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MEMBRANE PROTEI N - PROTEIN | NTERACTI ONS The present invention i rned
with a nmethod for detecting nmenbrane protein - pro- 10 tein intéié@?i S

W th an inwhyshseRpeti c system based in yeast, bacterial pEreBsRBishan
cells. Furthernore, the invention provides a kit for detecting the
interactions between a first nmenbrane protein and a second protein using
reconstitution of a protein involved in intracellular protein degradation
such as the split ubiquitin protein. The reconstitution of split ubiquitin
makes use of chineric genes, which express hybrid proteins. 15 An inportant
area in biology is the analysis of interactions between proteins. Proteins
are conpl ex macronol ecul es made up of covalently |inked chains of am no
acids. Each pro- tein assunes a uni que three-dinensional shape principally
determ ned by its sequence of am no acids. Many proteins consist of smaller
units called donmai ns, which are continuous 20 stretches of am no acids able
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split ubiquitin makes use of chimeric genes, which express hybrid proteins.

15
An important area in biology is the analysis of interactions between proteins. Proteins are
complex macromolecules made up of covalently linked chains of amino acids. Each pro-  *
tein assumes a unique three-dimensional shape principally determined by its sequence of
amino acids. Many proteins consist of smaller units called domains, which are continuous

20  stretches of amino acids able to fold independently from the rest of the protein (e.g. im-
munoglobulin domains, immunoglobulin-like domains, GTPase domains, SH2 and SH3
domains).

[nteractions between proteins mediate most processes in a living cell. They are involved,
25 for example, in the assembly of enzyme subunits, antigen-antibody reaction, in forming
the supramolecular structures of ribosomes, filaments and viruses. A special and specific
role can be attributed to membrane proteins. They are involved in the transport of mole-
cules; in the interaction of receptors on the cell surface with growth factors and hor-
mones; membrane-bound oncogene products can give rise to neoplastic transformation
30 through protein-protein interactions with proteins called kinases whose enzymatic activity
on cellular target proteins leads to a cancerous state. Other examples of a protein-protein
interaction in membranes occur when a virus infects a cell by recognizing a protein (re-



ceptor) on the surface, and this interaction has been used to design
antiviral agents. There are two types of transnenbrane proteins:
transmenbrane proteins have their Ctermnus in the cytopl asm Mh&é@ﬁﬁﬁthe
Type Il trawenwodimne proteins have their Cterm nus OUt§b4ﬁTEﬂﬁzﬁell (or
in the inner part of sone other organeble, for exanmple 5 in't firen of
the endoplasmc reticulum. Protein-protein interactions have been generally
studied in the past ten years by using biochem cal techniques such as
cross-1linking, co-immunoprecipitation and co- fractionation by
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ful method for the in vivo analysis of protein-protein interactions, but is naturally limited to
20 the analysis of soluble proteins or soluble domains of membrane proteins, i.e. interactions
between integral membrane proteins cannot be studied. In addition, the hybrid proteins
are targeted to the nucleus where the interactions take place. Thus, the interactions that
are dependent on post-translational modifications that take place within the endoplas-
matic reticulum, such as glycosylation and disulfide bond formation, may not occur.
25
The split-ubiquitin system represents an altemative assay for the jn vivo analysis of pro-
tein interactions. It was developed in 1994 by Nils Johnsson and Alexander Varshavsky
[Johnséon, N. and Varshavsky, A., Proc. Natl. Acad. Sci. USA 91, 10340-10344 (1994)]
for the detection of interactions between soluble proteins (Figure 1). Ubiquitin (Ub) is a 76
30 amino acid residue, single domain protein that is present in cells either free or covalently
linked to other proteins. Ubiquitin plays a role in a number of processes primarily through
routes that involve protein degradation. In eukaryotes, newly formed Ub fusions are rap-



WO 03/ 083136 PCT/ EP03/03287 3 idly cleaved by ubiquitin specific proteases
(UBPs) after the last residue of Ub at the Ub- pol ypeptide junction. The

cl eavage of a UB fusion by UBPs requires the fol ded conforna- ti b SeR 2006 .
When a C-t ewoiodmssife agnent of ubiquitin (CbM is expresse a fusion to a
reporter protein, the fusion is cleaved only if an Nter q’r@?“f’?’%j%nt of
Uoiquitin (NbM is 5 also expressed in the sane cell. This reconstitution of
native ubiquitin fromits fragnments, detectable by the in vivo cleavage
assay, is not observed with a nutationally altered NoM However, if CbM and
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met hod that works for 25 the detection of in vivo menbrane protein -

cyt osol PRNGtRERIRINS of glea%q%ﬂ?ss”?i% refieylimzave heen usad Ag fampdel sxstam. WRBr ane
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Mor eover, the above prior art showed poor  reproducibili si nce the signal
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between Wbp1p and Ost1p, but not between Wbp1p and Algbp. Therefore, the modified
split-ubiquitin system works as a detection system for interactions involving membrane-
associated proteins. In contrast to the conventional two-hybrid system, which requires

20 nuclear localization, the interactions are detected in their natural environment of the pro-
tein of interest. According to this prior art, the constructs used for establishing the split-
ubiquitin system were designed for integration into the host genome.

However, none of the aforementioned prior art suggests a genetic method that works for
25 the detection of in vivo membrane protein — cytosol protein interactions as well as for
membrane protein — membrane protein interactions using transcriptional activation as an
assay. Moreover, the above prior art showed poor reproducibility since the signal
strength obtained largely depended on the site of integration of the constructs into the
host genome.
30
It is therefore an object of the present invention to provide a method for detecting in vivo
protein interactions of membrane proteins with membrane proteins as well as membrane



It is therefore an object of the present invention to provide a nethod for
detecting in vivo protein interactions of nenbrane proteins wth nmenbrane
proteins as well as nenbrane 1 2 SEP 2006 WD 03/083136 PCT/ EP031 d3EB2008
prot ei ns w wo wywsnseol i ¢ (sol uble) proteins which nethod i%“%%ﬁg of the
weaknesses of the prior art. A furthey object of the prese W8t ion i s
to provide a nethod for the screening of |i- 5 braries for identifying

nol ecul es which may interact with a nmenbrane-bound protein. Yet another

obj ect of the present invention is to provide a nethod which can be used to
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protein interactions, wherein at least one protein of the interaction is a membrane bound
protein.

Yet another object of the present invention is to provide a method which can be used to

20 identify compounds that bind to and activate G protein-coupled receptors (GPCRs) or that
selectively bind to and activate one GPCR but not another GPCR that is coexpressed
within the same cell.

These and other objects are achieved by the present invention, which provides a method
25 according to claim 1, a kit for detecting interactions between either two membrane pro-
teins or one membrane and one cytosolic protein according to claim 9, and vectors ac-
cording to claim 18 and 32. The method is based on the reconstitution of a protein in-
volved in intracellular protein degradation, such as ubiquitin and which makes use of
chimeric genes, which express hybrid proteins. Two types of hybrid proteins are pre-
30 pared. The first hybrid contains a membrane protein of interest (bait) fused to e.g. the
CbM-TDA module (containing C-terminal domain of ubiquitin (CbM) followed e.g. by an
artificial transcriptional activator (e.g. LexM-B42)). The second hybrid protein (prey) con-



artificial transcriptional activator (e.g. LexMB42)). The second hybrid
protein (prey) con 12SEP2006 WD 031083136 PCT/ EP0O3/ 03287 5 tains_e.g. an
N-terminal domain of ubiquitin (NoM fused to the second test prbi 55912008’he
prey protei Wokansdhes ei t her a menbrane protein or a sol ubl g4 % ?

protein. If two test proteins are able to interact, they recons ute two
separate ubiquitin domains into an active ubiquitin |leading to the cl eavage
of the transcriptional activator and activation of 5 the reporter system
One advantage of this nmethod is that a multiplicity of nenbrane proteins can
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when an interaction between proteins occurs, the gene for the newly identified protein is
available.

20 The system further allows the identification of compounds which are capable of interfering
with the protein/protein interaction as described above. In such an approach, the method
according to the invention is performed in the presence and absence of a compound and
compound library, respectively, and it is determined as to whether the presence of such a
compound may alter the signal obtained for a positively measured protein/protein interac-

25 tion in the absence of any compound to be tested.

The system can be of value in the identification of new genes. For example, membrane

bound receptors may be identified that interact with a known membrane protein. Proteins

that interact with oncogene-encoded membrane proteins may be discovered, and these
30 proteins will be of therapeutic value.

The system can be used in the design of peptide/small molecule inhibitors. For example,



The system can be used in the design of peptide/small nolecule inhibitors.
For exanple, 12 SEP 2006 WO 03/083136 PCT/ EP03/03287 6 peptidfgisiﬁ‘all

nol ecul es that interact with nenbrane-bound growth factor recep JU6 Dbe
i denti fiedwanesishep tested in other systens for their abipétipdsisphi bit the
signal trans- duction. Peptides/snmall ¢mlecules that bind to bacterial or
viral nmenbrane proteins can be identified and then tested in other systens
for their ability to inhibit these bacteria or 5 viruses. The system can be
used to test affinity reagents for protein purification. Peptides or pro-
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of the & theyd may BNEnse @§dddn a PURREHLBR protédd! Rt théksdWmrotdin. gl yci ne. 20 The
term"CbM as used herein refers to the Ctermnal portion of yeast

ubi qU?tl n, which enconpasses am no acids 35-76 of yeast ubiquitin or am no
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position 48 has been changed to the am no aci l'yci ne using standard
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1994, Laser at al Stagljar et at
amino acid isoleucine at position 3 has been exchanged for any of the following amino

acids: leucine, valine, alanine or glycine, or most preferably, amino acids 1-37 of ubiquitin
where the amino acids isoleucine at position 3 and 13 have been exchanged for any of
the following amino acids: leucine, valine, alanine or glycine.

20

. The term “CbM” as used herein refers to the C-terminal portion of yeast ubiquitin, which
encompasses amino acids 35-76 of yeast ubiquitin or amino acids 35-76 of mutated
ubiquitin, where e.g. the amino acid lysine at position 48 has been changed to the amino
acid glycine using standard site-directed mutatgenesis techniques (following, for instance,

25 directions described in the STRATAGENE Quickchange Mutagenesis Kit, Stratagene,
CA, USA). The exchange of lysine at position 48 for the inert glycine represents an im-
portant advantage over other variations of the Split-ubiquitin technique (Dunnwald et al.,
1999, Johnsson & Varshavsky, 1994, Laser et al., 2000, Stagljar et al., 1998, Wittke et
al., 1999) because it prevents modification of CbM via the attachment of ubiquitin moie-

30 ties. The poly-ubiquitination of unmodified CbM may interfere with the binding to NbM and
may lead to the degradation of the bait polypeptide by enzymes of the ubiquitination
pathway (Hershko & Ciechanover, 1992).



al ., 1999) because it prevents nodification of CoMvia the attachnment of
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25 nucﬁﬁ%regao?&g}g%r%@ruct in yeast and E. coll. The term"Split-ubiquitin”

as used herein refers to quasi-native yeast ubiquitin assenbled 30 from
NonOVapEfd ¥ hldik 68 JNBYARs EBMmUY EdhnBEueuBER beRbetP poyREBtidd 43¢ spati al
one or more other polypeptides, one of which is a second protein sequence involved in
intracellular protein degradation such as NbM. NbM may be either wild type NbM (then
termed NbM) or a mutated version of NbM, where one or several of its amino acids have
been replaced by other amino acids, as described in detail for “NbM” above.
20
The terms “prey vector’ and “library vector” as used herein refer to a nucleic acid con-
struct which contains sequences encoding the "prey” and regulatory sequences that are
necessary for the transcription and translation of the encoded sequences encoding by the
host cell, and preferably regulatory sequences that are needed for the propagation of the
25 nucleic acid construct in yeast and E. coli.

The term “Split-ubiquitin® as used herein refers to quasi-native yeast ubiquitin assembled
30 from noncovalently linked NbM and CbM, which have been brought into close spatial
proximity by the interaction of two unrelated polypetides that are fused to CbM and NbM,
respectively. Split-ubiquitin is recognized by ubiquitin-specific proteases present in the



proximty by the interaction of two unrel ated pol ypetides that are fused to
CbM and NbM respectively. Split-ubiquitin is recognized by

ubi qui tin-specific proteases present in the 1 2 SEP 2006 WO 03/10BSEBA0G
PCT/ EPO3/ 03@®03@83136cast cell, which attack the pol ypepti d Cq,@q,g g: t erm nal
to the double glycine notif in CoM The proteolytic cleava PE%4Y to the
breakage of the pol ypeptide chain after the double glycine notif. 5 The
term "transactivator polypeptide" or "activator"” as used in this docunent
ref ers to any polypeptide that possesses the ability to activate the
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pol ypept?®Ye e Praigolylis gggvagpr{g@cg(tovmglpgea\hagg Oﬁrﬂéﬁ aelipentige fhsin et abl v,
it is tdRibRCHEice Rdef. domain. 10 The term "LexM as used in this docunent
refers to the nucleic acid sequence encoding the bacterial repressor
protein LexA or its translation product, where the sequence may either

encode tetelth |"l¢aﬁs‘é€ﬁvd¥&°%l3}b%ﬂ&@‘%@“él'!tlvé’tomgsél}s%g u#ﬁﬂ@“d&c%%é‘?uﬂ&@er‘é‘?@éﬁ the
am no acid arg%nl ne at OSItIOI’l 157 has been rep | aced %ﬁ@é’@s%&}el ne OI‘ wher e

t he aniRRYPEHtdR fhat BPﬁﬁ%IS%thﬁtabﬂ%ﬁOﬁC@Matﬂ?ﬁ@e H&BO'E%Q?T‘P lge-8t amat e or
gl yi Ny R SRTBERAG URRRA PAGmbIRETHIBLHABY: o Thast rabfetl), 1 as used

in this document refers to the nucleic acid sequence ‘encoding the yeast
pr ot ei riransaativates polypeplide 'ﬁéhet oeesfinplex visus VR 15 groteip @Wr@?ﬁl%@fﬁ@ﬁl)’pr oduct .
20 The jtigie Sabic 23 dymdrsed in this docunent refers to the nucleic acid
qlence encodi ng the yeast protein Gal4, corresponding to am no acids 1-93
&s translation product. The term"artificial transcription factor" as

used | nrdeYefm dQ%HW%E udedl iR ¥s W8 ?b{t%fe‘#s o] fﬁbg‘lu'alelcza%lcfg&ﬁleﬁ:é RAc&ing 1) 2

pol ypeptide with the intrinsic abi to bin a de d nucleic acid
sequendB® bagieRalaeprassonpretedt XA 9ét§$ é'ggsiath@rmpéw VeA the sereenceduey Gals
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transacti vator ove as used in
this dcﬁfﬁlﬁﬁrﬁlc'dr@ﬂ@lf@ @@%'t'ﬁﬂdlf’glrtﬁsdlﬁeﬂ r§E‘QQ@§h§E adglyainesor where| the amino

15 acid arginine at position 159 has been replaced by glutamate or glycine, or any combina-
tion of the two mutations.

The term Gal1-74 as used in this document refers to the nucleic acid sequence encoding
the yeast protein Gal4, corresponding to amino acids 1-74 of its translation product.

20
The term Gal1-93 as used in this document refers to the nucleic acid sequence encoding
the yeast protein Gal4, corresponding to amino acids 1-93 of its translation product.

The term “artificial transcription factor” as used in this document refers to a hybrid protein

25 consisting of (1) a polypeptide with the intrinsic ability to bind to a defined nucieic acid
sequence, such as the bacterial repressor protein LexA or the yeast Gal4 protein or the
Drosophila melanogaster proteins Ubx and abd-A and (2) any transactivator polypeptide,
as defined above.

30 The term “TDA" as used in this document refers to a nucleic acid sequence or its transla-
tion product, comprising the following elements: (1) an epitope tag which allows the im-
munological detection of the polypeptide by means of an antibody directed specifically



tion product, conprising the follow ng elements: (1) an epitope tag which
allows the im munol ogical detection of the polypeptide by means of an

anti body directed specifically 12 SEP 2006 WO 03/083136 PCT/ EPA SE> %6 9
agai nst thewepsnssps, such as HA tag, 3xFLAG tag, 3xMyc tag /E%B p-Ta
artificial transcription factor. The ¢erm"reporter stral n as usSed in thls
docunent refers to any host that containes at 5 | east one "reporter gene"
such as a yeast strain that contains nucleic acid constructs, ei- ther
integrated into its genonme, or as autononously replicating el enents, that

pr oduce against ta8 apitéfe0 Bua@t hé HALthE BIFLAGREg MY AL@!(2) &n BrtifiiH| tﬁé?ﬁf:l%tfohng t he
ability _to grow on selective nedi um when acti vated or | eadi ng to cell death
or celif te arrest when activated or |eading to production of enzynes
such as (3-gal actosidase. Preferably, the host cell 10 conprises nore than
one repQrter gene. The term"reporter gene" as used in this docunent refers
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pol ypept i de mhlch can be selected for or against in yeast or which has an

enzymat MEediHR Whief‘yaqtlﬁét?d irleadieg ﬁﬁaé%lhﬂ%@ih i ‘W@ QRlead] |5¢~°c§ pyhest activated\or such as
H SS, A n or f east
gene, ng%fﬁ ?ﬁiﬂe %jucg I( %% dd%c%%%eqﬁzeg%ésﬁh@ebé@n%gér at ed

i nt a0t h@or@emﬁsﬁn@e taarye@e;teppapbger@r strai n or it may supplied on an
aut ononmously replicating plasm d. The term"FARL" refers to the nucleic acid

sequence encodi ng the yeast FARI gene or to its gene product, where the
am no adhe teyor [raportar gevwl’ Bisaused n ks docemente pefecsetd Bynucleis acdd saguanseaci d

I ' by th
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cel |
SPO1 promoter, HIS3 promoter, (3) a nucleic acid sequence encoding a polypeptide

which can be selected for or against in yeast or which has an enzymatic activity that can
be measured using an appropriate assay, such as HIS3, ADE2, URAS, FAR1, lacZ, and
(4) a terminator sequence from a yeast gene, such as CYC1 or ADH1. The nucleic acid

20 sequence may be integrated into the genome of a yeast reporter strain or it may supplied
on an autonomously replicating plasmid.

The term “FAR1” refers to the nucleic acid sequence encoding the yeast FAR1 gene or to
its gene product, where the amino acid serine at position 87 has been replaced by the

25 amino acid proline in order to stabilize the protein and prevent its degradation by the
proteasome machinery for yeast.

The term “5-FOA” as used in this document refers to the compound 5-fluoroorotic acid,
which may be converted into toxic metabolites by the action of the URA3 gene product,
30 leading to cell death.



12 SEP 2006 WD 03/083136 PCT/EP03/03287 10 As used herein, "first nmenbrane
bound protein or part thereof' refers to a protein which is bound to or
integrated into the menbrane of cells such as the type | and typg? SEP tgogns-
menbr ane newiraanensor the so-called "selfactivators” which are sol uble
proteins having, however, been nodifigd by the attachment’CfERE3 3287
nmyristylation site, which site attaches 5 the soluble "selfactivator” to the
cell nmenbrane. In the context of the present invention, any "part" of such
protein can be used as long as it is capable of being attached to the
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15
“First protein sequence involved in intracellular protein degradation” and “second protein
sequence involved in intracellular protein degradation” means parts of a protein which,
when brought together in a host cell, e.g. by the interaction of the first protein to be tested
and the second protein to be tested, reconstitutes a structure which is capable of activat-
20 ing an intracellular protein degradation machinery such as the ubiquitin depending prote-

ases.

A method for detecting the interaction between a first membrane protein and a second
(membrane or soluble) protein is provided in accordance to the present invention which
25 method comprises the following steps:

(a) providing a host cell containing at least one detectable gene (reporter gene) having
a binding site for a transcriptional activator, such that the detectable gene expresses
a detectable product, preferably a protein, when the detectable gene is transcrip-
30 tionally activated;



WO 03/083136 PCT/ EP03/03287 11 (b) providing, as part of a bait vector, a
first chinmeric gene capable of being expressed in said host cell, the first
chimeric gene coding inter alia for a first menbrane protein or] DSER 2006

t her eof whi ¥i®ogmss3d s attached to t he DNA-sequence of a f| C}ﬁ%’"?ﬁq ul e en-
coding inter alia a first protein sequance involved in intr 8% protein
degradation 5 and a transcriptional activator, said first protein or part
thereof to be tested whether it <can interact with a second protein or part
thereof; (c) providing, as part of a prey vector, a second chineric gene
capable f § gene
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the first gasdoteEachwih erfecerdpioteippuRart Hessfuence of the second nodul e which
interac- tion in turn leads to activation of an intracellular protease and
proteol ytic separation of the transcriptional activator, at |east one of

t he bai (C) arpioydiag, assearbefs prey yeetorlal spcad gumeric genecapabla efibeingex- bei ng
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protein when the detectable gene is tran- scriptionally activated. The first
chinmeric gene is provided which is capable of being expressed in the host
cell. @) Thteoducingtthe haitreedtor ayeitbe praytvectos irdo hieasbcéliayichdhatanfinteste- menbr ane
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2006 first module and the second protein sequence of the second module which interac-
tion in turn leads to activation of an intracellular protease and proteolytic separation
of the transcriptional activator, at least one of the bait and prey vectors, preferably

20 both, being suitable for being maintained episomally.

