WO 03/ 083136 PCT/ EP03/03287 1 5 METHOD AND KI T FOR DETECTI NG MEMBRANE
PROTEI N - PROTEIN | NTERACTIONS The present invention is concerned with a
nmet hod f owodetexité ng menbrane protein - pro 10 tein inter@CUEM$032Th an in
Vi vo genetic system based in yeast, bacterial or mammalian cells.
Furthernore, the invention provides a kit for detecting the interactions
between a first nenbrane 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 chinmeric 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 nade up of covalently |inked chains of am no acids.
Each pro- tein assunes a uni que three-di nensi onal shape principally
determ ned by its sequence of am no acids. Many proteins consist of
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An important area in biology is the analysis of interactions between proteins. Proteins are
complex macromolecules made up of covalen_tly 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).

Interactions 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-



There are two types of transnenbrane proteins: Type | transnenbrane
proteins have their Ctermnus in the cytoplasm whereas the Type I

t r ansnmenbwerd/ogieé ei ns have their C-term nus outside thePcalHPog/as287 n t he
i nner part of sonme other organelle, fér exanple 5 in the lunen 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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The| r system termed yeast two-hybri d system is based on reconstitution
of a transcrlptlonal activator and tra t ac ti f reporter
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t he analysis of protei ns or sol uble donai r.ot ei ns,

i . e. ifractiongtiorohy ch@@nat@@rﬁphm%@@wmwehmemsmffﬂéh%Q'S@SM%@Q%@‘%'G@F ed. In
agtt%' t '%ﬁlpgﬁdggteﬂisbéﬂed% AR kﬂﬁwn@{]seoélﬁs%taeﬁedleuIélhﬁloBHi%J SH9 Jigg?c ENEE

era hus nteractions that ‘are ent on
post - tgelnsd progresd fromdlnésecbandsrts cdred genies l%)DﬁﬁfeaW/EmﬁGHIOUﬁ@r@qﬁ?épl as- matic
reticulum such as glycosylation and disul fide bond formation, nay not
occur. 25 The split-ubiquitin systemrepresents an alternative assay for
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am no aci e, single domain protein that is gresent in cells either
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PCT/ EP&3d @3ASdfiptional activation of reporter genes The yeast two-hybrid system is a power-
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

ften

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 alternative assay for the in vivo analysis of pro-
tein interactions. It was developed in 1994 by Nils Johnsson and Alexander Varshavsky
[Johnsson, 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-



3 idly cleaved by ubiquitin specific proteases (UBPs) after the |ast
residue of Ub at the Ub- pol ypeptide junction. The cl eavage of a UB fusion
by UBPs rwouwstned3é he fol ded conforma- tion of Ub. When a @Crapos/osB7
fragnent of ubiquitin (CoM is expres8ed as a fusion to a reporter
protein, the fusion is cleaved only if an N-term nal fragnent of Ubiquitin
(NoM is 5 also expressed in the sane cell. This reconstitution of native
ubiquitin fromits fragnments, detectable by the in vivo cleavage assay, is
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for i niaBleaddsiagsr deweting the preteinrErotein mereciensdfigw®tlpins. In contrast to
the conventional two-hybrid system which requires 20 nuclear |ocalization,
tH€ interactions are detected in their natural environnment of the pro- tein
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between Wbp1p and Ost1p, but not between Wbp1p and Algsp. 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

75 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
prot ei ns wO 0oB313@s nenbrane WO 03/ 083136 PCT/ EP03/ 03287 PLTmPOY/@i285 Wit h
cytosolic (soluble) proteins which nethod is free of the weaknesses of the
prior art. A further object of the present invention is to provide a nethod
for the screening of |li- 5 braries for identifying nolecules which nmay
interact with a merrbrane bound prot ei n Yet anot her object of the present

i nvention LS |Fg§cgﬁ?lg$hpoqgm ﬁfe%c?bels%é@of fthe WegKridskes optheounds

that RFieiRgYY I ng mnt protein-protein interactions, wherein
at | egfbr e protein of the interaction is a nmenbrane bound protein. 10 Yet
anot her object of the present invention is to provide a nethod which can be
used in the identification/design of peptides capable of interfering wth
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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 WO 03/083136 PCT/ EP03/03287 5 tains e.g. an N-term nal
dormai n ofwolwB@sdsé n (NoM fused to the second test protei RCTHPE3/OBEY
protein can be either a nmenbrane proté& n or a soluble cytoplasm c protein.
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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/snmall nolecule inhibitors.
For exanple, WO 03/083136 PCT/EP03/03287 6 peptides/snmall nol ecul es that

i nt er act wotoh/osEBdr ane- bound growt h factor receptors can Po#/Epdyod28ti ed and
then tested in other systens for theis ability to inhibit the signal trans-
duction. Peptides/small nolecules that bind to bacterial or viral nenbrane
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
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ubi P Qor the amno acids 1-37 of nutated ubiquitin where e.g. the
am o a(,r %5 sol euci ne at position 13 has been exchanged for any of the
foll owi ng am no 15 aC| ds: leucine, valine, alanine or glycine, or am no

aci ds 37 o ub| tin re the, amno _acid isoleu ition3has
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where the am no aci ds isol euci ne_at 03|t|on 3 and 13 have. been exchanged
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20 14he term "CbM' as used herein refers to the Gtermnal portion of yeast

ubiquitin, which enconpasses am no acids 35-76 of yeast ubiquitin or am no
aci ds JhertermotNhil asaseddisrein refars tavher b-termginat pertigniafyeast wbiqyitin,nehigh
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amino acid isoleucine at position 3 has been exchanged for any of t%e 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 CoM via the attachment of ubiquitin moie-
30 ties. The poly-ubiquitination of unmodified CoM 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 attachment of
ubiquitin noie 30 ties. The poly-ubiquitination of unnodified CbM may
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C echanover, 1992). WD 03/083136 PCT/ EP03/03287 7 The term"bait" as used
in this docunent defines a fusion of a polypeptide and one or nore other
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intracellular protein degradation such as CoM The bait can be used in the
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or a pyktaiekeaestasnermoddaMthehait canshesgolateiy seaHP gﬁs ALag eSSV Ie have
been repl aced by ot her 1.No i d éé%db icell f &rid pidpdva- above.
210 Th_@’\ec@@Wr'@bg%9n@§épg]&'0%ﬁg&‘q ?%%Ogjragcg\%g%%r a)}sfhl?ggjﬁﬁglr"eﬁl Fr)_efer to a
nucl egpor?e@'uﬂat&?%eq@bhwé thehized reedtdifos treepopagatiore of §tR AYCIEIFeadCOP~  and

regul ” sequences that are necessary for, r | PLLRBIGHH the
t r ansstuctdn yeast anpd Ené@ideﬁr%fgfﬁ?@hﬁ‘@s @Hg’gﬁﬁqg&% ettr]ﬁgaé%gﬂse?édgg,:al , and
prefe y sequences that are needed for the propagation of the
25 nubﬁg{ %pé@?@éﬁegéf ruct in yeast and E. coli. The term"Split-ubiquitin”

as used herein refers to quasi-native yeast ubiquitin assenbled 30 from

Qﬁjgf ? | leetré}rlny‘plreiymég%s@&'\{lnatﬂ% GEMmarkt! dtinB3 \efuesrRpNbétveeahd piotypeptinde)a?d
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 ti n'wepaosF1B€ prot eases present in the WO 03/083136 PCT/HPPDB¥288287 8
yeast cell, which attack the pol ypeptBde chain Ctermnal to the double
glycine notif in CbM The proteolytic cleavage | eads to the breakage of
the pol ypeptide chain after the double glycine notif. 5 The term
"transactivator polypeptide" or "activator"” as used in this docunment refers

to an ' ] hiif ohéinihal foohaaddubi glycine rmotfpior t er
gene"%@PPgﬁ%Rﬁ@éb%gtgf:‘?,qﬁ%%g%g 1Ejﬁrgcr uiting and activating.the

Pol ynEpis Fhelpromolytiveigavage yeadst to hedvrealsads, of %%POIYR%'QQ&W%?%%M

pol ypeptide is the. Herpes sinplex virus VP16 protein and nost preferably,
it isgqqu%egb/%‘ied“@ﬁ domain. 10 The term "LexM as used in this docunent

refers to the nucleic acid sequence encoding the bacterial repressor
protein LexA or its translatjon product.. LEq b RIS ESURRER rfRYs toPariyher
erfcodehe _t%ffwtﬂaﬁsﬁ‘;’tb/@tq_ré%@i(p%@}‘e e3% vai‘c)r’m\%? glfsg%ﬁrfg\;(sz sequencgg@v%er e y'?he

am “Op&gbé’pt@fe%af Bsseks@ofietdtiny iSacthase treetieparsrgend” by the st cehee.8r where
the amno 15 acid arginine at l\&gm tion 15ibhas been fr)‘?éﬁlsgcﬁr%fé%b%ﬁ@mte
or gl pyireeryitiog aneyacthrbnadie RN Polymarase omAERIaEN oAy %e Cor m -74 as
used jn_ this idEi infHéed Ginss APt @ peegineareemest piifergblyt he
yeasthﬁ??ﬁcé'ivﬂ%@g&?eé%éere%ggﬁrﬁ%égg]tglo am no acids pﬁim of its translation

pr odugis theQacldie B4@rdontih! -93 as used in this docunent refers to the
nucl ei ¢ aci d sequence encoding the yeast protein Gl4, corresponding to
alf¥no acids 1-93 of its translation product. The term"artificial

t F anS§hi Rbing"LArt £ ls@binustidoumdrit sefeos: tontet nuckgie pEIdt S IHCRGH PNEPINDt ei n
25 consisting of (1) a polypeptide wWih ' NS id | drieelthag to a
def i n8t haelEealeREgS§Or E%éﬁ@g})‘ %rdtjs\é\{régsl%tpbg %g)tgp gﬂ;?\g‘% re?gﬁpér gi o Sr otgi n
LexA %; hgﬂhgng thdSadid hpOtLekA Ssqudnee dir aanplatdch Lawh eoyasee Wherote ns  Uox
and a & and 22) ‘any transactivator pol \F/)%egt ibde ?Tg\e erfw%gg 1A A¥§ino 30 The
t er m 4TINS agidl argirine At PesEoNIbe (I RBAPeeRIEPEC @ bY & gVPRP T sequence or

! tl? t ra%lrbsér%inine 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 nucleic 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 followng elenents: (1) an epitope tag which
allows the im nunol ogi cal detection of the polypeptide by neans of an
ant i body wproaossas speci fically WO 03/083136 PCT/ EPO3/ 0328 PCTEPagai2est t he
epi tope, such as HA tag, 3xFLAG tag, 3xMyc tag, (2) an artificial
transcription factor. The term"reporter strain" as used in this 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: i (GRld GrRMyOtac (R anbgifickhtansoriptione a
si gnal gg’ﬁﬁ%ﬁlt\(/@téi %%C%g ﬂﬁgagt?%%ap\t@;r ,g'e. gl.y bygac(omrri ng the ability to
grow dacteel ective nedi um when activated or leading to cell death or cell
cycle arrest when activated or |eading to production of enzymes such as
R-gal act osi dase. Preferably, the host cell 10 conprises nore than one

r epor tRie @aACrepbier tseain’ "aseysedt ierthigetusument uefess inanhngsidbatfeHaNeefrs t o
a nucleic acid seguence, c rising t | QW J: |, QL 1 biindi ng
21 Bo Tlgast aneu ancroE GPE SHICLRY BoPaR §1Riy ik <PHie RddE Mo cdrnlruepbr
\?\Iﬁquﬁr{ﬁépi Marﬁt?dw igegmf %ily_itlwmﬂombumir{p;ioaﬁ@ gleawntp thatBoduteed, but

ich preferably is any o L1 pronoter, ronot.er, r,
SPOL Fignabupeen aatisaiosy nhecactivaley, §anby P@E‘fgﬁ%{@ @‘%ﬁ'&% AR 9%%83{3%9'&8

pol ypegLifls, Bk ShigaRA"S: 1B8LRG!BCLdIUedh RaRIING/cld Brspwhepctiited dras an
enzymat | ¥ vity that can beé neasured using an a%proprl ate assay, .such
(]

as Hl 93adingHa, proBé&ionFsRenzyraed suands P4plastasidasienatrseesaliidhg st &flla
yeast such The nucleic acid 20 sequence nay be

ene, CYCL or ADH1.
irhoegr‘%’%'qeﬁ%o@&éa@%%ﬁ%oodérg%%ast reporter strain or it may supplied

on an autononously replicating plasmd. The term"FARL" refers to the

uhor o Theotesm RepeIATGONET  RcUatd BLEIY FaRBo A Reih o Bisfele i JeRreo !

am no ac g | An8eiiSherite @5 airdifesitd or phairsical sadswiptor factor; £2)
degr adgcﬁ[gr}?% {h'teﬁg"d"mt easone grr?achi nerfg; for yeast. The term "5- FPA" as
used ia mihimal jremotattsecsLaes WHCh meay BRRsYnEence SeEyPR oM AYRESt PIfi ch
may_ be converted | | § i tdheAst hRim&er, tdec UBfematene
pr%éduc'in,o ers@“‘l \@ﬁ'&h E)tgrgfte%é)ﬁé%ﬁ Hﬁ%gf%{ALHe&omb ’ b . _

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, ADEZ2, 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.



