10 OCT 2005 . WD 02/ 083937 PCT/ GB02/ 01636 Met hods Usi ng 06- Al kyl guani ne- DNA
Alkyltransferases Field.. of the Invention The present invention relates to
met hods of transferring 5 a label froma substrate-to a fusion puﬁﬂﬁﬂﬂwﬁ
conprising a protein of interest and an 6-al kyl guani ne- DNA

al kyl t r arRedh gr/@se7( AGT), and in particular to nethods whpehghoidibar
conpri se detecting and/or manipulating the |abelled fusion protein. 10

Background of t Agg{lggl Ol ogi cal
systens depen _ 1T -

bi onol ecul es, in: particular proteins. “While the DNA 15 sequenci ng of an

i ncr easing %%ng%r ' g QiSﬂE has identified their open.reading franes
(ORF), the ~ﬁessr§r1. e y the behavi our of the correspondi ng
proteins inTheepkievieng ﬁﬁbénaﬂdntﬂeb@ﬁéﬁcﬁdnméﬁhda$lbw tpakfer rinter act i ons

in vivo nd i are limted. 20 Mst_strategi that aimat realizin
e onians Avdekel 2pdhca Bt REA Lt B Tt P R ARTEarand fnat .

upon Chang@&ortalhhafemﬁtéeagen&n@fazﬁF@ﬁ-@m@llgdaﬁméenm elicits a
physi cal., §ﬁ5|0|oglcal or chem cal response. npl.es include the

yeast-two h{yBrYdsyepahprapei {AG3h, u%?@uﬂ@lﬂﬁﬁﬁﬁfﬁiﬁééﬁofWﬁ&?@géent protein
(GFP) fusi oghiRhOkBEREer HOMEYEEe @bltedbase RN %ﬁ%ﬁpﬁﬂ%@lﬁ%rhﬁés
llimtations _or. disadvantages. German Patent Application No 99 03 895 A
(Kai Johnss@APeldgddéysiPReRr@keEll SA assay for the detection of a6
al kyl gugmi ne- DNA al kyl transferase (AGT). The nutagenic and.. carcinogenic

effects of electrophiles such as N
: Background of the Invenktion

Progress in understanding complex biological systems.
depends on charécterizing the uhderlying interéctidns of
biomolecules, in particular proteins. While the DNA

15 sequencing of an increasing number of organisms has

. identified their open reading frames'(QRF), the
possibilities to study the behaviour of the corrésponding
proteins in the living cell and to characterize multi--
protein interactions'in vivo and in vitro are limited.

20 Most strategies that aim at realizing this objective are
‘based én.the construction of a fusion'protéin_that, upon
changes in the environment of the coupled protein,
elicits a physical, physiological or chemical response.
Examples include the yeast-two hybrid systeﬁ, spiit—

25. ubiquitin and green fluorescent protein (GFP) fusion
proteins. However, ali_these techniques haVe'various

limitations or disadvantages.

. German Patent Application No: 199 03 895 A (Kai Johnsson)

30 :descrlbes an ELISA assay for the detection of 05

' | alkylguanine-DNA alkyltransferase (AGT) . The mutagenic
and carc1nogen1c effects of electrophiles such as N-
.nethyl N- nltrosourea are malnly due to the o8- alkylatlon

of guanine in DNA. = To protect themselves against DNA-



net hyl - N-ni trosourea are mainly due to the 0.5-alkylation of guanine in
DNA. To protect thenselves against DNA 1 10 OCT 2595 WO 02/ 083937,

PCT/ GB02/ 01636 al kyl ati on, manmal s and bacteri a possess a protein, ] ﬂdET 2065
al kyl guani ne- DNA al kyl transfer ases (AGT) which repairs these |esions (Pegg

et al., 3008lussHGT transfers the alkyl group in a SN2 rpagiieeekss one of
its own 5 cysteines, resulting inan irreversibly alkylated enzyne. As

f _AGT t | I themt d
Fes St ance. “pAKEPEGPAr | PR GRSIEHE T AP OSAP & FEAoas he,

dacar bazi nealkengzehonk deNRNSL by Bt rZn €hd 04 088 hydeTy RiHIces eep@d.csi nhi bi tors
of AGT have§geen 10 proposed for use as sensitisers in chenotherapy [Pegg

et al., FSepEC38en 93l BRI /01 311 056 A adSly FESHRESs iftng Ievel S of'

AGT which rahkgs gRohpe:s eactiDrealiRer Dokl BYl akgdown
06- al kylguanl ne-derivatives and AGI which l'eads to biotinylation of the

AGT. Thi% i RYEGEPENC36 BFFOlEithelRepar TSR LTRINe SAGYIGTed snzepeavi din

coated plapg é@@ré&ﬁr&@éf&ﬂ'&f‘ A@T % n | ARl EldSA ASSA% 1@ hefSSBY 1S
suggested for nonitoring the level of AGI in tunour tissue, adjusting

treat ment u3FAYLIAGTArAGI beebstanee st i aerarih %@W@r@@ﬁ #9for use

0 , - h
(CnoB: achemeR g8 e LR Byl O G DR S A R S0 Bl B
~guani ne de?rvh@pvesthm,bohapmraxe@oum@, ol nhyduiemas idfomE é@medege% for.
use as (f E‘EB}:BQL gkg eéﬁéoés'?ié’ﬁéiwge@m a&?é%éh%raﬂfg'

detectlng t eve IS enzyne I n cancer research and
in chenot hepdpy. 17681t ypeE 199 §arfantA ABBslirsty ares saay dwrassay for AGT -

in “h'Ch measuring levels of AGT which relies on the reaction

between_biotinylated.Os—alkylguanine—derivatives and AGT -
which leads to bicotinylation of the AGT. This in turn -
15 allows the separation of the AGT on a'streﬁtavidin'coated
' plate and its detection, e.g. in an ELISA assay. The
assay_is suggésted for;mohitoring_the level of AGT in
tumou:'tissue, adjusting treatment usiﬁg AGT inhibitors
as sensitisers in chemotherapy and for use 'in screening

20 for AGT inhibitors. =

Dameoiseaux, Kepplér and Johnsson (ChemBiechem., 4: 285-
287, 2001) discloses the modified 0%-alkylated guanine

_ derivatiﬁes incoxrporated into oiigodeoxyribonucleotides.

25 for use as of chemical probes for labeiiing AGT, again to
faciliﬁate deteCting'the levels of this eﬁzyme in cancer -
-cells to aid in reeearch.and in chemctherapy. Twoitypee
.of Variant AGT substrates and an aeSay for AGT,in which .
it is labelled with biqtih {the same as that-described3in

-30" . DE 199 03 895 A) are disclosed. In addition, the use of
‘these 0°- alkylated derivatives in the directed evolution,

of the AGT is suggested



it is labelled with biotin (the same as that described in 30 .. DE 199
03.895 A) are disclosed. In addition, the use of these 06-al kyl ated
derivatives in. the directed evolution of the AGI is suggested. 100 @JTg5
2005 WD 021083937 PCT/ GB02/01636 . Sunmary of the Invention Broadly, t he

present ighyentds relates to a further use of 06-al kyl gu€&t m
al kyl trans eras%q(AGT) in a method of |abelling, and opti ona?

subsequent |y mani pul ating 5 and/or detecting; a protein or peptide of
i nterest inZRmmayyred the whbvenkigmsi on of the protein or peptide and -AGT

|'s contacted yff,a éﬁgﬁ&%ﬁybﬂ@{e erg_%\ttetsh%o ACGE.LadsTgLs the |abel

fromthe su strat "to't fusion ' ow ng- the | abel | ed
AGT- pr ot ei nofugf ﬁil@agwmmmmmmme@randferadet EBERU by vimatfwdf the

Lransterrcdkabel; T3, AMLIH Sy 8L ity gLy ppsovs o

measuring Al not™ pres n protein.
15 Accordi nghgd/or ndetéctsﬁgasqoqmtqteme qu@@@thdlenméntunmareptowndes a net hod

whi ch conpr cont a a-f.usi on r( tein r|S|n L teln of interest
and an 06_ %yﬁy?%ula%l (r?e %RIA %L@Hl} aonfgf rasé‘ K gggsgﬁs?r ate having

a |label so rbatis h@op@&:tédiams&lerﬁ }takte;ﬂlﬂaelsmua@et bat thtatl sheoval ently
bonded to t fusion After_transfer of th e fusion
protein, gng‘gf"ﬁ%ﬁf %d%h 13l §5P &\SP(?I Ve s tﬁg%feu% {'\‘éfh)

_detecti ng aﬁdioﬁ nﬁmepedaﬁtangoxkhegltatwlﬂaeﬁmw MT-plffﬁtéh_ﬂ faélbm one
embodi present_inventi n_proy VI des a,  net, h%d of £ %Bel ling a fusion

he
pr ot ei conﬁ?lg?ﬁ@a’bjrli’)‘ft'?)ﬁe ang © tected by virtue o

transferred label. This contrasts with the prlor art
'.uses_of assays for measuring AGT levels in which the AGT

is not present as a fusion protein.

15 'ACCordiﬁgly,-in arfirst_aSpect, the present invention
' provides a method4which compriSes contacting a- fusion
_protein comprising protein of interest and an 0% _
alkylguenine~DNA'alkyltransferase (AGT) and a subetrate
having a label so that the AGT transfers the label so
20 that it is covalently bkonded to the fusion protein.
-After‘transfer of_theflabel_to'the“fusiOn protein, the
method may additionally ianlves the further step of
detecting and/or manipulating the labelled fusion
protein. '
In one embodiment, the preseént invention provides a
methed of labelling a fusion protein comprising protein
of interest and an Os—alkylguanihe—DNA alkyltransferase
(AGT}; the method comprising contacting the fusion
30 IPIOtELH with a substrate havrng a label so that the AGT
-’transfers the label so that it is covalently bonded to

the fusion protein.