The method is set up in yeast, preferably in Schizosaccharomyces pombe, most prefera-
bly in the budding yeast Saccharomyces cerevisiae, but can be set up as well in bacteria
such as Escherichia coli and mammalian cell systems. The host cell contains a detect-

25 able gene having a binding site for a transcriptional activator, preferably TDA, such that
the detectable gene expresses a detectable protein when the detectable gene is tran-
scriptionally activated.

The first chimeric gene is provided which is capable of being expressed in the host cell.
30 The first chimeric gene contains a DNA coding for a first membrane protein fused to TDA,

and a first protein sequence involved in intracellular protein degradation, such as CbM.

This first protein is then tested for interaction with a second protein or protein fragment.



WO 03/ 083136 PCT/ EP03/03287 12 A second chimeric gene is provided which is
capabl e of being expressed in the host cell. The second chineri crgﬁne
contains a DNA sequence that encodes a second hybrid pro- tein. J8ond
hybrid protwo ssisensai ns e.g. an N-ternminal domain of Ubi apgdkposoda) . 5 The
second hybrid protein also contains aisecond protein or a proteln fragnent
which is to be tested for interaction with the first protein or protein
fragnent. The second hybrid protein my be encoded in a library of plasmds
that contain genomi c, cDNA or syntheti- cally generated DNA sequences fused
to the DNA sequence encoding the N-termnal domain of Ubiquitin (NbM. The
I nteraction between the first nenbrane protein and the 10 second protein in
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gene is transcriptionall activate
vated to a greater degree than in the absence of an interaction between the first protein

and the second protein.

In this way interactions between a first membrane protein and a library of proteins can be

20 tested. For example, the first membrane protein may be derived from a bacterial mem-
brane protein, a viral membrane protein, an oncogene-encoded membrane protein, a
growth-factor receptor or any eukaryotic membrane protein. The second protein may be
derived from a library of plasmids as described above.

25 The method of the present invention may be practiced using a kit for detecting interaction
between a first membrane protein and a second protein comprising the following ele-
ments:

(@)  ahost cell containing at least one detectable gene (reporter gene) having a binding
30 site for a transcriptional activator, such that the detectable gene expresses a de-
tectable product, preferably a protein, when the detectable gene is transcriptionally

activated;



WO 03/ 083136 PCT/ EP03/03287 13 (b) a first vector (bait) conprising a first
site capable of receiving a first nucleic acid coding for a first_nenbrane
protein or part thereof such that when the first nucleic acid il JERs¥06 ed
it becones wdbsnssbed to the DNA sequence of a first nodul e 65@53%&59”9
interalia a first protein sequence inyglved in intracellurar protein
degrada- tion, the nodule further conprising a nucleic acid for a
transcriptional activator; (c) a second vector (prey) conprising a second
site capable of receiving a second nucleic acid coding for a second
menbrane protein or a soluble protein or part 10 thereof such that when the
second nucleic acid is inserted it becones attached to the DNA sequence of a
second ¥R dul &fiiehvesier{gait)poaterising  istsite sapahie of recaiving-a fijseleis a8id| ved i n
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( p- Y- CoM TDAIRN, theamoduie fusiher eamprising/a augleitypid for a transonp aetivetast ei n (),
contains a yeast pronoter se 20 |lected fromthe group consisting of the ADH
promoter, CYCL pronoter and TEF pro- noter, followed by unique restriction
sites f@& i reeeansgvestaiNprey coamEieing i setang site capableapferaseivingi & seeonsiuch a
manner that fpgd b&iﬁtcd&fr@ti%r% éécoﬁé%é‘rﬁﬁr%ﬂegﬁotéinf&sé%léb% th‘i‘eing?%a'rteXM B42
portion. The first vector also contains a term nator sequehce whi IS

neckssary t dherepfrburkt teat wWeen thersasong nugeic @cidis dnsedad itdeasomes aitachesd 19. The
first vectory) E'@éﬁtn o 2S5 QUESHE | | ows
Its repli cattP%nrmi%ﬁ sgglg%r{?ﬁtlﬁ% ~d?ﬁ8%r'é;%?%' Mgégn‘f}lgiézggsuchp'g@taﬁence an
al t er nat i ve quenoelinvelved iraintrasdlinigr prateio dagradetion; and aplianallpf t he vector. This
vector may be an integrative vector that has to be stable inte- grated in

(oo, bl PRRlRdy LRECUE e pRoht bEbettPibRiet, ¥ oy 1 sol et on of

cells containing the 30 first marker gene fromcells that do not contain

the Tirsle %B@?{iv&?&@a cé‘m%fe?,n\%c\’&gtaﬂ& o Fos? cell THE dirLror thdFhefblaRdS tO

assay any ransme ane
based detection system include the bait vector and prey vector and optionally a plasmid

library, such vectors are for example shown in Figure 2 as vector (p-Y-CbM-TDA), that
allows to assay any Type | tfransmembrane protein (Y), contains a yeast promoter se-
20 lected from the group consisting of the ADH promoter, CYC1 promoter and TEF pro-
moter, followed by unique restriction sites for inserting a DNA sequence encoding a
membrane protein in such a manner that the first protein is expressed as a fusion to the
CbM-LexM-B42 portion. The first vector also contains a terminator sequence which is
necessary to terminate the transcription of a given membrane protein. The first vector in
25 one embodiment does not include a sequence that allows its replication in yeast, but
preferably contains such a sequence/j‘iarfL alternative embodiment, allowing episomal repli-
cation of the vector. This vector may be an integrative vector that has to be stable inte-
grated in the yeast genome. Also included on the first vector is a first marker gene (e.g.
LEU2), the expression of which in the host cell permits selection of cells containing the
30 first marker gene from cells that do not contain the first marker gene.

A second vector (e.g. pTDA-CbM-Y), that allows to assay any Type |l transmembrane



12 SEP 2006 WD 03/083136 PCT/ EP03/03287 14 protein (Y), contains a yeast
pronoter selected fromthe group consisting of the ADH prom)ter

pronoter and TEF pronoter, followed by unique restriction S|tes f2 i 4906
serting a RMosRsidence encoding a nenbrane protein in such. t hat the
first protein is expressed as a fusigp to LexM B42- CoM por |gure 2) .
Note that there is 5 an inverted orientation of the transcrlptlon factor
fused to the TDA portion. The second vector mght also contain a term nator
sequence which is necessary to termnate the transcription of a given test
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preferably selected from the group consisting of the ADH promoter, CYC1 promoter and

20 TEF promoter, and does include a transcription termination signal to direct transcription. It
also includes a DNA sequence that encodes the N-terminal domain of Ubiquitin (NbM)
and a unique restriction site to insert a DNA sequence encoding the second protein or
protein fragment into the vector. Thus, the third vector allows the cloning of the protein as
an N-terminal fusion to the NbM domain. The third vector further preferably includes a

25 means for replicating itself in the host cell, i.e. yeast or bacteria. It also includes a second
marker gene such as (TRP1), the expression of which in the host cell permits selection of
cells containing the second marker gene from cells that do not contain the second marker
gene.

30 A fourth vector (PNbM-HA-X) allows the cloning of the prey protein (X), a transmembrane
protein or soluble (cytoplasmic) protein, as a C-terminal fusion to the NbM domain (Figure
2). The fourth vector also includes a promoter preferably selected from the group con-



protein or soluble (cytoplasmc) protein, as a Ctermnal fusion to the NoM
domain (Figure 2). The fourth vector also includes a pronoter Sref $rab| y
selected fromthe group con 12 SEP 2006 WO 03/083136 PCT/ EP03/
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were confirmed by DNA sequencing.

The kit includes a host cell, preferably a yeast or bacterial strain that contains a detect-
able gene having binding sites for the artificial transcription factor such as PLV. The

20  binding site is positioned so that the reporter gene expresses a reporter protein when two
proteins (the first protein and the second protein) properly interact in this system. The
host cell, by itself, is incapable of expressing a protein having a function of the first
marker gene (LEUZ2), the second marker gene (TRP1), the CoM-TDA portion, or the NbM
domain.

25
The basic strategy of the testing method is shown in Figure 1. The method is based on
the previously developed split-ubiquitin technique. The split-ubiquitin technique is based
on the ability of NbM and CbM, the N- and C-terminal halves of Ub, to assemble into
quasi-native Ubiquitin. Ubiquitin-specific proteases (UBPs), which are present in all

30 eukaryotic cells, recognize the reconstituted Ubiquitin, but not its halves, and cleave the
Ubiquitin moiety off a reporter protein that had been linked to NbM or CbM, preferably to
the C terminus of CbM. Quite in analogy to the two-hybrid system, the liberation of the



guasi-native Ubiquitin. Ubiquitin-specific proteases (UBPs), which are
present in all 30 eukaryotic cells, recognize the reconstituted igtﬁ é
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Quite in analogy to the two-hybrid syggem the |liberation of the 1 2 SEP
2006 WD 03/083136 PCTI EP03/03287 16 reporter serves as a readout

i ndicating the reconstruction of Ubiquitin. The assay is de- signhed in a way
that prevents efficient association of NoM and CbM by thensel ves, but
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Figure 3C. Schematical illustration of the interaction between a Type Il transmembrane
20 protein (Y) and a cytoplasmic protein (X). The first chimeric protein contains the bait pro-
tein Y fused to the TDV-CbM portion resulting in TDA-CbM-Y protein. The second chi-
meric protein contains a second interacting protein X (here depicted as a cytoplasmic
protein) fused to the NbM domain called NbM-X. Neither of these proteins, TDA-CbM-Y
and NbM-X, is able to activate transcription. The interaction of proteins Y and X, as illus-
25 trated in Figure 3c, results in formation of split-ubiquitin. Split-ubiquitin is recognized and
cleaved by the ubiquitin specific proteases (UBPs) (open scissors), liberating TDV-CbM.
The TDV-CbM can enter the nucleus by diffusion and bind to the LexA-bindihg sites
leading to activation of transcription of the /acZ and HIS3 reporter genes. This resulits in
blue cells in the presence of X-gal and growth of the cells on agar plates lacking histidine.
30
Figure 4A. Construction of yeast genomic DNA libraries in pX-HA-NbM and pNbM-HA-X
vectors. Yeast genomic DNA is isolated from the wild type yeast strain and cleaved by



| eading to activation of transcription of the lacZ and H SS reporter genes.
This results in blue cells in the presence of X-gal and growh o hhe cells
on agar plates lacking histidine. 30 Figure 4A. Construction of 1 b
genom ¢ DNAvo e3mssuzs es i n pX- HA- NoM and pNoM HA- X vect or SpeyRRShs ggnorric DNA
is isolated fromthe wild type yeast s$train and cl eaved by 12 SEP 2006 WO
03/ 083136 PCT/ EP03/03287 17 restriction endonucl ease Sau3A, or is random
sheared by sonication. DNA fragments ranging in size fromO,5-3 kb (blue

boxes) are selected and cut out fromthe agarose gel, and ligated into
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plasm ds. 15 Figure 5. Library transformation by the nmating procedure. In
this screening approach one CbM TDA-fused bait X is screened agai nst an
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screen. Bait and prey proteln do not inter- act in yeast. In this case,
no reconstrtutron of NbM and CoMw || take place and no split- 25 ubiquitin
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act i'vat of pol ypep not i quitin-speci
pr ot eadeM-dfh-fused tbaﬁﬁgamgeermdaagarnst an entire library and positives are selected

based on their ability to grow on selection plates. Diploids that have survived selection in
the library screening are picked up and the library plasmids encoding the interacting prey
are isolated and sequenced in order to identify the interacting protein. As specified in the

20 section X, the libraries can be made either from random genomic or cDNA fragments or
from full-length ORFs that are cloned separately and then pooled.

Figure 6. Possible outcomes of the MbY2H screen. A. Bait and prey protein do not inter-
act in yeast. In this case, no reconstitution of NoM and CbM will take place and no split-
25 ubiquitin will be formed. Since no split-ubiquitin is formed, the transcriptional activator
polypeptide will not be cleaved off by ubiquitin-specific proteases and the transcriptional
activator polypeptide is unable to reach the nucleus of the yeast cell. As a consequence,
the reporter genes of the yeast transformant are not activated and will not produce any
reporter protein. Therefore, the respective yeast transformant will be unable to grow on
30 the selective medium. B. Bait and prey do interact. On interaction between bait and prey
proteins, ubiquitin reconstitution occurs and leads to the proteolytic cleavage and subse-
quent release of a transcription factor which triggers the activation of a reporter system.



activator polypeptide is unable to reach the nucleus of the yeast cell. As a
consequence, the reporter genes of the yeast transformant are £ g ctlvated
and will not produce any reporter protein. Therefore, the resp ¢oEbd east
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prey do interact. On interaction betwgen bait and prey proteins, ubiquitin
reconstitution occurs and leads to the proteol ytic cl eavage and subse- quent
rel ease of a transcription factor which triggers the activation of a
reporter system 12 SEP 2006 WO 03/083136 PCT/EP03/03287 18 Consequently,
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ﬁﬁH Qﬂ%ﬁerIZp on conbi nation, overexpression of the A gbp resulted in
the i gh expression of the H S3 and JacZ reporter genes. However, when
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MbY2H system. Yeast strain YG673 (bearing the endogenously integrated yeast Wbp1-

CbM-PLV bait protein) was transformed with the pAlg-5-NbMG prey plasmid under con-
20 trof of the strong yeast ADH promoter from either the 2u- (high-copy) or CEN/ARS- (low

copy) plasmid. In the case of ADH promoter/2p ori combination, overexpression of the

Algbp resulted in the high expression of the H/S3 and /acZ reporter genes. However,

when Alg5p was expressed under control of ADH promoter from the low copy number

vector (CEN/ARS), no activation of the reporter genes was observed. As the positive
25  control, an interacting Swp1p was used.

Figure 9.: Expression of the beta2-adrenergic receptor in the yeast reporter strain L40.
(A) L40 was transformed with the construct construct pBAR-CbM-FLV and with an empty
vector carrying the LEU2 resistance marker. Two independent transformants were se-
30 lected from the transformation plates and grown in selective medium to an OD(600) of
1.0. Extracts were prepared aaccording to standard procedures, run on 12% SDS-PAGE
gels, transferred to nitroceilulose and the fusion proteins were detected using a polyclonal



25 control, an interacting Swlp was used. Figure 9.: Expressi on of the
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fusion proteins were detected using a polyclonal 1 2 SEP 2006 WD 03/083136
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20
Figure 10. Detection of protein-protein interactions in the MbY2H system requires high
level expression of baits and preys. (A) Schematic representation of the NTF:NTF inter-
action in the MbY2H system. NTF baits are fused C-terminally to the Cub and the LexA-
VP16 reporter cassette (Rep, LexA contains the R157G mutation to decrease the
25  strength of the nuclear localization signal), whereas preys are fused N-terminally to NubG
(NUB). Baits are expressed from a vector containing the CEN/ARS origin of replication, a
LEU2 gene for selection in yeast and either a CYC1 promoter (low expression level,
designated pCMBV1) or an ADH1 promoter (high expression level, designated pAMBV1).
Preys are expressed from & vector containing a 2micron origin of replication, a TRP1
30 gene for selection in yeast and either a CYC1 promoter (designated pDSL) or an ADH1
promoter (designated pADSL). (B) Homodimerization of NTF as assayed in the MbY2H
system. Yeast strain L40 was transformed with the expression vectors as indicated and
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I nteraction between the receptor tyrosine kinase ErbB3 and the adaptor pro-

tei N tRhurbn 1t B baweLe e AYBE: BAOAR. KPESe EHSESIah® tidaudpil prexA- VP16
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localization signal (designated LexM) and preys were fused to NubG. (a) Yeast coex-
pressing pAMBV1-ErbB3 (the entire coding sequence of rat ErbB3 fused to Cub-LexM-
20 VP16, driven by a strong ADH1 promoter from a vector containing a CEN/ARS element of
replication and a LEU2 gene for selection) and pADSL-Nrdp1 (amino acids 135 to 317 of
human Nrdp1 fused N-terminally to NubG, driven by a strong ADH1 promoter from a
vector containing the 2micron origin of replication and a TRP1 gene for selection) were
spotted onto medium lacking tryptophan and leucine (SD-TL) to select for cells containing
25 both bait and prey vectors and onto medium lacking tryptophan, leucine and histidine
(SD-HTL) to select for the interaction between ErbB3 amd Nrdp1. Cells coexpressing
ErbB3 and Nrdp1 grow on SD-HTL. (b) Yeast coexpressing the control bait pMBV1-Alg5
(the entire coding sequence of yeast Alg5 fused to Cub-LexM-VP16, driven by a CYC1
promoter from a vector containing a CEN/ARS element of replication and a LEU2 gene
30 for selection) and pADSL-Nrdp1 were spotted onto SD-TL and SD-HTL. Cells coex-
pressing Algs and Nrdp1 do not grow on SD-HTL. The actual protein levels of yeast Alg5
expressed from the CYC1 promoter and ErbB3 expressed from the ADH1 promoter are
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MM am nqi4tii@ @l by a weak CYC1 promoter. The sites Xba | and Pst | allow subcloning of a
cDNA in frame with the following Cub-LexM-VP16 cassette. Transcription is terminated
20 by an ADH1 terminator (ADHt). The vector backbone contains a kanamycine resistance
gene for propagation in E. coli (Kan), a CEN/ARS origin of replication (CEN/ARS) and a
LEU2 gene for propagation in yeast (LEU2). (B) The vector pAMBV1 is identical to

pCMBV1, except for the strong ADH1 promoter which drives expression of bait.

25  Figure 14. Principle prey vectors of the MbY2H system. (A) In pDSL-Nx, expression of
the prey is driven by a weak CYC1 promoter. Two unique Sfi | sites allow directional
cloning of the prey cDNA as a C-terminal fusion to NubG. Transcription is terminated by a
CYC1 terminator (CYC1t). The backbone of the vector contains an ampicillin resistance
gene for propagation in E. coli (Amp), a 2micron origin and a TRP1 gene for propagation

30 in yeast. (B) pADSL-Nx is identical to pDSL-Nx, except for the strong ADH1 promoter
driving expression of the prey. (C) pDSL-xN is identical to pDSL-Nx except that here,



Figure 13. Principle bait vectors of the MoY2H system (A) In pCvBV1
expression of the bait is driven by a weak CYCL pronoter. The sites Xba |
and Pst | allow subcloning of a cDNAin frame with the follow g SEP 2006
Cub- LexM VRi@ os@ssRt t €. Transcri pt| on is termnated 20 by @i‘/Emszs erm nat or
(ADHt) . The vector backbone contains g;kanamycine resi st ahce ne 'fo
propagation in E. coli (Kan), a CEN ARS origin of replication (CEI\V ARS) and
a LEU2 gene for propagation in yeast (LEU2). (B) The vector pAMBV1 Is
identical to pCwVBV1, except for the strong ADHL pronoter which drives
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to a nmenbrane protein anchor. In addition, the CoM TDA and NoM domai ns mnust
15 be located in the cytoplasm otherw se the cleavage of the PLV portion

cannot it yiectors

20  Bait vectors are plasmid constructs which preferably contain the following features:
(1) A selection marker for propagation of the plasmids in E. coli, which preferably is an
expression cassette encoding the kanamycine resistance gene, but which may also be an
expression cassette encoding the ampicillin resistance gene or the chloramphenicol re-
sistance gene. In fact, any other marker that is selectable in E. coli may be used for this
25  purpose.

(2) An origin of replication that allows propagation of the plasmids in E. coli, such as a
pUC based or pBR322 origin of replication, but preferably an origin of replication that al-
lows the plasmid to be propagated in E. coli at a high copy number.