WO 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

i nt egr at eaoioags1Bhe menbrane of cells such as the type | ®ad/HPgpes2BT trans-
menbr ane nmenbranes or the so-called "®Wel factivators” which are sol uble
protei ns having, however, been nodified by the attachnent of e.g a
nmyristylation site, which site attaches 5 the soluble "selfactivator” to
the cell nmenbrane. In the context of the present invention, any "part" of

such protejn can,b &[}?j i of b e raférsaei anpro&din adiobdst o t he

rrenbr'ag%és %erg%égﬁﬁ%@g[ﬁﬁeﬂgac |€1}gté\}é ?Lé?rﬁe secoFld :E)Fg?t eligrr{ strlon | y enough

50 t haundsel drtintelrated it the rembre afcels sus @sHBR Ve | ERE Ve%&oﬁ'i%’%rot ei n

or part thereof' refers to a i j ; 1 bidihdg hevirid,i r st

menbraAEbEREAEHPRNSS P dhe Bg?‘%n%igreggwaanac\&hﬁ'ifg%F%FE’_(@S‘? glier_lrypga}l be Iquo a

menbrane. Re UNbheiatd b9 thé agathmeét gfreog ai myristylatioresites it sitst 218§y esent
a

i nvention, part of such protein is suffjci I i tJedtie@pabl e
ofs i rthersabubie(selipetivatare to {he gl W@Hﬂbrﬁ'?%n&] uﬁ%h%ﬁzqféﬁﬁ%ﬁégywemg@eof' ,

Strong, o 1t 4ab €luishdl Bsilend @& NEid.capBbleFofreing etiaehad tetigence
dfb%ft@*bf%t]aﬁ gfcfﬂalr carPb&usbd Bsilend s Eg.cab ® e

i nvol intrac ar protein degradatiopn” and "secon r i
SeqU@memkjrm@Iamdcba‘pabliemafria&&mt'lmgawlﬂbgm éPﬁszfEBFOEE'Qt ?twg?yrggmglr)?gatof a
protein. which, . when brought together in a host cell, e.g. by the
inter%gFﬂgWugp'Fﬁgngprst protein to be tested and the second protein to be
tested, reconstitutes a structure which is capable of activat 20 ing an

intracellul ar protein degradatiQ | g ¢rlgan inlerdependi ng
pHot eASéc@@g.heﬁ'ﬂeti‘ﬁoﬁecfoé‘ %8%&9?85@%&8%@??2%% r(%éeiiﬁ V\Vggn a first

”e”brgﬂﬁ & Ol Prefitiarie HEGRN BrotéimesTiparhthensof’s ahdimhigh praseiBicANie BFB\A ded in
a

accordance to the present inveption, which, 2 j

f ol | omiemgprane pound %yotsiﬂo@n %ﬁ%‘{jgg WBE%‘”-L@'] Thec‘gorﬁ@ﬁ nfb:?ggg ?Mégggﬁegﬂ? @

det ect %‘ﬁ%‘?s@ﬁ@ﬁrc‘téiﬁﬁ? 5lifREieARASJorfieyd R capdblendi intpracting With the “first mem-
i ac

trans® ivator, such that the detectgble qgen sses a
det ecriequmuthrotein prartineseqr SBNGEEPHYN (AP IS UATLE BT gene i <
taéanscri p 30 tionally activated; WO 03/083136 PCT/ EP03/ 03287
“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;



11 (b) providing, as part of a bait vector, a first chineric gene capable
of being expressed in said host cell, the first chinmeric gene coding inter
al i a for wofo3sil3éerenbrane protein or part thereof which gemEPIF0RBT ached
to the DNA-sequence of a first nodul ellen- coding inter alia a first protein
sequence involved in intracellular 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)

provi din as,. par f t OF ; hedapleCof ¢ edded of

bei ng&éx-gprﬁy'ggﬁeagip%nsoiiagg ﬁ’segzﬁ)g’e f“fSt? ﬂ'ﬁg%ﬁ cdr?\?rreri c mlgn@gmf:,odi ng inter
alia for ia srreos cal, the ditstichinmaricqgane casingigfernalader @ irsk afﬁ%%‘?"%ﬂﬂe bound

or sol uble and which ne is. at € Suefireemsbiue sircond
nodul e en%rd%ﬁrﬁtj‘eﬁ’ﬁfé\‘hq 9%“%'%%@%@%51?08%*‘ %1%’?%%5 quecncege w‘nvg,rln\%gl in
i ntracel | yh@fg pitet fHiara firdt fetsindetjiiente iavalvedin inacalulas prajeiniegriatiofect or

and the prey Vvector into the host cell such that t Walan
bef ween t aed exfanssrriteng| @féttVa@rﬁcﬁ%%ﬁ@ﬁHrog?'Btoéipﬁﬂ(m%}%t EJt efl’é(réfegéé I?é;hggl;[l t ake

pl ace, V\h%%#ﬂ%églag# | & E%ECJérchﬁl%téiﬁoﬁEahfﬂﬁ@é@f?t ion of the first protein

sequence rst no e and the second protein sequence of the second
nodul e which interac- tion in turn leads to activation of an intracellul ar

pr ot e?cf)ﬁeg@?viﬁrﬁétq%%%g élfﬁad5r(I;\e&"i‘/re@foir,oﬁ{‘se&icnd:3 éﬁé‘g?fﬁé tRsdoraat belagiexat or,  at

| east ey vectors, prefera 20 both, bein uitable
for bei ngpraysati# said hept salivtiid secomtehineerifogenescaditg Wiferiaa @& 8eCh%s er abl v

i n Schi zosacchar onyces e, .mst - i WRRhYRet
Sd@char onpPEASINQE 'tgﬁ@g?‘r’r"gl?p '%ﬁﬁh%g{]%fg? Féa‘pe tgisdhv(ae ISblnﬁJlegglgd?veVPi&a sucl?l as
Escheri Chiaﬁgﬁ%d t03ARE DRABB et bl sespnd encsiuleTercdeling intosialia 8G9CANAS a
detect 25 able

e gene having a_ bj ndi site for rpptional activator,
pr ef er abl pratein, sesuYence ﬁ‘é{PF\]’eﬁl Ffé'W@Pég’ﬂ%&ﬁr@teab\qedae&t(r%@@@eéﬁg det ect abl e
protein when the detectable gene is tran- scriptionally activated. The

first chimeric gene is provided which is capable of bein XPr In the
host ) | intr@RiciHgehé baittvector aad ifte BN &/SEIORITAP e ROHGRI St ﬁﬁ?ﬁﬁﬁﬁgpﬁ i r st

ot acel | PP A R B e ot otel 1 ¢ hen
tested fompiady ehasttih@rastionteadsstecmidtesacsioni of tae fifst BIEPIR Sﬁﬂa%? %o
03/083136 fiI?SC%T r(]oEcliDu g /agg %r§e7 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.



12 A second chinmeric gene is provided which is capable of being expressed
in the host cell. The second chineric gene contains a DNA sequence that
encodes aweasosdidhybrid pro- tein. The second hybrid prot ®@CA/EPORORBNS €. (.
an N-termnal domain of Ubiquitin (Nb®. 5 The second hybrid protein al so
contains a second protein or a protein fragnent which is to be tested for

i nteraction with the first protein or protein fragnent. The second hybrid
protein may be encoded in a library of plasmds that contain genom c, cDNA
or syntheti- cally generated DNA sequences fused to the DNA sequence
encoding the N-termnal domain of Ubiquitin (NoM. The interaction between
t he fiA secanendhiraaec peoe é proxidediwiich & capebledoipraine expriessed & thedrosteell. |

th f i npti i = ‘ t

et v Eess PRt ot Putie 2L phA i BHAC it e Bdeona B R,
out  hgini Mheadgond dybhie proteit cartainere.g. greeteamihal et oh tWhbiduiitire (NlwMpene
onser T S5orH B9B Sormlt aRafer e ASRCo Rl bR bRt e €7
expresg e fe8tediUbf irftbRtios] Wit the Yirétoprotdhe of ppstelnefragpbat. tthebsacbhddnbiidat ed.
The cells are then tested for the expression of a re&%rter |\%tene, which is

acti - Preteéimey be ecededin adigrany af plasnias that cepiaim genemicasONA e aethesh
bet we ' § ' r ' I ' ' ctions
ot weca !l Geretdied DN s8llendChuisBg 18 ARETIHR’ Afifics dcbling tEN 1Tt
t est ecion®in of xiiquitn (NB).fThesinteraptinrabetweeottae dirstapembrans pipéein fangdrthe

bact erj al br. t eiyn ' I ed : sencoded
3 onTB el A0 B8R netettd BB aigt B ORPISREE S

pr ot eivatorithet sctivars tparsicaptiomefytheeepdrten gend($)r dheandthbd angy bé cpiresinduts as
described above. present, .invention na r | ced

25 The nethod of t b
usi ng BY Rredyqing the; first &H@ef'ﬁﬂépﬁﬁmgﬁe SEEPNERHMENE 950 'ﬂfi?n%y%t%é?%&ﬁeéi n and
a secop@irPHeehdst s | stibiedtdd @ EohditysdngdrewnitB the firdtahempha’s prsdih
containing at |east one detectabl e gene (reporter gene avi ng a bindi ng

[ h
30 si tad e secopdpseleipareospressqd aswicienty Wﬂt%forttﬂﬁ)r&&’@%rt B QYeRe

4R €SREFaRyd rQelftfor Heehirakdion Bf B igbeHer g¥he Wi isdgétrct abl e
g)eiﬁe i's ??%ﬁsﬁg?? E,(@El‘sf)ﬁ% ﬁ?ﬂ tggﬂté?vgg e(ﬁa )\%) 0§/'?)83136bPCT/ %POS/ 03287
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:

(a) a host 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;



