ﬂ@ﬁﬂ?@%&%?%@%P&spect of

the inventionimeludéd. mutandis. 25 Throughout the specification, unless the context demands
otherwise, the terms '‘comprise’ or include or variations such as ‘comprises’ or ‘comprising’, 'includes’

or 'including’ Will be understood to,im |n Iu5|o of a stated intege of integers, but not
the excldsion' 8fafi Qﬂlﬁ%‘sﬁw@gﬁf‘%r"gﬁ @'I’Hsjﬁrggnmfsﬂ\ é%%h?’% nalBf 'B#%‘neans
the incIusanthafsml@@m@WaieglelWﬁw mr@@mﬁ or tau&tameduaaleaawqrmylam@eplacgd)up of
integers.- It eﬁ\déﬂaﬂdttbéwdﬂm@mamgeﬁmoaomﬁm Exaffled 6F almmﬁéaib&éss@s&tméterm '

consisting th refere he dr hic
200611501 5CRB SR LhTAE B TAEE e ésh‘é} 15T O Sy Mg el
region of themﬂaﬂtﬂ'ﬂsg@ng‘[@'@?% :2)Imptantable |ﬂﬁ§ﬂ'&f@§@ﬁ’§@éﬂlﬁ§§t§§l8f§ 69[%@%man
Tau pragin (matnw‘s3)r(65dé IDdW&)dEmw 3|Uz0:049;tHERADH 848 b)) cdputywiktsypé human

Selzll-g%r? enr:.i.@‘ﬁ dégﬁﬁ)ﬁ.;t‘g 't%ﬂfgﬁ‘v-tfgi W'Eﬁﬁﬁé e Feéig’égkﬂ{QQIZWPsolL

DMS re 6 illustrates

growth and féﬁ)?eg nc‘lagé@naP@hD X@%@Lh\g thagey ﬁFﬂnﬂfquJﬁﬂﬁ A
with or witho(ltangen ehaliné. FBipmed.illMateres Reswvt and6:2k5ct884, samdal anges)-Chem301L
cells on minimggp Mepliggo1gRh gxalactose with or without 100 pM salubrinal.

15
Examples of the techniques and protocols mentioned above and other techniques
and protocols which may be used in accordance with the invention can be found
in Remington’s Pharmaceutical Sciences, 18th edition, Gennaro, A.R., Lippincott
Williams & Wilkins; 20th edition (December 15, 2000) ISBN 0-912734-04-3 and

20 Pharmaceutical Dosage Forms and Drug Delivery Systems; Ansel, H.C. et al. 7"
Edition ISBN 0-683305-72-7 the entire disclosures of which is herein incorporated
by reference.

The actual amount administered, and rate and time-course of administration, will
25 depend on the nature and severity of what is being treated. Prescription of

treatment, e.g. decisions on dosage etc, is ultimately within the responsibility and

at the discretion of general practitioners and other medical doctors, and typically

takes account of the disorder to be treated, the condition of the individual patient,

the site of delivery, the method of administration and other factors known to
30 practitioners.

The optimal dose can be determined by physicians based on a number of

parameters including, for example, age, sex, weight, severity of the condition

being treated, the active ingredient being administered and the route of
35 administration.

The sixth aspect of the invention provides a method of producing a cell according
to the first aspect of the invention comprising introducing a nucleotide sequence



20 Figure 8 illustrates growth and fluorescence signal of DGI-TAUP30112 cells on minimum medium
with 2% galactose with or without 10 pM DGI-T2008A. Figure 9 illustrates action of new compound

DGI-T2008AYO2 I H L signal in DGI-TAUP301kgcells compared to cont’r’&%ﬁ?ﬁ%ﬁl{)&gﬁ:igure 10

illustrates growth and fluorescence signal of DGI-TTR V30OM cells on minimum medium with 2%
galactose with or without 10 pM DGI-TT2008A. In the figures, where used, the expression "w.o"

indicates "wighegting@iVERIiGirasd nesnss felbeienes dinastiotrRier seeiéndee &I&Mtﬁgﬁ%ampleé,

which are provided for,the purposes of illustration only and are not to be construe being limiting to
the inventioﬁ?ggr&%ﬁ%smgnrgéﬁp?e%‘# 8§€gtrsae| uanacﬁzﬁ%%%&igﬂ %‘E?e%“g Séne Into'a
2008/150186RE TS (B oet 1% transfermedudln freueabadinentthe AHoleRITIRMEACRIS3AL;
leu2 AO; meshdlingp AR BRsirdssiserist elethentoantuathadiédtidec esicoding e aepd v A