30



since UBPs are located only in the cytoplasmof the yeast cell. Bait vectors
20 Bait vectors are plasm d constructs which preferably contain t%
following features: (1) A selection marker for propagation of thé gfﬁgﬁids
in E. coliwg@iehispreferably is an expression cassette encogi3eskhe
kananmyci ne resi stance gene, but whichygmay al so be an expression cassette
encodi ng the anpicillin resistance gene or the chl oranphenicol re- sistance
gene. In fact, any other nmarker that is selectable in E. coli may be used
for this 25 purpose. (2) An origin of replication that allows propagation
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encodi ng the LEU2 gene, but which nay al so be any other marker that is
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pressed at a very expr essi on of alt polypeptide
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sel T ackhi ) hacif ?gﬁgg@%org&?%ﬁwgo%llé&%élf -85, CORpbb b RstEs

two- hybrid system ( ems

( Selbr selfsagtivationds) mseastzcb@q)‘]ybr(q éyﬁt@w(mum S@@Beﬁptenwat alanual ) .
(5) An %?ﬁgte%ﬂnsﬁfér%gél ififs ?é g%l@ﬁ‘l‘e&] WWMRKEE%@%%% ﬁ%nuél}.' ows: (1)

A pronoter conre expression, suc pronoter, or a
15 CUPLl pronoter which is IndUCI ble by the addition of copper to the nedium

iy exepfin pobbmedQle Moyt o syl o L2 1 21, G
has t he() ol lfonramptadthahicagiess law lexpleexpressianiceigh st a|@Eers prameies rasx@r essi on
of {d1e Egpy pRFMNBERALAR hGudlid s} thdPaddMiAbrBhpéritd Wi fedium (Angermayr et
al., 2000, Macreadie et al., 1989), or confers high levei expression (e.g. ADH1 or TEF1
promoter). The use of an inducible promoter has the following advantages: a) when in-
duced, it leads to overexpression of the bait polypeptide in yeast. b) when not induced,
the promoter only produces a very low level of bait polypeptide, which ensures proper
20 insertion of the bait polypeptide into the membrane of the yeast cells and prevents prob-
lems of self-activation that are connected to the overexpression of the bait polypeptide.
The use of an inducible promoter represents an important advantage since it allows veri-
fication of correct expression and subsequent library screening to be carried out using the
same bait construct. ’
25
(@) A nucleic acid sequence encoding a leader which may be a signal sequence de-
rived from a yeast integral membrane protein such as STE2 (Overton & Blumer, 2000) or
a signal sequence which confers fatty acid modification to the following polypeptide (N-
MGCTLSAEDKPGGP-C) which is in the same reading frame as the reading frame of the
30 signal sequence (Angermayr et al., 2000, Wolven et al., 1997).



the pronoter only produces a very low | evel of bait polypeptide, which
ensures proper 20 insertion of the bait pol ypeptide into the Pzggpgm f the
yeast cells and prevents prob- lenms of self-activation that are ed to
t he over exfyipasmsfass of the bait polypeptide. The use of arrFdseip) €
pronoter represents an inportant advamtage since it allows veri- fication of
correct expression and subsequent library screening to be carried out using
the sanme bait construct. 25 (2) A nucleic acid sequence encoding a | eader
whi ch may be a signal sequence de- rived froma yeast integral nmenbrane

pr ot ei n( uchAaﬁult‘ﬁaT&%ldnmgeéltenaor&anﬁlngnme oP 88f&ral Tecoghitfdrositds @eqmnanwhl ch

confers fatty acid nodification to the follow ng pol ypeptide
NGCTLSA@HW&%W@ h akave e igsertion Aka SHRigic acicheRRyd g}gaﬁyﬁrq;@ntoﬁé FFB"&EH fRg-franme of

the 30mehosod §g§%ﬂ'@§ear€ ehBad fldHki Ia deffe@Cec lmn@tfoab restriddign) - 1 2
SEP 2006 WO 03/ 136 PCT/ EPO3/ 03287 e@gS% A mu e cloning site

cont ai nBRPWRIEasR, Psferably) the sesddmtionieproryd “lr‘HﬁQQ"ZtW ovhichea®Hsed whi ch

al | oyv t {aﬁnsérs@ nhéleR =efd éb@éﬁ&@éﬁcoﬁdgda Fﬂﬁéfﬁ' bﬁgro@elﬁ rft%bﬁ‘ieﬂt 8F a Bolppspiiaen frag-
ment or a pol ypeptide, and sequences anki qg a defined recognition site for

a restr?%tﬁli)‘t§ﬁe %H%W@P@Qg@t'orbmf&daﬂﬂq?spw VR cti on endonucl eases Stu |
or Eco47 IH which are used 5 to insert a nucleic acid sequence encoding a

protein or protein fragnment or a pol ypeptide, established in vivo
recombi {fat i oh NveleicoRrid Sequrnge; eraedingoine. C-termingl apenieadigei feanae qfiyerst

encodi ngp; @tfh ©SOMVB! Ehdth cj)a%ﬁiﬁ@ dn‘ﬂﬁé’b@las %SWSB(fd?farﬁ Rakid ik bf UsaMin

encorrpaSS| ng am no aci for am no acid nunbering of ubiquitin 10
andl®xaghd @S?gﬂt axanaiian of UUBP'&G ﬂ@gmenwageﬁe@panssge& Y@réh%\éﬁgbﬁ 9®4)/ar shavsky,
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or any other sequence encoding a polypeptide that can be detected by any means, such

as immunoblotting, A nucleic acid sequence encoding another epitope tag, such as the
20 hemaggiutinin epitope tag (Wilson et al., 1984), may also be present.

(6) A nucleic acid sequence encoding a polypeptide with the ability to specifically bind
to a defined nucleic acid sequence, which can be the sequence encoding the bacterial
LexM protein (Fogh et al., 1994), or preferably, the sequence encoding the yeast Gal4

25  protein (Gardner et al., 1991, Pan & Coleman, 1989), preferably the sequence encoding
amino acids 1-93 of the yeast Gal4 protein, or most preferably, the sequence encoding
the yeast Gal4 protein, amino acids 1-74.

(7) A nucleic acid sequence encoding a tanscriptional activator domain, such as the
30 Herpes simplex virus protein VP16 (Shen et al., 1996, Wu et al., 1994) or more prefera-
bly, the acidic domain B42 (Hughes et al., 1996).



as i mmunobl otting, A nucleic acid sequence encodi ng anot her epitope tag,
such as the 20 hemagglutinin epitope tag (Wlson at al., 1984), al so be
present. (6) A nucleic acid sequence encodi ng a pol ypeptide w tﬂﬁ&}é Wi 1ity
to specifi @b bioshispd to a defined nucleic acid sequence,, gxmfg(g A9 be t he
sequence encodi ng the bacterial LexM#protein (Fogh at al. Z?)C(
preferably, the sequence encoding the yeast Gal4 25 protein (Gardner at al.
1991, Pan & Col eman, 1989), preferably the sequence encoding am no acids
1-93 of the yeast Gal4 protein, or nost preferably, the sequence encoding
the yeagy GalédyRrn¥Ur@DH1 RthidaicRSk n%e.74- (7) A nucleic acid sequence
encodi ng a tanscriptional activat domai n, such as the 30 Herpes sinplex
virus protei n VP16 (Shen at al ., 1996 Wi at al., 1994) or nore prefera-
bly, thSegs Bﬁh@d%ﬁ@véﬁlﬂ&hes at al., 1996). 12 SEP 2006 WD 03/083136
PCTI EPO3/ 03 87 2 A CYC1l or ADHI term nator sequence. Description of
pref er rdy bélQbWEQPdS@'OWPPPbMWEDﬂOH Hule Rt opYYiNe &sCYET prametestont t | e
vectqr f hESRA g&)@t
foll Sgwe@@ 60¢] @%%@S%ﬂn %&%ﬂ"?ﬁ%ﬁvgpﬁfg aeﬁlggig}@ élé!'>{Lﬁé\’/era rec gb\)nlpi%lon sites for
restri di"ilqshS@ﬁcf@hm,SFr@a@@§ndwuctﬁaseanwm@ cRbBe used s insert 2 muplsiergid - d en-
codi Ng ddu r t | owed b
[ oAb & intolisf; R mulip dbhig SIEITRRMATRT afleh Sy e B

a nucleic IQUItIn
(CoM, se\ﬂuemeemw"‘@ anaina aaidle 35effcofieagt whiquithx (LA, éqirpwegévy g sgquenedl by t he

sequen%cﬁﬁfﬁggea%xkhﬂe n%ﬁfogé' ﬁhow&q/mﬂe gga&&oa ?Jﬁeha’npvvﬁe dd%gtetnaﬁb uence

encodi ng t rpes
t er¥¥i naaretein, Tellowed dnibasegiendscsensoding the dtenped ﬁmptelxemusua"@en@teﬁm rfol-

sel oot li0hel By KL bIINBE AUURRL RLHR MR TREIS h81eRR) sl P 11 E

coli, origin of repli ropaga and the
pUC or |-°@le\:tlgm in exﬂasbaﬂheokanamymnpr rqsmgaitceocaasattf fon:@electidmnm; Euemhorthe s

due. +o CrUARS Biahttreiketon R BSHRLRbrON e ot iy ACCRRHRR efiiae] V7o'
r epl i cdor prapagitiontin Eesall. Thisivactonis suﬂpme frtbe fos leveltexprasiias of @bMafuye@st _
(ususal |gonkerides YB3 REE 16 fid domBifdudA 4 dkk £5CF driMofe? Bha%eEERfARS CO! !

pr onot er or

shu or carryrng
origin of replication, WhICh results in low copy numbers of the plasmid in yeast (usually 1-

2 copies per cell).

(2) pCbM-TDA is a low copy yeast/E. coli shuttle vector carrying a CYC1 promoter for

20 low level expression in yeast, followed by a multiple cloning site encoding several recog-
nition sites for restriction endonucleases, which can be used to insert a nucleic acid en-
coding the polypeptide of interest. The multiple cloning site is followed by a nucleic acid
sequence encoding amino acids 35-76 of yeast ubiquitin (CbM), followed by a sequence
encoding the 3xMYC epitope, followed by the sequence encoding the bacterial LexM

25  protein, followed by the sequence encoding the Herpes simplex virus VP16 protein, fol-
lowed by a CYC1 terminator. The backbone of the plasmid contains the LEU2 gene for
selection in yeast, the kanamycine resistance cassette for selection in E. coli, the
CEN/ARS origin of replication for propagation in yeast and the pUC origin of replication
for propagation in E. coli. This vector is suitable for the low level expression of CbM-fused

30 polypetides in yeast, due to the combination of a weak CYC1 promoter and a CEN/ARS
origin of replication, which results in low copy numbers of the plasmid in yeast (usually 1-
2 copies per cell).



20 low | evel expression in yeast, followed by a nultiple cloning site
encodi ng several recog- nition sites for restriction endonucl eases,_ which
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am no acids 35-76 of yeast ubiquitin (26bM, followed by a sequenceé encoding
the 3xMYC epitope, followed by the sequence encoding the bacterial LexM 25
protein, followed by the sequence encodi ng the Herpes sinplex virus VP16
protein, fol- lowed by a CYCl term nator. The backbone of the plasmd
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plasm d in yeast (usually 1-2 copies per cell).

4) pCUP1-CbM-TDA is a low copy yeast/E. coli shuttle vector carrying a CUP1 pro-
- moter for inducible expression in yeast, followed by a multiple cloning site encoding sev-

20 eral recognition sites for restriction endonucleases, which can be used to insert a nucleic
acid encoding the polypeptide of interest. The multiple cloning site is followed by a nu-
cleic acid sequence encoding amino acids 35-76 of yeast ubiquitin (CbM), followed by a
sequence encoding the 3xFLAG epitope, followed by the sequence encoding the bacte-
rial LexM protein, followed by the sequence encoding the Hermpes simplex virus VP16

25 protein, followed by a CYC1 terminator. The backbone of the construct contains the LEUZ2
gene for selection in yeast, the kanamycine resistance cassette for selection in E. coli,
the CEN/ARS origin of replication for propagation in yeast and the pUC origin of replica-
tion for propagation in E. coli. This vector is suitable for the inducible expression of CbM-
fused polypeptides in yeast, due to the combination of an inducible CUP1 promoter and a

30 CENJ/ARS origin of replication, which results in low copy numbers of the construct in
yeast (usually 1-2 copies per cell).



(4) pCUP1-CoM TDA is a | ow copy yeast/E. coli shuttle vector carrying a CUP1
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encodi ng the 3xFLAG epitope, followed by the sequence encodi ng the bacte-
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promoter for inducible expression in yeast, followed by a nucleic acid sequence encoding
the N-MGCTLSAEDKPGGP-C signal sequence for fatty acid modification, followed by a

20 multiple cloning site encoding several recognition sites for restriction endonucleases,
which can be used to insert a nucleic acid encoding the polypeptide of interest. The mul-
tiple cloning site is followed by a nucleic acid sequence encoding amino acids 35-76 of
yeast ubiquitin (CbM), followed by a sequence encoding the 3xMYC epitope, followed by
the sequence encoding the bacterial LexM protein, followed by the sequence encoding

25 the Herpes simplex virus VP16 protein, followed by a CYC1 terminator. The backbone of
the construct contains the LEU2 gene for selection in yeast, the kanamycine resistance
cassette for selection in E. coli, the CEN/ARS origin of replication for propagation in yeast
and the pUC origin of replication for propagation in E. coli. replication for propagation in
yeast and the pUC origin of replication for propagation in E. coli. This vector is suitable for

30 the inducible expression of CbM-fused polypetides in yeast, due to the combination of an
inducible CUP1 promoter and a CEN/ARS origin of replication, which results in low copy
numbers of the construct in yeast (usually 1-2 copies per cell).



15 nunbers of the construct in yeast (usually 1-2 copies per cell). (6)
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insert a nucleic acid encoding the pol ypeptide of interest. The mul - tiple
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35-76 of yeast ubiquitin (CoM, followed by a sequence encodi ng the 3xMyC
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t he 3xFLAG epitope sequence encodi ng the bacte- rial LexM
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thce)f LEB’ZUS?LO'YJ%\ESI?%r se({éectlon i n yeast, the kananyci ne resistance cassette

for selection in E. coli, the CENARS origin of replication for propagation

i n yeasfg) and,dAu3ERYGs QidwdbopyNedst®! édidhuttie vector carrying a CYC1 promoter for
low level expression in yeast, followed by a muitiple cloning site encoding several recog-
nition sites for restriction endonucleases, which can be used to insert a nucleic acid en-

20 coding the polypeptide of interest. The multiple cloning site is followed by a nucleic acid
sequence encoding amino acids 35-76 of yeast ubiquitin (CbM), followed by a sequence
encoding amino acids 1-93 of the yeast Gal4 protein, followed by the sequence encoding
the acidic domain B42, followed by an ADH1 terminator. The backbone of the plasmid
contains the LEU2 gene for selection in yeast, the kanamycine resistance cassette for

25 selection in E. coli, the CEN/ARS origin of replication for propagation in yeast and the
pUC origin of replication for propagation in E. coli. This vector is suitable for the low level
expression of CbM-fused polypetides in yeast, due to the combination of a weak CYC1
promoter and a CEN/ARS origin of replication, which results in low copy numbers of the
plasmid in yeast (usually 1-2 copies per cell).

30
(9) pGAT74B42 is a low copy yeast/E. coli shuttle vector carrying a CYC1 promoter for
low level expression in yeast, followed by a multiple cloning site encoding several recog-



tion for propagation in E. coli. This vector is suitable for the inducible
expression of CoM fused polypetides in yeast, due to the conbination of an
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level  yromoter as compared to Gal4 amino acids 1-93. Consequently, higher levels of Gald

amino acids 1-74 are needed in the nucleus to activate transcription of the reporter

genes. This higher level can only be reached by an overall higher level of released Gal4

20 (amino acids 1-74)-B42. Only a very strong interaction between a bait protein and a prey
protein is able to release the amounts of Gal4 (amino acids 1-74)-B42 needed to activate

transcription of the reporter genes.

(10) pCGA93B42 is a low copy yeast/E. coli shuttle vector carrying a CUP1 promoter
25 for inducible expression in yeast, followed by a multiple cloning site encoding several
recognition sites for restriction endonucleases, which can be used to insert a nucleic acid
encoding the polypeptide of interest. The multiple cloning site is followed by a nucleic
acid sequence encoding amino acids 35-76 of yeast ubiquitin (CbM), followed by a se-
quence encoding amino acids 1-93 of the yeast Gal4 protein, followed by the sequence
30 encoding the acidic domain B42, followed by an ADH1 terminator. The backbone of the
plasmid contains the LEU2 gene for selection in yeast, the kanamycine resistance cas-
sette for selection in E. coli, the CEN/ARS origin of replication for propagation in yeast



expression of CoM fused pol ypetides in yeast, due to the conbination of a
weak CYCLl 10 pronoter and a CEN ARS origin of replication, which results in
| ow copy nunbers of the plasmd in yeast (usually 1-2 copies p&ﬂ I
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5 inducible CUP1 promoter and a CEN/ARS origin of replication, which results in low copy

numbers of the plasmid in yeast (usuaily 1-2 copies per cell). This vector allows high
stringency screens thanks to the use of a severely truncated Gal4 protein. Gal4 amino

20 acids 1-74 retains the minimai elements necessary for recognition and binding to the GAL
promoter, but it lacks the elements necessary for dimerization of tge Gal4 protein.
Therefore, binding of Gal4 amino acids 1-74 to the GAL1 promoter is not cooperative
anymore. The non-cooperative mode of binding severely reduces the affinity of Gal4
amino acids 1-74 for the GAL1 promoter as compared to Gal4 amino acids 1-93. Conse-

25 quently, higher levels of Gal4 amino acids 1-74 are needed in the nucleus to activate
transcription of the reporter genes. This higher level can only be reached by an overall
higher level of released Gal4 (amino acids 1-74)-B42. Only a very strong interaction be-
tween a bait protein and a prey protein is able to release the amounts of Gal4 (amino ac-
ids 1-74)-B42 needed to activate transcription of the reporter genes.

30
(12) pMGA93B42 is a low copy yeast/E. coli shuttle vector carrying a CYC1 promoter
for low level expression in yeast, followed by a nucleic acid sequence encoding the N-



(11) pCGA74B42 is a | ow copy yeast/E. coli shuttle vector carrying a CUPI
pronmoter for inducible expression in yeast, followed by a mul ttfggpz@ ni ng
site encodi ng several recognition sites for restriction endonu S

whi ch can (& dnpeflz¢ 0 insert a nucleic acid encoding the Relydspikfe of
interest. The nmultiple cloning site ig followed by a nucleic 10 acid

sequence encodi ng am no acids 35-76 of yeast ubiquitin (CoM, followed by a
se- quence encoding am no acids 1-93 of the yeast Gal4 protein, followed by
the sequence encoding the acidic domain B42, followed by an ADH
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for fathyx aglify Weiehtsdhd SBverkiVebOYitbYited BH rddtriction endonucieases, which

can be used to insert a nucleic acid encoding the polypeptide of interest. The multiple
cloning site is followed by a nucleic acid sequence encoding amino acids 35-76 of yeast
20  ubiquitin (CbM), followed by a sequence encoding amino acids 1-74 of the yeast Gal4
protein, followed by the sequence encoding the acidic domain B42, followed by an ADH1
terminator. The backbone of the plasmid contains the LEU2 gene for selection in yeast,
the kanamycine resistance cassette for selection in E. coli, the CEN/ARS origin of repli-
cation for propagation in yeast and the pUC origin of replication for propagation in E. coli.
25  This vector is suitable for the low level expression of CobM-fused polypetides in yeast, due
to the combination of a weak CYC1 promoter and a CEN/ARS origin of replication, which
results in low copy numbers of the plasmid in yeast (usually 1-2 copies per cell). This
vector allows high stringency screens thanks to the use of a severely truncated Gal4
protein. Gal4 amino acids 1-74 retains the minimal elements necessary for recognition
30  and binding to the GAL promoter, but it lacks the elements necessary for dimerization of
the Gal4 protein. Therefore, binding of Gal4 amino acids 1-74 to the GAL1 promoter is
not cooperative anymore. The non-cooperative mode of binding severely reduces the
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20  to the combination of an inducible CUP1 promoter and a CEN/ARS origin of replication,
which results in low copy numbers of the plasmid in yeast (usually 1-2 copies per cell).