13 (b) a first vector (bait) conprising a first site capable of receiving a
first nucleic acid coding for a first nmenbrane protein or part thereof
such thatweatvansitbe first nucleic acid is inserted it bececFEratoxzehed to

t he DNA sequence of a first nodule eni35 coding inter alia a first protein
sequence involved in intracellular 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 nenbrane protein or a soluble protein or
part 10 thereof such that when the second nucleic acid is inserted it
becom®®) at adicsterbctay (bait) conprisinguafitstsits capahie efvecaiving & fishodeleisgCicht er al i a
a second prf.ei % ' I I | ation;
and opti ongproqass repETahe SRR broRr biEEe Srothat wRERNR: frsCRAMEER
thereof. &bidTemddredntEecomasiaimched tothai DEA seqeence of afirgt mobukstereel | . The

vectors for the nenbran based detection temin e ' ect or
and prey v&edipg ”gt%ﬁa&ﬁ)??ﬁbsﬁgrcﬁ?maseﬂpﬁg?ﬁ H‘VO%aﬂ% ,acélhﬁﬂ' Rfé@?%@%ﬂ “for

exanpl e sh@yh the nibdliké ﬁjr%eﬁéomﬁéiﬁ%a(mxcki@bth&% trah&@iptiondll antisaton, assay
any Type | transnmenbrane protein (Y), contains a yeast pronoter se 20

lected fromthe group consisting of the ADH promoter, CYCL prompter and TEF
Pro- e o LQIBNGLY (ohl) AtiingRid acddcdSlifeCeagable bRFELViRG AsEbihd
ng a nmenlbr e f

sequence encodi . ne proteln in such a manner that the first
protein i snegieicessiddcatingafdrus iseponc memabraay NMrelsinveBa2sgidble] Riateimvs Fart st

vector al sqg _cont ai ns ' e GRed ; 1 nat e
VR tr ansofigepbditd: yibH e bakorRriaRC R haiba PBEETRES biathddloT 12
enbodi ment tig ENA Gequeeleuctea sesenpl emudele bacodid misr &l arsggond grdlem ser

east, but 4' A ef er abl nt ai ns ch a.se ncean_al ternative

gnbodi nent 9“3[‘?%{&\/5539,5? @@’ﬁéﬁ'flﬁ%rp?rf’?e“&a‘?%‘ﬂa%‘?”’%ﬁg qu%%‘ﬁ'. Thi s {/\éctor may
be an integrative vector that has to be stable inte- grated in the yeast

genoney) Al $Qihdaldifesty AhcbBifigisebsitd YREGIAS of pars frersdf, mar ker gene (e. g.
LEU2;T? )t he g@(pressi o%yof thli gh in tﬁe host gel | permts selection of cells

coéhtaining the 30 first marker gene fromcells that do not contain the

Linr st fer&agqﬂaud@ SERdlAel GeERFs bRd @ hdkt8n G YectoFd ' thé hibleReassay
y Type transnenbr 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 | transmembrane 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 sequencg‘*@énﬁéltemative 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
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TEF pr onowero3/o8x1Bé owed by uni que restriction sites for i nPCT@EPV3/0E28A DNA
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ated DNA sequences fused to the NbM domain. The third vector also includes a promoter
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 preferably
sel ect ed Wooaiosdies gr oup con WO 03/ 083136 PCT/ EP03/ 03287 P&T4iPes/n3rg7 of t he
ADH pronoter, CYCl pronoter and TEF ptSonoter, and transcription term -
nation signal to direct transcription. It also includes a DNA sequence that
encodes the N- term nal domain of ubiquitin (NbM and a unique restriction
site to insert a DNA sequence encoding the second protein or protein
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were conflrmed 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 (LEU2), the second marker gene (TRP1), the CobM-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 NoM 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 Ubiquitin,
but not iwe oh@Bies, and cleave the Ubiquitin noiety off ®RCTAPOS/0287 pr ot ei n
that had been linked to NoM or CbM preferably to the C term nus of CoM
Quite in analogy to the two-hybrid system the liberation of the WO

03/ 083136 PCT/ EP03/ 03287 16 reporter serves as a readout indicating the
reconstruction of Ubiquitin. The assay is de- signed in a way that prevents
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Figure 3C. Schematical illustration of the interaction between a Type |l 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-binding sites
leading to activation of transcription of the /acZ and HIS3 reporter genes. This results 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 S3 reporter genes.
This results in blue cells in the presence of X-gal and growth of the

cell s on wg@as/ogd1aé es | acking histidine. 30 Figure 4A. Com€Trapos/Nxan7 of
yeast genomic DNA libraries in pX-HA-NRbM and pNoM HA- X vectors. Yeast
genomic DNA is isolated fromthe wld type yeast strain and cl eaved by WO
03/ 083136 PCT/ EP03/03287 17 restriction endonucl ease Sau3A, or is random
sheared by sonication. DNA fragments ranging in size fromO0.5-3 kb (blue
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pNoM HA- X plasm ds. 15 Figure 5. Library transformation by the mating
procedure. In this screening approach one CbM TDA-fused bait X is screened
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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 NbM and CbM will take place and no split-
25  ubiquitin will be formed. Since no split-ubiquitin is formedq, 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 pol ypeptide is unable to reach the nucleus of the yeast cell. As
a consequence, the reporter genes of the yeast transformant are not
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respective yeast transformant w Il bel8unable to grow on 30 the selective
medium B. Bait and prey do interact. On interaction between bait and prey
proteins, ubiquitin reconstitution occurs and |eads to the proteolytic
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resul t (5 I n the hi gh expression of the HI S3 and JacZ reporter genes.
However, when Al g5p was expressed under control of ADH pronoter fromthe
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obser
MbY2H system. Yeast strain YG673 (bearing the endogenously integrated yeast VWbp1-

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

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

Alg5p resulted in the high expression of the HIS3 and JacZ 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 pPBAR-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 nitrocellulose and the fusion proteins were detected using a polyclonal



25 control, an interacting Swpl p was used. Figure 9.: Expression of the
bet a2-adrenergic receptor in the yeast reporter strain L40. (A L40 was
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Det ectTidh, lahep2: otlenen 2pransformeachwih ABARKONI-A Dih dang 82 i@midpy vesiore@ierds hi gh

positive control. No beta-galactosidase expression is found in two independent yeast
colonies transformed with pPBAR-CbM-TDA, indicating that the reporter genes of L40 are
not activated by the expression of beta2 AR-CbM-TDA.

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 cassetite (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 a 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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high levels in order to detect an interaction in the MdY2H system 15
Figure 11. Interaction between the receptor tyrosine kinase ErbB3 and the

adapt OFjguré@-11t ﬁit@raur@kpbetweehhtﬁel\fed@mosmbane kia¥2HE b BBt andiheeadapdardoroe t he
Cub- LexA- VP16 re- porter nodul e co i ni.ng the R157G nmut on t crease
Che. st Iain VAP the MRIAH BT M SR8 u g faeet do 4 PRy B 7R
Preys werer ittt EontiHifg tHAR1¥P@ShutliBN to decrease the strength of the nuclear
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-Algd
(the entire coding sequence of yeast Alg5 fused to Cub-LexM-VP18, 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 Alg5 and Nrdp1 do not grow on SD-HTL. The actual protein levels of yeast AlgS
expressed from the CYC1 promoter and ErbB3 expressed from the ADH1 promoter are
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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 (LEUZ2). (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-NXx, 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
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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
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| ow | evel expression, such as a CYCl pronoter, or a 15 CUPl pronoter which
i s inducible by the addition of copper to the nedium (Angernayr et al.

p—t

2000, m@a@ees@h cabsettel PESRrabf coptihette dleglentseaetollewsr essi on (e. g. ADHL
or TE 1 pr.onot e The u ?e of ﬁ i nduci bl.e pronot er g the fall ow ng
advantRgesA RIOTPLER thal-cqiRre oW, ?V$' cRIPECIIOHVRBXBP & BOMAEr. 11y @

Peky PRI ABrdnotéeRRich i¥dbBIb KiPthel diditRof copper to the medium (Angermayr et
al., 2000, Macreadie et al., 1989), or confers high level 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
(2) 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).
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(Chubet & Brizzard, 1996, Hernan et al., 2000), the 3x MYC epitope (Evan et al., 1985),

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  hemagglutinin epitope tag (Wilson et al., 1984), may also be present.

(6) A nucleic acid sequence encoding a polypeptide with the ability to specificaily 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).
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(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 resuits in low copy numbers of the plasmid in yeast (usually 1-

2 copies per cell).
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(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 Herpes simplex virus VP16

25  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 CENJ/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 CoM-
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).
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|no eplication for propagation in E. coli.
This vector is swtable for the | ow | evel expression of CbM fused
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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).
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recognition sites for restriction endonucl eases, which can be used to
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low level expression in yeast, followed by a multiple cloning site enl\goding 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
75 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 CYCA1
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) pGA74B42 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-



fused pol ypetides in yeast, due to the conbination of an inducib

pronoter and a CEN ARS origin of replication, which results in Igmftﬁéy
nunbers oWotobmsyBasnm d in yeast 15 (usually 1-2 copies p@CTEPSP3I28T 8)
pGA93B42 is a | ow copy yeast/E. coli ¥huttle vector carrying a CYCL
pronoter for |ow level expression in yeast, followed by a nultiple cloning
site encoding several recog- nition sites for restriction endonucl eases
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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
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 ADHA 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



10 pronmoter and a CEN ARS origin of replication, which results in | ow copy
nunbers of the plasmd in yeast (usually 1-2 copies per cell). This vector
al | ows hiwb osi8ilBgency screens thanks to the use of a sewpemdiPg3/oi28nhcat ed
Gal4 protein. Gal4 amino acids 1-74 r¥8tains the mniml elenents necessary
for recognition and binding to the GAL pronoter, but it lacks the elenents
necessary for dinerization of the Gal4 protein. Therefore, binding of Gal4
15 amno acids 1-74 to the GAL1 pronoter is not cooperative anynore. The
non-c t | r e f for@d4
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Pr oML SR cible 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 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 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-



for inducible expression in yeast, followed by a nultiple cloning site
encodi ng several recognition sites for restriction endonucl eases, which
can be uswo Bmsildecert a nucleic acid encoding the polypepCrd®os632snt er est .
The multiple cloning site is foll owed3lby a nucleic 10 acid sequence
encodi ng am no acids 35-76 of yeast ubiquitin (CoM, followed by a se-
gquence encodi ng am no acids 1-93 of the yeast Gal4 protein, followed by the
sequence encoding the acidic domain B42, followed by an ADHL term nator.
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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 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). 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).

(15) pCMGA74B42 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-
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the 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 CENJARS 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 CYC1
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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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 multiple
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 results in low copy numbers of the construct in yeast (usually 1-2 copies per cell).
30
(19) PMGA74-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) pCMGA@3-MCS is a low copy yeast/E. coli shuttle vector carrying a CUP1 pro-
moter 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 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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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 GALA1
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 Alternatively, 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 CoM-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 elenents
necessary for recognition and binding to the GAL pronoter, but it |acks

t he el emrewDv3n88csary for dinerization of tge Gald prot @Ca/EPIse32etf or e,

bi nding of Gal4 amino acids 1-74 to t3e GAL1 25 pronoter is not cooperative
anynore. The non-cooperative node of binding severely re- duces the
affinity of Gal4 am no acids 1-74 for the GAL1 pronoter as conpared to Gal4
am no acids 1-93. Consequently, higher levels of Gal4 amino acids 1-74 are
need i.n. éh n &1 sy {8 ivate transcription of the reporter genes.

Thi s reached by an overall higher |evel of

rel eased Gal4 (amno acids 1-74)-bait polypeptide. 30 Only a very strong
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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  (5) 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 in yeast

t he kana-wowsiosm3s esi st ance cassette for selection in E. ®OTIEP0S/bESTEN ARS
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the low | evel expression of a prey pol ypeptide fused either CG or N
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(3) A ection marker for propagation of the plasmds in S. cerevi sae,

which preferably is an expression cassette encoding the TRP1 gene, but
whi ch may al so be any mar ker that Is selectable in S. cerevisae. 20 (4) An

origin,of r Ilca 3 t
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cont aidtdiRg  ALIew QQdfﬁ@ﬁth% 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 immunoblotting. 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 below.