In some embodiments, the method comprises one or more



of interest and an 06-al kyl guani ne-DNA al kyl transferase (AGrI), the nethod
conprising contacting the fusion 30 protein. with a substrate having a

~ label so that the AGT transfers the |label so that it is coval ent1y{bopded

. to the fusion protein. In sone enbodi nents, the nethod conprises one or
“nore 10 Qg o395, WO 02/ 083937 PCT/ GB02/ 01636 further stepsyq ﬁﬂmgﬁanple
detecting and/ or mani pulating the. labelled fusion protein. In a further
aspect, the_present inventjon provides a.-5 nethod of detecti a_fusion
protei n conBPF eIty Frove iobi Tt odls L 126 66/ AFKFGCaRIAE. BA

al kyl transfres asgpel ) £ud hen netdiagt reonpri sing contacting the fusion
protein with a substrate having a |l abel so that the. AGT transfers the

| abel so that it is covalently ‘bonded to 10 the fusion protein and

detecting the Proieime£oNsteaict tﬂ@:f’kgsstehﬁ; liakehtibh. arbuiliBgraaspect, the
present inventjon provides a nethod of manipulating a fusion protein
conpri sithg B8thedtef rFeteshing estfunetaPdeia Bpretasing- PRAtein

al kyl t ransf gg asgr { AGH ,aﬂ@eamqﬂaaqlkggg}%h%@gnﬁgna@ﬁ&i@gangf@réé@i on

protein with a substrate having & so that the AGT transfers the

| abel so th&RGTY i thedieiteed | ol ¢atréatdsidofher LeitArand

mani pul ati n s US| 2 i i hcal o] heai.ca
roperty i nEroddzed by the Tabel s o hed asion B oter e Tl & Sonar

enbodi nent stognsfgss agipectaledl tde fhmteritt dis, aovelenfdvhbdndagd tonpri se-
detecti t p L (o3 Y)Y A I LN r aspect,
t he préggntg?%v£$§$%ﬁ é§§ﬁéie§Lgy§#§%ﬁgﬁ§%%q?ﬁ%%%?%?é#naggggéé?gn protein
conpri sing using the _._label. : '

-In_é'further aépect; the present invention provides a
method of manipulating a fusion protein comprising
15 protein of interest and an 0%-alkylguanine-DNA
alkyltransferase (AGT), the methpd comprising'contacting
the fusion protein with'a.substrate‘having a label_éo
that the AGT transfers the label so that it is covalently
-béndéd to the fusion protein and manipulating theifusion
20 protein usihg & physical and/or chemical property

introduced by the label to the fusion protein.

In some_embodiments'éf_this aspect of the invention, the
method-may cbmprise detecting the protein construct using
25 the label.

In a further aspect, the present invention provides é :
 method of immobilising a fusion protein comprising
. protein ‘of interest and an alkylguanine-DNA ‘

- 30 'alkyltransférasé {AGT) on a solid support, the'method
comprising contacting the fusion protein with a substrate
having a label which is attached or attachable to a solid

' sppport, wherein the AGT transfers the label so that it

is covalently bonded to the fusion protein which théreby



protein of interest and an al kyl guani ne-DNA 30 al kyl transferase (AGI) on a
solid support, the nmethod conprising contacting the fusion protein with a
substrate having a |l abel which is attached or attachable to asolild 0T 7005
support, wherein the AGI.transfers the |label so that it is covalently

bonded tq%ég%gﬁgﬁion‘protein whi ch thereby 4 10 OCT 200§8MF%8%ﬁQ§§937

PCT/ GB02/ i's attached or can be subsequently attache e -solid
support. in_enbodinents of the invention in which the 1|abel is_nqgt

initially atfadhEdchedt RE S8R e sERpRRIUCH Y FRAFRIEIEP thEoFPéitthe

further stepugbogent aghi BELbLAEmENE 8beF 16tk fUSIONR ROtLiel Rnwchhthie solid
support so that it becormes i mvbilised on the solid support. In this
preferred eABbELmiAt 306f inhtsabbpetttaghadeq Mbentioddd SURECFAbelfimy be
coval ently %Tettﬁﬁaegxa%oiht}gl§9|{:ﬁe BUPRQL . s &l REY JheRlhg ! ahel TS
transferred or in a-10 subsequent reaction, or nay be one nenber of a
speci fi'cd bindeadepafrsivheroohern mehttertlod sediich suppairtaghetihet; it '
attachabl e t: S0l | t,.. either o or -hy y ot her neans
Cer o asi ngPeReEse it sRak o AL ROy REMIK A 1 (pilY, |
strept avi di prefésred empodihentaspbcthis hesprasaerft thevemvieohiproevi des-. a

nmet hod to | | JAGI.fusion protelns, both.in.vi as,well .:as in vitro. The
termin ving%a%8 %n@agfgg 5@%?%%%?0% gﬁﬁ%ﬁ%ﬁ%?%chiﬁﬁdgglﬁgbelIing in all
conpar t ment supboat¢eklitB8rasher| thaslafeAGE flusmmfeprreideiomsipokenting to the

extraceiéulgr space. .| f thg%labellin cgethe AGT . f usi grotg%n i's done in
A&ég s

vivo and theuBFoﬁgﬁﬁtfﬁgga 8"t ha" %f?ﬂ%ﬁﬂ%?ﬁﬂgnbﬁangeﬁrQ%Sin, t he

AGT part_ofbﬁhdihgsbamr, the other member of which is attached or
éttachable to the solid support, either covalently or by
any other means (e.g. using theZSpecific binding pair of -
biotin and avidin or streptavidin).

~ 15
In a further aspect, fhe present invention provides-a
method to lébel AGT fusion proteins both in vivo as well
.aé ih vitro. The term in vivo labélling-of a AGT fusion
"protein includes labelling in'ail compartments of a cell

20 as well as of AGT fusion proteins pointing to the
extracellular space, If the labelling of the AGT fusion
protein is done in vive and the protein fused to the AGT
is 2 plasma membrane protein, the AGT pért of the fusion
‘protein can be either attached to the cytoplasmic or the

25 extracellular side of the plasma membrane. If the
labelling is done in vitro, the labelling of the fusion
protein .can be elther performed in cell extracts orx with

. purified or enriched forms of'the AGT fusion protein.

30 _'In a further aspect, fhe presént invention provides a
method of determining the interaction of a cagdidate
cdmpound or library of candidate COmpdunds and a target
substance or libréry of target substance. Examples of.

-compounds and substances include ligands and proteins,'

5



protein can be either attached to the cytoplasmc or the 25 extracellular
side of the plasma nenbrane. If the labelling is done in vitro, th

| abel ling of the fusion protein can be either perforned in cell eigﬂEEQQH
~or wwth purified or enriched forms of the AGI fusion protein. 30 In a

further Q&pPESdsseshhe present invention provides a nethodp@fci@ldEsi Ni ng the
interaction of a candidate conpound or |ibrary of candi date conpounds and

a target . sybstance or. |ibrar f target substance. _Exanpl es_af - conpounds
and subst anGBRST P dE TITandRE arte protn M =15 loCFO3668 7 657083937
PCT/. GB02/ 01686t eimigs andl #iaf gehestidd t hthdrihtedn falihtevlkstulfesednd '
proteins. Ip this thod, the protein.of jnterest fused to the AGI
conpri ses apfmgp%igg'nﬁoTﬁﬁ&ﬁ?élﬁ Q#AtQ%ﬂéﬁﬂQ[ﬂﬂWﬁ+nf3§t8r or an activation
domai n of atbzhsanSstiPhi piciAEtOf ,ard dA Gt isbslondce ok ki brary of '

target substances js |inked to the other of the DNA binding donain or the
activat i®on ObARFTEHPETRR f??%%%@r?Fﬁ%?ﬁ??zﬁHQﬁ?anéﬁdthélP§BgV'P§ a

candi date €9rpOUNSuRStIhbEArYs Of i iedndihatig £ aUNdS suspeshed of 10
interacting with the target substance(s). In preferred enbodi nents, the

met hod may PaPekey Somphiser tramdierfatngn mensdadicdat-®Scompound or Iibrary

of candi dat ga£08PONLSH t B2 L Ae AGIhPTIL ThHdIS1QN ARGnkageeat acting the AGT
fusion protein(s) labelled wth the candidate conmpounds and the target

subst ance( s§oBBORHAL OF t hEPTR¥Brak tFH bt amfivdgse seeRE6ERE Pdi ned to

the AGE g fushoorPERLRE N A0 and af geleSUNAIANGR AGhi vates the transcription
factor. The activated transcription factor 20 can then drive the expression

of a repbrter which, if the nethod is carried out in cells, can be .
detect ed 'flﬁhﬁreferred embodiments, the method may further comprise

transferring the candidate compound ox library of
-candidate compounds to the AGT'protéih fusion and

15 contacting the AGT fusion protein(s) labelled with the
candidate compounds and the targst substance(s) so that
the interactibn of a candidate compound joined to_the AGT
fusion protein and a target substance activates”the
transcription factor. The activated transcription factor

20 © can then drive the expression of a reporter which, if the
method is carried out in célls, can be detected 1f the
expression of the_reporter confers a selective advantage
on the.cells. In some embodiments, the method may
‘involve one or more further steps such as_deﬁecting,

25 isolating, identifying or characterising the candidate |

compourid (s) or target substance(s).

In the present application, the Os~alkylgﬁanine—DNA
alkyltransferase or 'AGT' has the property of-

30  transferring a label present on a substrate to one of the
cysteine residues of the AGT forming part of a fusion
protein. 1In preferred embodiments, the AGT is an 05~
alkylguanine-DNA alkyltransferase, for example human 08—

alkylguaninemDNA,alkyltransferaée which is described in



expression of the reporter confers a selective advantage on the cells. In
sone enbodinents, the nethod may involve one or nore further steps such as
‘detecting, 25 isolating, identifying or characterising the candi dafle}CT 2005
conpound(s) or target substance(s) In the present application, the .