(16) pCMGAT74B42 is a low copy yeast/E. coli shuttle vector carrying a CUP1 promoter
for inducible expression in yeast, followed by a nucleic acid sequence encoding the N-
25 MGCTLSAEDKPGGP-C signal sequence for fatty acid modification, followed by a multi-
ple cloning site encoding several recognition sites for restriction endonucleases, which
can be used to insert a nucleic acid encoding the polypeptide of interest. The multiple
cloning site is followed by a nucleic acid sequence encoding amino acids 35-76 of yeast
ubiquitin (CbM), followed by a sequence encoding amino acids 1-74 of the yeast Gal4
30 protein, followed by the sequence encoding the acidic domain B42, followed by an ADH1
terminator. The backbone of the plasmid contains the LEU2 gene for selection in yeast,
the kanamycine resistance cassette for selection in E. coli, the CEN/ARS origin of repli-



WO 031083136 PCT/ EP03/03287 32 affinity of Gal4 am no acids 1-74 for the
GAL1 pronoter as conpared to Gal4 am no ac- ids 1-93. Cbnsequenily gh%her

| evel s of Gal4 amino acids 1-74 are needed in the nucleus to actiXat
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I N yeasfe N-MGCTLSAEDKPGGP-C signal sequence for fatty acid modification, followed by a
20 nucleic acid sequence encoding amino acids 35-76 of yeast ubiquitin (CbM), followed by
a sequence encoding the 3xMYC epitope, followed by the sequence encoding the bacte-
rial LexM protein, followed by a multiple cloning site encoding several recognition sites for
restriction endonucleases, which can be used to insert a nucleic acid encoding the poly-
peptide of interest, followed by a CYC1 terminator. The backbone of the construct con-
25 tains the LEU2 gene for selection in yeast, the kanamycine resistance cassette for selec-
tion in E. coli, the CEN/ARS origin of replication for propagation in yeast and the pUC
origin of replication for propagation in E. coli. This vector is suitable for the low level ex-
pression of CbM-fused polypetides in yeast,.due to the combination of a weak CYCA
promoter and a CEN/ARS origin of replication, which results in low copy numbers of the
30 construct in yeast (usually 1-2 copies per cell).
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the kananycine resistance cassette for selec- tionin E coli, the CEN ARS
origin of replication for propagation in yeast and the pUC origin of
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of a wei® lewdavel express;on ln yeast, fo owed by a nucleic acid sequence encoding the N
MGCTLSAEDKPGGP-C signal sequence for fatty acid modification, followed by a nucleic
20 acid sequence encoding amino acids 35-76 of yeast ubiquitin (CbM), followed by a se-
quence encoding amino acids 1-93 of the yeast Gal4 protein, followed by a muitiple
cloning site encoding several recognition sites for restriction endonucleases, which can
be used to insert a nucleic acid encoding the polypeptide of interest, followed by an
ADH1 terminator. The backbone of the construct contains the LEU2 gene for selection in
25 yeast, the kanamycine resistance cassette for selection in E. coli, the CEN/ARS origin of
replication for propagation in yeast and the pUC origin of replication for propagation in E.
coli. This vector is suitable for the low level expression of CbM-fused polypetides in yeast,
due to the combination of a weak CYC1 promoter and a CEN/ARS origin of replication,
which resuilts in low copy numbers of the construct in yeast (usually 1-2 copies per cell).
30
(19) pMGAT74-MCS is a low copy yeast/E. coli shuttle vector carrying a CYC1 promoter
for low level expression in yeast, followed by a nucleic acid sequence encoding the N-
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to activate transcription of the reporter genes. This higher level can only be reached by

20 an overall higher level of released Gal4 (amino acids 1-74)-bait polypeptide. Only a very
strong interaction between a bait protein and a prey protein is able to release the
amounts of Gal4 (amino acids 1-74)-bait polypeptide needed to activate transcription of
the reporter genes.

25 (20) pCMGAS3-MCS is a low copy yeast/E. coli shuttie vector carrying a CUP1 pro-
moter for inducibie expression in yeast, followed by a nucleic acid sequence encoding the
N-MGCTLSAEDKPGGP-C signal sequence for fatty acid modification, followed by a nu-
cleic acid sequence encoding amino acids 35-76 of yeast ubiquitin (CbM), followed by a
sequence encoding amino acids 1-93 of the yeast Gal4 protein, followed by a multiple

30 cloning site encoding several recognition sites for restriction endonucleases, which can
be used to insert a nucleic acid encoding the polypeptide of interest, followed by an
ADH1 terminator. The backbone of the construct contains the LEU2 gene for selection in
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in yeast (usually 1-2 copies per cell). This vector allows high stringency
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report errepﬁi?aﬂgﬁ for propagation in yeast and the pUC origin of replication for propagation in E.
coli. This vector is suitable for the inducible expression of CbM-fused polypetides in
yeast, due to the combination of an inducible CUP1 promoter and a CEN/ARS origin of
20 replication, which results in low copy numbers of the construct in yeast (usually 1-2 cop-
ies per cell). This vector allows high stringency screens thanks to the use of a severely
truncated Gal4 protein. Gal4 amino acids 1-74 retains the minimal elements necessary
for recognition and binding to the GAL promoter, but it lacks the elements necessary for
dimerization of tge Gal4 protein. Therefore, binding of Gal4 amino acids 1-74 to the GAL1
25 promoter is not cooperative anymore. The non-cooperative mode of binding severely re-
duces the affinity of Gal4 amino acids 1-74 for the GAL1 promoter as compared to Gal4
amino acids 1-93. Consequently, higher levels of Gal4 amino acids 1-74 are needed in
the nucleus to activate transcription of the reporter genes. This higher level can only be
reached by an overall higher level of released Gal4 (amino acids 1-74)-bait polypeptide.
30 Only a very strong interaction between a bait protein and a prey protein is able to release
the amounts of Gal4 (amino acids 1-74)-bait polypeptide needed to activate transcription
of the reporter genes.
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allow the inducible expression of the bait.

20  Altemnatively, cassette 2 may contain a CYC1 promoter for low level expression in yeast,
followed by the sequence encoding NbM, followed by a multiple cloning site containing
multiple recognition sites for restriction endonucleases and sequences for the in vivo
cloning described in section 5.2, followed by a CYC1 terminator.

25  The backbone of the construct contains the LEU2 gene for selection in yeast, the kana-
mycine resistance cassette for selection in E. coli, the CEN/ARS origin of replication for
propagation in yeast and the pUC origin of replication for propagation in E. coli.

This vector is suitable for the low level or inducible expression of a CbM-fused polypetide
30 together with the low level expression of a prey polypeptide fused either C- or N-
terminally to NbM.



truncated Gal4 protein. Gal4 amino acids 1-74 retains the mninmal elenments
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am no acids 1-74 for the GALL pronoter as conpared to Gal4 am no acids
1-93. Consequently, higher levels of Gal4 ami no acids 1-74 are needed in
the nucleus to activate transcription of the reporter genes. This higher
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(3) A selection marker for propagation of the plasmids in S. cerevisae, which preferably is

an expression cassette encoding the TRP1 gene, but which may also be any marker that
is selectable in S. cerevisae.

20  (4) An origin of replication that allows propagation of the plasmids in S. cerevisae, such
as a 2micron based or CEN/ARS based origin of replication, but preferably an origin of
replication that allows the plasmid to be propagated in S. cerevisae at a high copy num-
ber, such as the 2micron origin of replication.

25  (B) An expression cassette, which preferably contains the following features:
(1) A promoter element conferring low level expression, such as CYC1, or inducible ex-
pression, such as GAL1 or CUP1, or conferring high level expression, such as ADH1 or
TEF1 or promoters having a similar promoter strengh as ADH1. Promoters conferring
high level expression are preferred.

30
(2) An open reading frame encoding the N-terminal part of yeast ubiqutin, encompassing
amino acids 1-37 (for amino acid numbering of ubiquitin and exact explanation of ubig-



cl oning described in section 5.2, followed by a CYCl termnator. 25 The
backbone of the construct contains the LEU2 gene for selection i east
kana- nycine resistance cassette for selection in E. coli, the CIEN%MGB
origin of replosestiicon for propagation in yeast and the pllgg @{ 39| n of
replication for propagation in E. coliz This vector is suitCABFE PR t he | ow
| evel or inducible expression of a CoMfused polypetide 30 together with
the low | evel expression of a prey pol ypeptide fused either CG or N
termnally to NbM 12SEP2006 WD 03/083136 PCT/ EP03/03287 38 NoM library
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(3) A selection narker for propagation of the plasmds in S” cerevisae,

whi ch ppéMerany s an expression cassette encoding the TRP1 gene, but

whi ch may al so be any marker that 1is selectable in S. cerevisae. 20 (4) An
origin of re_&éhcatlon that allows propagation of the plasmds in

cer &¥i s&3, expigssionaf e daithelyparite @miharberasdy verfieg ll'ﬁ"lﬁ Stﬁ@ﬁﬁrﬂcat i on,
but pr ePﬁfg@@uﬁég@ﬂcf?%bgﬁe&cﬂBn b 4 uﬁﬁﬁlbpﬂsﬁgétsp%'c}ﬁe%nwtﬁ eg% difstbe

propagat e cerevisae at a ber m cron
origi n te PEIHAG adVbie opbiA spltmséls@ir@gs:rmr‘éatm pait CWﬁtF@ﬁt Jh@f\@cmﬁl y

cont ai ngoAthfis fP hliOWcNSkid S8HYERE encoding an epitope tag, which can be either the
3XFLAG epitope (Chubet & Brizzard, 1996, Hernan et al., 2000), the 3x MYC epitope
15 (Evan et al., 1985), or any other sequence encoding a polypeptide that can be detected
by any means, such as immunablotting. A nucleic acid sequence encoding another epi-
tope tag, such as the hemagglutinin epitope tag (Wilson et al., 1984), may also be used.

(4) A multiple cloning site containing one or several recognition sites for restriction

20 enzymes which allow the insertion of nucleic acid encoding a protein or protein fragment
or a polypeptide and sequences flanking a defined recognition site for a restriction endo-
nuclease, preferably the restriction endonuclease Sma /, which are used to insert a nu-
cleic acid sequence encoding a protein or protein fragment or a polypeptide using the in
vivo recombination method described beiow.

25
(5) A terminator sequence derived from the yeast ADH1 or CYC1 genes which terminates
transcription in S. cerevisiae.
Description of preferred library vectors

30

(1) pNbM-HA-X: High copy yeast/E. coli shuttle vector carrying the ADH1 promoter for
high level expression in yeast, followed by the sequence encoding NbM, the sequence
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enconpassing amno acids 1-37 (for am no acid nunbering of ubiquitin and
exact explanation of ubig 12 SEP 2006 WO 03/083136 PCTI EP03/03287 39 wuitin
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in the combination of a strong ADH1 promoter and a 2mxcron origin, Wthh results in high

copy numbers of the plasmid in yeast.

(3)  p424NbM-X: High copy yeast/E. coli shuttle vector carrying the CYC1 promoter for

20 low level expression in yeast, followed by the sequence encoding NbM, the sequence
encoding the hemaglutinin epitope tag, a multiple cloning site and a CYC1 terminator.
The backbone of the plasmid contains the TRP1 gene for selection in yeast, the ampicillin
resistance cassette for selection in E. coli, the 2micron origin of replication for propaga-
tion in yeast and the pUC origin of replication for propagation in E. coli. This vector is

25  suitable for the low level expression of NbM-fused polypeptides in yeast, due to the com-
bination of a very weak CYC1 promoter and a 2micron origin, which results in high copy
numbers of the plasmid in yeast.

(4)  p424X-NbM: High copy yeast/E. coli shuttle vector carrying the CYC1 promoter for
30 low level expression in yeast, followed by a multipie cloning site, the sequence encoding
the hemaglutinin epitope tag, the sequence encoding NbM, and a CYC1 terminator. The
backbone of the plasmid contains the TRP1 gene for selection in yeast, the ampicillin



vivo recombi nation nethod described below. 25 (5) A term nator sequence
derived fromthe yeast ADHL or CYCL genes which term nates trans ptlon I n
S. cerevisiae. Description of preferred |ibrary vectors 30 (1) %&Ekﬂ

H gh copy wRp&sisshsecoli shuttle vector carrying the ADHL pé-ppmbRssh OF hlgh
| evel expression in yeast, foll owed by the sequence encodi ng NoM the
sequence 12 SEP 2006 WD 03/083136 PCTTEP03/03287 40 encoding the

hemagl utinin epitope tag, a nultiple cloning site and an ADHl terni nator.
The backbone of the plasmd contains the TRPI gene for selection in yeast,
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15 numbers of the plasmid in yeast (usually 1-2 copies per cell).

(6) p414X-NbM: Low copy yeast/E. coli shuttle vector carrying the ADH1 promoter for
high level expression in yeast, followed by a muitiple cloning site, the sequence encoding
two sequential hemaglutinin epitope tags, the sequence encoding NbM, and a CYC1 ter-
20 minator. The backbone of the plasmid contains the TRP1 gene for selection in yeast, the
ampicillin resistance cassette for selection in E. coli, the CEN/ARS origin of replication for
propagation in yeast and the pUC origin of replication for propagation in E. coli. This
vector is also suitable for the low level expression of NbM-fused polypeptides in yeast,
due to the combination of a strong ADH1 promoter and a CEN/ARS origin, which results
25 in very low copy numbers of the plasmid in yeast (usually 1-2 copies per cell).

Library construction

Libraries can be constructed from nucleic acids such as genomic DNA, random or non-
30 random oligonucleotides or cDNAS.



resi stance cassette for selection in E. coli, the 2mcron origin of
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E. coll. This vector is also suitable for the |low | evel expression of

NoM fused pol ypetides in yeast, due to the conbi- nation of a strong ADHI

pr onot ef2) andNACHINAARS asei made Leing candssdiprecediraseras destribeshyn (@Bbleimber s of

the pl aﬁgezldr%aﬁutt e Vecﬁ%@/%o%s%oﬁ\?r@rﬁﬁl é/pﬁ/ﬁ_ﬁlﬂé heks, sUBM a %@énﬁ?&@tﬁ&ow copy

yeast/E rcarr ronot er or

expr essPwilantedche drMitrogesl PoRsemegea. dn rﬂJPltelfﬁpﬂeﬂ epmlnaﬁmy dwt&e—strar&ege«zﬁ%ce

OV aniPa T e TR of e PR bR k) i BB EREE A L

TRPl gelipsary orectoe b aneéans ofrin yiyagecorbieationnpiyeast| as deseribeddydEusensetaals e f or
sel ecti fdbd Prido §AJuilefd)® oTHVNYERICLES $BqMndeE RhACAE! dhdi@hentary to se-
guences in the expression cassette of the NbM vector are added to each end of the
cDNA fragments, as described in the user manual of the MATCHMAKER System 3 Li-
20  brary Construction Kit (Clontech, Palo Alto, California, USA). Simultaneous introduction of
cDNA fragments and the NbM library vector in appropriate amounts using a standard
transformation procedure, as described for example (Gietz & Woods, 2001), results in
homologous recombination between identical sequences at the ends of the cDNA frag-
ments and results in the generation of NbM library vectors each containing a particular
25 cDNA insert. Yeast transformants resulting from this procedure are collected using a
standard procedure, such as described in the MATCHMAKER System 3 User Manual or
the MATCHMAKER System 3 Library Construction Kit (Clontech) and can be stored at —
80°C for later screening by mating. In a different procedure, the cDNA fragments and the
NbM library vector are cotransformed not in an untransformed yeast strain but into a
30 yeast strain which has already been transformed with a plasmid encoding the bait to be
used in a library screening. Following the identical transformation procedure as described



propagation in yeast and the pUC origin of replication for propagation in E.
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libraries are nade usi ng standard procedures, as described in (Gubler,
1988), or can be made using various comrercially available kits, such as

t hose npjp g@}ee,lgﬁ deabgEh, I nvitrogen, or Pronega. In a pref erred
appllca I on e-stranded cDNA 15 fragnents resulting fromthe use of the
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factor such as a mutated. LexA). The prey vector preferably carries a strong promoter,

such as ADH1 or TEF1.

1. Definition of appropriate baits

20
In principle, any polypeptide that can be immobilized at a membrane within the yeast cell,
such as the membranes of the endoplasmatic reticulum, the golgi apparatus, the outer or
inner mitochondrial membrane or, most preferably, the plasma membrane, is suitable as
a bait in the MbY2H system. Polypeptides that are to be used as baits can be integral

25 membrane proteins, or they can be soluble proteins that are attached to a membrane via
fusion to a signal sequence which encodes a membrane anchor, such as a signal se-
quence followed by a transmembrane domain, or a signal sequence for any fatty acid
modification, such as myristoylation, paimytoylation, or farnesylation. The different types
of polypeptides to be used as baits are described in detail below.

30
2. Bait construction
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yeast cell such as ranes of the endoplasmatic réticulu he gol gi
appar at the, pqup@ptﬁg @rbq)qased as bait, as well as 26 nucleotides of complementary sequence
15 (designated the ,flaps") at the 5 and 3' end. The bait vector is treated by incubation with
the appropriate restriction endonuclease as described in standard protocols (Bedbrook &
Ausubel, 1976, Sambrook & Russell, 2001). The PCR fragment and the restricted bait
vector are mixed in equimolar amounts and transformed into an appropriate yeast re-
porter strain using standard yeast transformation techniques (Gietz & Woods, 2001).
20 Thanks to its endogenous repair machinery (Friedberg, 1991a, Friedberg, 1991b), each
end of the PCR fragment is recombined with its homologous counterpart in the bait vec-
tor, resulting in a nucleic acid construct, where the PCR product is inserted exactly at the
open ends of the bait vector (Figure ??7?). Because this process is absolutely specific in
yeast, the PCR fragment is inserted in a defined orientation and no nucleotides at the end
25 are either omitted or added. For this reason, insertion of a nucleic acid sequence encod-
ing a bait polypeptide via this method is simpler and faster than the conventional insertion
methods mentioned above. The insertion of the nucleic acid encoding the bait polypep-
tide must be made in a way so that the reading frame of the bait polypeptide is the same
as that of the reporter cassette following the multiple cloning site. In this way, transiation
30 of the bait plasmid in yeast provides a continuous polypeptide that consists of the bait
polypeptide fused to CbM and the elements described above.
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such as nyristoylation, palnytoylation, or farnesylation. The different
types of polypeptides to be used as baits are described in detail below 30
2. Bait ¥onsBaljetrifwatidn 2 SEP 2006 WO 031083136 PCT/ EP03/ 03287 44 The
nucl ei ¢ aci d sequence encodi ng the pol ypeptide to be used as bait can be
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into an appropriate yeast re- porter strain using standard yeast

transformation techniques (G etz & Wods, 2001).
Testing whether the bait polypeptide is inserted into the membranes in yeast is a crucial

step since it gurantees that the bait is immobilized at the membrane and cannot diffuse
into the nucleus. The immobilization of the bait at the membrane is an absolute prerequi-

20 site for a MbY2h screen. First, the bait construct is transformed into an appropriate yeast
strain, which can be any yeast strain, but which preferably is one of the strains described
above and most preferably, either of the yeast strains DSY1 or DSY2. The yeast trans-
formant is grown under appropriate selective conditions and the insertion of the bait into
the membrane is verified by detecting its presence in the particulate fraction following

25 lysis of the yeast transformants and separation of extracts into soluble and particulate
fractions, as described for example in (Fuentes et al., 2000). The appearance of a signal
of the expected molecular weight in the particulate fraction, but not in the soluble fraction,
on the autoradiograph signifies that the bait polypeptide is expressed and inserted into
the membranes in yeast.

30
A second method to verify the insertion of the bait polypeptide into the yeast membrane is
to carry out immunofiuorescence on the yeast transformants. First, the bait construct is



20 Thanks to its endogenous repair machinery (Friedberg, 1991a, Friedberg,
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present in the reporter strain. For example, when using the reporter strain AH109, yeast

transformants carrying a bait construct and a control construct to supply the TRP1 gene
20 are plated on selective plates lacking leucine (to select for the presence of the bait con-
struct), tryptophan (to select for the presence of the contro! construct) and adenine (to
assess the activity of the ADE2). Growth of yeast transformants on the selective plates
signifies that the bait polypeptide alone is able to activate the reporter genes. Such a bait
cannot be used for a MbY2H screen.
25
5. Conventional library transformation

In the conventional screening technique, the yeast reporter strain is first transformed with
the bait plasmid as described above (resulting in a yeast strain carrying muitiple copies of
30 the bait plasmid, designated the ,bait-bearing strain*). The yeast strain may be any S.
cerevisiae strain bearing appropriate reporter constructs, either as autonomously repli-
cating plasmids or as nucleic acid fragments that are integrated into the genome, but
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or preferably, DSY1 or DSY2. Yeast strains used to transform the library are L40alpha,
Y187, PJ69-4alpha or preferably, DSYM.

20
7. Screening procedure

Following transformation or mating, the yeast transformants are plated on solid selection
medium. This selection medium is composed in a way as to select for the presence of (1)

25 the bait plasmid, (2) the library piasmid and (3) any potential interaction occurring be-
tween the bait and prey polypeptides.

The type and formulation of the selection medium to be used depends on the reporter
strain that is used.

30
When using L40 (see below), selective medium lacking (to select for the presence of the
bait plasmid), tryptophan (to select for the presence of the prey plasmid), and histidine (to
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20 dium lacking leucine, tryptophan, histidine and adenine.