isolatiory. Tr j t S f n i Sjetz, D.,
R e N g e S
ER sensor réBEHEPBRERFIAND 2 SXRAFNAHE FEAE JR ARIrRIUEsHiBtARe cal PR difaseRhs
amplified byvectRr.Tiwe arfystiieddniodimesaall thennucielctidie sequedces-Brenititrodlaceddatd0 to the
transcriptionyiaticdip s srhb dedteemprehends one UPRE and two putative TATA sequences. The
primers used for PCR amplification contained restriction sites in the extremities so that the amplified
DNA fragment was digested and cloned into the multiple cloning site of the pGRU2 vector,
immedl&tely Ups vestarsf earyingithesdesiced deeleic@rid rvlecules can be integrated into the

host cell genome, either through homologous recombination into a specific
genomic locus or through non-homologous recombination into any site of the host
cell genome.

15 The transformed cell can be validated by growing the cell in the presence of the
protein, which the exogenous gene encodes for. Expression of the report element
indicates successful transformation.

The invention also provides a vector comprising a nucleotide sequence encoding
20 an ER stress element, a nucleotide sequence encoding a reporter element and a
nucleotide sequence encoding a gene that induces ER stress!

Preferred features for the second and subsequent aspects of the invention are as
for the first aspect of the invention mutatis mutandis.
25
Throughout the specification, unless the context demands otherwise, the terms
'comprisé’ or ‘include’, or variations such as ‘comprises’ or ‘comprising’, ‘includes’
or ‘including’ will be understood to imply the inclusion of a stated integer or group
of integers, but not the exclusion of any other integer or group of integers. In
30 contrast, the term “consisting of’ means the inclusion of a stated integer or group
of integers, to the exclusion of any other integer or group of integers.- It envisaged
that where the term “comprising” is used, it is also possible to use the term
“consisting of”.

35 The present invention is described with references to the drawings, in which:

Figure 1 illustrates a 141 bp fragment of the yeast KAR2 promoter (SEQ ID
NO:1).



In the yeast Saccharomyces cerevisiae the Bip protein is the product of the KAR2 gene. Induction of
ER stress by the presence of an UPRE induces the production of Bip through the binding of HAC1
protein to a%’ig-%ﬁgm%%E present in the promotey of the MR2 gene. CIor%ﬁ@’%ﬁPl?ég/ % UPRE
and basal promoter 20 upstream the YEGFP coding sequence allows the production of green
fluorescence signal as a measure of ER stress. Generation of the ER stress-reporter yeast strain The
ER stress sensor plasmid was transformed in the strain YO0000 and 25 validation of this sensor was

conducted by.growing. the,tr nsforrggi strain in the presence oi’éunic mycin. .The i &l#: lon of ER
ctress was CLIBHTREE SHELE o A 2 TTRSPEDh SRR Fe A CEIR - I PP e
cells grown ihTtRgepe(SRQIRNRiRlycin. The generated strain was named DISAGGREGATOR |
(DGI). 30 Cloning of the human Tau mutants The coding sequence of the human Tau protein (SEQ ID

yeacs epso RS 3 RAAEeR 42 dha FRMENBE AR H et P8 O BRAMIRERE A oeo

and Tetra mlRaN@'\mare generated by site-directed mutagenesis. After transformation of these
constructs, expression of the Tau isoforms was induced by growing the cells on 2% galactose. Specific

detection of ﬁ_iﬁnJéLh WG A 1RO Lo regich G HERAA fpe RimiaREARRGRIBE RGN corect

molecular w(ﬂ%iéwas verified by Western blotting using a polyclonal antibody against Tau protein.
Generation )yeast platform for the identification of modulators of ER stress 5 induced by the
expreskbon of mutant Tau

Figure § illustrates growth and‘ fluorescence signal of DGI-TAUP301L cells on
minimum medium with 2% galactose, with and without 2% DMSO.

Figure 6 illustrates growth and fluorescence signal of DGI-TAUP301L cells on
15 minimum medium with 2% galactose with or without 0.4 M choline.

Figure 7 illustrates growth and fluorescence signal of DGI-TAUP301L cells on
minimum medium with 2% galactose with or without 100 uM salubrinal.

20 Figure 8 illustrates growth and fluorescence signal of DGI-TAUP301L’ cells ‘on
minimum medium with 2% galactose with or without 10 uM DGI-T2008A.

Figure 9 illustrates action of new compound DGI-T2008A on ER stress signal in
DGI-TAUP301L cells compared to control compounds.

25
Figure 10 illustrates growth and fluorescence signal of DGI-TTR V30M cells on
minimum medium with 2% galactose with or without 10 pM DGI-TT2008A.
in the figures, where used, the expression “w.o" indicates “without”.