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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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 multiple cloning site, the sequence encoding
the hemagiutinin 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 reconbi nati on net hod descri bed bel ow. 25 (5) A term nator sequence
derived fromthe yeast ADHL or CYCLl genes which term nates transcription
in S. cerwoiogioss3é Description of preferred library vect or CTAP0§/13287
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hemagl utinin epitope tag, a multiple cloning site and an ADHl term nator.
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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 multiple cloning site, the sequence encoding
two sequential hemaglutinin epitope tags, the sequence encoding NbM, and a CYCA1 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 consfruction

Libraries can be constructed from nucleic acids such as genomic DNA, random or non-
30 random oligonucleotides or cDNAs.
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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
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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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15 (designated the ,flaps") at the 5° and 3‘ end. The bait vector is treated by incubation with
the appropriate restriction endonuciease 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, resuiting in a nucleic acid construct, where the PCR product is inserted exactly at the
open. ends of the bait vector (Figure ???). 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.



I nner mtochondrial nenbrane or, nost preferably, the plasma nenbrane, is
suitable as a bait in the MY2H system Polypeptides that are to be used
as baits wensjesdsat egral 25 nmenbrane proteins, or they camChEPI®»DIIIBT e
proteins that are attached to a nenbr4éne via fusion to a signal sequence
whi ch encodes a nenbrane anchor, such as a signal se- quence followed by a
transnenbrane domain, or a signal sequence for any fatty acid

nodi fication, such as nyristoylation, palnmytoylation, or farnesylation. The
di f feré@nt tBa#verifidationl ypepti des to be used as baits are described in
detail below 30 2. Bait construction WO 03/083136 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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equi nol ar anmounts and transfornmed 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 immunofluorescence on the yeast transformants. First, the bait construct is
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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 control 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 multiple 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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Clontech). Yeast strains used for the transformation of the bait are L40, AH109, PJ69-4A
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 plasmid 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



mant is plated on different selective nedia to assess the activation of al
reporter genes present in the reporter strain. For exanple, when using the
reporter WDroaioss18¢109, yeast transformants carrying a balPCTEMORNETt and a
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scribed herein. 6. Library transformation by the mating procedure 10 Using
the mating procedure, the bait plasmd is introduced into a yeast reporter
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used. As described herein, it is possible to modulate the stringency of the screen using
the following modifications in the selective medium: (1) low stringency: selective medium
lacking leucine, tryptophan and histidine. (2) medium stringency: selective medium lack-
ing the amino acids leucine, tryptophan and adenine. (3) high stringency: selective me-

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.



15 quently, the bait-bearing and |ibrary-bearing strains are nated
according to standard nethods (Figure 2; (Soellick & Uhrig, 2001),
MATCHVAKBRO®g®8386 3 User Manual, Contech). Yeast strai n®Casprd3/63187t he
transformation of the bait are L40, AM109, PJ69-4A or preferably, DSYl or
DSY2. Yeast strains used to transformthe library are L40al pha, Y187,
PJ69- 4al pha or preferably, DSYM 20 7. Screening procedure Foll ow ng
transformation or mating, the yeast transformants are plated on solid
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the prie§ sgmesfashion as the other reporters and, when activated, leads to the transcription
15 and transiation 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 notinteract in yeast. In this case, the bait and prey polypeptides will not be spa-
tially close, no reconstitution of NbM 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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lacZ rep er gene integrate to 1ts genone.
acti vefomjed nSince 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
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detect beta-gal act osi dase have been descri bed nunerous tinmes ((CGolems et
al ., 1999), MATCHVAKER System 3 User Manual, Contech). Any nethod to
detect beta-gal actosidase is suitable for use in the MoY2H system 20 For
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i ncubation at 30C. A third outcome is possible when using either of the

st r ai n¥eassgenQypichdNA-cafpgt gram orppriective plates with the antibiotic 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, W1, 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 Alg5. 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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but that neverthel ess do not in- teract with the bait pol ypeptide. A
So- cal %t de g test is carried out to isolate these false
posi ti &Lﬁepﬂ E@@ﬁ’ NBES rst, nucleic acids are isolated from yeast
transfornants usi ng any of the standard meth- ods avail able (see, for

i nst ance, . MATCHVAKER stem 3, User Manual, C ontech). The  nucleic acid
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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 qguence 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 is 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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proximty of bait and prey pol ypeptides and therefore, it is ly (de
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used 35,0 bn@Blenine. (3) high stringency: selective medium lacking, tryptophan, histidine

and adenine.

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 PJ69-4A 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 JacZ 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 settings,
such as iwoasfssmal i an cell. Thus, the MY2H system can PETIEPE303287
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(the bait) and a large collection (library) of other proteins (the preys).
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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 interactions are detected by the same nechanism This 20 inplies
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pol ypeptide. Using such a | ow stringency screen the MY2H system can serve
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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 pFABa(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). Aiternatively, 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 H S3 marker, the ADE2 marker, the
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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.
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lies in the option to carry out a bait-dependency test sinultaneously
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pFAGaikapdX). To sel ect yeast transfornmants expressing interacting bait and

prey pol ypeptides, the H S3 narker, the ADE2 marker and the |acZ 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. DSYDS1

Constructed from DGY83 by knocking out the yeast PDR171-3 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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20 As conpared to AHL09 and PJ69-4A, the advantage of DSY2 lies in the
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screenin rocedure descri bed abov
g ICt)>locks the ?nterac’ﬁon between balt 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-luciferase-CbM-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
(whi ch encode tran- scription factors regulating the expression of Erg

t ranspor two93ioss1yeast ) usi ng standard 25 net hodol ogy (Burka/EPp3/ed2s7 2000) .
A reporter cassette containing GALI-URA3 and GALL1 lacZ is integrated into
the URA3 | ocus using standard net hodol ogy (Burke et at, 2000). 11. DSYDS2
30 Constructed from DGY63 by knocking out the yeast PDRI -3 genes (which
encode tran- scription factors regulating the expression of Erg

transpgsd &ficH Bary Qé%nﬂééns}%a»ﬁir?éﬁ%edem&éd QB 2hAGhdY-HORPRS IS HPIducks
met hodol ogy (Burke et al., 2000). A reporter cassette containing GAL1- FART

and GARrwhichhean be pplysagpharide compeund® URA3 | ocus usi ng st andard met hodol ogy
(Burke et al., 2000). Real-tinme reporter elenment to detect NoM CoM
association to formsplit-ubiguitin 5 1. A reporter consisting of a firefly
| uci f ek aswilChivhggtd FEg)y isuany rcadectidneoiu hedabovendentenedpsroale compounds, n

i nteract.i,ons i,n real .tinme.. tivatign of i fe e |l ead |l ue-_ rescent
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enits wieds, ailigRiry of ragddiidhenticd! @ompoungsl 4 tibfabofndturapt@ypauraliseiani-f used
to 10 NbM are co xgressed in ast, the interactign of the two @gr;otbel ns

resul tt%raWnOft’PﬂiUﬁaiﬁ Earist TheHBIPesf SpMPeunds KL HorgRymay e praleigbags t he

CbM GRRyPESHSRINEs, FOB-1000 tdRgs@dEd 1800-180bb UsksocaY, bF dMBreNABan 10000

| uci f erase- CbM fusi on. Consequently, no FRET between |uciferase and GFP

t akes G9INQ®INASF a conpound is introduced that blocks the interaction

bei ween bait and prey protein, GFP is not cleaved off any 15 nore and FRET
between luciferase and GFP will result in the em ssion of green 1light.
Thus, Whellefduebta Meapsis suppbed ingroanmdydchfoomat; la. gugn trhwditiwell ericrotieo plabes, ween

T N R R s R
I nt egrigy bNgach EGAPSURT inCe&ssHelvEIE Ny e known or it may be unknown. There may be
one or several compounds in each well.
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  guence 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
library 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
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toxic metabolite that is used by the yeast cell and ultlmately |e ds 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 spilit-
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 URA3 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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of Nb CoMw Il not take place and split-ubiquitin will not be forned.
Si nce §9I|dqn31ty 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 NoM 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.

Screening for peptides that disrupt a 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



ubiquitin is not formed, the transcriptional activator polypeptide will not
be cleaved off by ubiquitin-specific proteases and the transcriptional
activatorwpoBpgHpéi de will remain at- tached to the bait pomyEPepoi2de at the
menbrane. As a consequence, the URA3 &eporter of the yeast transformant is
not activated and no production of the URA3 gene product 25 takes place. As
the conmpound 5-FQA is not converted to its toxic netabolite, and be- cause
5-FOA on its own has no negative effect on the yeast cell, the yeast
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interaction between the bait and the prey poly-
polypeptide.

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



peptide. In this case, the bait and prey pol ypeptides will not be spatially
close, reconstitu- 20 tion of NbMand CoMwi |l not take place and
split-ubiwoiosioss1dé | | not be formed. Since split ubiquitinPC3I/EPOS/0$268T med,
the transcriptional activator polypepdide will not be cleaved off by

ubi quitin-specific proteases and the transcriptional activator polypeptide
will remain at- tached to the bait polypeptide at the nenbrane. As a
consequence, the FARL reporter of the yeast transformant is not activated
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aptmaner library is constructed by inserting nucleic acid fragenents
encodeth@BEmﬁ@’da gereerindom pepti des of variable I engths (which can be

e0cmgh 2 FERYAr Re8: it ARnSNIr oot e LRRbARpLICS UIFRILY PR, "

(Munbéidg. Bt thid casé,ﬂl%)aamsandgorey qumtt@ledthtna)wéldbe epat{ciy rdivsey kedridtisgienlof 10

2001) ptid be. se ted.fromt st. cel |l .or..mpy. remain
in thé\lbé@t §Eﬁtp ﬁé’ﬁféa@?d (,Sgﬁl'l?ol(ﬂtl"t"? H‘@” I%Q@f'ﬁggt %@ﬁgosfp“ﬁt@qﬂ'i‘ﬁt'?des i's
to bef@mﬁapltaértﬁiris@nptl@ﬁana@thﬁat&apcbl tidanill NrCcelesvey off Iy uhqunmapstp'edme are
to be secreted, the are engl neered to con ai n f@f&l@lS term n@ )oEfC etion

si gnalProtegeas QEdtth% faggeriptio @lq%réwe@rcﬁolm@ 0@ 4d grip d8g nu
p%yp%éstd (Ju AHEhRbEqRAES, m@qymsettﬁw rtgthaer:m KDS‘PDSQ?Péﬁdiﬁer%t'd a
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Ura3 gene product converts 5-FOA into a toxic metabolite that is used by the yeast cell

and uitimately 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.



20 the section "bait vectors" using standard procedures (Sanmbrook &
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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.



as fusion to NbM Then, MD libraries of the bait and prey proteins are
constructed by 25 fragnentation of the cDNAs encoding those proteins into
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Orphan G protein-couplied receptor screening

20
G protein coupled receptors (GPCRSs) 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 figand 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



The screening procedure for MDs is identical to that described for
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15 mentioned 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 pattern 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




gets (WIlson & Bergsma, 2000). Unactivated receptor (e.g. receptor that is
not bound to an agonist or a ligand) is com 30 plexed with heterotrineric
G pr ot ei f@owhiog:13bi nd to the cytoplasmati c domai ns of thePCE#EPOREI2ST .