When using DSY1 (see below), selective medium lacking leucine (to select for the pres-
ence of the bait plasmid), tryptophan (to select for the presence of the prey plasmid), his-
tidine and adenine (to select for the occurrence of a protein-protein interaction) and con-
25 taining the compound 5'-fluoroorotic acid (5-FOA, to counterselect for unspecific protein-
protein interactions) is used. As described herein, it is possible to modulate the stringency
of the screen using the following modifications in the selective medium: (1) low strin-
gency: selective medium lacking leucine, tryptophan and histidine and containing the
compound 5-FOA. (2) medium stringency: selective medium lacking, tryptophan and
30 adenine and containing the compound 5-FOA. (3) high stringency: selective medium
lacking leucine, tryptophan, histidine and adenine and containing the compound 5-FOA.
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leads to the transcnptlon

15 and translation of the beta-galactosidase polypeptide from E. coli. The presence of Beta-
galactosidase can be verified by its ability to convert various substrates into colored com-
pounds. The assays used to detect beta-galactosidase have been described numerous
times ((Golemis et al., 1999), MATCHMAKER System 3 User Manual, Clontech). Any
method to detect beta-galactosidase is suitable for use in the MbY2H system.

20
For each yeast transformant that was initially plated on the selection medium, two differ-

ent outcomes are possible:

(1)  The bait and prey polypeptides encoded by the bait and library plasmid, respec-
25 tively, do not interact in yeast. In this case, the bait and prey polypeptides will not be spa-
tially close, no reconstitution of NoM and CbM will take place and no split-ubiquitin will be
formed. Since no split-ubiquitin is formed, the transcriptional activator polypeptide will not
be cleaved off by ubiquitin-specific proteases and the transcriptional activator polypeptide
is unable to reach the nucleus of the yeast cell. As a consequence, the reporter genes of
30 the yeast transformant are not activated and will not produce any reporter protein (Figure
6A). Therefore, the respective yeast transformant will be unable to grow on the selective

medium.
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formed. Since split-ubiquitin is formed, the LexM-B42 polypeptide will be cleaved off by
ubiquitin-specific proteases and will diffuse to the nucleus of the yeast cell. As a conse-
20 quence, the URA3 or FAR1 reporter genes of the yeast transformant are activated and
will produce the Ura3 or Far1 protein, respectively. Ura3 protein converts the compound
5-FOA into a metabolite that is toxic to the yeast cell, whereas Far1 protein interferes di-
rectly with the cell cycle machinery and arrests the yeast transformant. In both cases, the
particular yeast transformant will be unable to grow on selective medium.
25
8. Bait dependency test

Yeast transformants that have survived the selection procedures described in section 7
most likely carry a library construct encoding a polypeptide that is able to interact with the
30 bait polypeptide in the yeast reporter strain. However, as with any in vivo system, there is
a remote chance of isolating so-called ,false positives" which are library constructs en-
coding particular prey polypeptides that confer upon the yeast transformant the ability to



the sane fashion as the other reporters and, when activated, |eads to the
transcription 15 and transl ation of the beta gal act osi dase poI ypfggpgﬁ from
E, coll. The presence of Beta- gal actosi dase can be verified by ﬁl ity
to convertwoasjogdis substrates into colored com pounds. THE/Eeseys used to
detect beta-gal act osi dase have been dsascri bed nunerous tinmes ((CGolems et
at., 1999), MATCHVAKER System 3 User Manual, Contech). Any nethod to
detect beta-gal actosidase is suitable for use in the MoY2H system 20 For
each yeast transformant that was initially plated on the selection nedium

t wo gi 1; fsgmveﬁm sewcﬂmrpﬁ)cad@repmsbrhﬁee |n GdgdtiohhR Idmaitrgat @adem@assmﬁ et i des
encodae al,t .an r es C- t.1ve ot nt er act
- yeastoraptuiLM8 Haliyrendie A s8 sAlrd et AR oR sy Retds CaT R ohbto el

tially dheseefalseposithvasrfedm thd sopsernf NoM and CoM wi I | take place and no
split-ubiquitin will be formed. Since no split-ubiquitinis forned, the
transcriptional activator polypeptide will not be cleaved off by

ubi qui }3 :FﬂrsB Fhﬁ@léf:la@ldﬁﬁﬁé w O yieast tfdn@fmﬁrﬂéntﬁfllsmgédnyétﬁ&he/ﬁh@dar@memeEt i de
IS una e to ch t eus t ce con t he

report er® ﬁé‘f@@% &38 fl%ﬁg‘%?é'ﬁ:?t M@&Qﬁi@fwﬁﬁ stg Hf‘?r y@lppglaﬁ)&?egﬁb% not
pr oduce naggic’ P iix@lire optam (1) fihe Baie corfstiuct, (Z)Qh@fpﬁéyecodshﬁcﬁmgbéf#@- yeast
transfornmant will be unable to grow on the s?%ﬁctlve nmedi um 12 SEP 2006

WO 03/ 08%% SB\Apram i ¥pas Japory straipy Inrpraen; ¥elp isajats &s, ey iaeRstEibnc oded
by the hisé huasid deiddmadturels Qr%ﬁ‘sﬁrmé@ﬁﬁ@én plﬂt@'rlﬁte E%mn&%.a%mcrm cégedst. In

this case, the bait and ey etldesvm

r ecdfst idME: GAI SirairisKitak) %f‘@tﬂ@) gB“’BQ?Fé BF%‘%@C%HEFf%'gPWt'S Gﬂyaﬁﬁhﬁlsﬁraﬁ]sl | be

for med. Eﬁ-{éélpl'ﬁlemﬁbBt meogurdnpmmxu_ﬁor@@@b sleEtéﬁmWﬁrchnhbarméfew )gat or
pol ypeptide wi [ | be cleaved ¥ Ultl n- sgem r of eases and t he

transcr it P%?imXLa&h%tU}e E%W%f?fgﬁnl sd%revﬁ’ ?th @ §tgRgard cpa erigl FHifre-pliatess t he

yeast celpplefientdd WARIEE HBtAGtIC wm&er&ﬁeémaur@&eﬁétahc@beﬁm efieaddd dr fls-
formant is (are) activated and wl Bro uce the reporter protei né I)Cﬁ (Figure
r

6B). Thé¥®t epnstruct; Hiys cag ;?@c‘iﬂy\@t‘?@ﬁ% U Rr Sf%@%\‘ [Pethe W'P'F’“‘B@”‘BBI"E‘ oW on

t he 15€l @tdol(@héf%v!én?o@hdtr&héfbmebowﬁﬁ)@%r A8 HaRtOdohsBUcty&awith frabMeh@soraf t er
5 days incubation at 30C. Ath out cone i s possible when using either of

t he st r APAst gersmicyNAygennot-grew @a,splegﬁ@ plates with the antlblOtIC ampicillin, all colo-
nies arising on those plates are transformants carrying the prey construct. Large amounts

of the prey construct are then isolated using any of the standard techniques for plasmid
isolation from E. coli (Bedbrook & Ausubel, 1976, Sambrook & Russell, 2001); Plasmid

20 Isolation Kit, Macherey Nagel AG, Duren, Germany, Plasmid Isolation Kit, Quiagen Inc.,
Madison, WI, USA).

The isolated library constructs are cotransformed into an appropriate yeast reporter
strain, which can be AH109, Y190, L40, PJ69-4A, DSY1 or DSY2 but which preferably is
25  either of Y187 or L40, together with (1) the bait construct and (2) a control bait construct
encoding an unrelated bait polypeptide, which can be any polypeptide, but which prefera-
bly is any of Ost1, Wbp1, Alg5, ErbB3 and which most preferably is Algd. The yeast
transformants are plated on appropriate selective plates as described in section 7 and
colonies that have survived selection are assayed for the activity of the lacZ reporter.
30
The following outcomes are possible:
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so-call ed bait dependency test is carried out to isolate these false
posi ti v@s fraaueneng oflivsary iMseAsrst, nucl eic acids are isolated from yeast
transformants using any of the standard meth- ods avail abl e (see, for
i nstance, MATCHVAKER System 3 User Manual, Contech). The nucleic acid
m' xt ur eAmokbraiyreongtrycts inat Beg baitdependeniti.e. they intarachwily theoerginal deit paly- ( 3)

V/ y
7 aofta G b O KRR bRRiEhED) oSl eroll S5fandepb®o BELMELY, o an
appr opracis witlr the bt polypeptisle inrieaht. d’andeetlfmmeawﬂapttdel theswuclgichaeidiseabl e f or

cl oni ngy RIKCES e ity WRbtRLkt WHRdHPSRRBLYs e BraY polypkPfie®ls’ ®téitnined using
standard DNA sequencing methodology. The determined nucleic acid sequence can then
be used to predict the corresponding polypeptide it encodes, and the nucleic acid se-
20 quence or the derived amino acid sequence can be used to search any public database
holding sequence information, such as GenBank or the EMBL database, using any algo-
rithm for the comparison of nucleic acid or amino acid sequences (such as BLAST,

(Altschul et al., 1997).

25 The sequence of the polypeptide that is identified in this way may encode a protein that is
already known to interact with the bait or it may encode a novel interactor. The most im-
portant advantage of the MbY2H system as compared to other methods for the detection
of protein-protein interactions involving membrane-associated proteins is that it delivers
not only the identity of the interacting protein but also all or part of the nucleic acid se-

30 quence encoding it. The nucleic acid sequence can be used by the investigator in numer-
ous ways to conduct further experiments in order to verify and characterize the interaction
between the proteins found in the MbY2H screen.
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In another application of the system, the stringency threshold is set so low that also very
weak and especially transient interactions are detected by the same mechanism. This

20 implies transient spatial proximity between the bait polypeptide and the prey polypeptide.
Using such a low stringency screen the MbY2H system can serve as a method to deter-
mine all proteins that at one point are spatially very close to the bait polypeptide.

Reporter strains

25
1. L40

The yeast reporter strain L40 has the following genotype: MATa his30200 trp1-901 leu2-
3112 ade2 LYS2::(4lexAop-HIS3) URA3::(8lexAop-lacZ) GAL4. The construction of L40
30 s described in detail in (Vojtek et al., 1993). L40 can be used to select for interacting bait
and prey polypeptides using the MbY2H system as described in section 5. To select
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20 3. PJ69-4A

The yeast reporter strain PJ69-4A has the following genotype: MATa trp1-901 leu2-3, 112
ura3-52 his3-200 gal40 gal800 LYS2::GAL1-HIS3 GAL2-ADE2 met2::GAL7-lacZ. The
construction of PJB9-4A is described in detail in (James et al., 1996). PJ69-4A can be

25 used to select for interacting bait and prey polypeptides using the MbY2H system as de-
scribed above. To select yeast transformants expressing interacting bait and prey poly-
peptides, the HIS3 marker, the ADE2 marker and the /acZ marker are used. As compared
to L40, the advantage of PJ69-4A lies in the option to vary the stringency of the screen by
using the following modifications in the selective medium: (1) low stringency: selective

30 medium lacking leucine, tryptophan and histidine. (2) medium stringency: selective me-~
dium lacking leucine, tryptophan and adenine. (3) high stringency: selective medium
lacking leucine, tryptophan, histidine and adenine.



prey interact in yeast. If the two polypeptides interact in yeast, this is a
strong indication that they also interact in vivo in other setti&(ﬁ, such
as in a manmalian cell. Thus, the MY2H system can be used to ild izﬂﬁﬁ

pairs of i ¢ éaRsi369 proteins by using a predeter- m ned p&phpizisdt he bait)
and a large collection (library) of osher proteins (the preys). The 15 MyY2H

provi des a neans of identifying selectively those proteins that interact
with the bait. In another application of the system the stringency
threshold is set so low that also very weak and especially transient

I nteractions are detected by the sane nmechanism This 20 inplies transient
spatial proximty between the bait polypeptide and the prey pol ypepti de.

Usi ng sfich aDP¥l stri ngency screen the MY2H system can serve as a nethod to
deter- mne all proteins that at one point are spatially very close to the
bait polypeptide. Reporter strains 25 1. L40 The yeast reporter strain L40
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LYS2: : ( Sy tor FSfRed acaza T, i L40 30
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for int@enstGAg pramoterfal YlerZ sepe.i X1 isstangtrucied @ Yollawsy She yeast
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i nter-
terminator. The expression cassette containing the minimal CYC1 promoter, followed by

15 the nucleic acid sequence encoding a control bait polypeptide fused to LexM-B42-CYC1
terminator is subcloned into the integrative plasmid pFA6a(kanMX) using standard yeast
methodology (Burke et al., 2000) and is integrated into the genome using G418-mediated
selection as described in (Burke et al., 2000). Alternatively, a variant of DSY1 can be
constructed by integration of the negative reporter into the genome of AH109 or PJ69-4A

20 as described above.

To select yeast transformants expressing interacting bait and prey polypeptides, the HIS3
marker, the ADE2 marker and the lacZ marker are used. As compared to L40, the ad-
vantage of DSY1 lies in the option to vary the stringency of the screen by using the fol-

25 lowing modifications in the selective medium: (1) low stringency: selective medium lack-
ing leucine, tryptophan and histidine and containing the compound 5-FOA. (2) medium
stringency: selective medium lacking, tryptophan and adenine and containing the com-
pound 5-FOA. (3) high stringency: selective medium lacking, tryptophan, histidine and
adenine and containing the compound 5-FOA.

30



acting bait and prey pol ypeptides, the HLS3 marker, the ADE2 marker, the
MEL1 marker and the |acZ marker are used. As conpared to L40, LE% gﬁgntage
of AHL109 lies in the option to vary the stringency of the scre B€ i ng
the fol | oWy ieslsd i cations in the se 15 lective nmedi um gdyppe9s.§f i ngency:
sel ective nmedium | acking the am no ackégs | eucine, tryptophan and histidine.
(2) medium stringency: selective medium | acking |eucine, tryp- tophan and
adenine. (3) high stringency: selective nedium | acking, tryptophan,

hi stidine and adenine. 20 3. PJ69-4A The yeast reporter strain PJ69-4A has
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used togpglgect for interacting bait and prey pol ypeptides using the MY2H
system as de- scribed above. To sel ect yeast transformants expressing
interacting bait and prey poly- peptides, the H1S3 marker, the ADE2 marker
and thegl acZpggpker are used, As conpared to L40, the advantage of PJ69-4A
lies in the optlon to vary the stringency of the screen by using the
follow ng nodifications in the selectlve medium (1) |ow stringency:
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and aden| fgic sticsedened Bhcodiy Q@t%?%%fg&ﬁ%ﬁ%%&%éﬁi 'CYe1 thrmiltaef ophe yeast

reporter strain contal ns” t reporter cassettes I ntegrated
i nt 0 5thenptegeativeplasmid pFHBakenMX). f ol | owed by H S3 gene, GAL2 pronoter
foll owed by ADE2 gene, GAL1 pronoter followed by |acZ gene. DSY1 is
constructed as follows: The yeast strain used for construction of DSY1 is
DGY63, WAiselecthyeastiransiormanimernoessing iotarasting bait pachprey mRiypeptidss, berd¥Bsuct s

encodi ng, EGHa t @At
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ing the amino acids leucine, tryptophan and histidine. (2) medium stringency: selective

medium lacking the amino acids leucine, tryptophan and adenine. (3) high stringency:

selective medium lacking the amino acids leucine, tryptophan, histidine and adenine.

20 As compared to AH109 and PJ69-4A, the advantage of DSY2 lies in the option to carry
out a bait-dependency test simultaneously during the screening procedure, as described
above.

As compared to DSY1, the advantage of DSY2 lies in the fact that the selective medium
25 does not have to be supplemented with the compound 5-FOA.

6. L40alpha

L40alpha is a derivative strain of L40, which has been switched to the opposite mating
30 type (from a to alpha) using standard procedures (Burke et al., 2000). It is used together
with L40 in the mating variation of the screening procedure described above.



reporter construct containing a hybrid pronoter consisiting of four LexA
operator sites and a CYCl upstream activating sequence, followed Sﬁg t he
URA3 gene and the CYC1 terminator. The expression cassette cont di ﬂgjﬁt he
m ni mal  CYGlo @feeseé er, fol lowed by 15 the nucleic acid seguepssosasodi ng a
control bait polypeptide fused to Lexht B42-CYCL termnator iIs subcloned
into the integrative plasm d pFA6a( kanMX) using standard yeast nethodol ogy
(Burke et al., 2000) and is integrated into the genonme using 418-nedi at ed
selection as described in (Burke et al., 2000). Alternatively, a variant of
DSY1 can be yggnstructed by integration of the negative reporter into the
genone of AHL109 or PJ69-4A 20 as descri bed above. To sel ect yeast
transformants expressing interacting bait and prey pol ypeptides, the H S3
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adeni ne and containing the conpound 5-FQA. 30 12 SEP 2006 WD 03/083136

PCT/ EP03/ 03281695&Iphas conpared to AHL09 and PJ69-4A, the advantage of DSY1

lies in the option to carry out a bait-dependency test simultaneously
during the screening procedure, as described above. 5 5. DSY2 DSY2 is
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pFA6a( VK) . To sel ect yeast transformants expressing interacting bait and
prey polypeptides, the HIS3 narker, the ADE2 marker and the lacZ marker are
used. As conpared to L40, the ad-

15 9 DSYM

DSYM is a derivative strain of DGY63, which has been switched to the opposite mating

type (from a to alpha) using standard procedures (Burke et al., 2000). It is used together

with DSY1 or DSY2 in the mating variation of the screening procedure described above.
20

10. DSYDSH1

Constructed from DGY63 by knocking out the yeast PDR1-3 genes (which encode tran-

scription factors regulating the expression of Erg transporters in yeast) using standard
25 methodology (Burke et al., 2000). A reporter cassette containing GAL1-URA3 and GAL1-

lacZ is integrated into the URAS3 locus using standard methodology (Burke et al., 2000).

11. DSYDS2

30 Constructed from DGY63 by knocking out the yeast PDR7-3 genes (which encode tran-
scription factors regulating the expression of Erg transporters in yeast) using standard



vantage of DSY2 lies in the option to vary the stringency of the screen by
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blocks the rnteractron between bait and prey protein, GFP is not cleaved off any-

15 more and FRET between luciferase and GFP will result in the emission of green
light. Thus, the effectiveness of a compound in blocking the interaction between
two proteins can be measured directly by the intensity of GFP fluorescence.

2. Reporter strain DSYDS3
20
DSYDS3 is derived from strain DSYDS2 by integrating a reporter cassette con-
taining CYC1-iuciferase-CoM-GFP into the LYS2 locus using standard methodol-
ogy (Burke et al., 2000).

25 Applications of the MbY2H system

Screening for small compounds that disrupt a defined protein-protein interaction

The aim of a small compound screen is to identify small compounds that can block a
30 protein-protein interaction between a bait polypeptide and a prey polypeptide. The term
,small compound"” is meant to signify any small molecule with a molecular weight up to 5



20 10. DSYDSI Constructed from DGY63 by knocking out the yeast PDRI-3 genes
(which encode tran- scription factors regulating the expression, of Er
transporters in yeast) using standard 25 nethodol ogy (Burke at121tSE 2&160) A
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URA3 | ocus using standard net hodol ogysd Burke at at., 2000). 11. DSYDS2 30
Constructed from DGY63 by knocki ng out the yeast PDRI-3 genes (which encode
tran- scription factors regulating the expression of Erg transporters in
yeast) using standard 12 SEP 2006 WO 031083136 PCTI EPO3/ 03287 58
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15
The screening procedure is carried out as follows: a reporter strain, which may be any
appropriate yeast strain, but which preferably is one of the strains described in the sec-
tion ,Reporter strains®, is transformed with a bait construct and a prey construct using any
of the standard procedures described above. A bait construct contains a nucleic acid se-

20  quence encoding a bait polypeptide that is inserted into any of the bait vectors described
in the section ,bait vectors". A prey construct contains a nucleic acid sequence encoding
a prey polypeptide inserted into any of the prey vectors described in the section ,prey and
fibrary vectors®. A prerequisite for the screening is that the bait and prey polypeptides
interact in the reporter strain in a way such that the reassociation of CbM and NbM into

25  split-ubiquitin takes place and that consequently, the reporter gene(s) is/are activated as
described avbove. Transformants expressing bait and prey polypeptides are arrayed in
96-well or 384-well microtiter plates in selective medium.