30

The invention will now be further described by reference to the following
Examples, which are provided for the purposes of illustration only and are not to
be construed as being limiting to the invention.

35 examples
Example 1
Yeast strain and transformation



The episomal plasnnids containing the wild type and mutant Tau sequences under the control of the
Gall promoter were transformed into the ER stress-reporter yeast strain. 10 The gltenerated strains
were named NEREEREGATOR | - TAUVT (DGITAUWT), DISAGGREGATERPUPAUE3011
(DGI-TAUP301L), DISAGGREGATOR | - TAUP301S (DGI-TAUP301S), DISAGGREGATOR | -
TAUAK280 (DGI- TAUAK280) and DISAGGREGATOR | - TAUTETRA (DGITAUTETRA). ER stress

induction upmm&g@a AoVl e ey SQI%YYQﬁ]%WWWA%QWMW@@H&%O%%ﬁﬁaCtOSG

and determi rease In the n flyorescence signal eening as validati eening
was conduc %(mﬁ é@ b‘?’%(f%ff@éﬁ 'cQ?PeﬁﬁPéégfﬁ&tﬁe efa)ﬁ?%f fi@'ﬁ ’“5'%?5@%\ under
the control otselanorpramsfmnmt:ontafrtng yeast Rellscwas pesformed accoidingly toithesERGs

reporter, desﬁ@ﬁea@{eiéﬁnw),ed.c_mstm@éﬁnR.fAhew&agm RIPPIEIHRIMIA] 990t FRression
of TAUI%SOl § ﬁed pi%%%ilc response that triggers ER stress and hence fluorescence by the
reporter” Th AL re ‘signal was normalised to 25 cell density and the normalised

fluorescence was used as a direct measure of ER stress level in the cells. A commercial library
containing 5@6ﬂ§tmﬂﬂmm1ﬂwlgs?wenmre§p@deﬂpmmm 5 dipeptide molecules from an academic

collaborationya Eadr | Il l. W S, with

the potentlaﬁolilr%o ate délggﬁ%%af%%%@??ﬁ% Figg%{rggsﬁg ere | en Ifie %elr

ability to dedF&Re (n?nﬁﬁg)%'!f i JF@SE&%ESR%&QH}IUQHHHS%W&?%M (yith éﬁfémﬁ%d by

measulidig ofatithedtragsgriptionoinitiatibnr esités a1 G1 1) Adnd 36dinpre rendse atiep biRfRH iatudotwoell

CG ot candaaRl AL 8 ‘@"*%‘*ZZE%@'WW?’i%‘?;"?““s'ﬂmﬁ“@%%ﬁ%“;” 0
[ ui ing S us Au

Workstation @ﬁeﬁrf&ﬁﬁ % P|3t |ﬁ€ﬂ€g§e§?o\gaa§a€ﬁ gfu?/éo% ﬁ}{ ?agment was

2008/150186%gested 2008/0c002Y 2mtmdé\eshamtiglm slaoingc sitexa AhenRERUAcvestor. Growth

and fluoresciniffediatelnopswetn/ofitiie \b6tng ¥aqiisnpnst MeGPR(PE). In parallel, cells were

cultivated in the same conditions without compounds or with different control compounds. 5
Compounds already proven to be capable of alleviating ER stress were chosen as controls. Molecules

directly activindhgiNastSEEChaRFIYCE sarekivian the Biepipiggiisdhemrodrct P the{iAfR4rs are
already presgenen ihduntioreof £Rstresshbyntbel pregenceof.anHdRREzlintdapesthepfoductianine or

2 decreased Hie b LTOUUIT e HiRIAG Sraae F proteii 16 o s g t%%““ﬁﬁﬁ%%f‘f{.‘#!‘“eiﬂf }
iitor of pRETRI-E. B8 KA SR A LITBIE: G G AR BB AR LaA ATORERSD, The
resultid® makipstrease otheotéRGHBsradingticsemmnesin ellmacetbq)rcnmmtnmmqﬁegr@eme
effects of ERluorescence signal as a measure of ER stress.