- 06- al kyl gb@apingedNA al kyl transferase or ' AGT" has the ppepeshNo1@is 30
transferring a | abel present on a substrate to one of the cystelne :

resi dues of the AGT fornigg@gart of a fusion - protein. In pre grred
enbodi nent sEeERe®AGH I $73n 882 r%ﬁ?@?%ﬁﬁﬁu?ﬁ?ﬁﬁ%@-al@ﬁﬁ?ﬁ&ﬁsf@? f or

~exanpl e humanik@iguahkybgpali kPN 2 kivd £ d Ans farcas@monhi, c . gs desehibed in
.6 10 OCT 2005 MD 021083937 PCT/ GB02/ 01636 Pegg et al 1995 and references

therein. HORBVERT GPHBF.OT aFRG| GRAWIN AT e, Iy &%t EFadds ar@Rnown, :

e.g. MmurineyhQkn!@khnf Bé@mﬁ@&yé@elﬁngﬂémpﬂ%%}fﬂ Q@ﬂzéneleeypebvehed 1995,
whi ch can be_.enployed in t resent invention provided 5 that they have

the propert yhaef Fhey éﬁﬁ@etﬂ$m¥%erfﬂf eehingcedeticon, In the

- 06--al kyl QU%TEBEnt Dmvehle%ﬁr a@w‘aqr@a%uaelﬁe-b&ﬁl WelRS1 VALhERES2 08 2
W | d-type A differ by virtue of -one or nore am no acid

substituti ofgso aecévﬁ@ﬁsverle%ﬂ%re wighd- SatHec B GSt vkl chefaiyn t he 10
property. of dassee:?fsgfr«fﬁgm R ab@ﬁ?%f%‘?ﬂe Oé}nlq'los'-ét}ﬁ.tdr eh%stmumenéGT or the

protein or peptide Wt orns fusion. her” variants of AGTs
may be chenfigakryongodif dddibstng, tleehriluds sielyl Wﬁ@@ﬁnt@hﬁhose skilled in

the arty Agl é%‘i—'cg”&% E?én?feﬁi’ﬁ ceth 15l d]7 g::%rs%%ed Bnl3 %%%'s@?c‘art' ng
technlques e's ed pe son an r usi ng nol ecul ar &vol ut'i on
to generatetandhsehéﬁtonehhéGpretkymgnmupﬁniﬂﬂeAwﬂtMthn@hsﬁerigems
‘a fusion. Other variants of AGTs may be chemlcally
modified using technigues well known to those skllled in
the art. AGT variants may be produced using protein
i5 engineering techniques known to the skilled person and/cr

using molecular evclution to generate and select new of- - -

alkylguanine-DNA alkyltransferases.

In the present invention, the reference to the protein
23 part of the fusion protein with the AGT is intended to
include proteins, polypeﬁtides and peptides of any length
and both with and without seconda:y, tertiary or -
- quaternary structure.. Examples of applications of the
present invention are provided below.
25 | | |
In the present invention, the labelled substrate is
preferably a labelled benzylguaninersubstrate,_and'mbre
| prefeiably is an OG—benZylguanine derivative. An example
of.such a derivative is an 0°-benzylguanine derivative
30 _that is derivatised at the 4-position of the benzyl ring

- with the following general formula:



In the present invention, the reference to the protein 20 part of the
fusion protein with the AGI is intended to include proteins, polypeptides
and peptides of any length and both with and w thout secondary, qumﬁqmm
or quaternary structure. Exanples of applications of the present '

i nventi oRy@pBoddsHVi ded. below. 25°In the present inventipppcieigelsapel | ed
substrate is ppreferably.a |abelled benzyl guani ne substrate, and nore
preferably is an 06-benzyl guani ne derivative. An exanple of such a
derivative is an 06-benzyl guanin tive. 30 that is derivatised at the
4-position of the benzyl ringy_wi}. .0l Epoceneral formula: 1 G OCT
2005 WD 02/ 083937 PCT/GBOZ/Q16361E~I Aats label prein: Rl .is a proton,
a -D-2'-deoxyribos.yl, or a M Nlgoxyri bosyl that is part of an

ol i godeoxyri bonucl eoti de, - 5rpreferably having a | ength between 2 and 99
nucl eotides; R2 is a linker group, for exanple a flexible linker such as a
substitutedwhersnsubstituted al kyl chain, a polyethylene glycol; and | abel
i's a nol ecul e responsible for the detection 10 and/or manipul ation of the
fusi on protein ar! descr ithettorhereiprD-BEXanpbeyrabeapllj f beda Ob-enzy| guani ne
~derivatives , suitaple for _use,in accordance with the esent invention 15
are provi defPAVECHaRE TENER, HRaPTT i oGS TIRBEREe TR SE TGN a ¢ hat
the AGI sanpkekerabeyanseisyder sdh@th between 2 and 99 nucleotides;

R? is a linker group, for example a flexible linker
such as a substituted or unsubstituted alkyl chain, a.

polyethylene glycol; and

label is a molecule responsible for the detection
10 and/or manipulation of the fusion protein as described

"herein.

Examples of modified O®-benzylguanine derivatives
suitable for use’in:aCCordance with the present invention
15 are provided in Figure 1. Further, the present inventors
' have'fouﬁd that the AGT can tolerate a considerable |
degree of flexibility in the identity of the substrate,
allowing a wide range of substrates to be used with the

following'general,formula:

o™
< |
N N//]\NHz
RS

20
wherein;. . ,
R' is a group accepted by AGT, allowing the AGT to _
transfer the label tc the AGT-protein fusion, for example
a substituted.or unsubstituted alkyl chain, a substituted
'25 or unsubstituted cycloalkyl group with a ring size

between three and ten Carboné, a substituted or

8



degree of flexibility in the identity of the substrate,. allowng a w de
range of substrates to be used with the follow ng general fornula: 20 )
wherein: R is a group accepted by AGT, allow ng the AGT to. transfldriQThags
| abel to the AGT-protein fusion, for exanple a substituted or

unsubst i tmbeﬂosagtskyl chain, a substl tuted 25 or unsubstlﬁm;@dgmﬁ@jﬁoal Kyl
group with a ring size betvveen three and ten carbons, a substituted or 8 10

d_h h
CCT 2005 W0.020,083937, B 536 pnsubstiLyt ed hetetaeyel ppiLh a ring

ITtute %
si ze betmeen ree ten car ons, a su r unsu

aromatic henerbelycd:ermmﬂ, aarsmigs’rsimetdnetqmemsmbrseetahddt enomatbens 5 R2

“is a linker u nple a flexible,linker. of varying |ength such as
a. substi tut eg£ gcu}ﬁ %S‘fl%t Bd A ki/]rz crllaaeltr‘fe&n ghﬁgﬁygflﬁy%eﬁe gl ycol ; and

R3 is a.protenpoas{3-D-2' -deoxyribosyl, or a G3-D-2' - deoxyribosyl that
is part of an ol |zgodeoxyr| bonucl eotide, 10 preferably having a | ength
bet ween 2 and 99Rhuc eotliideesr cuwkplalfer. ekgmplepkefleeibbespbisidt e for the

detection e2ndLopsganioulal oopfadhe fusian ol bn.as desetlped herein.

.15 The | abel part strate can osen in the
art dependefAlkph ¢heimpptizapdbyétflurlegs aiyclie faush on protein is intended.

Exanpl es of | abel§ i ncl ude:
is a proton, a B—D-z'—deoxyrlbosyl, or a B-D-2'~-

deoxyribosyl that is part of an oligodecxyribonucleotide,
10 preferably having a length between 2 and 59 nucleotides;
and '
. label is a molecule responsible for the detection
_and/or manipulation of the fusion protein as described
herein. | |
15 |
The . label part of the substrate can be chosen by those
skilled in the art dependent on the appllcatlon for which
the fusion proteln is intended. Examples of labels
~ include: |
20 (1) A spectroscopic probe such as a fluorophore, a
‘chromophore, a magnetic probe or a codtrest reagent;
' (2) A radiocactively labelled molecule; ' |
{3) A molecule which is one part of_a specific binding
pair which is.capable of specifically binding to a
25_ partner. Such specific binding pairs are well known in
| the art aﬁdvinelude, for example, biotin, which can bind’
to avidin or streptavidin;
{4} A molecule that are suspected to interact with other'
biomolecules; ' _ B
30 (5) A library of molecules that are suspected to

interact with other bicmolecules;



20 (1) A spectroscopic probe such as a fluorophore, a chronophore, a

magneti c probe or a contrast reagent; (2) A radioactively |abelled

mol ecule.; (3) A nolecule which. is one part of a specific binding 1@ailf 2005

whi ch is capable of specifically binding to a 25 partner. Such specific

bi ndi ng mpab H0s893¢ Wel | known in the art and include, fopcegamies bi otin,

which can bind to avidin or streptavidin; (4) A nolecule that are

~suspected to_jnteract with of her:. biomlecules; 30._(5), A library of
nnlecules'tﬁgk-a-emgggﬁﬁi?eﬂh%%h'?%t%ﬁ 180 ¢ QﬁQﬁﬁﬁ#ﬁﬁﬁﬂﬂ ECUIPESS<9 10 ocT

2005 WO 02/ p83R3YePCTE B2/ RAGIH £6)tHos®| el B=dMiirc R Hes az@pdblaeleals

crosslinking to.ot her bi onol ecul es as known to those skilled in the art

[ Nadeau - et 5I?}f206§9?]f(7)'A nol ecul e which is capabl e of generating

hydroxyl 5 (nadi sahs1dpehe eXROSKHT €s t S piliite adid RarohaARy syeoagia

tethered netal -chelate [Hori et al., 2002); check last draft (8) A

mol ecul & whigH1FeLlEapRBlecBPOgeRar et i #rg2r 8RRt PIEOLRAE S ForR i rradi ati on

with I'ight sdeReasdmabeshitge1d0egreen [Jayael, aloo2i99NnediOl A ¢l ecul e
covalently attached to a solid support, where the support may be a gl ass
slide, a m EF8tfter pl ate or any polyner in general known to those

proficient (gn tRemgibeuld (HOIhA HUSI S ACH Qned AQgV akiave itRer eof
capabl e of undergoing base-pairing with its conplenmentary strand; (11) A
lipid or ot.ﬁéﬂlf«i?gﬁoﬁa%i.érﬁﬁ%%m%nvwit*hh reftargich as malachite

~10 green [Jay et al. 1959];

- (9) A molecule covalently attached to a solid support;
where the support may be a glass'slide, a microtiter '
plate or ény*pblymer in general known to those.proficient
in the art; ' _ - |

15 (10} A nﬁcleic acid or a derivative thereof capable of
undergoing baSe—pairing with its'cdmplementary strand;
(11) A lipid or other”hydrophobic_molecule with membrahe—
inserting properties.. o
(12 A biomolecule with desirable enzymatic,.chemical or -
20 physicallpioperties; ' '
| (13) A molecule poséessing a combinatioﬁ of aﬁy of the

properties listed above.
. By way of éxample, embodiments of the present invention .
25 will now be described in mere detail with réference.to

' the accompanying figures.