When using the reporter strain DSYDS1, selective medium is any minimal medium lack-
30 ing leucine (to select for the presence of the bait plasmids), tryptophan (to select for the
presence of the prey construct). The transformants are grown for 1-5 cell divisions in the
selective medium. Compounds from any of the compound libraries described above are



taining CYCl -luciferase-CoM GFP into the LYS2 | ocus using standard nethodol -
ogy (Burke et al., 2000). 25 Applications of the MdY2H system fzsﬁﬁ_&, for
smal | conpounds that disrupt a defined protein-protein interact AW aj m

of a smal | weoyspessgl screen is to identify small conpoundspdh@dosesgr bl ock a
30 protein-protein interaction betweesn a bait pol ypeptide and a prey

pol ypeptide. The term ,,small conpound” is neant to signify any small

nol ecule with a nol ecul ar weight up to 5 12 SEP 2006 WD 03/083136

PCT/ " 03103287 59 kDa, which can be chem cally synthesized, extracted or

ent | chedddddB1fialietal opstRelirPine AfprdiatafBlns SDPONSRF Mt iz ginspfigounds. A

smal | conpound library is any collection of the abovenentioned snall
conpounB@tein-protpin intergstion) e Yeast HansiaEmants are grpwh ang wells whighgoptait vigelei ned

chem cajdast %Héf@ﬁﬁéﬁt@%r&%&ntuﬁé’d’F&QSmeésdnthtﬁé Pﬁéal TRAGRTOE RTvend ugpgrounds,
a library of natural npounds, |'1- brary of natural” extracts. The nunber

of corrp%téﬁ‘é%rdlpﬁoctqqpéesl(%ﬁkﬁrﬂ}ahegﬁ)o@é snmal | er than 100 conpounds, 100- 1000
conppunds, 1000- 10000 conpounds, or nore than 10000 conpounds. 10 Usually,
such a library is supplied in an arrayed format, e.g. in nultiwell

ni cr ot i 1 opicames are pogsile: nmy al so be supplied as pools of conpounds or as

a corrpomdrh@ éﬁdéﬁecom-'a&ﬁnd %Bs bi Wlbﬁfthﬁﬁﬁé}amgeh %fﬁ&haﬁ@iﬂe pray be

known or my be unknown. ere ma one or severa ounds in each

wel | . 1B°|SIFPﬂPtl§@ rigdiis ﬁgsqnmﬁ:b@mmd p@y@awpﬁ@fwe@ ol e sp@lallm@sedefa@pf@twer
strai n, ighbNbIaMd BNV tanégnéwéﬁaa&;ﬁn.us.aaﬁm %M@é farmeatsm&s §lit- Bbﬁbmﬁ ably is

one of the strains describ he 'sec- stral ns

t r alsf dsrfemned, the hanseriptionahactivator palyaeptidervsl be @}@Ne@@ﬁ bwwntmﬁgpecﬂﬁ t he
d |
stan af&r%é’a%é’%& %Re % E;Hé’ﬁi%aa%ﬁ\)’a% | @blg&é[phg& W’lEBﬁfHQé t& HY ﬁucf%;s fHE! i ¢

aci d se quence enco al t IS inserted into any of
t he baiYeasbeelbrAs @I@§0$QQU§GCG ithe M@%@Dﬂ@nomeweeﬁdfaﬂsﬁﬂmam isragjivatedst r uct

cont ai nén@wﬂ;b%cﬁlc% th& U@A?S@%h%{k@@%?d? ﬁ%hl.gﬁé% geﬁé EVodBB é’o‘?ﬁzgﬁé 8§dAREg bed Tnto

any of the vectors
toxic metabohte that is used by the yeast cell and ultlmately Ieads to cell death. No

15 growth takes place in the well containing the particular yeast transformant and a de-
crease in the optical density is measured.

(2) The added compound does inhibit the interaction between the bait and the prey poly-
peptide. In this case, the bait and prey polypeptides will not be spatially close, reconstitu-

20 tion of NbM and CbM will not take place and split-ubiquitin will not be formed. Since split-
ubiquitin is not formed, the transcriptional activator polypeptide will not be cleaved off by
ubiquitin-specific proteases and the transcriptional activator polypeptide will remain at-
tached to the bait polypeptide at the membrane. As a consequence, the URAS reporter of
the yeast transformant is not activated and no production of the URA3 gene product

25 takes place. As the compound 5-FOA is not converted to its toxic metabolite, and be-
cause 5-FOA on its own has no negative effect on the yeast cell, the yeast transformant
will continue to grow in the selective media. The growth of the particular yeast transfor-
mant is measured as an increase in optical density in the well.

30  When using the reporter strain DSYDS2, selective medium is any minimal medium lack-
ing leucine (to select for the presence of the bait plasmids), tryptophan (to select for the
presence of the prey construct). The transformants are grown for 1-5 cell divisions in the
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(2) The added compound does inhibit the interaction between the bait and the prey poly- -
peptide. In this case, the bait and prey polypeptides will not be spatially close, reconstitu-

20 tion of NbM and CbM will not take place and split-ubiquitin will not be formed. Since split-
ubiquitin is not formed, the transcriptional activator polypeptide will not be cleaved off by
ubiquitin-specific proteases and the transcriptional activator polypeptide will remain at-
tached to the bait polypeptide at the membrane. As a consequence, the FAR1 reporter of
the yeast transformant is not activated and no production of the FAR1 gene product takes

25 place. Consequently, the yeast transformant continues to grow. The growth of the par-
ticular yeast transformant is measured as an increase in optical density in the well.

Scréening for peptides that disrupt 2 defined protein-protein interaction

30
Peptide aptamers are small proteins selected from combinatorial libraries that can bind to
and modify the enzymatic activity of a certain protein, and thus represent a useful way for
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A nucleic acid sequence encoding the bait polypeptide and a nucleic acid sequence en-
coding the prey polypeptide are inserted into the screening vector pDSdual-1 described in

20 the section "bait vectors” using standard procedures (Sambrook & Russell, 2001) or the
in vivo cloning procedure described above.

A bait/prey construct, which is the construct pDSdual-1 expressing a bait and a prey
polypeptide fused to CbM and NbM, respectively, which interact in yeast, and a peptide

25 aptamer library are cotransformed into a yeast reporter strain using any of the methods
described above. Preferably, the bait/prey construct and the peptide aptamer library are
combined in the yeast reporter strain using the mating method described above. The
yeast reporter strain can be any appropriate yeast strain but preferably is the strain
DSYDS1 or the yeast strain DSYDS2.

30
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and ultimately leads to cell death, whereas the Far1 gene product interferes with the cell

cyle and arrests the yeast transformants. Consequently, the transformants do not grow

20  on the selection plates.

(2) The peptide does inhibit the interaction between the bait and the prey polypeptide. In
this case, the bait and prey polypeptides will not be spatially close, reconstitution of NbM
and CbM will not take place and split-ubiquitin will not be formed. Since split-ubiquitin is

25 not formed, the transcriptional activator polypeptide will not be cleaved off by ubiquitin-
specific proteases and the transcriptional activator polypeptide will remain attached to the
bait polypeptide at the membrane. As a consequence, the URA3 (DSYDS1) or FAR1
(DSYDS2) reporter of the yeast transformant is not activated and no production of the
Ura3 or Far1 gene product takes place. Consequently, the yeast transformant continues

30 to grow. Growth of particular transformants results in visible yeast colonies on the selec-
tion plates. |
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The screening procedure for scFvs is identical to that described for peptides.

Minimal interaction domain mapping

20
This approach involves the identification of a minimal interaction domain (MID) of a bait or
a prey protein, which is capable of blocking the interaction between said bait or prey pro-
tein. First, a bait protein is expressed as fusion to CbM and a prey protein is expressed
as fusion to NbM. Then, MID libraries of the bait and prey proteins are constructed by

25 fragmentation of the cDNAs encoding those proteins into fragments of variable size and
subcloning those fragments into a library vector. The library vector may be chosen so as
to express the MIDs in the cytoplasm of the cell, or it may contain a secretion signal that
is used to direct the export of the MIDs into the periplasmic space. Then, a screening ap-
proach as described for peptide libraries may be used to identify those MIDs that block

30 the interaction between the bait and the prey protein. The corresponding cDNA is then
isolated and analysed further.
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MID libaries may be made to contain secreted MIDs or they may express the MIDs in the
cytoplasm. If the MIDs are to be secreted, they are engineered to contain an N-terminal
secretion signal, such as the leader sequence of the yeast invertase (SUC2) polypeptide.

20  The nucleic acid sequences encoding the bait and prey polypeptides are cloned into the
construct pDSdual-1, using any of the methods described.

The screening procedure for MIDs is identical to that described for peptides.

25
Screening for antibody epitopes against a defined antigen

scFVs may also be used to identify novel antibodies that bind to a given protein. In this
case, scFv libraries are constructed where the scFvs are fused to a flexible polypeptide

30 linker of 10-20 amino acids, followed by a transmembrane domain, followed by NbM. The
actual construction of the scFv library follows standard methods.
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Orphan G protein-coupled receptor screening

20 .
G protein coupled receptors (GPCRs) represent the single most important class of
therapeutical targets today. From the complete human genome sequence, it is estimated
that there are several hundred different G protein coupled receptors expressed in human
tissues, the majority of which are uncharacterized to date. So-called orphan receptors are

25 GPCRs for which no endogenous ligand has been identified. There is great pharmaceuti-
cal interest in orphan receptors because they represent potentially novel therapeutic tar-
gets (Wilson & Bergsma, 2000).

Unactivated receptor (e.g. receptor that is not bound to an agonist or a ligand) is com-
30 plexed with heterotrimeric G proteins which bind to the cytoplasmatic domains of the re-
ceptor. Binding of an agonistic compound to a GPCR results in a conformational change
of the receptor, which leads to the dissociation of the G alpha subunit from the receptor
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t hef apepiehfforde@ approaches. Screening is carried out in a ccellular setting, thus preserving
most physiological parameters, but cross-talk between receptors is abolished since yeast
only expressed two GPCRs and only 3 G proteins, as composed to the hundreds of dif- |
ferent GPCRs and dozens of G proteins that are expressed in mammalian cells.

20 GPCRs have been sucessfully expressed in yeast and it most cases, the pharmacologi-
cal fingerprint of the original receptor is preserved (Pausch, 1997, Reilander & Weiss,
1998). Although the glycosylation pattem in yeast is not identical to that of mammalian
cells, it has been shown glycosylation is often not necessary for the specific binding of
ligands by GPCRs (King et al., 1990).

25
In order to adapt the MbY2H system for the identification of ligands for orphan receptors,
the following steps are necessary.
Bait construction

30

A nucleic acid sequence encoding the GPCR under investigation is inserted into any of
the bait constructs described using any of the standard methods described in the section
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may be carried out using any of the methods described in the section ,library screening".

Prey construction

20  For the purpose of an orphan receptor ligand screen, the prey is defined as any protein
that interacts with the receptor under investigation in a manner such that the interaction is
abolished upon ligand binding. Preferentially, the prey is any G aipha subunit or any G
beta subunit of a heterotrimeric G protein complex and most preferentially, it is a promis-
cous G alpha subunit such as human G alpha 16 or murine G alpha 13. The nucleic acid

25 sequence encoding the G protein may be inserted into any of the library or prey con-
structs described in the section ,prey and library vectors® but preferentially, it is inserted
into p424CUP1-NbM-x or p424CUP1-x-NbM. The constructs p424CUP1-NbM-x or
p424CUP1-x-NbM are identical to p424NbM-x and p424x-NbM, respectively, except that
the CYC1 promoter has been replaced by a CUP1 promoter. The G protein may either be

30 fused N-terminally or C-terminally to NbM. The correct expression of the prey may be
verified using any of the standard methods described in the section ,library screening®.
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The following outcomes are possible:

(1) The added compound does not bind the receptor. In this case, no conformational
20 change in the receptor takes place and the majority of all heterotrimeric G proteins will
remain bound to the receptor. The spatial proximity of G alpha and the GPCR leads to
the reconstitution of NbM and CbM and the formation of split-ubiquitin. Since split-
ubiquitin is formed, the transcriptional activator polypeptide will be cleaved off by ubig-
uitin-specific proteases and the transcriptional activator polypeptide will diffuse to the nu-
25 cleus of the yeast cell. As a consequence, the URA3 (DSYDS1) or the FAR1 (DSYDS2)
reporter of the yeast transformant is activated and will produce the Ura3 or Far1 gene
product. The Ura3 gene product converts 5-FOA into a toxic metabolite that is used by
the yeast cell and ultimately leads to cell death, whereas the Far1 gene product interferes
with the cell cyle and arrests the yeast transformants. Consequently, the transformants
30 do not grow in the selection medium.
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from pDSdual-2. The construct pDSdual-2 is identical to pDSdual-1 described in the sec-
tion ,bait vectors", except that the CYC1 promoters have been replaced by CUP1 pro-
moters. In this modification, the bait is any G alpha subunit, but preferably a promiscous

20  alpha subunit such as human G alpha 16, and the prey is any G beta subunit.

The expression, the verification of expression and the screening are carried out exactly
as described above. In this case, binding of a ligand to the receptor induces dissociation
of the G protein complex and therefore leads to the spatial separation of G alpha and G

25 beta. Spatial separation of G alpha and G beta prevents formation of split-ubiquitin by
NbM and CbM and prevents expression of URA3 (DSYDS1) or FAR1 (DSYDS2), leading
to growth of the transformant in selective medium.

Modification 2

30 In another modification of the procedure described above, the receptor is expressed as
an unfused polypeptide from any suitable yeast expression vector (such as p424GAL1 or
p424CYC1, Mumberg et al., 1995) and the bait and prey polypeptides are expressed
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productlon of the Ura3 or Fart gene product takes place. Consequently, the
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repl aced by CUP1l pro- moters. In this nodi fication, the bait is any G al pha
subuni tThe lowngfoétcameyaéep@whlgcous 20 al pha subunit such as human G al pha
16, and the prey is any G beta subunit. The expression, the verification of
expression and the screening are carried out exactly as described above. In
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or  FARI ddivitEd)clase e sequently, NbM and CbM are not spatially close and no split-
ubiquitin is formed. Since no split-ubiquitin is formed, the transcriptional activator poly-
peptide will not be cleaved off by ubiquitin-specific proteases and the transcriptional acti-
20 vator polypeptide is unable to reach the nucleus of the yeast cell. As a consequence, the
reporter genes of the yeast transformant are not activated and will not produce any re-
porter protein. Therefore, the respective yeast transformant will be unable to grow in the
selective medium.

25 (2) The added compound binds and activates the receptor. The conformational change
following receptor activation induces dissociation of G alpha from G beta and G gamma,
followed by binding of G alpha to adenylate cyclase. The cloese spatial proximity of G
alpha and adenylate cyclase brings NbM and CbM into close proximity, leading to the
reconstitution of split-ubiquitin. Since split-ubiquitin is formed, the transcriptional activator

30 polypeptide will be cleaved off by ubiquitin-specific proteases and the transcriptional acti-
vator polypeptide will diffuse to the nucleus of the yeast cell. As a consequence, the re-
porter genes of the yeast transformant are activated and will produce the reporter protein.



to growh of the transformant in selective nedium Modification 2 30 In

anot her nodification of the procedure described above, the receptqr._is
expressed as an unfused pol ypeptide from any suitabl e yeast exg ggg'

vector (su@o @wspde4GALI or  p424CYCl, Munberg et al., 1988)paifsdshe bait
and prey polypeptides are expressed 1z; SEP 2006 WD 03/083136 PCT/ EP03103287
71 from pDSdual -2. The bait is adenylate cyclase and the prey is any G

al pha subunit, but preferably a prom scous al pha subunit such as human G

al pha 16,. For screening any suitable yeast reporter strain can be used,

but pr eﬂ%r@félré/ ,thé&peﬁﬁ%%agﬁréﬁlﬁﬁméﬁt Viide ablsio RoRTiethdelectiidMbdRim. DSY2 i's

used. 5 The expression, the verification of expression and the screening are
carried EﬁWthé"f(BE’iﬂPSuar hi@nai@rmqo@dh%%e@ﬂoné&%@ﬂs ﬂﬂﬁaﬁnetasgreyebyer@?a%maem umis

| acki ngthg%gtép@e(,g,g,@:Q}h@géagtgunur@DSdual , tryptophan (to select for the
expression construct encoding the receptor) and adenine and histidine. The

stringency of the screen may be varied by supplenentlng ei - 10 ther adenine
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added conpound binds and activates the receptor. The conformational change
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and; 5 944)'& alpha subunit but which preferably is human G alpha 16, is inserted into the con-
struct pDS-INbM such that a fusion of G alpha 16 and NbM resulits.

pDS-INDbM is an integrative vector carrying the following expression cassette: the cas-
sette contains a CYC1 promoter for low level expression in yeast, followed by a multiple

20 cloning site containing multiple recognition sites for restriction endonucleases and se-
quences for the in vivo cloning described in the section ,library screening procedure®,
followed by the sequence encoding NbM, followed by a CYC1 terminator.

Alternatively, the cassette may contain a CUP1 promoter instead of a CYC1 promoter to
25 allow the inducible expression of the fusion polypeptide.

The backbone of the construct contains elements necessary for the integration of the

construct into the yeast genome, such as a kanMX cassette and appropriate homology

regions. Furthermore, the vector contains the kanamycine resistance cassette for selec-
30 tionin E. coli, and the pUC origin of replication for propagation in E. coli.

This vector is suitable for the low level or inducible expression of a NbM-fused polypetide.
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The yeast reporter strain carrying the integrated construct is transfomed with the two

20 constructs encoding GPCR GPCR 2 baits and grown in selective medium lacking the
amino acids tryptophan (to select for the construct encoding GPCR 1) and leucine (to
select for the construct encoding GPCR 2).

Yeast transformants are aliquoted into 96-well or 384-well plates and selective medium

25  lacking the amino acids leucine, tryptophan and the compound adenine (to select against
activation of GPCR 2) compound is added. Following the addition of the compound, cop-
per is added to induce expression of the GPCRs and if DSYDS1 is used, 5-FOA is
added.

30 Selection is carried out as described above.

The following outcomes are possible:



construct into the yeast genome, such as a kanMX cassette and appropriate
honol ogy regions. Furthernore, the vector contains the kananyci
resi stance cassette for selec- 30 tion in E. coil, and the pUC Meséfﬂﬂﬁﬁf

replicati ofyd eespizepagation in E. coll. This vector is suptphbRrkRy the | ow
| evel or inducible expression of a NoMfused polypetide. 1 2 SEP 2006 WO

03/ 083136 PCT/ EP03/ 03287 73 The construct encodi ng adenyl ate cycl ase and a
G al pha subunit in pDS-(dual-1 is inte- grated into the genone of an
appropriate reporter strain using standard nethods (Burke et al., 2000),
whi ch may be any reporter strain but which preferably is DSYDSI or nost 5
preferabl y_DSYDS2. The nucl ei ¢ acid sequence enodi ng the GPCR for which

| i gands (BrEhe 8ddad equpernd: dqesetpt bigeike1GPER 1. Hgéﬁ“ﬁé‘ésﬁmfv genforgrationd baij t
vectorsg thtﬂ%i réd%fﬁﬁ%ké%r[)blgce BHd triH ﬁfaj?fnﬂpbﬂ/ali Hét@rotm G il which

I's identi where the nucleic acid sequence

encodi nbeW@OH&% to therrecenira dbg Sﬁ’?tlﬁlﬂéoﬁméy ef %@h%aﬁéq@érﬁ%cﬁd%ﬂﬂfl tag B42
and yhegp Fd@nsfrkfon8f KW BAd @Gﬁ“aﬁ@%é‘?&%aﬂ%n B?Pépnffats.agf.n Y8 épru@nsf or med

into yeast, this construct expresses usi on e betwen GPCR 1 and
LexM B4EbIqyitia i faemed cLexé- B2 willies eleawsrbelf By qbwtmcm.pmem@tawowmb. nd

| 1 gandsqi1sd tdjih@q'lddbusjd’_f & (Edst (Cefir AP c@ﬁ%&}hcéz Sthé Q#@Aé ?@SYBS%’) &MpeOf the

bait vectors described in séction 2, era into B42 or

pCGA93 BEéRMﬂSMDﬁ%rﬁﬁpaewcihe M@QﬁW@ﬁ@’?erﬂiilSsaQ’é'Mﬁted @mﬂ M p@ﬂpﬁa@&@e@raé f usi on
POl ypepbt P RthudRoddet Tthé A2 geRd fraiibirenss-FoA hid™ foxic iBBpYREHat! ePor t er

strain carrying the 1 nteg rate struct IS trans

con¥r u@t@eél’ﬁydhﬁﬂ uga@eihamb@mn@tmiqagsmgelgam whergas the Faré geseipied-1 acki ng
t he t CR 1)
and | eglé@ﬁgé?b%% WIWectwf“géMé Egdcsaﬁr?gﬁtngg eg%\co %@%thﬁ' E&@Qalnﬂ? e

t r ansf ofré@gierantedaneiqiew éutherselpchen medlumer  384-wel | pl ates and sel ecti ve
medi um 25 | acking the am no acids | eucine, tryptophan and the conpound

adenine (to sel ect against activation of GPCR 2) conpound is added.
Fol | owi (g theeaddril compowtd binds dor@BGRA, ansbpot 9eEPCR 2ddbe canformatieral

?gpfcgff{: gth[oﬁcg@ngD "TeCeD t@ggctg/%g@g\@%%% foSthlSEiocritibiPor ' the G H&insHomre! €CLI ON
GPCR 1. In this case, the bait (receptdr) and prey (G alpha) polypeptides will not be spa-
tially close, reconstitution of NbM and CbM will not take place and split-ubiquitin will not
be formed. Since split-ubiguitin is not formed, LexM-B42 will not be cleaved off by ubig-
uitin-specific proteases and will remain attached to the bait polypeptide at the membrane.