Generation of the ER stress-reporter yeast strain
The ER stress sensor plasmid was transformed in the strain Y00000 and
25 validation of this sensor was conducted by growing the transformed strain in the
presence of tunicamycin. The induction of ER stress was quantified by
measurement of the green fluorescence signal in comparison to the same cells
grown in the absence of tunicamycin. The generated strain was named
DISAGGREGATOR | (DGI).
30
Cloning of the human Tau mutants
The coding sequence of the human Tau protein (SEQ ID NO:3) was obtained from
the IMAGE consortium and subcloned into the multiple cloning site of a yeast
episomal vector, under the control of the Gal1 promoter. Tau mutants (P301L,
35 P301S, AK280 and Tetra mutant) were generated by site-directed mutagenesis.
After transformation of these constructs, expression of the Tau isoforms was
induced by growing the cells on 2% galactose. Specific detection of the Tau



15 stress, mainly because elF2a phosphorylation causes a halt in protein synthesis. These
compounds were used to validate the cellular response of our screening and estimate the activity of
the screeneW @FMSIAES. Example 2.1: Effect of DMSO 20 DGI-TAUP301PEB8sdMEXrown on a
mixture of 2% galactose until reaching early exponb%tial phase (00=1-2). The cells were washed three
times with water and then resuspended at 0.1 OD in selective medium containing 2% galactose, in
order to fully activate TAU-P301L expression. Cells were dispensed jnto 96-well glates,and 4 pL
DMSO weré’é‘a‘(?é%l @ﬁi@%@?&%@ﬁj , ea%ﬁ%ﬁcfdﬂé’L‘?ﬁrfﬂ% W6 %s._mey@%a év %%Rﬁas not
added to cohlaitingusing @ nAlvelenaiaatbedyagainsti@vtpreteidr 2 days at 30 C under agitation.
Figure ,5 illustrates the results. The amount of DMSO added to the wells (i.e. 4ul per well) was

based on th _ . : : . > |
2> Effect ob S AT IRE Seu BRI AIFHAL Iadnimcafely of MEURGeIS b B S 0
early exbonde e AherexPrBssioR CEMUABA4shed once with Water and 35 then resuspended

at0.1 0D in'ﬂmepisnma_UbJasuﬂd@uint@iﬁ%g;ﬁiaommtype)m moutaht Jeiy aeniendex30ader
expression. frgll3 el GPRRSTLA! RinuRd Rladre Randoia AR HCER Uredesepdiail. (0 a

final concentrationﬁ?inA M. n parallel, choline was not added to the control wells. Growth and WO
2008/15018?5?’%‘%?r t808/000025 21 fluorescence were monitored for 2 days at 30 C under agitation.
Figure 6 illustrates the results. The amount of choline added to the wells (i.e. to a final concentration

of 0.4Mper Fhieljerridtasedraife ver HanedraySKeGREGATORIUIEL0 FAURVE a{B@Rtion of
ER stress. Ef(R 3. ES%A&@@'EE%RGI'TIAUP%HL ﬁla%?l_pre-g(ﬁgﬂ fR@ﬁngﬂe of 2%

galactose until reac ,rng
DISAGGREGATOR | - TAUP301S (DGI-TAUP301S), DISAGGREGATOR | -

TAUAK280 (DGI-TAUAK280) and DISAGGREGATOR | - TAUTETRA (DGI-
TAUTETRA). ER stress induction upon expression of the Tau proteins was

15 validated by growing the cells on 2% galactose and determining the increase in
the green fluorescence signal.

Screening assay validation
Screening was conducted with a DGI-TAUP301L yeast cell expressing the mutant
20 TAU-P301L protein under the control of GAL1 promoter and containing the ER
stress sensor reporter plasmid with GFP as reporter, described above in the
“Construction of the 'ER sensor reporter plasmid” section. Expression of
TAUP301L resulted in a cytotoxic response that triggers ER stress and hence
fluorescence by the reporter. The resulting fluorescent signal was normalised to
25 cell density and the normalised fluorescence was used as a direct measure of ER
stress level in the cells.

A commercial library containing 50 080 small molecules was screened along with
5 dipeptide molecules from an academic collaboration and 208 extracts from a

30 propreitary natural extract collection. Active compounds, with the potential to
modulate the deleterious effects of TAU-P301L expression, were identified by
their ability to decrease normalised fluorescence, without influencing growth.
Growth was determined by measuring optical density (OD) of a culture.

35 DGI-TAUP301L cells were dispensed into 96-well plates on minimum medium
containing 2% galactose to fully express the mutant protein, together with 10 uM
candidate compound. All liquid handing steps were performed using .a Janus
Automated Workstation (Perkin Elmer). Plates were incubated for-2 days at 30 °C



10 early exponential phase (0D=1-2). The cells were washed once with water and then resuspended
at 0.1 OD in selective medium containing 2% galactose, in order to fully activate TAU-P301L
expression. ¥R Idfspensed into 96-well plates.and salubrinal was adBEd/ Y IAEBHe?Ed wells, to
a final concentration of 100 pM. In parallel, salubrinal was not added to the control wells. Growth and
15 fluorescence were monitored for 2 days at 30 C under agitation. Figure 7 illustrates the results.