Bi ndi ng of an agonistic conpound to a8GPCR results in a conformational
change of the receptor, which leads to the dissociation of the G al pha
subunit fromthe receptor W 03/083136 PCT/EP03/03287 67 and fromthe G
beta and G gamma subunits. Both G al pha and G beta nay then activate

sever allibfd rsa}éénn@".cpmgﬁfné@bm@hua@i@iﬁ&smbr&%%éigg nRé bR Jeddpister mann

et al., 1997). 5 Screenin r ligands that bind to orphan receptors is an
i npor tl&nBsenied it hCMﬁ%(W&’_é&utT neaignal esauence. diestiag thereeiredripsetion etist or
scree Sah L = y, :
ronbr aes pLaTP IhEeMtrafe RS b biGRe il Sefifbnce GPHEXePHIO! bt i o,
usi ng erentiallyi, &re orginall Sigreal selqaenacey ef thepreesstot FeereploRdi by g sitrtal saqudmeh

appro e.d ks. 1n vitro screeni S t adequat.el

re%r egtg%&%flhg&?ﬁna \%egg{ogglm%t,d%ns (6‘ Qﬁdt%ﬁsye&?ﬂg‘é?@%n%g%ﬁdorex éPY/%T%&e to
the | afSjeCounts of partially purified receptor that have to be prepared.
In contrast, in vivo screenings put the receptor in its natural setting,
but the presence of other endogenous receptors with the identical or

si m | aVerifiB6h bf Edrkd @ BxPra¥sioRf | uence the screening results due to
cross-talk between tThe receptors and their signalling cascades. Yeast
represents an interesting alternative to the above 15 nenti oned approaches.
Sgiheent I | ik r I NG ' t
ohver o gy SRRl it ol FSriedengler din. My MBSHS Ehliepdie.

si nce st tistedin thessqoties sregottanstE@Rb U mdhicimprefde@igiyds EISYS!, oraBS¥mpdsed t o

the h e If, - t dozens of G proteins fhat ar
expr egﬁgg ﬁ%f%?ﬁ%fg% Q%%&ql gr%ggf)%e ﬁ%%%ﬁogé%ﬁxg%@gg 513 S@[‘p@e@%‘\gd I n
yeast mwaimpmmoﬁsewhiémmﬁf@igygeﬁmR @ ortguahnd‘nétm@méychb%% q9H8 tﬁehile@iﬁhgi Eal
tho. olFebaRebF o Apichy FIETHaLAS CHU-FioB S qark o8] PLoewmhM G/ TAr | an
CaBer I NERIS AR Xl P ssed Rl A b ok

P may be carrie% out usinggany of ’chey methods described in the section oli Eary 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 alpha 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 FART (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.



I nto p424CUPI - NoM x or p424CUPI - x- NbM The constructs p424CUPI - NoM x or
p424CUPL1- x- NoM are identical to p424NoM x and p424x- NoM respectively,
except thaD 0308H3CYClI pronoter has been replaced by a CUPPCarEPO®0R87 The G
protein may either be 30 fused N-ternitnally or Ctermnally to NbM The
correct expression of the prey may be verified using any of the standard
nmet hods described in the section "library screening”. WO 03/083136
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act i v@dedChd, \Mumb?ﬂgo@‘u@/e 19R5) anather b@bﬁﬂdg@ﬁé polypeptides are expressed
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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pDSduaI 1 described in the sec- tion "bait vectors", except that the CYCl

L@ 3 l5})ve beﬁn repl aced B?étCUPl pro- noters. In this nodification, the
balt it SEARPVENG PHIFRMES AR PPSS! preferably a promi scous 20 al pha subunit

such as human G al pha 16, and the prey is any G beta subunit. The
expr essi on the verification of expression an ' re carried

h
out exXatihy addedyerenqupeadeasoiet bing thﬁ.f@C%OAere?n Ehigoqs%%rseggé 29nfd OFRAECRR t he
r ¢£EePLABNA ﬁfééré&béﬁ:?@él@s‘ (e @ﬁdtths rﬁﬂeﬁgt&' 4l KEBRItANeAE & DRAEREALIR | eadé

to the sptla epar ati on pha an beta. Spatial separation of
al pha remaind®ancatophe vesapior o Grealphm resnaisp lootind i die reqepksy, it BRNah@achM and

Preventsaxpy s cREJUEMRYREM 2Rt CBIRErE HoY S5stally' F¥E A% 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 unabie 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 wili 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 conseguence, 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 receptor is
expr essedweal3/0sd13anf used pol ypepti de from any suitabl e ye€U/EPRPORSTI On
vector (such as p424GALI or p424CYCI72 Munberg et al., 1995) and the bait
and prey polypeptides are expressed WO 03/083136 PCT/ EP03/03287 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, "_F%re?érree?rfe REpadive yadst @%ﬁomﬁwﬂ B8ableto @r’bWﬁh e 38leBf/eipBdiunbut
preferably, L40, AH109 or PJ69-4A and nost (gre erably, DSY1 or DSY2 is

used. CBOWHEOfeF}@ﬂl@léi@r ansformeania i WEC@dSC@ﬁn@Fe &r!ﬁ'@@ﬁrrﬁﬁa%rﬁ@ld bl énersUEBai ng
are C%é’b E nﬁ@a&tﬂl\élxegft Cg%r%rr bed above, except that the selective
ac

medi umi S I'ng”’l euc to select for pDSdual-2, tryptophan (to sel ect

for t he expression construct encoding the receptor) and adenine and
Ig4qﬁﬁﬁﬁhe stringency of the screen may be varied by supplenentrng ei -
h or histidine, as described in the section "library
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the receptor, it cannot “reach nyl at e cycl ase and conseq uent@%/ NbM and
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respective yeast transformant will be unable to grow in the selective
medi um 25 (2) The added conpound binds and actjva he.receptor. The
Cont oM BHAOB IS KGN BE O SEAUSEE SPORGS ShPDR S-RULAYGh SSR%P1  on
ofi5G ahpltd afpHensBubficut aicHpréfsFaBly is human G alpha 16, is inserted into the con-
struct pDS-INbM such that a fusion of G alpha 16 and NbM results.

pDS-INbM 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 muitiple recognition sites for restriction endonucleases and se-
guences 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.



foll owed by binding of G alpha to adenyl ate cycl ase. The cl oese spati al
proximty of G alpha and adenyl ate cycl ase brings NoM and CoMinto cl ose
proxi m t ywoloaastiiag to the reconstitution of split-ubiqui PCR/EPBS0E2687
split-ubiquitinis formed, the transc?i ptional activator 30 pol ypeptide
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 wi Il produce the reporter protein. WO 03/083136 PCT/EP03/03287 72
Therefore, the respective yeast transformant will be able to growin the
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b ¥energ| C receptor. The use of nodification 3 in screening wll
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10 nergi cepto but not t t rener.
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recognition sites for restriction endonucleases and se quences for the in
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ol | onlllP By HECEL SRR BB Do R R BBt oie T B ey e b
Altser ngPCRal YerniclieGPass 2} isans@iedpty ann oﬁtf@iﬁﬂlt Vécﬁmt @8sdriped @Rdedfonap, CYCl
pronoter to 25 allow the inducible expre55|on of the fusion pol ypepti de.

The baRUtPseiEraply e PESHMMAR OcBRBAPAB4! \MneRtisansirmesaifio yeasttthis con-
I Nt egr @k jcPBxesddiea fusion polypeptide betwen GPCR 2 and Gal4 amino acids 1-74-B42.

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 possibie:



construct into the yeast genome, such as a kanMX cassette and appropriate
honol ogy regions. Furthernore, the vector contains the kananycine

resi stancwOma®sasé e for selec- 30 tion in E. coil, and t heCpuwRodoizgi n of
replication for propagation in E. coli4. This vector is suitable for the | ow
| evel or inducible expression of a NoM fused pol ypeti de. WO 03/083136

PCT/ EP03/ 03287 73 The construct encodi ng adenyl ate cyclase 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), which may be
any reporter strain but which preferably is DSYDSI or nost 5 preferably
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GPCR Jt and Iegér:i ne (to .s% ectI ftor th& construct encoding GPCR 2). Yeast
transf%ﬂ‘ﬁgﬁf@n SPTHBEIRH'S FRIGCEE-MEF'Hbr 384-wel | plates and sel ecti ve

medi um 25 | acking the am no acids | eucine, tryptophan and the conpound

adenine (to select against activation of GPCR %) coan;gound I s_added.
Fol | oRhdhenadersicempaund bings i itdRl, andopot iefPRGER a#1dBee conformgtenal
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GPCR 1. In this case, the bait (receptor) 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-ubiquitin 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 place.
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 split-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 aiso 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: WO 03/083136 PCT/ EP03/ 03287 74 (1)
The added conpound does not bind the GPCR 1. In this case, no
conf or matworsalos3lahange i n the receptor takes place and thecrajpos/i2g7 of al l
heterotrinmeric G proteins will renmai™ bound to the receptor. The spati al
proximty of G al pha and the GPCR |l eads to 5 the reconstitution of NoM and
CbM and the formation of split-ubiquitin. Since split- ubiquitin is forned,
LexA-B42 will be cleaved off by ubiquitin-specific proteases and w ||
di ff U%QX hRn bhmeregntmpeg%}eewaéf clggVed o Can<eRISAAY L ADETBDUIRATs
(DSYDSL) or the FARI reporter of the yeast transformant i's
act i varoéactivatedand tnerhmaf@rmarédoﬁeeot gowHatie gelaetiqt medem. The Ura3 gene
product converts 5-FOA into a toxic netabolite that 10 is used 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.
Cogse ent | the transformants do not grow in the selection nmedium (2)
Th ﬁ@@l‘%%ghpound binds to GPCRL and not to GPCR 2. The confornmational 15
change follow 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 ypefﬁ@ﬂt%.lw' Il not be spa- tially close, reconstitution of NbM and CbM
will not take place and split-ubiquitin will not be fornmed. Since
split- ub| qui tin is not forrred LexMB42 wi |l not be cleaved off by ubig-
NG 118:) geploRes@didild to the bait pol ypeptide
at, .t he nenbrane. 20 As a consequence the URA3 (DSYDSI) or FARI (DSYDS2)
reporter of the yeast trans- formant is not activated and no production of
t he UB=R abonifigart gene product takes place. Consequently, the yeast
transformant 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 Cbmvﬂeaduit Véohér -TIOA HBS&dribedss @t sédton bait Vetirs: m/aé rrid)hlf"éulﬂyl iRs@nd t he
Gal - B42 ide is cleaved off and activates reporter.
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is then measur ed measuring the opti ca y of' the’yeast cuf- ture.