Brief Description o£ fhe Figures

©  Figure 1: BR) Meéhanism_of.Os—alkylguanine—DNA.

30 | aikyltransferase; B) Strucﬁure of Osébenzylguanine}vC)
General structure of O°-benzylguanine derivatives used in
the examples; D) General scheme for labeling of AGT
fusion proteihs, X being.thé_protein fused to AGT; E}

Structures of AGT substrates used in the examples. The

10



inserting properties. (12) A bionolecule.with desirable enzymatic, chem cal
or 20 physical properties; (13) A nolecul e possessing a conbination of any
of the properties |listed above. By way of exanple, enbodi nents of Fﬁ@ﬁi

present invention 25 will now be described in nore detail with refer c€m5

to the. woeenpssying figures. Brief Description of the Bicgiymsnfbgure 1:

A) Mechani sm-of 06-al kyl guani ne- DNA 30 al kyl transferase; B) Structure of

06- benzyl guani_ne C neral .structure, of 06:;benzyl guanine derivatives used
b "the’ exadrBenc) oganBraP L eREREIPEF SHab0t TG orAGT T usi on. pr ot el ns. X
" bei ng the prEGETrEGEUSCTGRAGACTTGE;-}’ GhenetXiresB@fBHAGI substrates used in
the exanples. The 10 10 OCT 2005 WO 02/ 083937 PCT/ GB02/ 01636 sequence of

t he ol i gonucl eotide (22mer) -is: 5 - GIGGTGGEECGCTGXAGGECGIGG 3' where X

BG -Bt. Figutiguze Yéstieshelhobscabt ertbabeibenyinf AGRIUSIuIdn proteins in

vivo. A_Western-Blot of total cell extract of E. coli expressing Pep-hAGT
wi th anésmﬁPHSEFlﬁé-%P Fﬁ?o'tﬁé-WﬁﬁFEﬁP"%ﬁgFrﬁinEﬁﬁQﬁrﬁ?i;g¥i §9Conrugate
i s used toodetecicdiiokthdylkaketdgprebehnsT. wihe Heddriadhadl: k- riesponds. to
a protein thgt is hiotinylated in E, coli 10 in the absence of 13G -13t.
B). Vst er n- BPGt "6F 18t aft SEFFPLENEFARTPBFOYEARTE XM BMR 1Ty & MAGR DHFR HA
fusi on prot ebndedeth aR6tWni/NautdBErbt&ihs. thige Megidin: Ao ant i

di goxi geni n- per oxi dase conjugate iis used to detect _ di goxi geni n-1abell ed
prot ei ns. . ggrresponds to a protein that 1s_blot1nylated in E. col:

10  in the absence of BG-Bt. B) Western—Blot of total_cell _
extract cf yeast expressing a hAGT-DHFRfHA fusion protein
with and without BG-DIG in the medium. An anti '
digoxigenin-peroxidase conjugate is used to detect
digoxigenin-labelled proteins.

15 , _ _

Figure 3: HEK 283 cells iﬁcubated with BG-AcFc and

analyzed by fluoféscence and light'microscopy. It can be

seen that the fluorescencé-accuﬁulates in the nucleus of
_ the cell. This is the expected result, as it is know

20 that hAGT is located in the nucleus [Alil et al., 1288]. .
The third picture is an overlay of the images obtained

from fluorescence and light microscopy.

Detailed Description

2% . The following-applications 6f'£he present invention are
provided by wéyzof examples and nbt iimitafion. The.'
methodvdisclosed hérein is'generally applicable to.a
range of applications and is capable of specifically and |
covalently_labellihg fusion proteins with (1) labels

30 which are capable of sensing and inducing changes in the
environment of the labelled fusion protein and/or (2)

" labels which aid in manipulating thezfusion protein by
the physical and/or.chemical properties specifically

introduced by the label to the fusion protein. . The

11



Figure 3: HEK 293 cel-Ts _incubated with BG AcFcand anal yzed by
~fluorescence and |ight microscopy. It can be seen that the fluorescence
accurmul ates in the nucleus of the cell. This is the expected resqlgtgm%ﬁgt
i's know 20 that hAGT is located in the nucleus [Ali et al., 1998).

third pi stoneodssszan overl ay of the inmages obtai ned fr.orrptfmngsﬁﬁ;nce and

| i ght m croscopy. Detail ed Description 25-The follow ng applications of the

present | nVGBLEQR 81 Eo1 o PLEULARL DY MR O, XATR] 45,200209¢ ibbhat i on. The

met hod di sclosed herein is generally applicable to a range

appl i cat'i on®rahdins bapabie *oivcsp@fcif-lrcaﬂhlf;rcand coval ently | abelling fusion
proteins with (1) |abels 30 which are capable of sensing and inducing
changes in the. environnent of the | abelled fusion protein and/or (2)

| abel s whi cAhai dréaenaniqmézatimg ihecdami om pn’rm!t e?ienlbysatﬁ.he phywi cal and/ or

chemi calg e ificall gﬁ r}ogju ed si on
protein. Tth%E%éﬁ@% = %5/?) %@T /l%f %% Fstgl osed
herei.n can be usediéd d:abelbyA@'nitnsmcnﬁnnq)ra)tfe.isnsmb@tcbtennvbvechwalad invitro.
The present n.is ased onthe allsatlonthat 5 ific

att achnment obg PaBgFl?o HESTFEH ot pro EIanle&Hﬁi 51 285 i %gout by
constructi ngleah&u$smnoﬁrmm@%aﬂﬁﬂ@manlntehamzxpamkglﬂr@fhsfatmesmaﬂd t aki ng

advant age of St é‘ﬁ n| smpf an 06- SCLEK_ry?l%U ni_ne: DN/ kyl t ransferase such
as human DNA®r& 2yhEPOB: AT e IPRATTD yl transferase
( hAGT) .10Thi slkylyﬁ‘&nsféﬁdﬁé S{AgT) 1 r antsferendvie dldkplregsdabpyfromits

substrate, Q6 alkyl Q%QQ'kayPNAfo& NS Ur o (BYSheLne Jeesi dues (Figure
' o alkylguanlne -DNA, to one of its cysteine residues (Figﬁre :-
1). A substrate analogue that rapidly reacts with hAGT
is oﬁ;benzylguénine, theISecond'order'fate constant being
15 apbroximately 10% sec™ M (Figure i}.. We have shdwn that
substitutiqns of Os—benzylguanine at the C4 of the benzyl
'Iing_dc not significantly affect the reactivity of hAGT
.. against O%-benzylguanine derivatives. This enables the
 @$6 of 0°-benzylguanine derivatives that have a iabel
20 attached to the C4 of the bethl'ring”to covalently and
specifically attach the label AGT fusion proteins in vivo
or in vitro {Figure 1D). The labelling is_independént of

the nature of the fusion protein.

25 If the 1abelling‘is deone in vive or in cell ext:adts, the
labelling of the eﬁdogehous AGT of the host is
'advantageously taken into account. 'If the endogenous'AGT
of the host doces not accept O -benzylguanlne derivatives
or related compounds as a substrate, the labelling cf the

30 fusion protein is specific. In mammalian cells (human,
murine, rat), labelling of endogenous AGT is possible.
In those experiments where the simultaneous labelling of
the endogenous AGT as well as of the.AGT fusion problem

poses & problem, previously described AGT—deficient“cell

12



1). A substrate anal ogue that rapidly reacts with hAGI is

06- benzyl guani ne, the second order rate constant being 15 approxi mately 103
sec-1 M1 (Figure 1). W have shown that substitutions of 06- benzﬂlf}glﬁérmgye
at the C4 of..the benzyl ring do not significantly affect the reactivity
~of hAGT wvaged/msi3706- benzyl guani ne derivatives. This enabbemcBbhsoisisse of

06- benzyl guani ne derivatives that have a | abel 20 attached to the C4 of the

benzyl ring o] ent | d i fd cal |y @g-tach ér.%t}%h AGT. .f usi on
proteins i nléﬁsg ¥%Jr1 1?%1 %{/ls%?o{%%ﬂ‘g?%rée% (1:%) _1]%9;1]' ‘ab ﬁt”r. ng: is’i (r%;gpendent
of . the natpreseftt hevénsion protled rempEoddd tire dldbeldnligatd cdenetin. vvi vo

i | f host
advant ageousl FakinidRE L Elothe P D R L e ot ©
does not ace&pt Dsbbiéniy| gud@T nBusiern vetdiveisn ior lrsedcatt@dnmm@s as a
Substrate. LheilaheL! RO Blnlpea SLSLon RLOLAIN DS SRRG Gy b manmal | an

el l s .(human, i ng of endogenous 'S p055|ble I n
those experuﬁedttsevwnenepuhetmtﬂmétmmﬂssi@bqiﬁqmmfby thigterrdogenous AGT

as well as AGT f usi obl em ses r ohl . Pr u descri bed
AGT- defi ci e% ﬁFr-%“i‘ﬁac%i 5%05 %rﬁ%ﬁ@#ﬁé@%‘:%d% gé% %lh%es can be
used [ Kai nauee ab. th991technoyemerébiidwe present invention can be
enpl oyed in all applications of the technique were the coval ent and

specific attachnment of a. label to a AGT fusion protein .is used to nonitor
or 5 infduenge rhe Behali asraokipisherdédoplsimrolps aieireparrie oisegh 10