The amount inal to. i inal [0 based
on the amougﬁggﬁéﬂﬁ'ﬁéi%%nqgéﬁ%ﬁlﬁgﬁé %{g?fiﬂéqee g%%%%@%a@é’nr%%%ﬁhss. xggnép%4:
Effect of nevWWMSSfh 5BR 1With @ Xieeii- 3XUmistonlate) eades FREY M RIRlEMicRIL wess,
galactose untiiteaatbhgredhy esqrose coaliticrse Withoiit2tohhpocrits warewithsdiftererie catttrolater
and 25 then ggeHsBgRded at 0.1 OD in selective medium containing 2% galactose, in order to fully
activate TAU-P301L expression. Cells were dispensed into 96-well plates and compound DGI-T2008A
was added to the desired wells, to a final concentration of 10 pM. In parallel, DGI-T2008A was not

added to theGompsiundssaimadyipeanendorbecanableot alieviatingl ER stiessswersnabasenas
BQagilt%tionl- cientrel8. ilINblatrfed e drectiy- Getn@tgyéﬁal-Tﬁé)%Aw\t%ebLe iorégeinceatiee Rt stress
signal by a < entrat - S r i

achieved bm?r?g%d e?—‘%ﬁc?@c% nc%élr?tgﬁo%fto %sga’l‘&é}%%@%%a@%e@ Itlt%%%@sda& %\S@r?e%%

DMSO resul@#Fth adnchemigal-ahapsranesr GhesycalcphARerPissd(8:S: EhelinggRerRMR@iration
than thié(testenimapcertte Tadsptives chpdtititrefeiib ER s itheir aldditiqirdocthie cutturemiediom

o stable A B S e "
odulation SYPLITETIEH 2 S BNt o BIASRRARSSR ML AR PR RS By or
DMEM 5 sugpansiationdinifinticovdagotan Resitamit(el F 2e) cdtve gestdiing cosintenance abprotein type
and mutantshWespHeMREBACrEEAIS SR ErNARCER PraREIbRXREMSIAB \RIVeFs¥ ifeMeoinerrized
and trap fected |nsto '% N h%Y Y cells. Aﬁ_eé' r%vvth n 311? selective meﬁl hpool of resistant cells
were obéélines T %Sxpressflox PIESET pro ER 8&8@%’! LR BRAC er‘l!git‘ .%'Eﬁg‘%'ﬂl&V \?V%%_'?Was
verified for edfigse compounds were used to validate the cellular response of our screening

and estimate the activity of the screened compounds.

Example 2.1: Effect of DMSO

20 DGI-TAUP301L cells were pre-grown on a mixture of 2% galactose until reaching
early exponential phase (OD=1-2). The cells were washed three times with water
and then resuspended at 0.1 OD in selective medium containing 2% galactose, in
order to fully activate TAU-P301L expression. Cells were dispensed into 96-well
plates and 4 uL. DMSO were added to the desired wells, to a final concentration of

25 2%. In parallel, DMSO was not added to control wells. Growth and fluorescence
were monitored for 2 days at 30 °C under agitation. Figure 5 illustrates the
results.

The amount of DMSO added to the wells (i.e. 4ul per well) was based on the
30 amount generally used in the literature to achieve alleviation of ER stress.

Example 2.2: Effect of choline

DGI-TAUP301L cells were pre-grown on a mixture of 2% galactose until reaching

early exponehtial phase (OD=1-2). The cells were washed once with water and
35 then resuspended at 0.1 OD in selective medium containing 2% galactose, in

order to fully activate TAU-P301L expression. Cells were dispensed into 96-well

plates and choline was added to the desired wells, to a final concentration of 0.4

M. In parallel, choline was not added to the control wells. Growth and



10 pool by Western blotting using a polyclonal antibody against Tau. Induction of ER stress upon Tau
expression was verified by detecting an increased production of the ER stress protein markers Bip and
ATF4 by W&SREABILEIRY. Ma control, a pool of cel 5 transfected with the eRplyRIL8I00435generated
and used for all the subsequent experiments. For tfie validation of hits from the DGI-TAUP301L 15
screening, SH-SY5Y cells stably expressing Tau P301L will be incubated in the presence and absence

of the candidate compounds and mogdulation of ER stress WJ% bg.evaluated by the incr decrease
in the protei%?ﬂe%glsgﬁo PEE WELE nq]a?ma?s':% Or}%(za?mg%ey 3 \?&a bstéiH%ﬁ%’tl%%‘g?tgﬁh]atioﬁ'%ﬁi/%izbcstudy,
we used the HjestiptemtRe oS (MATa; his3111; leu2 AO; metl5 0; ura3 AO) as host cell for all the
constructs and for yeast chromosomal DNA isolation. Transformation of the yeast cells was performed

accordingly @H@%Héﬁrﬁ%ﬁh%m%@ﬁ?d% thewelf(1.& 10 a\f@%‘q}A Rtfatioh UFeanPgér Nucleic