30 (3)YuBRee aﬁtm@dutfmmbetﬁa agrengsgic (eaEPER wag amphﬂamféomdwaﬁmmm%@ in
(2)) BBtorfsgPCbhfboration, 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 pBAR-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 do not
recogni zewODa/08ké noi WO 03/ 083136 PCT/ EP03/ 03287 75 ety ParmEpe3/0128e

Gal - B42 pol ypeptide is not cleaved off. Consequently, the ADE2 reporter is
not activated and the transformant does not grow in the selection nedium 5
Exanpl es Exanple 1 MdY2H screen using the beta2 adrenergic receptor as a
bait 10 Bait cloning The bait vector pCbM TDA described in the section
"bait . I e r@m t he
yeast ST O e e e e

| eadertransformaats ory selscliuesmediven lapiingkha gmino geids hisfisine, lertmne; aad typte

guenc | _ n
genomPapRe e HHEARREetE IR RT Sl By BREaRIoRIABas o TRTE
vect orstaritiazd GitdvttestV Trangtorrfantsexmessing éhepreespliooshadeCoprastivitieinghe bsteon of
rec?qpohor was verified by western blotting using an anti body di- rected
@SIdRSEAS$8%i n (A ontech). 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 transforned
Wt h Wﬁﬁé@&ﬂﬁ% LEU2 resistance marker. The presence of the
receptor in nmenbranes of L40 was verified wusing a standard nmenbrane
fractionation nmethod as described in the section "library screenin
pr ocedusereenssaseaviad ot Eisingr 2 homan brain Mk derafn sopsirycted tid-ienTedhe nem

o3P oa sEidip e 334, US4y CaphitBhald aht Hoyft ocaaieile PRl et

f usi ompenasmad Easdestribgd tietheé regctivroyithagyf screening procedure”. Selectlon 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 59 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.



transformants on sel ective medi um |l acking the am no acids histidine,

| euci ne and trypto- phane and containing 15 mM 3- AT and by assayi ng

bet a- gal awpDwsiosEse€ activity using a standard filter test PCTrEROFOBTENt S
expressing the receptor showed no actiwvity in the beta- 5 gal actosi dase
assay. Screening against a NoMx library A screen was carried out using a
human brain NoMx |ibrary constructed by Life Tech- 10 nol ogi es (Carl sbad,
CA, USA). Cotransformation and growth on selective plates was perfornmed as
descr ibeiddidrEshss & fildh is 'tﬁaﬁéf@hﬁéd_saﬁfoeﬁﬁgé@ irR6 A§&E WHittogerSRIr @CiirPany ael ded
appr oxi mat e PA 300 colonies. Follow ng a beta-galactosidase filter assay on
t he plowed o hew algepdriemparaldre. 96 col oni es showi ng strong i nduction of

bet a- gal act osi dase activity were picked and restreaked on sel ective nedia.
Fol l owi ng a second bet a-gal actosi dase filter 15 assay, 59 positive clones
wer e B deesfiteds Aoy owerldic mithbl. 0%t agayosaih PliabiniNdPOs-ouEer (oH a0) etedaininged i n
th s%c‘%i on gl brary screening procedure". Library plasm ds were reintro-
duced rI[‘h ’gc%get her with either pBAR-CbM TDA or the control construct
pEr bB3- TDA, encoding the human ErbB3 receptor fused to CbM LexM VP16, and
assayed_for. growmh on selective plates and beta-gal actosidase activity. O
59 ci &nd&e f’ﬂg%s%rér”éw(%@éed(;@t%ptf% ﬁéifg@ﬂlﬂﬁs- i.e. they interacted with the
bet a2 adrenergic receptor but not with the ErbB3 receptor. Plasm ds from
bait dependent clones were sequenced Exanple 2 25 Filter assay for the
detection of a-gal actosidase activity. 1. The yeast expressing Y-CbM TDA
ang gf o0gether with NoMfusion proteins for two days at 30C on sterile
Mat i rs on drop-out agar plates |acking |eucine and tryp- 30

t ophan. The drop-out-nmediumis used because cells tend to grow poorly in
standad m ni né?I mﬁdi um, WD 03/,083136 PCT/EP03/03287 77 2. Using forceps,
the fi44EHIgionqrBdaglactpdigasgactitined into liquid nitrogen for 3 min and al -
|l owed to thaw at roomtenperature. 3. The filters are overlaid with 1.5%

agarose in 0.1 M NaPOX-buffer (pH 7. QI')D cont ai ni ntg ) ]
1. Yeast transformants expressing Y-CbM-TDA are inoculated together with NbM-fusion

15 proteins into 3 ml of liquid drop-out medium lacking uracil, leucine and tryptophan.
2. Incubation at 30°C until cultures reach midlog phase (ODs4s ~1.0)

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

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

5. 700 ul Z-buffer containing 0.27 % (v/v) p-mercaptoethanol and 160 ul 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 NaCQ; are added, the samples centrifuged, and the QD is measured.

7. The B-galactosidase activity is calculated using the formula:
30 B-galactosidase units = 1000 x OD20/(ODs4g X min)



50.4 mg/m X-gal. 4. The filters are incubated at 30C for 0.4-24 hours.

10 Exanple 3 Quantitation of R-gal actosidase activity. 1. Yeast

t ransf or nantos/08Mpé essi ng Y- CoM TDA ar e i nocul at ed t oget hePCEEPa3/02RF f usi on
15 proteins into 3 m of liquid drop-®ut medium | acking uracil, |eucine and
tryptophan. 2. Incubation at 30C until cultures reach m dl og phase (0D546
-1.0) 3. Cells are pelleted from1 m of culture, washed once in Z buffer,
and resuspend in 300 20 | Z-buffer. 4. 100 | cells are taken and |ysed by
3 freeze/thaw cycles. 5. 700 | Z-buffer containing 0.27 % (v/v)

R- mer cggt oei hgmol and 160 | ONPG (4 mg/m 25 in Z-buffer) are added and

i ncuba 1-20 hours at 30C. 6. 400 | 0.1 M NaCO3 are added, the

sanpl es centrifuged, and the OD420 is neasured. 7. The R-gal act osi dase
activity is calculated using the formula: 30 P-gal actosi dase units = 1000 x
oD420/ {'eare blotranglysisfoalle @30ressingiY-EpVBT DAZegethzswitithipvbfusichs\est er n bl ot
anayysis of cells expressing Y-CbM TDA together with NoMfusions 5 1.
Yeast cells expressing Y-CoM TDA together with NoM fusion proteins are
grown &t Ye3siells expreddd YoCbll-BDA. tBgethed moip- NbM-fusigni sroteitk are gesitn rg

| euci n [ op . The cells . are pelleted and resuspended in 50 |
1. 85 N?Rli%ﬁ? %%%4%%115%'”0 rOB'é’HL L‘}U' W@Hﬂ ‘?M&H@Beéﬁgitfg’et%?nio mi n.
3. The same volune of 50 %trichloroacetic acid is added, and the proteins

are precipi- tated by centrifugation for 5 mn. 15 4. The pellet is
r esuspenHeRI el &e pellstedspl esppendsst N0 Woh8aivh Na@H8pen 3G units ocelisl of |

M J§ i sgh@ifeubstedddfide d he, protein is dissolved at 37C (heating to 95C
someti mes resuﬁts I'n the clurping of nmenbrane proteins). 20 6. The sanpl es

are centrifuged for 2 mn. and 10 | extract is used for SDS-
3. The same volume of 50 % trichloroacetic acid is added, and the proteins are precipi-
tated by centrifugation for 5 min.

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

5. 20 wl 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 pl 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
30

Interactions between heterologous proteins in yeast can be detected using the MbY2H
system
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probed wiwb op@sxsé dase-1gG at 1:5000 dilution. Protein A-fPaIIEP3/0328DL €i ns
are detected by enhanced chem | um nestence (Pierce of Anersham. Exanmple 5
30 Interactions between heterol ogous proteins in yeast can be detected
using the MoY2H system WO 03/ 083136 PCT/ EP03/ 03287 79 To denonstrate the
useful ness of the MoY2H systemin detecting protein-protein interac- tions
between two heterol ogous proteins situated at the nmenbrane in yeast, two
defined protein pairs were selected. In the first exanp

homodirgRignicHstrate e useadeess ofrthd MOYRH systerdn detegyne rmtelnspraﬁ% &Pt ed and
serves as_ an exanpl.e of an interact aBfigete

pr ot efiBRs bPquﬁé%et?%ﬁ@'%g&é@ Protg ﬁ'% %@e@ﬁ%%%qgee@%gﬁ r‘bﬁ’%@r@ﬂeé\g%t or

tyr OSEFtﬁeu'ﬁ' SsavdreRRcl Ihttie fickaiekampe; theehomidimperization oh pERsanti- N-
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pr ono %ﬁa ﬁ?ﬂ é%?”&wﬁ%@ Eé&al "@EB{@% vect or pDée'.Ii(ré cor)%sponds to the
vect or 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
(FDQUMMMM The vector pDSL-xN corresponds to the vector
p424X- NoM %ﬂgv e @ébtaﬁpxeMB'\’/1(d6r@spends4toGhe vectop AOBM-XRA daseriRed P r

e

PADSL-xN'c pageS 10néjxscetpto tﬁaﬁhc\a’ %%quéncpe encodlnglvlh% 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).

75  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 endoprbteolytic 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-
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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 (pCMBV1-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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constructs bearing the wild type and nutated LexA sequences To denonstrate
that screening for protein-protein interactions is not possible using the
20 vectors described in Stagljar et al. (1998) due to the inherent

selq - apkhipld ®n of the bait- LexA-Cub-ProteinA- VP16 fusion proteins,
self-activation | evels of constructs bearing the wld type and the mnutated
LexA sequence were conpared when cotransformed with non-

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 et 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-
guence with the R1567G 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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pOst1 -NubG: the entire open reading frame of the yeast protein Ost1 inserted mto 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, resulting 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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det ecti ng .apart fHepeOCANDPA sBESMESdLIN b Féﬂt tHERESIARIEN RXObItHEr PhéThBiaRe BounBar t
t hereof and a second protein or-part thereof which is either nenbrane bound

or sol ubl e, OF $RUBIE: N§IMEHRACOTIRSNG; a) providing a host cell containing at
| east one detectable gene (reporter gene) having a binding site for a
transcriptional activator, such that the detectable gene expresses a

det ect abl e (R odpieviding ahesbeslicontginiog at leastwredetestaiia gene (raporterggans)i s

transcripti onal ﬂwé{vi@é: Eib\{ngci)iﬁg sn(gé R% ﬁﬁ%\’sigaﬂ_)ﬁbg'{al 38R s9dn fhabfle' atEGhBle @

first chimeric gene’ cap
gene expresses a detectable product, preferably a protein, when the detect-

able gerie is transcriptionally activated;

(b) providing, as part of a bait vector, a first chimeric gene capable of being ex-
pressed in said host cell, the first chimeric gene coding inter alia for a first
membrane protein or part thereof which gene is attached to the DNA-
sequence of a first module encoding infer alia a first protein sequence in-
volved 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 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 en-
coding inter alia a second protein sequence involved in intracellular protein
in degradation;

(d) 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 sec-



pressed in said host cell, the first chineric gene coding inter alia for a
first nmenbrane protein or part thereof which gene is attached to the DNA-
sequence wD 0a/083186t nodul e encoding inter alia a first pr@Ca#EPIFER8ENCE | N-
volved in intracellular protein degraifation and a transcriptional

activator, said first protein or part thereof to be tested whether it can
interact wwth a second protein or part thereof; (c) providing, as part of
a prey vector, a second chineric gene capable of being expressed in said

host cell, the i i i i r.alia f . .Sec protein
or part thereof %ﬁ/ﬁ%tﬁ%wgﬁhﬁétreg %@Qﬁgﬂéﬁg%%qydﬁoa@%MSéaﬁ ngﬁﬁrﬂ%h gene
is at:j ached to prcﬁeﬁmﬁamqbpmbelsmiy!t(ijmeparamooﬁttlhlla’m?nberip&imnapaﬂiv_@ﬂarid éttléé%tm la a
second protein seqguepce i.nvolve n_intrace roprotein in degradation;
(d). i ntroduci ng°f‘%é??ﬂ‘£etka' YRAYanghprey yec e?fegf‘é%?')sgo(%hi@'%%ﬂmw%el| such
that an inter apbingm&sialRRepiSémanpr essed first and second protein and/or
their parts can take place, which'interaction |eads to an interaction of
the first protein sequence of the first nodul e and the second protein
sequence of (dyhe R4 j

interacti on(e%)n géﬁéﬁmﬁ@ﬁﬁ%ééﬁ @%{’%ﬁgﬁ an }?1? ﬁé%%uﬁ%?ﬁgeﬁr%@g%&g and
proteol yti c sephy the toanssfiptidoral ectivagor.i pti onal activator, at |east one of
the bait vector and prey vector, preferably both, being suitable for being
mai nt ai ned epi somal ly; (e) determ ning whether the detectable gene of the
host 2el | haise thodiatcordingdo claimt hevHiereinsthe hpst eslas aagsdsy al bactedal orhe

nmet hod accordiaﬂﬂ to claim1, wherein the host cell is a yeast, a bacteri al
or a mamalPgHTEncells  The nethod according to claim2, wherein the host
cell is a Saccharomyces pom be cell or, nore preferably, cells of the

buddi ng yeast Saccharomyces cerevisiae. 4. The method according to any of

claind | t ol MAHIEAGEOIHEY do FaHT 2o WBEERIA he Rosi cell isae S@cpharamysea pam-or
artificial geEbIVE fore PrTERIGAP kIS Br MetdutRiry yeRIBEESAdnfices cerevisize.