Danpl o of "Sofreabonairbr ttha PR i T Ea cctiitl o ol row
_— benzylguanlne'derlvatlves, where the substrate carries a
detectable label which can be transferred to the AGT,
such as a fluorophore, a chromophbre, é magnetic probe, a
15 radioéctivelyllabelled molecule or any other
spectroscoplc probe, allows.the present invention to be
used to specifically and éovaléntly attach the detectable
label to the AGT fusion protein, either in a cell, on the
_ surface of a cell (in vive) or in vitro.. This allows the .
20 detecticn and characterization of the AGT fusion protein
in vivo or in vitro. The term in vivo includes labelling
" in all compartments of a cell as well as of AGT fusion
proteins pointing to the extracellular space. The method
can be compared to the applicétions of the gieeﬁ
. 25 fluorescent protein (GFP) which is‘also genetically fused .
to the protein of_interest and allows its investigatioﬁ
in the living cell. The disadvantage of GFP and its ._
mutants is that it is prlnc;pally llmlted to the use of
the natural occurring fluorcphore.
30
. 2) The label as a tag to detect and isclate AGT fusion
proteins o
The use of AGT substrates, such as O°-benzylguanine

derivatives, whiéh are labelled with an éffinity tég such

13



10 1) The |l abel as a spectroscopi c probe or reporter group The use of a

| abel | ed AGT substrates, such as 06- benzyl guani ne derivatives, whe rq]gtfg@lg
substrate carries a detectable |abel . which can be transferred to th

such as a fluorophore, a chronophore, a.magnetic probe, a 15 radi oactively
| abel | ed wmbxssdse or any ot her spectroscopi c probe, allmwcBizeigsesent
invention to be wused to specifically and covalently attach the detectable .

I'abel to thesAGTLEuUsT oM SOt p R IR iy tG@ tcOBet Beeasubface of a
cell. (invivo) or invitro. This allows the 20 detection and

charact eri ZAFRBRERF MM BEM US| b6 prottéin 2ATTRRFE18r THF30Ptro. The term

in vivo 'nckHQ%b_{zani&xlrﬂgg tie Bhd: SOMALIBNLS vef dueel byag wel | as of
AGT fusion proteins pointing to the extracellular space. The nethod can

be conpar edPt8ding Bpptreatebnshefaihinignedmns BYUERYsOENE*pRBL.I n. (GFP)

whi ch i s5 al $Re02881 £ £ah | ¥r fASR Lo tNe PIIGHRIA £Of hﬂl@he@ﬁsgféaﬁl@yl ows its
investigation in the living cell. The disadvantage of G-P and its nutants

is that it F39ppheki @alby@ﬂrm tedcebla hdamergl cie eidpayakisecurring
f1uorophoreg,30.2) %ﬂ_g aZQ%’Jé 83s fod a@rc’itﬁaﬂmet oGt andplsolate AGT.fusi on

proteins The Use o trates, 'such as 06-benzyl guanine derivatives,
whi ch are | abethed v\ﬁtha%ra’NlWny:t%@ MikcHuedonopoctelngs WHld2/ 083937

PCT/ GBOZ/Ol@égglgl t@h@%&@i&g&ﬂ%@&%@&w denvent 'f% ereggo% g to

transfer an a y tag t -protein fusion, y al ovmngthe
f usi on ¥t ot wiihht bhpea bbimit-pytag - blﬁmmmlddrm @ﬂlPWetafEfl nity tag. By

may of exanﬁgglatlon of the fusion protein using the 1nteractlon
'  between the affinity tag and its binding partner, e.g. in
the case of biotiﬁ, immobilized avidin or streptavidin.
If the label is linked to the AGT-protein fusion via a
15 linker containing a cleavable bond, such as a disulfide
bridge,_or.if the linker is photocleavable, the AGT
fuéion proteih-gan'be released from the affinity tag

after its isolétion.

20  3) The label as of source of reactive radicals _
AGT substrates, éuch as Os—benzylguanine derivatives, can
ke used te introduce labels into AGT-protein fusions |
‘which are capable of generating reactivé radicals, such
as hydroxyl radiéals, upon exposure to an external
w25  stimuli. The generated radicéié can then inactivate the
AGT fusion proteins as weli as those preoteins that afe in
close proximity of the AGT fusion protein, allowing the
study the role of these proteins.. Examples of such
-labels are tethered metal chelate complexes that produce
30 hydroxyl radlcals upon exposure to H202 and ascorbate, and
chromophores such as malachite green that produce
hydroxyl radicals upon laser 1rrad1atlon The use of
chromOphores and lasers to generate hydroxyl radicals is

also known in the art as chromophore assisted laser

14



5 the.addition__-of -AGI substrates |abelled with an affinity. tag such as
biotin to cells (bacterial or eukaryotic) expressing an AGI. fusion
protein, or to the cell extracts of such cells or to purified AGT ¥ 05f ap
proteins, will lead to the covalent - nodification of the fusion protein 1%

with thewadbimbday tag. This will then allow the - isolatipprghoidigss Usi on
protein using the interaction between the affinity tag and its binding

partner, e.g. in the case of biotin, inmobilized avidin or streptaV|d|n
It the | abeFNASCRfnkeactbvaheonGICHRb: Bav faisir A% 8 15 PBdkdF &ont ai ni ng

a cl eavabl exbends sugh as asdisubfbdec: PIiLOe, Hadthihe Idaakenni s
‘phot ocl eavabl e, .the AGI -fusion protein can be released fromthe affinity

tag after PEStP3DEaviBAinge 8§l¥hed|abeinercortxddrece a8 reacti ve radical s

AGT substratgat; sUe)-2ssQ8708Ngyh AN N8 R dy ald WRSeLRIponPenesed to
introduce | abels into AGI-protein fusions which are capable of generating

reacti ve® r a8Pehial Baéahbasrhgddoxy|a radf eetEionph e pdsipteifo an ext er nal
' 25 stimuli Upgﬂelggéfrﬁfgd.{é@i&ﬁ" §hﬁ%f&&§bﬂ&?&tde‘f@&€e@e hyé%xgﬂs' on

proteins as well as those proteins that are in close proximty of the AGT
fusi on pr ot éaﬁlcalﬁowhgctzhenastwvt% halk cﬂ’@tﬁll’tﬂm\'s}éﬂ}ﬂfota@ﬁn@nl%xarrpl es

of such lapets.arepbethe! edfepal efDolal SRRl exas, thal piqduce 30

hydr oxyl I cal s upon exposure t ascorbate and r onophor es
such as nalabhpmephgreemStha@ughbduneth®y$@¢ﬁgﬂlrnﬁﬁghﬂqynhmwd lofser

Jirradiajg O”thl:hg E&Bf of EH%QP%??%@%%@% %ﬁeeétslr}é;o &%‘?Jg%%r%ldr oxy|

radicals is nown I n ore assisted laser 14 10 OCT
2005 WD 0 280e818d93n7iPCHAEB02PO¢E8Ec to the protein of interest.

In the present invention, labelllng AGT fusion proteins
with chromophores such as mala¢h1te green- and subsequent
laser irradiation would allow to inactivate the AGT

15 fusion protein as well as those proteins that interact
with the AGT fusion protein in a time»controlled_and :
spatialiy-resolved manner. The method can be applied both-

in vivo or in vitro.

‘20 In a similar manner, AGT fusion proteins can be labelled
with tethered metal-chelates and the AGT fusion prctein
and those pfoteins that interact with the AGT fusion
protein can be inactivated in aaspecifié manner upoﬁ

7 exPésuré to H,0, and ascorbate. The'method can not only
25 be used to:study'the function of an AGT fusion.protein or
those that are in close proxmmlty of the AGT fusion ‘
.prote1n, but also to identify those protelns that are in"
-close proximity of a AGT fusion protein. Here, proteilns
which are in clese proximity of the AGT fusion p:otein
30 can be idenfified as such by either detecting fragments
of that protein by a specific-antibddy, by the
disappearance of those proteins on a high-resolution 2Df'
electrophoresis gels or by identification of ‘the cleaved

protein fragments via separation and sequencing -

15



~induced inactivation (CALI)[Jay et al. 1998]. CALI is.a nethod that is
used to specifically inactivate certain proteins wthin a cell in a
tinme-controlled and - spatially-resolved manner and whi-ch is based Up&HT ¢iig
5 spatial nei ghbourhood of a chronophore"and a protein. Upon |aser

i rradi-at vamod/dqeessehr onophore generates hydroxyl radi cal spercubinibss
inactivate all proteins within and only wthin about 0.1 nmof the

chrom)phoret Sg faré t he chronq§hore i.s brqught in_the.spatial -

nei ghbour hoS8°8RF8°F ha P ot 2i P oY THISrE By FcPEPhéEti ng chr omophor e-

| abel | ed antihodhesngpegi f+tetmitnde dgygieiatieh.interest. in the present

invention,, labelling AGT fusion proteins wth chronophores such as

mal achite green and subsequent |aser irradiation would allow to inactivate

the AGI 15 #psi oheplabelnassaWeidams et it paidteivhphotatier act with the

- AGT fusion pr%tein Ln_a-tinme-controlled and spatially-resolved manner. The
met hod can BBESpBFEEE2Both in vivo or in vitro. 20 In a sinilar manner,

AGT fusion phetgkB8Sc€anabellabeidedsundidatert heied aet af-chel ates and the

AGT fusion g%cei and those proteins that interact with the AGT fusion

protei n can®BB*Y hALEMVAEeTSThVal sPetiFat Rramvél (PohT28RpGSufe to H202 and

ascorbate. Thegafgt BedtEANAEOIp ARt ¥in Znd¥erisedHli@ sludyst Benbunagtion of an

AGT fusion protein or those that ‘are inclose proximty of the AGI fusion

protein, buP3&F88*80°f deREi + 398 oseSitot3d mF ATt Sar £0 R1PE| bSe™Pfoxinity

of a AGm)fuﬁGanEBQEthfukﬁéﬁa pf@feéféhpﬂﬁhl%me%%ﬁthﬁ Qhﬁéﬁ‘ﬁéoélnlty of
the AGI fusion protein 30 can be identified as such by either detecting
fragments of9ehdt Wpiekein BFPaLLpett MinHmg B6dy, PBPOERE Parsappear ance of
those proteicBatBtanhi ghchesobiltdom 2Dy alied nephenescs gebse9n by
identification_of the cleaved : ) _
will lead to specific attachmerit of the ligand to the
fusion protein. If the ligand binds to another protein Y.
i5 and the dimerization of the protein Y with the labelled'
AGT fusion protein leads to a biological_function.or a
measurable signal, the biological_function or the
measured signal depends on the .addition of the AGT
substrate carryving the labkel. A specific example would
20 be the use of AGT substrates and AGT Ffusion protein in
the so-called three-hybrid system described by Ho et al., .
1996, to regulate gene expression with small molecules.
In this case, AGT is fused to the DNA-binding domain of a
transcription factor. A protein'Y, such as FKBP that
25  binds a ligand, such as FK506, is fused to the activation

domain of a transcription factor. Supplying the cells

with the AGT'substrate that carries the ligand, in this

example FK506, will lead to the formation of a functional

transcription factor and gene expression.