Acids Res. 20: 1425). Construction e ER sensor reporter 41 bp fragment of the yeast
KAR? promET eS| PRRSEL) 9 i BRGNS SRTBEIY 1RPdiBiitas ALEAILKE sl RShisHe
nucleotides dliiatioh afiEReteesace to the transcription initiation site at +1) and comprehends one
UPRE and two putative TATA sequences. The primers used for PCR amplification contained

restriction sitgs in t ‘emjtie that the amplified DNA fragment was digested and cloned into the
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The amount of salbrinal added to the wells (i.e. to a final concentration of 100uM

per well) was based on the amount generally used in the literature to achieve

20 alleviation of ER stress.

Example 2.4: Effect of new compound DGI-T2008A
DGI-TAUP301L cells were pre-grown on a mixture of 2% galactose until reaching
early exponential phase (OD=1-2). The cells were washed once with water and
25 then resuspended at 0.1 OD in selective medium containing 2% galactose, in
order to fully activate TAU-P301L expression. Cells were dispensed into 96-well
plates and compound DGI-T2008A was added to the desired wells, to a final
concentration of 10 pyM. In parallel, DGI-T2008A was not added to the control
wells. Growth and fluorescence were monitored for 2 days at 30 °C under
30 agitation. Figure 8 illustrates the results.

Compound DGI-T2008A was able to reduce the ER stress signal by almost 50%
at a concentration of 10 yM (Figures 8 and 9). Such a reduction was only
achieved by using a ten-fold concentration of salubrinal (100uM) (see Figure 9).

35 Choline and DMSO resulted in only a 35% reduction of ER stress even when
used at a much higher concentration than the test compound. These results
illustrate the robustness of the present invention for the screening of ER stress
alleviating compounds.



15 Cloning of the human TM mutants A 444 bp fragment containing the coding region of the human
TTR gene (SEQ ID 2) was amplified by PCR using cDNA from human HepG2 cells as template. The
primers use¥ ®B¥RUBplification contained restriction sites in the extremRleEBE2MS#M402he
amplified DNA fragment was digested and cloned in28 the multiple cloning site of an yeast episomal
vector, under the control of the GAL1 promoter. TTR mutants (V30OM and L55P) were generated by
site-directed mutagenesis. After transformation of the constructs, expression of TTR mutants was
induced by growing the cells on 2% galactose. Specific detection of the TTR protein and 25
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resulting fluortrec &R sityessiproteinateriars ddib cavab iy &ddoy MVestendi bdottingreAsancentroka as a
direct measuisq BRI FFansfected with the empty vector was generated and used for all the
subsequent experiments. For the validation of hits from the DGI-TAUP301L
15 screening, SH-SY5Y cells stably expressing Tau P301L will be incubated in the
presence and absence of the candidate compounds and modulation of ER stress
will be evaluated by the increase/decrease in the protein level of ER stress
markers.

20 Example 2 .
Yeast strain and transformation |
In this study, we used the yeast strain YO0000 (MATa; his341; leu2 A0; met15 A
0; ura3 A0) as host cell for all the constructs and for yeast chromosomal DNA
isolation. Transformation of the yeast cells was performed accordingly to the LiAc
25 method (Gietz, D., A. St. Jean, RA. Woods and R.H. Schiestl. 1992, Nucleic
Acids Res. 20: 1425).

Construction of the ER sensor reporter plasmid
A 141 bp fragment of the yeast KAR2 promoter (SEQ 1D NO:1) was ampllf ied by
30 PCR. The amplified fragment spans from nucleotides —136 to +5 (with reference
to the transcription initiation site at +1) and comprehends one UPRE and two
putative TATA sequences. The primers used for PCR amplification contained
restriction sites in the extremities so that the amplified DNA fragment was
digested and cloned into the multiple cloning site of the pGRU2 vector,
35 immediately upstream of the coding sequence of YEGFP (yeast enhanced green
fluorescent protein).
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Cloning of the human TTR mutants :
A 444 bp fragment containing the coding region of the human TTR gene (SEQ ID
2) was amplified by PCR using cDNA from human HepG2 cells as template. The
primers used for PCR amplification contained restriction sites in the extremities so
20 that the:amplified DNA fragment was digested and cloned into the multiple cloning
site of an yeast episomal vector, under the control of the GAL7 promoter. TTR
mutants (V30M and L55P) were generated by site-directed mutagenesis. After
transformation of the constructs, expression of TTR mutants was induced by
growing the cells on 2% galactose. Specific detection of the TTR protein and
25 assessment of correct molecular weight were verified by western blotting using a
polyclonal antibody against TTR. '