4. The method according to any of claims 1 to 3, wherein the detectable gene is
activated by a natural or artificial activator, preferably an activator comprising a
short tagging module.

5. The method according to any of claims 1 to 4, wherein the detectable gene is

activated by the artificial transcriptional activator protein A-LexA-V16 (PLV).

| 6. The method according to any of claims 1 to 5, 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). |

7. - The method according to any of claims 1 to 6, wherein the DNA—séquence 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.



short tagging nodule. 5. The nethod according to any of clains | to 4,
wherein the detectable gene is activated by the artificial transcriptional
act i vat orwprooieiise A- LexA- V16 (PLV). 6. The net hod accor di RgTIEPORM2SDS
claims | to 5, wherein the first prot8in sequence conprises a C-termnal
portion of ubiquitin (Cub) or a nmutant thereof (CbM and the second
protein sequence conprises an N-termnal portion of ubiquitin (Nub) or.a
nmut.ant thereof (NbM. 7. The nethod according to any of clainms 1 to 6,

mhereln t he - ence  co r.t.he sel ected
from &he ng@@@%@q%ﬁmg °§ﬁ¥/° 9(&19 prfegeéhg%ﬁgﬂ%(gbgb%'sgaén@ vi ral
membr ane prﬂbﬁidﬂanfﬁbﬁt&ﬁ%W@ol&ﬂé?ﬁ@l@wﬂ@h‘p&ﬁﬁl@er@bﬂﬁ@emoc&%m ity f act or
receptor or an aryotic nenbrane pro- tein, or parts thereof. WO

03/:083136 melwo@/soszm 88 8. The method according to any one of the
pr ecedi ng clains wherein the second nenbrane protein or the soluble
protein, or part thereof, is encoded by a library of plasmds. 9. AKkit
for: detect mguthsorrulhteqngebmﬂg betweersa firat menabransawadpretes or RaM thereof

bouna or_ schtibe SScabhpiah B o iy bt whERIERind HheRpl bR or i ene

det,ect abl e SRSy ,g,,ﬁqaporter gene) having a b| nding site for a
transcrl pti onal ivator, such that the detectabl e gene ex- presses a
detlect abl e product, preferably a protein, when the detectable ge- ne is

transcripti @m 3 Hoé‘t%éll%%nﬁ@lnmb@t Idash 'ohétdet'@cﬁélﬂé getml (réporwmgene) having fa rst

site capabl receiving a frrst nucleic nmenbr ane

protein or par tbmﬂlegédﬁ fQIU% I‘ffaﬂﬁ%ﬂptkﬂﬁéhaqt!"(@torf ?'-l'@'t th@&meeﬁ%tea@f’[? 9%“‘? F¥erted
it becomes atta}gljég "lié'@fe‘?éblg‘ a profei, \}\TH’Q"I‘H% geee@dbrogént er
N sequence |nvo v tr

alia a first pr Ini acel - lular protein
degr adat i on, t hee isdrarseriptiortafiy activet@d;i si ng a nucleic for a transcriptional
actjvator;

(b) a first vector (bait) 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 intracel-
lular protein degradation, the module further comprising a nucleic for a

transcriptional activator;

(d) a second vector (prey) comprising a second site capable of receiving a se-
cond nucleic acid coding for a second membrane protein or a soluble pro-
tein or part thereof such that when the second nucleic acid is inserted it be-
comes attached to the DNA sequence of a second module encoding inter a-
lia a second protein sequence involved in intracellular p_retein degradation;

and optionally
(e) a plasmid library encoding second proteins or parts thereof.

10. The kit according to claim 9, wherein the host cell is a yeast, bacterial or mamma-
lian cell.



(d) a second vector (prey) conprising a second site capable of receiving a
se- cond nucleic acid coding for a second nenbrane protein or a soluble
pro- tei nworo3fosaisé t her eof such that when the second nucl elPCT&PO303287
inserted it be- cones attached to the89DNA sequence of a second nodul e
encoding inter a- lia a second protein sequence involved in intracellular
protein degradation; and optionally, (e) a plasmd |ibrary encodi ng second
proteins or parts thereof. 10. The kit according to claim9, wherein the

host cefl is i I f I :

hen Epbl) 0sobie K Behoratdtoiaift 16, wiigiti Ine ho&eits ?&eﬁgg{éi%ﬁgfté%glyh%fst cel |
is a yeast c8atchamproyeaspombeandaesipneferaatiess theredinglyeass Sapehkdremubl y of
t he buddi ng %(%Sa(i%eﬁ%%%harony- ces cerevisiae. 12. The kit according to any
of clains 9 ) Fein the detectable gene can be activated by a
natural or artificial activator, preferably an activator conprising a
short taggin dule. 13. The kit . according . to.a f claimse 9 to 12,
wher ci 12,0 he. s BEBGGTENGn ANy 4 ClAnS S0, Mallberaly e, detariebiq Geog an be
transcri pti og@ivaftefbyahafurdl sHpliftid-degvdioV beeferbH) an abfivatdPEopfisiAg aor di ng
to any of clains'9 to 13, wherein the first proteln sequence contains the
C-ternmnal pshiartteggimgingedulen (Cub) or a nutant thereof and the second
protein sequence contains the N-Terminal part of ubiquitin (Nub) or a
mutant the- reof. 15. The kit according to any of clains 9 to 14, wherein
t he prtdot erTheskitataardiag t6 moynof tlagngPdad2cwherein thegdetectablé gerencarebe CYCL

pronoter or TEFLl pronpter..16. The.kit r.oi Q v of i 9 to 15,
wherein the ?‘s‘*@d%’gtﬁ&?rﬁfb"aﬁqNga”?grr’&“‘ﬂ“ﬁgg‘f‘f‘)’ﬁg‘%r%fﬂw g\nqee)%f'gﬁéﬁ[%s derived
fromany bacterial nenbrane protein, any viral nenbrane protein, any
oncogene- encQded, nenbr.ane pr ot ei any owh . factor receptor or any
oukar yBti o nIRKLAEBIOEE ANV 6f Ciglms 8% far wherein f1e WRLPIBIRIN sEQ¢MReg t o any
of clainms 9 dopdifs tHehELteiminaNSarbbPulsigaithe (CEb)csrd Mditdrithereof and the second
protein sequence contains the N-Terminal part of ubiquitin (Nub) or a mutant the-

reof.

15. The kit according to any of claims 9 to 14, wherein the promoter is selected from
the group consisting of ADH promoter, CYC1 promoter or TEF1 promoter.

16. The kit according to any of claims 9 to 15, 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.

17. . The kit according to any of claims 9 to 16, wherein .the DNA-sequence coding for
' the second protein is contained in‘a fibrary of plasmids. o

18. Vector useful as a bait vector in a method according to any of claims 1 to 8 or a
kit according to any of claims 9 to 17 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. coli;



the second protein is contained in' a library of plasmds. 18. Vector
useful as a bait vector in a nethod according to any of clains 1 to 8 or a
kit accorwprig/oszadany of clains 9 to 17 conprising the fol PowEPg3/ed28TrENt S:
(1) a selection marker for propagati o of the vector in E. colt; (2) an

031 083136 PVAERRA7ORIEIIORSRA I pRGHERNE bheech YT 7 b opagat i on
of the vect @) anorigirast replieBtioarwtich gilowmpropegaﬁmfitb@ vegiocin yeastwad

D OpEat o ot Ul B R EPAMER RS S5, | o

| evel expressi ofa)or aipnstictebeemeit poefesimyloarlevdl ghplesgioh abimduetisde on; (b) a

nucl ei ¢ aci d sequence encodinﬂ ﬁ | eader ; %C%_a site capable of receiving a
nucl ei ¢ aci d encodi RPESHOBHPENE! Ie\(ei)ex%[eﬁ Blei ¢ aci d sequence encoding the

C-terminal partf ¥@askic 400 StudnteERdbYing'a [BadeH ed yeast ubiquitin (COM;
(e) a nucleic acid sequence encoding a tag that allows detection of the
fusi on protein; (Qf)24itpoepanie ohEceivia BHeleiCasibeneging DRICBINhI ng pr ot ei n;
(g) a nucleic agjd %Fﬁg&% ; ~RL ; r; and (h)
a term nator se aen?:@gH%@f. e veg{&gre%gé@gggﬁ\g%%ﬁ?%‘?%%@&\fﬁer ein the

sel ecti on nmarker acchligdiin@Cul) orehelaiet yges) ubiguitini(€bM)a mar ker sel ected from

chi or anpheni col (9 ech aREEAEREISHE enfBI0TETBH TEBb i FERESOREIBY Ci'ai me
18 or 19, wherein tfsionrpraiein;of replication according to elenent (2) is

sel ected froma _pUC based or pBR322 origin of repljcation. 21. The vector
according to angﬂpofa@PQPWCi%g?%%,e e\ﬂﬁg‘f"ggﬁ [P '%Q:Pfcg?fnmar ker

according to el gyyeng nﬁ@l)aicia%iégécf}érﬁé eht8dihg Atrdmtistionahaétiviaforsgh@ct abl e in
S. cerevisiae, preferably the LEU2 gene.
(h) aterminator sequence.

19.  The vector according to claim 18, wherein the selection marker according to
element (1) comprises a marker selected from the ampicilline resistance gene, the
kanamycine resistance gene or the chloramphenicol resistance gene.

20. The vector according to any of claims 18 or 19, wherein the origin of replication
according to element (2) is selected from a pUC based or pBR322 origin of
replication.

21.  The vector according to any of claims 18 to 20, wherein the selection marker
according to element (3) is selected from any marker that is selectable in S.
cerevisiae, preferably the LEUZ2 gene.

22.  The vector according to any of claims 18 to 21, wherein the origin of replication
according to element (4) is a low copy number origin, preferably selected from
CEN and ARS origins.

23.  The vector according to any of claims 18 to 22, wherein the promoter according to
element (5a) is selected from CYC1, GAL1, CUP1, ADH1 or TEF1.