30 o f
5) The label as a drug or biological active molecule
whose target is unknown
The use of O0®-benzylguanine derivatives or related AGT

substrates that carry a label and where_the label is a

16



protein fragnents via separation and sequencing 15 10 OCT 2005 WD

02/ 083937.<... PCT/ @GB02/ 01636 techni ques such as mass spectronetry or
protein sequencing by N-terminal degradation. 4) The. label as a 100CT 2005
| i gand. nedi ating protein protein . 5 interactions The use of |abelled AGT
subst r at egg osbbs7as O0--- benzyl guani ne derivatives can bectysabsd r ansfer
a ligand to the AGT-protein fusion. This allows binding partners of the -

| i gand, such. as protelns tq bind to the 1 fu For
AN PR K AR R P A S SR SR T S TN P

bi ndi ng par tareryet @ﬁﬁhﬁ@iﬂlrfgaﬁu@ho&esubstraﬁerw the agéﬁl' sfrmtsl@rbeprtoi ein
will lead tog _pegrff attachnent -of the_l |on roteln |

the ligand B § &Gt F@r 95 toPErheY 18 aﬁd }f‘ﬁebﬂ?ﬂé?+ |Eb‘ﬁ €the

protein Y wintdledva d.abeld athi sAGEskyshon peoEekad| eadshd opwa b Dhegigal . :
function_or a nmneasurable signal, the _biological functjon or the neasured

si gnal déperﬁﬂ’%ﬂa&ﬁ‘ e %dﬁﬁqsﬁlﬂlpﬁefﬂﬁorsubét FotR ISR PLT NS abel . A
speci fic examy=2iwalhhi2® Regrkesusetft ADknswRstaases d@ﬁ@téﬁ tusd on

protein in the so-call ed three-hybrid system descri be et al., -
1996, to reg‘iﬂ t@ﬁ@eeﬁfrtéé@téﬁwpﬁaéﬁaﬂf ﬁDFééﬁ*‘é&lpt%?PtW%t%se AGT

is fused toAdg nldNAH f&ﬂ'—ﬁ@né?ﬂ@h@n@ﬁe aeier:i\!'rmé R %ﬂae@cpmm A prot ein
Y, such as FKBP that 25 binds a Ilgand such as FK506, is fused to-the

activation SIS tRat £ Bt PRSFasR6r YISEPpHYE nbrRee T2ITRe with the

AGT subsbr atf-ddaly Gald Ib%ltdgﬁéallgaeqwbns;ﬂgn mEX8ORl &€ FKBO6 e Ido | €ad to
the formation of a functional®™ transcription factor and gene expression. .
, the formation of a functlona transcription factor and . _

gene expression only in the case where this molecule
blnds to its target protein Y present in the cDNA llbrary
and fused to the ectlvatlon domain. If gene expressiocn
15 is coﬁpled to a selectiﬁe advantage, the corresponding
host carrYing the plasmid with the target gene;Y of the

drug or biocactive moléecule can be lderitified.

6) The label as a librazry of small molecules to identify
20 molecules ‘that bind to the protein ¥
The use of 0%°-benzylguanine or related AGT substrates
that carry a label and where the label is a library of
chemical molecules: Here the goal would be to identify
N small molecules that bind to a protein Y under.in vivo
25 conditions, which might be a potential drug target. 1In
_this case,.AGT.is_fused to the DNA—binding'domain of a
| transcriptioﬁ factor. The target protein Y is fused to
the activation domain of a transcription factor. Adding
" a library of small molecules attached as label to a 0%~
30 Dbenzylguanine derivative will lead to the formation of a
functional transcrlptlon factor and gene expre551on only
.1n the case_where_the label (i.e. the small molecule}
Ibinds to its target protein Y fused to the actlvatlon

‘domain. If gene expression is coupled to a selective
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3D 5) The | abel as a drug or biological active nolecule whose target is
unknown The use of 06--benzyl guani ne derivatives or related AGI substrates
that carry a | abel and where the label is a 16 10 OCT 2005 WO 02/0§§Q@72mm
PCT/ GB02/ 01636 drug or a biological active small nmolecule that binds to an
yet uni depd hfh885-Protein Y. Here the goal would be to igepEeldoikfae target
“protein Y of the biological active nolecule. In this case, AGI is fused to
t he DNA-bi nding 5 domain of a transcription factor. A cDNA |ibrary of the
or gani sm whREN2BkPEEssEBOSENBOLARRDHM Partded 1Prsteeivn Leacdndt §8e8PFo t he
activation depnptA ok antrapserkptivd faCiorsieddding the 06-benzyl guani ne
derivatives or related AGI substrate that carry a |abel and where the

| abel is the 10 drug or the biological active small nolecule will lead to
.the formatiyon @heankuneld aakicllfREEFLPtLONLAM QN RNAGTISRG1BXPr €SSi ON
only in the case where this nolecule ‘binds to its target protein Y present

in the CDNAPEPBRARY amfdorudedcoreatecdretsimtamsayfondi G fugdRe expression

15 is coupl gdt@;a<Sel ective advantage, the corresponding host carrying
the plasmd with the target gene Y of the drug or bioactive nolecule can
be identifi&fe 8yeThs. Of apert zkguaring slerivktimas| onoretated 26T dentify
20 nol ecul eg Lad ne_protein, Y, T ]H%% f.. .0G- zyl.guani ne or
rel ated AGT gﬁgg%ﬁgkgscg?ﬁg?gga%réggg%éﬁqu%n -mﬁg$égég%?héglabel is a
l'ibrary of cenekkboalynskéeched: téletie ther o afo dayeies pdenhiety snal |

ol eculgp thaL BERGIT 952.PRETELD: Y HRLETCd W AP rEAndbLeBs 1Y oh
ght be a potentra rug target. In _
by another molecule that is itself attached to the ' :
surface. B&an ekample for the:latter approach is where the
lakel is biotin and the molecule attaéhed to the.surfacev
is streptavidin or avidin. Poésible-examples for a
15 carrier would be either a glass side, a microtiter plate
or any functionalized polymer; The immobilization of the
.. AGT substrate via its label allows_the subseqﬁent
| immobiiization of a AGT fusion protein on the carrier'by
the transfer of the label to the fusion protein. |
20 Spotting (different) AGT'fusion.proteins in a spatially

resolved manner on the carrier allows the creation of

protein arrays.

§) The 1abeI.aé-a cross-linker to detect proteims. that
:  -25 in_teraét with the AGT fusion pré__t.ei-ﬁ ' o
The use of Oﬁ—benzyiguaniné derivatives or relatedIAGT
substrates which carry a label and where the label is a
molecule that can cross-link to other proteins.  Examples
of such cross-linkers are molecules containing functional
30 groups such.as.méleimides, active esters or azides and
- others known to those proficient in the a;t'and.described
in Nadeau et al., 2002. Contacting such AGT substrates
_with BGT fusion proteins that interact with other

proteins (in vivo or in vitre) can lead to the covalent
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this case, AGI is fused to the'DNA-binding domain of a transcription
factor. The target protein Y is fused to the activation domain of a
transcription factor. Adding a library of small nol ecul es attached asg)

| abel to a 06 30 benzyl guani ne derivative will lead to the formation ofﬂ{:aTm5
- functionalobseassri ption. factor and gene expression onl yericBoidigsccase

where the label (i.e. the small nolecule). .binds to its target protein Y
fused to the_activation domain. ene_expression.is coupled to a
Solect i ve. 15735 CHE00E G0 B oS0 SF Cr SBOSFOToE Shag St age, |t hose

nol ecul es ointheattibnaryrbdeadh mgid aciidelagyilowt IThdfs Bhdolwesthean be
identified..7) The, use, of BG derivatives tq immhilize fusLgn 5

pr ot ei ns anﬁ?%?tigl?%Y%%?eoii%h%ﬂ9{0%%¥5y§86¥2£%#nﬁu¥F3ﬁGIB?Q§§?n The use
of O6--benzyhgiani pectetnyvati ves or related AGT substrates carrying a
|.abel and where the label is covalently attached to the surface of a
carrier "or where 10 the label is a nolecule that can be bound

non- coval engkympbysanot her nolecule that is itself attached to-the

surface. An_exapple for the |atter approach is where the. |abel is biotin
and the mol SBGI Eoht PALRBCE R HES <t REF At Fepeav i REBPLSE din.

Possi bl e exanpkescfobraiddreagki Bl wWoulrk he-teitirer a @h@istei de, a
~mcrotiter plate or ‘any functionaljzed polyner.. The. immobilization of the
AGT subst r atéSG+asPEe $apefestf ik TPhek bk qfeMr2GtdShi-RFzat i on of a AGT .