Generation of the yeast platform for the identification of modulators of ER stress
induced by the expression of mutant TTR

30 The episomal plasmids containing the wild type and mutant TTR sequences under
the control of the Gal1 promoter were transformed into the ER stress-reporter
yeast strain. ER stress induction upon expression of the TTR isoforms was
validated by growing the cells on 2% galactose and determining the increase in
the green fluorescence signal.

35 _

The generated strains were named DISAGGREGATOR | — TTRWT (DGI-

TTRWT), DISAGGREGATOR | - TTRV3OM (DGI-TTRV30OM) and

DISAGGREGATOR | — TTRL55P (DGI-TTRLS5P).



5 experiments. For the validation of hits from the DGI-TTRV3OM screening, HepG2 cells stably
expressing TTR V3OM will be incubated in the presence and absence of the candidate compound and
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DGI-TTR V30M cells were cultivated on minimum medium containing 2%
15 galactose to fully express the mutant protein, together with 10 uM of candidate

compound. All liquid handing steps were performed using a Janus Automated

Workstation (Perkin Elmer). Plates were incubated for 2 days at 30 °C under

shaking in a Liconic STX40 Automated Incubator. Growth and fluorescence were

monitored with a Victor 3V microplate reader (PE). In parallel, cells were cultivated
20 in the same conditions without candidate compounds.

From a small molecule library, compound DGI-TT2008A was fouqd to reduce ER
stress induced by the mutant TTR V30M protein (Figure 10). "

25 Compound DGI-TT2008A was able to reduce the ER stress signal by almost 25%
at a final concentration of 10uM. These results illustrate the efficiency of the
present invention for the screening of ER stress induced by the mutant TTR V30M
protein. Furthermore, these results validate the versatily of the invention for
different mutant proteins.

30 _

Generation of a stable mammalian cell line expressing mutant TTR and
assessment of ER stress modulation by candidate compounds

HepG2 human hepatocyte cells (ATCC) were grown on RMPI 1640 supplemented
with 10% foetal calf serum.. The coding sequences of human TTR (wild type and

35 mutants) were subcloned into the pcDNA3 mammalian expression vector, which
was linearized and transfected into HepG2 cells. After growth in G418 selective
medium, :pools of resistant cells were obtained. Expression of TTR protein and
assessment of the correct molecular weight were verified by western blotting



WO 2008/150186PCT/PT2008/000025 26 measurement of the green fluorescence signal in
comparison to the same cells grown in the absence of tunicamycin. The generated strain was named
DISAGGREFA HIRIFYESEI). 5 Cloning of the humap CFTR mutants A 4720P6d RAgHEMEShtaining the
coding region of the wild type human CFTR gene (g%Q ID NO:4) was subdoned from the pNUT vector
(Tabcharani JA Chang XB Riordan JR Hanrahan JW. Nature. 1991352 (6336):628-31) into the
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DISAGGREGATOR | - CFTRAF508 (DGI-CFTRAF508), DISAGGREGATOR | - CFTRG551D
(DGI-CWRCE')E&EN@ESAGGREGATOR | - CFTRR560T (DGI-CFTRR560T), and DISAGGREGATOR

| - CFTRAS6 LAIMS 1. A yeast cell comprising an ER stress sensor
0.
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peptide (pladeira3 A0) as host cell for all the constructs and for yeast chromosomal DNA

isolation. Transformation of the yeast cells was performed accordingly to the LiAc

15 method (Gietz, D., A. St. Jean, R A. Woods and R.H. Schiestl. 1992, Nucleic
Acids Res. 20: 1425).

Construction of the ER sensor reporter plasmid
A 141 bp fragment of the yeast KAR2 promoter (SEQ ID NO:1) was amplified by
20 PCR. The amplified fragment spans from nucleotides —136 to +5 (with reference
to the transcription initiation site at +1) and comprehends one UPRE and two
putative TATA sequences. The primers used for PCR amplification contained
restriction sites in the extremities so that the amplified DNA fragment was
digested and cloned into the multiple cloning site of the pGRU2 vector,
25 immediately upstream of the coding sequence of YEGFP (yeast enhanced green
fluorescent protein).