22. The vector according to any of clains 18 to 21, wherein the origin of
replication according to elenent (4) is a |ow copy nunber origin,

pr ef er ablwogalogzised from CEN and ARS origins. 23. The ve®CarEPaye?sdi ng to
any of clainms 18 to 22, wherein the plflonoter according to elenent (5a) is
selected from CYCl, GAL1l, CUPl1, ADH1 or TEFI. WO 03/083136 PCT/ EP03/ 03287
91 24. The vector according to any of clains 18 to 23, wherein the nucleic
aci d sequen- ce encoding a | eader according to elenent (5b) is selected
froma signal sequen- ce derived froma yeast integral nenbrane protein or
a signal sequence which confers fatty acid nodification preferably to the
fol | oving pefre vectémacodrdiny PRGNS 18 8523 Avwa@;nqhe%en@r&éa@ buéy of
claims 18 to 24 cﬁperegﬁﬁ e site for receiving a nuc- leic aC|§ equence

accor di ng t FSEE er accprdingite G'%m%mtdﬁ'i))n'é selectedhifor assignajsequien-
al I owi ng t hed dsRiehifiin afyeaist leégli‘&rm&HHﬂecprB@lr%F?gI@QFg%&)é ricd r\/\)ﬂ é’ﬁ" h recom

bi nation. 26. A vector accor ing to any of clalns
nucl ei ¢ aci ¢osERfs &tyeacidmasifivation peeferabiyciotthé allowing pejatidlet (e C- t er i naI

part of yeas,\hGéq\\%g\Etdl{p(éé%Zrem no acids 35 to 76. 27. A vector according

to any of clarmns inthe tag for detecting the expression of
the pol ypeptide fusion is selected from epi topes of Gal4, LexA, B42 or

VP16 E 3x ELAG, 3x MY ope h emaggl utinin epitopes. 28. A
vect o& accof 4yt 2CoRH ngito @pﬁpﬁﬁa'i’g‘ f%%z%ﬁ "a}ﬁiﬁ@l ﬂgtsn%fmep@wagaa;wp—
encodi ng t heic BAIA deiguehtg abtartiBgno ASHON équgls@rr@itwabmﬁ?fs)te'o? asgl_ected
fromthe sequence _enco rotein he sequence

t he bacter|
encoding th u?@‘é%?"‘&i'i‘g,dﬁ‘ﬁ glse'ft@f’r?faerFtEeW@%ﬁaéﬁldﬁe&#Bﬁ@ﬁ By inigva reeong3,
most pref er afflatiohhe sequence encoding amno acids 1 to 74 of the Gal4
protein. 29. A vector according to any of clains 18 to 28, wherein the
transcriptional activator according to elenent (5g) is selected fromthe

$r2pe§6_si Ph&etdr atoRif © &hy S daim18R'S5, Rinet&haRe ¥ubide £ géqcuecrI\%ga 'n
according to element (5d) encodes the C-terminal part of yeast ubiquitin from a-
mino acids 35 to 76.

27. A vector according to any of claims 18 to 26, wherein the tag for detecting the
expression of the polypeptide fusion is selected from epitopes of Gal4, LexA, B42
or VP16 or 3x FLAG, 3x MYC or HA epitopes or the hemagglutinin epitopes.

28. A vector according to any of claims 18 to 27, wherein the nucleic acid encoding
the DNA binding protein according to element (5f) is selected from the sequence
encoding the bacterial LexA protein, the sequence encoding the yeast Gal4 pro-
tein, more preferably amino acids 1 to 93, most preferably the sequence encoding
amino acids 1 to 74 of the Gal4 protein.

29, A vector according to any of claims 18 to 28, wherein the transcriptional activator
according to element (5g) is selected from the Herpes simplex virus protein VP16
or more preferably the acidic domain B42.



WO 03/ 083136 PCT/ EP03/03287 92 30. A vector according to any of clains 18
to 29, wherein the term nator sequence according to elenent (5h) is
sel ect ed Wooaiosiies CYCL or ADHI term nator sequen- ce. 31. PATXEPO3/03287
according to any of clains 18 to 30, %herein the vector further contains a
sequence coding for a first nmenbrane bound protein or part thereof (the
bait pro- tein).
according to any of clains 1 to 8 or a kit according to any of cl ai s
17 conﬁ
propaa
al | ows propaeding tekldnteht (Sietio seletted framlthe CYC3) orABEN eertrmmatorraeda[mn-f or
propagation of the vector in yeast; (4) an origin of replication which
al l ows prope&®ation of the vector in yeast; and (5). an expression cas
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whi ch al | ow®® qﬂﬁng%t Sﬁgggb%m%%@ggge polp%%g‘t [ u%ﬁ%oﬁ%%gj)d@rgl te
capabl e of fegfjei ving a nucleic acid sequence encoding a pro- tein; and (e)
a ierm nat or sequence. 33. The vector according to claim 32, wherein t he
sel ection marker according to ele- nent (1) is selected fromthe

anpi cip| i neaRBEios saRARe @Qraeprey%ctb&mﬂth@d aecordingttamog c:tgela&nsaf‘ldo18rmr
chl.orarrphenl col resistance e vector, acc I’d.l n ny of clains
32ior 33, vmgﬂ@pepmlmf@rar@n(%C@'mﬁgdpﬂé'd%qf%wls'%%faﬁ %I nt (2) is

sel. ected froman origin such as pUC based or WO 03/083136 PCT/ EP03/ 03287

{

33.

34.

(1)
(2)
(3)
(4)

(4).

a selection marker for propagation of the vector in E. col;,

an origin of replication which allows propagation of the vector in E. coli;

a selection marker for propagation of the vector in yeast;
an origin of replication which allows propagation of the vector in yeast; and

an expression cassette comprising the following elements:

(@)

(b)

(©)

(d)

(e)

a promoter element conferring low level expression or inducible ex-
pression or high level expression;

an open reading frame encoding the N-terminal part of yeast ubiqui-
tin (Nub) or a mutated ubiquitin (NbM),

a nucleic acid sequence encoding a tag which allows detection of the
expressed polypeptide fusion;

a site capable of receiving a nucleic acid sequence encoding a pro-
tein; and

a terminator sequence.

The vector according to claim 32, wherein the selection marker according to ele-
ment (1) is selected from the ampicilline resistance gene, the kanamycine re-
sistance gene and the chloramphenicol resistance gene.

The vector according to any of claims 32 or 33, wherein the origin of replication
according to element (2) is selected from an origin such as pUC based or



93 pBR322 based origin or preferably an origin of replication allow ng a

hi gh copy nunber of the plasm d when propagated in E. co/i. 35. The vector
accor di ngwom3assi3ef clainms 32 to 34, wherein the sel ecti oRCTHIPRE0328T -
cording to elenent (3) is selected fr®dma marker that is selectable in S-
cerevisi- ae, preferably a sequence encoding the TRP1 gene. 36. The vector
according to any of clains 32 to 35, wherein the origin of replication
according to elenment (4) is selected froman origin which allows

propagat i 0”,\,8§ Ea%a\égﬁbﬂpm' o eo?gfe?é’cﬁlféh%’n ﬁ"rof%ﬁﬁc?é{tl Rlaf fvp'ﬁ; hBdpyOn

based or orirgrn o nor e era r|g|
replication nhmbeabf’stnmplasrhdg#hemmpagaﬁeﬂem =] noIB cerevisiae, pref erabl y
the;two mcron origin of replication. 37. A vector according to any of
clains 32 to 36, wherein the prompter element ac- cording to el ement (5a)

is sel ggted Th@%éﬁéﬁécccﬁﬁhé to @y bf cAPHE 321to BEFWherekBtheselctioprmageprei ng t o
any' of clains 32 to , wherein the open readﬁﬁ)t%?frarre according to, el enent

(5b) encodesc%{'dtb'&rtp Qi‘Pm?ﬂb(Wé‘;a%Q'e‘HB‘ij @f@ﬂ’t*‘ﬁl‘mﬂS tisfglesiabls In aceereviei-t o 37
of the wild- éé(gfreférraﬁl I &%éhg@?ﬁé&ﬁﬂ%%wmﬁeﬁﬁ' d exchange at either

postt|0n30r sitron 13 or rein the amno acid replacing the
ori- ginal amno acid is preferably selected fromleu, val, ala or gly. 39.

A veolgs " ek BStol BcQMhing'to Sl PBiaitfs 38 16 35 @ﬂﬁeﬁt@&t %ﬁgiiﬁpfﬁi@ﬂ%%@nﬁf i
L L ORS bl ooecliag db Slerd K> ?{%ﬂm@nﬂ@ﬁﬁ‘é‘?ﬁ?mﬁmmm Bl is
S6l Scton Ty chBeRiiT s 5 GoBilisten BrerP@nREvg Tk ias i AN RRtni o) of

the further epgsmpecorivotepréfarablyen drigibN@plicitionthat Alowcd ﬁl@h%@@?f ding to
any-of clains 32 to 40, wherein the term nator sequence is  selected from

yeast ADHI mum@ﬂnt%ww@wrewwrmm@m@w fidepliFAtions 42 The
vector according to any of clainms 32 to 41, wherein the vector contains a

further sequence encoding a protein or part thereof (the prey protein)
whi ¢ch $f.0- A vector according to any of claims 32 to 36, wherein the promoter element ac-

! cording to element (5a) is selected from CYC1, GAL1, CUP1, ADH1 or TEF1.

38. A vector according to any of claims 32 to 37, wherein the open reading frame
according to element (5b) encodes a part of the yeast ubiquitin comprising amino
acids 1 to 37 of the wild-type or said part bearing an amino acid exchange at

f either position 3 or position 13 or both, wherein the amino acid replacing the ori-

ginal amino acid is preferably selected from leu, val, ala or gly.

| 39. A vector according to any of claims 32 to 38, wherein the tag is selected from the
3x FLAG epitope, 3x MYC epitope, HA epitopes or an hemagglutinin epitope.

40. The vector according to any of claims 32 to 39,‘ wherein the site capéble of recei-
ving a further sequence according to element (5d) is selected from a multiple clo-
ning site or a sequence allowing insertion of the further sequence by in vivo re-

combination.

41. A vector according to any of claims 32 to 40, wherein the terminator sequence is
selected from yeast ADH1 or CYC1 terminators.



tein is either nenbrane bound or soluble. 43. Host cell containing the
vectors and/or plasmds as defined in any of clains 9 to 42. 44. Use of
the kit awomsasiigeto any of clains 9 to 17 or of the vect ®CTa&PO®OIIBTIg t O
any of clains 18 to 41 in a process $or detecting interaction between a
first nmenbrane bound protein or part thereof and a second protein or part
t hereof which is either nmenbrane bound or soluble. 45. Use of the host
cell according to claim43 in a nethod for detecting an interaction
between a first nenbrane bound protein or part thereof and a second protein
or part thereof which is either nenbrane bound or soluble. 46. Use of the
kit actr di nthe vectayactordingitorany of olain?s 32 te A, waenedt thecwsstarioogtains any of

dent 1 1yi ng. el FesHieRBpodo au8te 8P o fie RS hrBRiE E Bishona

capabl e of ieireisfeithenmembrangbotird of poloblei n i nterac- tion conprising the
follow ng screening steps: (1) providing a host cell '"according to claim
43, the bait and prey pol ypeptides being selected such that they interact

when exgr esa‘%’e‘,tidéntc'aiiitem‘ﬁﬁ$1 tieebdctofs2and/aTpIReHhidE G ﬂeb‘iﬁbnf 8f élains 6 e

presence and absence of the compound(s) to be tested; (3) neasuring the

di fference i42.reporter gene expressi on bet ween the |ncubat|- on cont ai ni ng
t he conpound(s) to be tested and the incubation free of the conpound(s) to
be tested; and optionally (4) purifying or synthesizing the conpound

posi ti4fel y tidse eitheikittacchrdirg: toegmy, of claims 9 to 17 or of the vector according to any

of claims 18 to 41 in a process for detecting interaction between a first membrane
bound protein or part thereof and a second protein or part thereof which is either
membrane bound or soluble.

45. Use of the host cell according to claim 43 in a method for detecting an interaction
between a first membrane bound protein or part thereof and a second protein or
part thereof which is either membrane bound or soluble.

46. Use of the kit according to any of claims 9 to 17 or the vector according to any of
claims 18 to 41 or the host cell of claim 43 in a screening process for identifying
pharmaceutical drugs.

47. A method for providing a compound capable of interfering with protein/protein interac-
tion comprising the following screening steps:

(1) providing a host cell ‘according to claim 43, the bait and prey polypeptides
being selected such that they interact whén expressed in the host cell;

(2) incubating said host cell in the presence and absence of the compound(s) to
be tested;

(3) measuring the difference in reporter gene expression between the incubati-
on containing the compound(s) to be tested and the incubation free of the
compound(s) to be tested; and optionally

(4) purifying or synthesizing the compound positively tested with the screen.