- fusion pyot ehteRPibhe SRATAEE hY: iheddansfen ofitt heel abebet 8t BRef USi on
protein. 20 Spotting (different) AGTI fusion proteins in ayspatlally.

.

resol ved naﬁﬁ@?HBﬁOPhe.}carrier alloms the creation Qf

:Ekample.A: Covalent labelling of AGT fusion proteins in
E. coli . | g

15 . The following example, the labelling of Pep-hAGT in E.
Cbli'uSing_BGHBt, demonstrates the feasibility of '
covalently labelliﬁg'hAGT fusion.prbtéins in E. coli.
The sequenée of the peptide fused to the N-terminus df.
hAGT (yielding PepthéT),is (in single letter codga' '

20" MHHEHHHESSA followed by the first amino acid of hAGT, a
.methiohine, Liguid cultures of XL-lBlue.E.'coli cells
containing a pET-15b (Novagen) baszd expression vector

: encoding'hAGT with an“NFtérminal fusidn.peptide} i.e.
'Pep¥hAGT,'were gfown'to an optical,density CDegoonm ©F 0. 6.

25 ExpresSionfof_Pep—hAGT,was induced by adding'IPTG'tb,a

' finai boncéntratipn of 1 mM. At the same Lime BG-Bt was
added to 'a final concentration of 10 uM and the bacteria.
were incubated for 2h at 37°C. Cells were harvested by
centrifugation.and the pellet washed twice to remove ..

30 access BG-Bt. A re-suspended aliquot of cells was |
analysed by Western Blotfing.v_Biotinylated proteins were
zdetected'using a étrepﬁavidin—petoxidase cpnjugate { NEN)

" and a chemiluminescent peroxidase substrate (Renaiésanée

reagent plus, NEN) (Figure 2).
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protein arrays. 8) The |label as a cross-linker to detect proteins that 25
Interact with the AGT fusion protein The use of 06-benzyl guanine _
derivatives or related AGI substrates which carry a | abel and wher e B8T 2005
| abel is a nolecule that can cross-link to other proteins. Exanples of
such crosee bi/mksrs are nol ecul es containing functional 3ficgggmasssuch as
mal ei m des, active esters or azides and others known to those proficient
in the art %}d d [

scribed _Ln Nadeau. et al. 2, Contacting such AGI -
substrates Wi IRGF 1 ﬁgrg%exﬁ%?a?ﬁ%fﬁ%tof n’?‘%roa%is’\ﬂnt I?rocitﬁg'rn,s *Broteins
.(in vivo opeamtvitro) can lead to the covalent 18 10 OCT 2005 WO 02/ 083937
PCT/ GB02/ 01636 cross-Linking of the AGI fusion.protein wi.th it ' '
.interacti ngﬁ r%?gﬁﬁwwg ?ﬁgm]i:i\%e??m%?%raaﬁef%kpet f#@asila’ejﬂilﬁli (?gt ion of the

pr ot e: n int eb&ﬁ?.ie']l:lglwhlbbéhEilt‘B@ThA@TI_SEMﬂ]qiﬁiﬂﬁir@ai_liﬁp|y%‘?ast'l£hlel foll ?\r/]vn ng t

exanpl es_ar se (0} SQ0.as 1O provi ae ose ol qgrainary SKIillL In the ar

With o chpPETE: & BEPSSUFERAHA DUSLYT RICHEST HoWior pwderace the 10

i nvention, gedsaresnay BotsededThe Fh#idn theisniopa sofcdnde rucitedenki on.

Exanmpl e A:.  Coval enﬁﬁl abel | i ng. §Of AGT fusjon proteins in E. Coll 15 The
n

fol | owi ng eXxafipPB? tRES, aBELT L HRAPED-MASEHREPTRAIY usi ng BG B,
denonstr at eprbhegheasi bi kht ¥hett, conal exndp edaheldd macTAGE ephanepr ot ei ns
in E. co.li, The sequence of the peptide fused to the N--term nus of hAGI
(yi el di ng PBY- RREPRS. £er(FResPRgPe #etderRi@lde)vhich are then. |

10 followed by the codon for the first amino acid of DEFR

from mouse, a Met [Nuﬁberg-et al., 1980]. The codons for_
_the linker between hAGT and DHFR alsb-encdde for a-Bgl_II
site, its DNA sequence being AGATCT. To construct the
' fusioﬁ between DHFR and the HA tag, the'stop codon of

15 DHFR is replaced by a codon for the first ‘amino acid of
rthe'HA—tég {KOlodziej, 1991]. The HA~tag is followed by
a stop codon. A culture of LA40 yeast.cells, contaiﬁing
‘the the expression vector p314AK1l in which the hAGT-DHFR-
HA protein is under control of the pey: promoter, was.

20 grown to an ODgrp of O.GL. Expression of hAGT-DHFR-HA was.
induced by adding CuS0; to a concentraticn of 100 uM and
BG—Bt'was'siﬁulténeously added to a concentration of 10
pM. Aliquots were taken after 2.5n  and 5h and cells
harvested by centrifugation. The ?eliet was washed twice

25 to remove remaining BG-Bt. After lysis of the yéaét
" cells by freeze/théw'cycling'the cell éxtract was |
analysed for the presence of'biotinyiated hRGT—DHFR—HA
fusidn‘protein_using_an'ELESA. In short, the
biotinylated hAGT~DHFR-HA was immobilized in

30 streptavidin-coated microtiter wells and detected by
using an antiHA-antibody (Babcb) és a primary and an
antimouse-HRP conjugate (Sigma) as a secondary antibody
(Figure 1) [Kolodziej,.199l]. The ELISA.was.develqped

using the peroxidase =substrate ABTS and the signal
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20. MHHHHHHSSA fol |l owed by the first am no acid of hAGT, a nethionine.
Licruzid cultures. of XL-1Blue E. coli cells containing a pET-1507 g7 2
(Novagen) based expression vector encoding hAGT with an N-term nal ftusi g)fh
peptide, i.e. Pep-hAGT, were grown to an optical density OD600i,|" of.O0.
6. -25 Exproommisamsy of Pep- hAGT was i nduced by addi ng | PTG rax/gBer/o1bisnal
concentration of | mMM At the sane. tine BG Bt was added to a final

concentat | 9,96, 408 apd e past erda, el neyhateckd orgh At S7C

Cel |s were harveste centrifugati on8hd the pellet washed twice to

renove. 3D utvesbBGEBrylated-FAGHeREERFE i fpmditorofprogleis was asnal ysed by
Vestern Bl ojLL0g. « B OkL Ny AL&GL ngz?r% ' Sun"éfreTh%etb%%ﬁc%‘}oﬂﬁidngiﬁnal . -

st rept avi di n-peroxi dase conj ugate % and "a chem I"Um nescent per oxi dase
substrate (RenailsEomed. asrgagedophusf NEN) IFagtere Ptaik@edCmrC T 2005 WO

02/ 08.39357__ Pgél'ﬂ_g?O é%.%@g? Exgc n)g £s a%)Vvar—;! r{{t lo l%.‘?:ltlilngg tﬁxfe"AgcriiE:%%I on _
proteins {hn "yeas 8- For T oW T ‘exanpl € denbnstrates the FEasi |P|ty of
coval ently babsEtBhg hAGT fusion proteins in yeast. 5 Here, a hAGT- DHFR- HA
fusion protein is biotinylation in yeast using BGBt. The fusion protein
is constructed. on the DNA |evel using standard nol ecul ar bi ol ogy
_procedur es. Ekampher C; Cheal¢np Taitkehl ig hWAGRAGE riapliacerdteiasddas for the
am no acids_RSGE,., which are then 10 followed by the codon for the first '
am no aci d 3F*DEFR from nouse, a Met [Nunberg at al., 19.80}.. The codons
for tHhe | ivker £bElLyreng héample d¥dd & st cencode feasi®diBgkyl bf site, its

D\A sequence bei ng ACATCL,, TR ORI UBL. 118 oorene in yesot.

'Here, the hAGT~DHER—HA fusion protein is labelled with

digoxigenin in yeast using BG-DIG. The construction of
the hAGT-DHFR-HA fusion is described in example B. A

15 . culture of L40 yeast cells containing the expreésion'
Veatof p314AK1 in which the gene of a hAGT-DHFR fusion
protein is under controi of the pcgp: Promoter was grown
to an ODgyom ©Ff 1.2. Expression of the hAGT-DHFR fusion

_ protein was'induced by adding=Cusoq to a concentration of

20:'100_pM ahd BG-DIG was simulténeously added to a |
concentration of 20 pM. After 2h cells'from 1_ml.of:
éhaké—flask culture were harﬁested by'centrifugation._.
The pellétiwas washed three times with medium_to.removg
iemaining BG-DIG. Afﬁer lysis of-fhe yeast cells by

25 freeze/thaw cycling the cell extract was analysed fbr the
preéence of:digoxigenated.hAGT—DHFR fusion protein by
Western blotting. DigoXigenated proteins were_detécted o
using an anti—digokigénin—peroxidase-conjugate (Roche)
and a chemiluminescent peroxidase substrate (Renaiésaﬁce o

30 reagent plus, NEN) (Figure 2).