In the yeast Saccharomyces cerevisiae the Bip protein is the product of the KAR2
gene. Induction of ER stress by any of the above mentioned conditions induces

30 the production of Bip through the binding of HAC1 protein to a cis-acting UPRE
present in the promoter of the KAR2 gene. Cloning of the KAR2 UPRE and basal
promoter upstream the YEGFP coding sequence allows the production of green
fluorescence signal as a measure of ER stress.

35 Generation of the ER stress-reporter yeast strain
The ER stress sensor plasmid was transformed in the strain YO0000 and
validation of this sensor was conducted by growing the transformed strain in the
presence of tunicamycin. The induction of ER stress was quantified by



Satrial natriuretic factor, CFTR (cystic fibrosis transmembrane regulator), insulin receptor, PS1
(Presenilin 1), transthyretin (over 45 mutants, whole or fragments), apolipoprotein Al, SOD1
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1-antitrypsirMISAGGREGATOR (DGIpim 1 or 2, in which the ER stress sensor element is a DNA
15sequence from an unfolded protein response element. 4. A cell according to any of Claims 1, 2 or

3, in which the ER str nsor e tis A sequence from the KAR2 unfolded protein
responée el f’ '9?22&&}"5'& épﬁ,\%mﬂ At8andidate agent for its ability to reduce ER stress

comprising Meddt2R et frgmentrtantaiping dhercosioggegianyobitimawmid types iman @RTRate
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encoding anAW%@r%e%%Bﬁe%e”from pNUT into the yeast episomal vector. After
transformation of the constructs, expression of CFTR isoforms was induced by
growing the cells on 2% galactose. Specific detection of the CFTR protein and
assessment of correct molecular weight were verified by western blotting using an
15 antibody against CFTR.

Generation of the yeast platform for the identification of modulators of ER stress
- induced by the expression of mutant CFTR
The episomal plasmids containing the wild type and mutant CFTR sequences
20 under the control of the Gal1 ‘promoter were transformed into the ER stress-
reporter yeast strain. ER stress induction upon expression of the CFTR proteins
was validated by growing the cells on 2% galactose and determining the increase
in the green fluorescence signal.

25 The generated strains were named DISAGGREGATOR | — CFTRWT (DGI-
CFTRWT), DISAGGREGATOR | - CFTRAF508 (DGI-CFTRAF508),
DISAGGREGATOR | — CFTRG551D (DGI-CFTRG551D), DISAGGREGATOR | -
CFTRR560T (DGI-CFTRR560T), and DISAGGREGATOR | -~ CFTRAS61E (DGI-
CFTRAS61E).

30
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CLAIMS

l. A yeast cell comprising an ER stress sensor element operably linked to a reporter element

and comprising an exogenous gene encoding a protein that induces ER stress.

2. A cell according to Claim 1, in which the exogenous gene encodes anAp peptide (plaque);
atrial natriuretic factor, CFTR (cystic fibrosis transmembrane regulator), insulin receptor, PS1
(Presenilin 1), transthyretin (over 45 mutants, whole or fragments), apolipoprotein Al, SODI
(superoxide dismutase 1), LDLR (low density lipoprotein receptor), gelsolin, tau (wildtype or
mutant), B-galactosidase, f2-microglobulin, L2-microglobulin, cystatin c, lysozyme, fibrinogen
a-A chain, apolipoprotein Al, apolipoprotein All, FAH, Htt (huntingtin), immunoglobulin light
chain, insulin, calcitonin, a-synuclein (wildtype or mutant), parkin, PLP1 (proteolipid protein 1),
Ig light chains (whole or fragments), serum amyloid A (whole or 76-residue fragment),
hemoglobin, androgen receptor, ataxins, PrP (prion protein), APP (amyloid precursor protein),

amylin, PERK, WFS1 or A1AT (alpha 1-antitrypsin).

3. A cell according to Claim 1 or 2, in which the ER stress sensor element is a DNA

sequence from an unfolded protein response element.

4. A cell according to any of Claims 1, 2 or 3, in which the ER stress sensor element is a

DNA sequence from the KAR2 unfolded protein response element.

5. A method of screening a candidate agent for its ability to reduce ER stress comprising the

steps of:

(a) contacting a cell according to any of Claims 1 to 4 with a candidate agent, and

(b) determining the effect of the candidate agent on the level of expression of the reporter

element.
0. A candidate agent identified by a method according to Claim 5.
7. A candidate agent identified by a method according to Claim 5 for use in medicine.
8. A method of producing a cell according to any of Claims 1 to 4 comprising introducing a

nucleotide sequence encoding an ER stress element, a nucleotide sequence encoding a reporter

element and a nucleotide sequence encoding an exogenous gene into a cell.
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