20  As a consequence, the URA3 (DSYDS1) or FAR1 (DSYDS2) reporter of the yeast trans-
formant is not activated and no production of the Ura3 or Far1 gene product takes piace.
Consequently, the yeast transformant continues to grow. Since GPCR 2 is not activated
by the compound, G alpha-NbM remains bound to GPCR 2, the close spatial proximity of
CbM and NbM leads to their association to form spilit-ubiquitin and the Gal-B42 polypep-

25 tide is cleaved off and activates the ADE2 reporter. Therefore, the transformants survive
selection in the selection medium lacking adenine. Growth of particular transformants in
the selection media is then measured by measuring the optical density of the yeast cul-

ture.

30 (3) The added compound binds to GPCR 1 (with the outcome described in (2)) but also to
GPCR 2. The conformational change in GPCR 2 leads to the dissociation of G alpha-
NbM from GPCR 2. Since the ubiquitin-specific proteases do not recognize the CbM moi-



The follow ng outcones are possible: 1 2 SEP 2006 WD 03/083136

PCTI EP0O3/ 03287 74 (1) The added conpound does not bind the GP ?&EP this
case, no conformational change in the receptor takes place and 1 r?ﬁ]ﬁori ty
of all het eygdsross@si c G proteins will remain bound to thecyeagRigs. The
spatial proximty of G alpha and the &CR |l eads to 5 the reconstitution of
NoM and CbM and the formation of split-ubiquitin. Since split- ubiquitinis
formed, LexA-B42 will be cleaved off by ubiquitin-specific proteases and
will diffuse to the nucleus of the yeast cell. As a consequence, the URA3

( DSYDSI ptycilorichthe GAFE4 phyfidplitie IsaRA Cletle®bff, t¢‘t§hs)éqa§ﬁtlyt the A EY repbiter i
activated and will produce the Ura3  or Fartqgg roduct. The Ura3 gene

pr oduct NRtGcYwated agd mEAransfymant dpasokgiouypth MeAIYE. ysed by the yeast
cell and ultimately leads to cell death, whereas the Fart gene prod- uct
interferes with the cell cyle and arrests the yeast transfornmants.
Consequently, the transformants do not grow in the selection nmedium (2)
The addpgaigigpound binds to GPCRL and not to GPCR 2. The conformational 15
change tolTowm ng receptor activation |eads to the dissociation of the G
proteins from GPCR 1. In this case, the bait (receptor) and prey (G al pha)
pol ypepgkgﬁ%ew’ Il not be spa- tially close, reconstitution of NobM and CbM
will not tTake place and split-ubiquitin will not be fornmed. Since
split-ubiquitinis not fornmed, LexMB42 will not be cleaved off by ubig-

ui tin- smBebHiseradhQUsRRIAS bakd é&éder@@?&b@ta@lb&amd to the bait polypeptide at
t he nenbrane. a consequeéence, e DSl ) or FARL ( DSYDS2)
repé?ter of the yeast trans- formant is not activated and no production of

t he Uraga,pélo,lﬁagt gene product takes place. Consequently, the yeast
transfornmant continues to grow. Since GPCR 2 is not activated by the

conpound, G al pha-NbM remai ns bound to GPCR 2, the close spatial proximty
of waﬁé‘gal{\%\ﬂtérgﬁtt?\/lﬁ@w Mcﬁbéﬁsﬁ%% %Ebt% ,,bs.t {/ektBrs® wa»stméamw ihBerdnd the

Gal - B42 fyRe de 1s cleaved and ‘activates 2 reporter.
Ther ef ow\ ofithe laadansewienad framsthe yeast ST&R ganei e the )Qbﬁé a@éP@&{ pitas. ol um

| acks nosqflenider th@rueawé? wWis é}é&ﬂ;{]syheéqrfbtegrbgf(krr@&ta 19 o)t 'Tﬁe%%ﬁﬁgté eon medi 2

is then neasured y nmeasur i ng tica ensit e yeast C ture.
(3) Thedugngedf %M@M%ﬂ%é@ren@gmaaentor(w& ﬁﬂplﬁ@ddmbwaaggmm@&i\lﬁ\n (2))

but  al s@réfiega Corporation, Madison, WI, USA) and cloned into the vector pSte-CbM-FLV.

Verification of expression
20
Correct expression of the receptor was verified by western blotting using an antibody di-

rected against the VP16 domain (Clontech). In the yeast strain L40 expressing the con-
struct pPBAR-CbM-TDA, a double band at 75 and 100 kDa was visible (Figure 9A). No
bands were visible in control extracts of L40 transformed with a vector supplying the

25 LEUZ2 resistance marker. The presence of the receptor in membranes of L40 was verified
using a standard membrane fractionation method as described in the section library
screening procedure”. As shown in Figure 9B, the receptor was only found in the mem-
brane fraction, but not in the soluble fraction.

30 Self-activation test



GPCR 2. The conformational change in GPCR 2 | eads to the dissociation of G
al pha- NoM from GPCR 2. Since the ubiquitin-specific proteases d?l réBt
recogni ze the CoM mpi 1 2 SEP 2006 WD 03/ 083136 PCT/ EP03/ 032871 75EF il

al one, thewens8sids pol ypeptide is not cleaved of f. Conseqpenkpisinszishe ADE2
reporter is not activated and the tragsformant does not grow in the

sel ection nmedium 5 Exanples Exanple 1 MdY2H screen using the beta2
adrenergic receptor as a bait 10 Bait cloning The bait vector pCoM TDA
described in the section ,bait vectors” was nodified by inser- tion of the

| eader sepdeedion 'oPthé hecd;ﬂaﬁteﬁTﬁﬂm%@oﬁ Wee éésesé@m @@ﬁth@Fthh Sdft es The
15 sequence of the | eader was exactly as descrj bed King at al 990) .

The codi Ags %@%%ée%?t'vteﬁ@ew&lﬁ‘dﬁdﬁ@ﬂ e %P%ﬁeﬂ@.f@ﬂﬂé@etﬁ%me a/ﬁfﬂ i fied
from hupRandgRP BdritaiRNG 15 WWa@b?%"sé’éyhr@‘betU%@il%da\é@ a&ﬁ&usﬁ’@ad oned

|ntothe vector pSte- MFLV Verifjcation of ression 20 rrect

expr essS@RIFH ﬁ{tPfeteFtec',r ERSEIMARtS exprassingdheriecrrior é’ﬁ 94 B0 aFtdy insthe pet

ant i podyaiektositigsd &¥apgai nst the VP16 dommin (Contech). In the yeast strain
L40 expressing the con- struct pBAR-CbM TDA, a double band at 75 and 100 kDa
was visible (Figure 9A). No bands were visible in control extracts of L40

t r ansf osepé@ntwﬁ' ‘RaiRsERbRLx M#ARI Y ng the 25 LEU2 resistance marker. The
presence 0 € receptor 1 n nenbranes of L40 was verified wusing a standard
menbrane fractionation nethod as described in the section library screening

pr OcedUAescree?ﬁwésh@é{Vﬁed BufUSHE @ &ﬁnaﬁ Belr{ RE MR %raw@éor%luxtefd%mfé fledpe mem

brane fraction, but not mt%e sol ub fraction. | f-act’ivation test 1 2
SEP1®oBologies d@p@@gﬂg@ﬁp@ﬁ@@t@g@%a@n and growth on selectlve plates was

performed as described in the section library screening procedure”. Selection yielded
approximately 300 colonies. Following a beta-galactosidase filter assay on the primary
selection plates, 96 colonies showing strong induction of beta-galactosidase activity were
picked and restreaked on selective media. Following a second beta-galactosidase filter

15 assay, 59 positive clones were processed for western blotting and plasmid isolation as
described in the section ,library screening procedure”. Library plasmids were reintro-
duced into L40 together with either pBAR-CbM-TDA or the control construct pErbB3-
TDA, encoding the human ErbB3 receptor fused to CbM-LexM-VP16, and assayed for
growth on selective plates and beta-galactosidase activity. Of §9 clones, 19 scored as

20 bait-dependent, i.e. they interacted with the beta2 adrenergic receptor but not with the
ErbB3 receptor. Plasmids from bait dependent clones were sequenced

Example 2
25

Filter assay for the detection of B-galactosidase activity.

1. The yeast expressing Y-CbM-TDA are grown together with NbM-fusion proteins for two
days at 30°C on sterile Whatman filters on drop-out agar plates lacking leucine and tryp-

30 tophan. The drop-out-medium is used because cells tend to grow poorly in standard
minimal medium.



Sel f-activation of the receptor-LexA-VP16 fusion was assessed by testing
grow h of transformants on sel ective nmedium | acking the am no ir?o&%

hi stidi ne, |eucine and trypto- phane and containing 15 nM 3-AT >2005
assayi ng b&tcegssdet osi dase activity using a standard fip¢REpdsRsis7
Transformants expressing the receptor 7showed no activity in the beta- 5

gal act osi dase assay. Screening against a NoMx library A screen was carried
out using a human brain NbMx library constructed by Life Tech- 10 nol ogi es
(Carl sbad, CA, USA). Cotransformation and growth on sel ective plates was

per f or n2dUsing dersepd, tiealfilter i trensfevéd and dippbd ity liGuid @Rrvges for ®aaalane al-

Sel ecti f%n(?%lji e#ded ¢ a&%tr oximately 300 colonies. Followng a

bet a- galPXEAJE AN PPINtBMPE@IE" on the prinary sel ection plates, 96

col oni es showi ng strong i nduction of beta-gal actosidase activity were

pi cked restreaked on sel ective nedia. oW N seco -

Dt e garabibUTdm e pyoras Wi Tack 2gartag ot M bEPbr Bl RECE0prontaisiog 1 or
west gr nojal g/l Xggand pl asmd isolation as described in the section library
screening procedure”. Library plasm ds were reintro- duced into L40 together
wi th either pBAR-CoM TDA or the control construct pErbB3- TDA, encoding the
human E4bBw fieeeiieancuibatriat 3o°Cikd £2Mhyitk6, and assayed for growth on

sel ective plates and bet a-gal act osi dase activity. OF 59 clones, 19 scored as
20 bait-dependent, i.e. they interacted with the beta2 adrenergic receptor
but not with the ErbB3 receptor. Plasm ds frombait dependent clones were
sequenced Exanple 2 25 Filter assay for the detection of p-gal actosidase
act t9i tg-’:@@ﬂég:e yeast expressing Y-CbM TDA are grown together with

NoM fusion proteins for two days at 30C on sterile Wiatman filters on
drop-out agar plates |acking |eucine and tryp- 30 tophan. The

dr op- ouRUARHAAM of -grleGiosidaseasévibel | s tend to grow poorly in standard

m nimal medium 1 2 SEP 2006 WO 03/083136 PCT/ EP03/03287 77 2. Using
forceps, the filter is transferred and dipped into liquid nitrogen for 3 mn
and al - 11 6easd treasfofaants expressing dnpleMallf are inoculated together with NbM-fusion

15 proteins into 3 mi of liquid drop-out medium lacking uracil, leucine and tryptophan.
2. Incubation at 30°C until cultures reach midiog phase (ODsss ~1.0)

3. Cells are pelleted from 1 ml of culture, washed once in Z buffer, and resuspend in 300
20 pl Z-buffer.

4. 100 pl cells are taken and lysed by 3 freeze/thaw cycles.

5. 700 pl Z-buffer containing 0.27 % (viv) B-mercaptoethanol and 160 pl ONPG (4 mg/mi
25 in Z-buffer) are added and incubated for 1-20 hours at 30°C.

6. 400 pi 0.1 M NaCO; are added, the samples centrifuged, and the OD. is measured.

7. The B-galactosidase activity is calculated using the formula:
30 B-galactosidase units = 1000 x OD420/(ODs4g X Min)



3. The filters are overlaid with 1.5% agarose in 0.1 M NaP04-buffer (pH 7.0)
containing 5 0.4 ng/m X-gal. 4. The filters are incubated at ?8%@%
0.4-24 hours. 10 Exanple 3 Quantitation of p-gal actosi dase actt ¢i°ty. 05
Yeast trangfpgsmedite expressing Y-CoM TDA are inocul ated tp@ekigoshth

NoM fusion 15 proteins into 3 m of kd quid drop-out nedium | acking uracil,
| euci ne and tryptophan. 2. Incubation at 30C until cultures reach mdl og
phase (0OD545 -1.0) 3. Cells are pelleted from1l m of culture, washed once
in Z buffer, and resuspend in 300 20 | Z-buffer. 4. 100 | cells are taken
and lysed by 3 freeze/thaw cycles. 5. 700 .tl Z-buffer containing 0.27 %
(v/v) p-&rcggt oet hanol and 160 pJ ONPG (4 nmg/m 25 in Z-buffer) are added
and inc or 1-20 hours at 30C. 6. 400 pl 0.1 M NaCO3 are added, the
sanpl es centrifuged, and the OD420 is neasured. 7. The p-gal actosi dase

activity,)js, cal cul ated usi the for . -qal actosj dase units = 1000 x
QoD426/ ( Slgmbit Falyss afelS essigy %@%@3«4%@%@8@%@%0% Exanpl e 4
West ey n bl ot anal ysis of cells expressing Y-CbM TDA together with

NoM f usi 5 1. Yeast cells expressing Y-CbM TDA together with NoMfusion
Dr ot el st aye25h Bl Rt SS S GOl ADicas Ty VNN 1 Rl s, Are| Te ¢ i U
| acki ng 3e0abaA GG, $0/BHIDANp-But GUR redili @kingleliies esd aysloprapuspended in
50 | 1.85 M NaOH per 3 OD units of cells, 10 and incubated on ice for 10

mn. 3. The sane volume of 50 %trichloroacetic acid is added, and the

pr ot ei ns) athg &Tl@ﬁi&b%%eie@% FSUSRINGEY i 'SE L £B5 TI\PNa@I-FE)él&B &b lﬂwitggf‘g%ll%‘l?' L?t I's

resuspended in 50 | SDS- sanpl'e buffer containing 8 urea. 5. I M

Tr i slbhasang igcuhgdreionniga femtd Biot ein i s di ssol ved at 37C (heating to 95C
sonetines results in the clunping of nmenbrane proteins).

3. The same volume of 60 % trichloroacetic acid is added, and the proteins are precipi-
tated by centrifugation for 5 min.

15 4. The peliet is resuspended in 50 pl of SDS-sample buffer containing 8 M urea.

5. 20 pl of 1 M Tris.base is added and the protein is dissolved at 37°C (heating to 95°C
sometimes results in the clumping of membrane proteins).

20 6. The samples are centrifuged for 2 min. and 10 ul extract is used for SDS-
PAGE/Western blotting analysis.

7. The amount of protein loaded by Coomassie staining of the SDS-gels is verified.

25 8. The membranes are probed with peroxidase-IgG at 1:5000 dilution. Protein A-fusion
proteins are detected by enhanced chemiluminescence (Pierce of Amersham).

Example 5
30
Interactions between heterologous proteins in yeast can be detected using the MbY2H

system



20 6. The samples are centrifuged for 2 mn. and 10 | extract is used for
SOS- PAGENVestern blotting analysis. 7. The anmount of protein | oaded by
Coomassi e staining of the SDS-gels is verified. 25 8. The menbr ahgSERDE
probed w t hwoasesiisiase- 1 gG at 1: 5000 dilution. Protein Avfﬂﬁ? 30 [ oteins
are detected by enhanced chem | um nescence (Pierce of Aners gﬁi. %nple 5
30 Interactions between heterol ogous proteins in yeast can be detected using
the MoY2H system 12 SEP 2006 WO 03/083136 PCT/ EP03/03287 79 To
denonstrate the useful ness of the MoY2H systemin detecting protein-protein
I nterac- tions between two heterol ogous proteins situated at the nenbrane in
yeast, two defined protein pairs were selected. In the first exanple, the
honodi mapidemanstiatefthe peefaiess af the ey 2Hesystanain detaefingrareteinsprgtaimintaract ed and

Serves {gnPetiten G h@%r@ﬁg&e@ ;tﬁi'ht%%si é?tﬂaf%@té{"?ﬁé‘g\ghw?aﬁé% 28 i abRae

proteins. In the secon e Interaction between the receptor tyrosine
ki nase PraieiB paifel weres selgetgd.oin the Grséiexampleptherosnagimoedzation ofi eresasitin-atNe t he i n-

teragti oy [ lic

or ot &i n TG EFAReRR o Bemeh et ans SHReLLs L chaPil & SERE=GRa SR ' Tt
cor r es pémelintegsalirmrmirane eroteics.Nn Tmnsenosd casa dneinterpetipn betweenibepecaptert t he
sequenc i | Y/ ' . 2.
PANBVI. TTRa Snpes ERGRYIE e aBaMr PRI Rk Srod Blueriors B ol * v
15 pr ontaraetionetwessran ivtsgnrl ecerbyrane pratein gndBigoiupteofeptoeslic) prajgine 13B) . 3.
pDSL- Nx. The vector pDSL-Nx corresponds to the vector p424NoM X descri bed

on page 37 (Figure 14 A). 4. PADSL-Nx. The vector pADSL-Nx corresponds to
t he 10 ec Definitiom oA hak-axnddurey vectptsed on page 36 (Figure 14 B). 20 5. pDSL-xN.

The vectory w PRE VESBABERBY? cbiEspbRbl B thB et PEMMIASA ublGHea R P2TE 37

(Figure 14
page 21, except that the sequence encoding the 3xFLAG epitope has been re-

moved (Figure 13A).
2. pAMBV1. The vector pAMBV1 is identical to pCMBV1, except that the weak CYC1
15 promoter has been replaced by a strong ADH1 promoter (Figure 13B).
3. pDSL-Nx. The vector pDSL-Nx corresponds to the vector p424NbM-X described
on page 37 (Figure 14 A).
4. pADSL-Nx. The vector pADSL-Nx corresponds to the vector pNbM-HA-X de-
scribed on page 36 (Figure 14 B).
20 5. pDSL-xN. The vector pDSL-xN corresponds to the vector p424X-NbM described
on page 37 (Figure 14 C).
6. pADSL-xN. The vector pADSL-xN corresponds to the vector pX-HA-NbM de-
scribed on page 36 (Figure 14 D).

25 Homodimerization of presenilin-1 N-terminal fragments
Presenilin-1 is a polytopic membrane protein with eight transmembrane domains. In its
mature form, the protein is a dimer of an N-terminal (NTF) and a C-terminal (CTF) frag-
ment which are generated from intact presenilin-1 by endopréteolytic cleavage in a cyto-
solic loop located between transmembrane domains 6 and 7. The two fragments remain

30 associated at a stoichometric ratio of 1:1 and form a very stable complex. Currently, the
precise function of presenilin-1 is still under debate but it has been shown numerous
times that the protein is an essential part of a multiprotein complex termed gamma-



6. PADSL-xN. The vector pADSL-xN corresponds to the vector pX-HA-NbM de-
scri bed on page 36 (Figure 14 D). 25 Honodi nerization of presenilin-1
N-termnal fragments Presenilin-1 is a polytopic nenbrane proteihnl SER p006i ght
t ransmenbr ame osleasedens. In its nmature form the protein i $cqddbdBLs,0f an
N-termnal (NTF) and a CGtermnal (CTRp frag- nent which are generated from
I ntact presenilin-1 by endoproteolytic cleavage in a cyto- solic | oop

| ocat ed between transmenbrane domains 6 and 7. The two fragnents remain 30
associated at a stoichonetric ratio of 1:1 and forma very stabl e conpl ex.
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It has 2{6@” shown nunerous . tines that theé&jotel nis an essentlal part of a

mul ti pr SCEPHTRGHRRBI AN PrRIGING AMRNG oMM’ KDEOIC\RE P 5E") BOF E503/ 03287

80 secheragfthe NotchTamip(EshiRdasef Q001 )ex is involved in proteol ytic
processing of a num ber of transnenbrane proteins, among them APP (anyl oid

precursor protein) and mem bers of the Notch famly (Esler and Wl fe,
2001k. &h@hﬁoﬂnemnmrdnzat INITF sOhadVbeen hasmérastratede BRIVIdUsRL Qéﬁngrtﬁél g y using

2l -, LoobialBrshos degbed oy Sogler and reveRerdSlapiar piler i8 M endme L O

i nvesti Gt QO@\’()e'fl'hérfefdré t§i8 Nntatelo® vasdeiosEnh &6l wﬂr&b@té Rehefitir el cartals8 e
cont ai ni n(tzj different pronoters and the LexM noiety Fi gure 10 A shovvs a

schemat {4STRFAL HFIRG tom nevel p&ctora santgining ﬂlﬁenenbpmﬂss tha Leprd me
i nt er actrj@ire AOtAVBREWNE Echémbu@a@lscﬁforp&eaausmb@y E thzplesy’s%Qnﬁ{e' tution

of spllt- ubiquitin from and consequent cl eavage of the peptide

bondObetie@stien fetwaen NEX Dalrang NRe prev skeidd r'%aleP He r enoaﬁfgwrt oh#plifex M VP16
to the npg uﬂMS’rrcir‘ﬁ‘@ubtaﬁd Wb@déﬁlﬁcdn@eé@%clgﬁ@ég%tdﬂf% bé}ﬁi@e%hd vawenldi®

reporter genes whose readout 1 s neasure el t her growt h on sel ective

medi a orRNEYLXVEWD 16 dReR IMFigarede dvi a@é‘ép%ﬁ W’EM‘VHﬂlﬁg@rt@eM‘C@S@r‘gHm t he
out come pHdidd e L@S(Reéde%i&ts tha(ﬁaéﬁvafe%qﬁéfr@ﬁon‘élé pérhés Mgsé"fia gf Ig%ﬁ@ésereraed with

di fferent balts and preys and transforned l's were on_m ni nmal
nmedi um $ébenyarrwlh ervselestivenedia e BY assaymmqﬁ-salﬁpmdas@apw Mgjggeddk h at

:"’Oclfj‘-"r(?3 SIS thelOLtESHhE of 'ﬂ*\eeééﬁgrm?e’i"ﬁhYéés@ o?t%F%ﬂém"@J(ﬁw%F%HﬁQﬁé?&’rﬁ%d‘ n 0.9%

NaCl al1quots were spotte onto m ni na lumto select for
pr ot ei nWithatiféarant bﬁltéraélétnrwﬁsan@ andfermad calls aere plategon minimal medium se-

lecting for the presence of both plasmids. Following growth at 30°C for 3 days, 10 colo-
nies of each transformant were resuspended in 0.9% NaCl and aliquots were spotted
onto minimal medium to select for protein-protein interactions. Growth on selective me-

20 dium indicates that the bait and prey interact. Low level expression of bait and prey from
a weak CYC1 promoter (pPCMBV1-NTF and pDSL-NubG-NTF) does not allow for the de-
tection of the interaction, whereas increasing the expression level of the bait (PAMBV1-
NTF and pDSL-NubG-NTF) leads only to modest growth on selective medium. Expres-
sion of the prey at high levels (PADSL-NubG-NTF) is sufficient to detect the interaction

25 both with low level and high level expression of the bait. Neither bait interacts with a non-
cognate control prey expressed at high levels (pMBV1-Alg5-NubG).

Interaction of ErbB3 with the C-terminal part of Nrdp1
The receptor tyrosine kinase ErbB3 is a member of the family of Erb receptors, which

30 also contains ErbB1 (also called EGFR, epidermal growth factor receptor), ErbB2 and
ErbB4. They mediate diverse signals influencing essential cellular responses such as
differentiation, proliferation and survival (Olayioye et al., 2000). Nrdp1 is a ring finger
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proteins, self-activation |evels of constructs bearing the
Self-activation levels of constructs bearing the wild type and mutated LexA sequences

To demonstrate that screening for protein-protein interactions is not possible using the
20  vectors described in Stagljar ef al. (1998) due to the inherent self-activation of the bait-
LexA-Cub-ProteinA-VP16 fusion proteins, self-activation levels of constructs bearing the
wild type and the mutated LexA sequence were compared when cotransformed with non-
cognate (non-interacting) preys. Coexpression of the beta2-adrenergic receptor bait in
the vector pCAS (carrying the wild type LexA sequence) together with either a non-
25 interacting control prey encoding the yeast protein Ost1 fused to NubG or a control prey
encoding only NubG with a membrane anchor resulted in growth on selective medium
and strong beta-galactosidase activity (Table 1, rows 1 and 2). In contrast, the beta2-
adrenergic receptor bait expressed from the vector pCbM-TDA (carrying the LexM se-
quence with the R157G mutation to decrease the strength of the nuclear localization sig-
30 nal) did not grow on selective medium and did not show any beta-galactosidase activity
when coexpressed with either of the two control preys (Table 1, rows 3 and 4). Thus,
while the high background of the original bait vector described by Stagljar et al. (1998)
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the entire open readlng frame of the yeast proteln s 1 inserted into pX-
HA NbM. (2) pMP-NubG: a signal conferring fatty acid modification inserted into pX-HA-

15 NbM. Different combinations of bait and prey constructs were cotransformed into the
yeast strain L40 and growth was assayed on minimal medium lacking the amino acids
tryptophan, leucine and histidine. The bait construct containing the wild type LexA
showed activated both reporter genes in the absence of a valid protein-protein interac-
tion, resuiting in growth on SD-HTL and strong Beta-galactosidase activity. In contrast, an

20 identical construct bearing the mutated LexA sequence did not show any activation of the
reporter genes in the absence of a protein-protein interaction.

Example 7

25 MbY2H screen using a modified bait vector and the beta2-adrenergic receptor as a bait

The screen was performed using a human brain NubG-x cDNA library. The beta2-
adrenergic receptor was inserted into the bait vector pCbM-TDA carrying the LexM se-
quence (LexA with the R157G mutation to decrease the strength of the nuclear localiza-
30 tion signal). Library scale transformation and growth on selective medium was performed
as described in the section “library screening procedure”. Selection for histidine prototro-
phy and beta-galactosidase activity yielded 122 colonies. When restreaked on selective
medium, 103 of the 122 colonies showed reproducible histidine prototrophy and beta-
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86 Mainms A msﬂgﬂnf or detecting an interaction between a first menbrane
bound protein art thereof and a second protein or part thereof which is
ei ther nmenbrane bound or soluble, the nethod conprising: (a) providing a
host cell containing at | east one detectable gene (reporter gene) having a
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(a) providing a host cell containing at least one detectable gene (reporter
gene) having a binding site for a transcriptional activator, such that the
detectable gene expresses a detectable product, preferably a protein,
when the detectable gene is transcriptionally activated;

(b) providing, as part of a bait vector, a first chimeric gene under the control of
a promoter, said first chimeric gene being capable of being expressed in
said host cell and coding inter alia for a first membrane protein or part
thereof which gene is attached to the DNA-sequence of a first module
encoding inter alia a first protein sequence involved in intraceliular protein
degradation and a transcriptional activator, said first protein or part thereof
to be tested whether it can interact with a second protein or part thereof;

(c) providing, as part of a prey vector, a second chimeric gene under the
control of a promoter capable of being expressed in said host cell, the
second chimeric gene coding inter alia for a second protein or part thereof
which is either membrane bound or soluble and which gene is attached to
the DNA sequence of a second module encoding inter alia a second

protein sequence invoived in intracellular protein degradation;

(€) introducing the bait vector and the prey vector into the host cell such that
an interaction between the expressed first and second protein and/or their
parts can take place, which interaction leads to an interaction of the first
protein sequence of the first module and the second protein sequence of
the second module which interaction in turn leads to activation of an
intraceflular protease and proteoiytic separation of the transcriptional
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part thereof; (c) providing, as part &7 a prey vector, a second chineric
gene under the <control of a pronoter capable of being expressed in said
host cell, the seggf hj J [ ' K j otein
or part thereof W%i@g\%tci?r.sWg?ﬁ}ﬁp@@gﬁ%?gﬂg@gtgtﬁh@éﬁ@é@?u\%%orgaﬁgg%l C R{Sene IS
attached to the DRpNgefamecdepsosetipnthenbaitiivectondodiergbeingez lew icapy
second protein se Vv, by 4 ; r protein degradation; (d)
i ntroduci ng the baig?agg?teyr@ %}jr?ggt lgqp%gib/b%gget#é?nto the host cell such that
an interaction between the expressed first and second protein and/or their
parts can take_pla which interactiogn |leads to an interagction of the first
protein sequeﬁ@e OﬁS{eﬁr@mmgr &heﬁﬂ? uﬁ"@ gﬁﬁcﬁaﬁ% §8E‘6n‘% b}eo(t?‘é’r':‘ﬁ %Eq'&%snt?@e?)f t he
second nodul e whi cBctivietes ticthiedranisorigtional dofiaater;t o acti vati on of an
intracel lul ar protease and proteoiytic separation of the transcriptional 1 2
SEP 2006 87 activator, wherein both the bait vector and the prey vector are
suitabl e for wheraiythediost aethisd wgaAssenamapimaliee a88li t vector further being a
| ow copy vector; being present in 1-2 copies per cell; (e) determning
whet her the d : .Nost S e cliyat e
transcri rf;zti onzf\ggﬁ‘?t?\bgt%r%p%\}\ﬁrtée!}ﬁa"?hﬁ Wﬁ%ﬁalncteh hl% %"y"gaéstél%l;ﬁgm%ﬁ%gl ian
cel |, 2. The ReMRBACYcEbr orRy rreferatly. neells ohé#ieeibHdding Yaast Sagcharogyges
Saccharonycescefoiiae. cell or, nore preferably, cells of the budding yeast
Saccharonyces cerevisiae. 3. The nethod according to any of clains 1 to 2,
wherein the detectable gene is activated by a natural or artificial
activatoP; préhermaingd apcedinoviar iy ebeigimssi rig 2a wherein the detectable gene is
activated by a natural or artificial activator, preferably an activator comprising a

short tagging module.

4, The method according to any of claims 1 to 3, wherein the detectable gene is
activated by the artificial transcriptional activator LexA-V16.

5. The method according to any of claims 1 to 4, wherein the first protein sequence
comprises a C-terminal portion of ubiquitin (Cub) or a mutant thereof (CbM) and
the second protein sequence comprises an N-terminal portion of ubiquitin (Nub)
or a mutant thereof (NbM).

6. The method according to any of claims 1 to 5, wherein the DNA-sequence coding
for the first membrane protein is selected from the group consisting of any bacte-
rial membrane protein, any viral membrane protein, any oncogene-encoded
membrane protein, any growth factor receptor or any eukaryotic membrane pro-
tein, or parts thereof.

7. The method according to any one of the preceding claims wherein the second
membrane protein or the soluble protein, or part thereof, is encoded by a library:
plasmids.

8. The method according to any one of the preceding claims wherein the first

membrane protein is a soluble protein attached artificially to the membrane.



short tagging nodule. 4. The nethod according to any of clains 1 to 3,
wherein the detectable gene is activated by the artificial tr Sé‘ﬂjﬁbdnonal
activator LexA-V16. 5. The method according to any of clains 1't erein
the first protein sequence conprises a Ctermnal portion of ubiquitin
(Cub) or a mutant thereof (CbM and the second protein sequence conprises
an N-termnal portion of ubiquitin (Nub) or a nutant thereof (NobM. 6. The
met hod according to any of clains 1 td&85, wherein the DNA-sequence coding
for the first nmenbrane protein is selected fromthe group consisting of any

gﬁgg Sén;' éétlnc gentar #u%ﬁtdaré&cétd't? Ogﬂ;anwéfr@é.maﬂmtﬁﬁ@gﬁ @bq‘rde%f; gar% incubated in

eukaryotic neﬁﬁ?aﬂr@s‘ P apg ﬂbseiS‘Fep%fa ‘?'HB?% ang W%ﬁ@'?réﬁﬁotﬁa%st%'lit"\é?hg to
any one of theathetmdmfrtge demctabla/\gmeetsmmbecaemdmjcommmmnterfpreﬁwnhntr@r t he
sol ubl e prot el.ﬂterétrnoﬁ%twéétﬁh@ﬂtst ahaseggﬁgtet?yaﬁd/bm AER pYrts. plasmds. 8. The

nmet hod according to any one of the pr ai ns eln the first
menbrane protein is a soluble protein attached artificially to the nmenbrane.

1 2 SEP 2(m6 /BRit or deleeting binuithgetmatweeh agrst menntyrané bolad pedtdin 8r puheieeof t he
host cell is incubale rdt&r 5r|”'§arprtr‘?€r§9f3§/hgﬂdiﬁ t?t%f' Era?\ect%[]?t%ugrds Pﬁuenced

wherein the transcri plona tivatron o ene is in
if the conpourf®iRitSE&f eres with the interaction bet ween the first and
second protein and/or their parts. 10. A kit for detecting bindi ng between a

first menbr ane(agou%dh&rt %fhﬁntgf’mrﬁa& Ie%?%'ﬁgqeteucg?lﬁg 5%”%'%@&3 fteg) 5‘”

t her eof which eith
cel | containing at @ kA4 she fered Bensapptionit Astivaterpsrehetnalthecgetest b'ﬁgJena

bi nding site for aexprBses apfetaviitle paidurbiferablyCpididih, When et @aeatbble gene
expresses a detect %BBS F’%l&ﬁéﬁon%g 8\/%?4&' a prot e| n, when the detectable
y ac

gene i s transcri pti“ona first vector (bait), suitable for

bei ng mai ntai ned episonally, conprising a
(b) a first vector (bait), suitable for being maintained episomally, comprising a

first site capable of receiving a first nucleic acid coding for a first
membrane protein or part thereof such that when the first nucleic acid is
inserted it becomes attached to the DNA sequence of a first module
encoding inter alia a first protein sequence involved in intracellular protein
degradation, the module further comprising a nucleic acid for a
transcriptional activator and a promoter, wherein the vector further is a low
copy episomal vector,

(c) a second vector (prey), suitable for being maintained episomally,
comprising a second site capable of receiving a second nucleic acid
coding for a second membrane protein or a sofuble protein or part thereof
such that when the second nucleic acid is inserted it becomes attached to
the DNA sequence of a second module encoding inter alia a sequence
protein sequence involved in intracellular protein degradation, wherein the
module further comprises a promoter; and optionally

(d) a plasmid library encoding second proteins or parts thereof.
11.  The kit according to claim 10, wherein the host cell is a yeast or mammalian cell.

12.  The kit according to claim 11, wherein the host cell is a yeast cell, preferably of
Saccharomyces pombe and most preferably of the budding yeast
Saccharomyces cerevisiae.



first site capable of receiving a first nucleic acid coding for a first
menbrane protein or part thereof such that when the first nuclgigg?gbﬁ IS
inserted it becones attached to the DNA sequence of a first no gl codi ng
inter alia a first protein sequence involved in intracellular protein
degradation, the nodule further conprising a nucleic acid for a
transcriptional activator and a pronoter, wherein the vector further is a

| ow copy episomal vector; (c) a secoBf# vector (prey), suitable for being
mai nt ai ned episomally, conprising a second site capable of receiving a
second nucleic acid coding for a second nmenbrane protein or a sol uble

prot ei n of3. parlhetkifcacsarding iecanyt efatlainise’D toht2, srevaraid the cletdatatie igdne sainmser t ed

it becomes at aghRed by a hAerdM¥N RIS 26 Abr, PreBrdhamRRIN RofBGRGHey hnt er
alia a sequen\%ﬁ gr of e noaﬁguence involved in intrdacellular protein

degr adati on, gt ?99?31@ dul e further conprises a pronoter; and
optionally (d) a plasmd |library encodi ng second proteins or parts thereof.

11 The kid aqkend Rbofdhd i) dChiaelPloh 3 hdianling Uetecibi@ g¥RESin B
manmal i an ceII..@J{Z. Tpxesa |,%, ccording to cl'aim 11, wherein tHe host cell is
a yeast cell, 25HAted Bping tficiatiappenrippalactivaippbediny 1Rost preferably of the
buddi ng yeast Saccharonyces cerevisiae. 12SEP2006 89 13, The kit according
to any of,l ai 0] e Nyt etecta : i ed by
a natur al1sgr gﬁté i1l %‘f“gfd}ﬁ%t%ﬁ? g’? Taagﬁgf@r ttgbfz{, @nee@gtetﬂ gaf?%;]p rgger'rnprgl élfe\r{l’gzga
short taggi ngcRp@NSdhe Eaterming! Rart ofadiguitin (eptd) or arfputent beeafend the secpad

wher ei n the detateihadelgeeg@neontains be Naekmal gat bf/uﬁib@itiﬁ(rsmhiﬁ)i@'iaaﬂnutant the-
transcripti on?éofacti vator LexA-V16 . 15. The kit according to any of clains
10 to 14, wherein the first protein sequence contains the C-termnal part
of ubiquitin (Cub) or a nmutant thereof and the second protein sequence

cont ai ns 16he MNhdekitratadrdipgrto @fy dpictdimnki 10 (NUB) vaierdin Ntk agrorriote- inr @9fis  16.

The kit accor diagebi9rofMheYroGph Boiisthg dr BvEDr pliiRté' df disy Bropimeer 1n (b) i's

17.  The kit according to any of claims 10 to 16, wherein the DNA-sequence coding
for the first membrane protein is derived from any bacterial membrane protein,
any viral membrane protein, any oncogene-encoded membrane protein, any
growth factor receptor or any eukaryotic membrane protein, or parts thereof.

18.  The kit according to any of claims 10 to 17 wherein the DNA-sequence coding for
the second protein is contained in a library of plasmids.

19. Use of the kit according to any of claims 10 to 18 in a screening process for
identifying pharmaceutical drugs.

20. A vector useful as a bait vector in a method according to any of claims 1to 8 or a
kit according to any of claims 10 to 18 comprising the following elements;

(1) a selection marker for propagation of the vector in E. coli;
(2) an origin of replication which allows propagation of the vector in E. cofi;
(3}  afurther selection marker for propagation of the vector in yeast;

(4)  a CEN/ARS origin of replication which allows propagation of the vector in
yeast, and



selected fromthe group consisting of CYCL pronoter or CUPl pronoter.

The kit according to any of clains 10 to 16, wherein the DNA- seﬂgsgﬁg godl ng
for the first nmenbrane protein is derived fromany bacteri al 00
protein, any viral nenbrane protein, any oncogene-encoded nenbrane protein,
any growth factor receptor or any eukaryotic nmenbrane protein, or parts
thereof. 18. The kit according to any of clains 10 to 17 wherein the

DNA- sequence coding for the second pr#tein is contained in a library of

pl asm ds. 19. Use of the kit according to any of clains 10 to 18 in a
screeni ng procgys faH expreedibm tadsatle RBRHAREES He AdwiHY Fnedd. A vector useful
as a bait vector in a nethod according to any of clains 1 to 8 or a Kit
according to any of clainms 10 to 18 conprising the following elenments; (1) a
sel ection mar k@) f o pemepeygthset contiofs lowdevwetexpess$ionE. coli; (2) an ori gi n of
replication which allows propagation of the vector in E. coli; (3) a
further selection marker for propagation of the vector in yeast; (4) a

CEN ARS ori gi n(bdf raprcsie i and vaeiqeanes Iemsdlp@o@a‘@éﬂ?roﬁe'@flfeﬂhéfo%@t 6tanih
veast; and 12SEP200Gqu8Rcd Heridd ORI S5 AN GBS hEmEARR! bidldid of NP slgphl owi ng
el enments: (a) a pronoter that control ow expression; (b) nucl ei c
aci d sequence encodi&gyence waigbrconigre fatlydadid oradifi cgthmarefergbtxd@ﬁb@f@lewmged
froma yeast integr aSignal sequence which confers
fatty acid nodifi Cﬁp(t)ﬁ@ ’\?‘gra §§E?§&tc1(§e ?())1 | owi ng peptide

( N- MGCTLSAEDKP(3GP- C) ; (c) a nucl ei c acid sequence encoding the Cterm nal

parlt of yeagt (ebi qu huae.c(éa@)se herBat éﬁ&alrﬁge&%tC?QﬂnQHéltgbdgt 6?94)5@& Lﬁasb)ulnm
nucl ei ¢ acid seque rotein; an e) a nucleic
aci d sequence encogﬁHB?ng}sFRg%Vﬁﬁt B‘ﬂaﬁt'”éggw;;at or. 21. Host cell
containing the vector as defined in claim?20. 12 SEP 2006 WD 03/083136
PCT/ EPO3/ 03287d)  a nucleic acid sequence encoding a DNA binding protein; and

(e) a nucleic acid sequence encoding a transcriptional activator.

21.  Host cell containing the vector as defined in claim 20.
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<223>Description of the sequence: signal sequence
<400> 1

Met Gly Cys Thr Leu Ser Ala Glu Asp Lys Pro Gly Gly Pro
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