Example D: Covalent labelling of hAGT fusion;prbteins in

- human cell lines
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fusi.on between DHFR and the HA tag, the stop codon of 15 DHFR. is repl aced
by a codon for the first amno acid of .the HA-tag [ Kol odziej, 9,%1& The.
HA-tag is followed by a stop colon. A culture of L40 yeast cell S, CT 2005
containing the the expression vector p314AK1 in which the hAGT- DHFR- HA
protei n igounedsz; control of the pcupl pronoter, was. 20pgfRuiii@san OD600
of 0.6. Expressi on of hAGT- DHFR- HA was i nduced by adding CUSO4 to a _
concentratl ig t. M ang G. Bt pas Si m,&ét eousrlisﬁ. dded. to a
concentratl OFO 1pf =APTEGSt SSRRPS! ?5?% F t'€72 2 Bhand Bh and cel | s
har vest ed b)la@éﬂﬂﬁ.mfgug@t[‘l Fnsitheppekkehswas Masheli 4ni ol 120 t oerenove

remai ning BGBt. After ig of the yeast cells fr eze/thaw ¢ ing the
cell extracf §ené’hlél Fé\‘érdp & haggnpFedenc AHBK %‘?%{ %ﬂGﬂ--%&FR HA

fusion prot elmcusist@iar blsiad serashert, nkRezobi @élwlﬁm hAEbIRdER- HA was
i mobi | |§ed i.n 3 streptavidin-coated mcrotiter wells %ﬁ[nd detected by
using an antHER nﬂ"i“*oﬁoﬁjﬁé’oéﬁ) PBS A°pr PHally ahie o€ Rslise- HRP

conj ugat.e (@J@r&)aseelaleseeea@aﬂv@nracbgérc (5i @et B-pdinddlendzicej , 1991].

The ELI SA was devel oped using the peroxi dase substrate ABTS and the signal
.20 1 OCT 2665 OUCrEessos7 FEB02FOEBEBBCLaBsh? bih ey rRlasiH%ed at
03405, ,o o - cERpR AShORAlHher thRe denl ¥bvoibigt {Ry! Al s MAGHDHRAIA fusion

protein was at - | east fivefold above background. The background signal was
defined as f'he CBdd5r werst then vepsadebyophanaend f ¥lum PRI 1% nameiteed

exact | y105 abya s OiiddrEhBcalditl 0Ra Shcd3RAY 1Pl CagCoval ent

I abel 1ing of .. hAGI fusion proteins in yeast
_ mln. Images were then taken with a confocal fluorescence

microscope {(Ext. 492_nm;,Em._510 nm). As a centrol
experiment, the HEK 293 cells were treated as above but
incubated prior to addition of BGeAch'overnight with 0°-
15 3benzylguanine (1 pM). This should inactivate the
' .endogenouS'hAGT and therefﬁre prevent the eccumulation'of
the.fluorescence ih the nucleus. As expected, no '
accumulatien of fluoresgence in. the nucleus was observed_
_when the cells were preincubated with Oﬁ—benzylguanine.
20  To independently cenfirm that the hAGT accepts BG-Fc as a
substrate, recombinant Pep-hAGT (10 pM, as.described-in
example A was incubated with 100 pM'BG-f&-at 25°C in 50
. mM Tris-cl, 10 mM DTT, 1mM EDTA, 200 pg/mi BSA, 10%
Glycerol, pH 7.4 for 10 minutes, followed by addition of
25 500 nt Pﬁﬁ (phoSphate'buffered saline: 137 mM NacCl, 2,75_
mM KC1, lO.mM Na HPOy, 1,8 mM KHpPOs, pH 7.4). Separation
of excess substratevBcer was achieved by gel fiitration’
on a NaP™-10 Column (Pharmacia) according to the
. supplier's instruction. The Pep~hAGT was then
30 characterlzed in a standard fluorescence
spectrophotometer. The sample was exc1tated at 222 238
and 490 nm, respectively and showed maximal emission at a

wavelength of 523 nm,.verifying that the protein-was
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10 The foll owi ng exanpl e denonstrates the feasibility of covalently

| abel | i ng hAGT fusion proteins in yeast. Here, the hAGI-DHFR-HA fusion
protein is, labelled with .digoxigenin in yeast using BGD G The T8 00T 2
construction of. .the hAGI-DHFR-HA fusion is described .in exanple B. A %%

cul ture ofobdesaypast cells containing the expression vegtpigrpaddfH<l in
~which the gene of a hAGT-DHFR fusion protein is under control: of the pcup

pronoter was_gr to an oonm of 1.2, pression af the. hAGT- DHFR

f usi on pro?%ﬁﬁ9§g§ Vhﬁﬁc%ﬁgg SNy ad é&ﬁfglgnCS%cghtPgtF%ﬁggf330 100 M
and BG DI.G rBS shSuhtasesss|ys ades-drt-a.  CORCenbsatriaoe’ ef eR@sshonAfter 2h
cells from1l m of  shake-flask cul ture were harves by .c rifugation
 The pel l et WBESHARAED Hﬁr%ir tFhre XG4 1 el dh 203 r’eh%gea%fieﬁgbnpﬁg BG -D G

After |ysisrekptheiyeagt.cells by 25 freeze/thaw cycling the cell extract
was anal ysed for the presence of digoxigenated hAGT- DHFR fusion protein by
Western blotting. D goxigenated proteins were detected using an

ant i - di goxi geainpiperoXtdasteso N} sal BiARH QT FG idC pditkiisneacent

per oxi dase sugstrate gRenaissance_BO reagent plus, TEN) (Figure 2). Exanple
D. Coval ent SFabePFERGEEF hAGT fusion proteins in human cell lines 21 10

OCT 2005 WOrB24083937-RET/ GR02/ H1536, Therdoldowing exanphe gemonstrates the

feasibility of Iabelling AGT fusion proteins in mamalian cells. Here,
endogenous” RAGTCFhY hbfaRleed | 3n¢ MBI BoB)ated | disale eam@PER L 2PRhorBscei ne
‘using Bfy AcEe11HEK:283t6eths YOI BouNedibat et itlhm nhi MeBGiAGFC i n PBS for

5m".'. The acetylated fluoresceine derivative BG AcFc is cell-perneable
and . . proteins with hAGT proteins were constructed via standard

molecular cloning procedures and clcned into a'yeést:”
‘expression vector: |
(1) V5-NLS-B42-hAGT, where V5 stands for V5 epitope,
15 NLS for SV40 large T antigen nuclear localization '
sequence - and B42'stands_for an artificial transcriptional
activator-B42 [Ma et al. 1987]. The last codon of the
B42 transactivation demain is followed by the 21 amino
acid sequence ASKKGTELGSTTSNGRQCAGIL. The last three
20 codons include a Eco RI site for the C-terminal cloning
~ of the hAGT to B42. A Not_I site is the C-terminal
. restriction site for the EAGT, whose sequence includes a
'stop codon; _ _ |
{ii) hAGT-BHA-Ura3, where Ura3 stands for the yéast
25 enzyme orotic acid decarbbxylase and.HA sﬁands for the Ha
| epitope. Here, the stop codon fbr the hAGT is réplaced
by RS linker followed.by the first amino acid of the HA-
tag. The HA-tag is directly followed by the Ural gene;
{(iii) hAGT-DHFR-HA, where DHFR stands for the mouse
30 dihydrofolate reductase and HA stands for the Ha epitope.
Construction see example B; and
(iv) SSN6-hAGT, where SSN6.stands for a yeast
_repreésor of DNA tfanscription.[Schultz et al. 19873.
Here, the stop codon of hAGT is replaced by codoﬁs for
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non-fl uorescent but -can be expected to be hydrolysed rapidly vvithi n the
cell to yield the fluorescent BGFc. The cells were then washed

- changing the PBS to renpbve 10 any. access substrate BG - AcFc and |ncub£t2@é
in PBS for 20 min. |Images were then taken w th a confocal fluorescence
m cr oscopeo §Ea3937492 rim Em 510 nn) .- As a control expericaenisisd he HEK
293 cells were treated as above but |ncubat ed prior. to addition of BG

AcFc overnight with 06-, 15 ani_ne shaql d activate the
endogenous %A%Tarﬁﬂbotﬁ%%%ﬁd%ég%cfy R g 55‘&%%8#?‘8?“{3% yt%‘l €f 1 uor escence
in the nucledson Asoexpest Bitks thamiane Wailatdfossak bfugpeaseense in the

nucl eus was observed. when the cells were preincubated with .

06- benzyl gUARFMECDHRE To i ndependent |y confirmthat,.. the hAGT

~accepts.BG Fc. as a substrate, reconbi nant Pep- hAGT (10 pM . as descri bed in
~ exanpl e \E\)%_lilncubated with 100 JM 13G - Fc at 25g g Tris-d, 10 nmM
"~ DIT, 1InME BT OB Ao IETAFIE PRIFOALE rb¥o’C Ri Rerpes,

- foll owed bypagdbtéon of4@5 K00 |HLBS (dmg&a&ah@ buf bepedssabhne: 137 nmM
NaCl,. 2.7 nMKC, 10 mM Na2HPO4, 1 nmv KH2P04 i pH 7. .. 4) Separation of

excess subsYPaERr REFeIIRG %.%dﬂ%ﬁg@mf%% REPSRINOHEENAPTNE 10 Col umm

(Phar nmaci a)t acgQrdh ngr t®, 4 Nen s URRI A s o st et iFQB4 ohherBepi AAA s Was t hen
30 characterized in a standard fluorescence spectrophotoneter. The sanple

was excitateddate 2y 288inarthI\O tene cespentiwelgn apdl Shdved. naxi nal

T 2002 e DsFEREEa T BN A ot 1 AT e oPgr BecerRecA sol ut i on

of 20 nM BCbFCcemtrPBS;em:sonmasRﬂm dyyaief exfertte. cEhéssbstrate’s em ssion
freeze/thaw cycling the yeast extract was incubated with
BG-Bt-oligo (10 pmol) for 20 min at room temperatu:e,
leading to biotinylation of the fusion protein.

15 Subsequently, the suspension was transferred into a
streptavidin-coated microtiter'plates {Roche molecular
biochemicals) and incubated for 1h. After extensive

“washing of the well with PBS, the immobilized fusion
prdtein was detected using either an antiHA-antibody

20 (Babco) oxr an antihAGT-antibedy (in the caée of the SSN6-

' hAGTFfusion protein) as a primary and an antimouse-
peroxxdase conjugate (Sigma, #A4416) as a sécondary
antibody and subsequent incubaticn with the perox1dase
substrate ABTS using standard biochemical procedures.  In

25 'all cases, the signal which was measured as the ODsospm Was
‘at least five—foid above-background Baékground was |
measured for each fu51on proteln by omlttlng the addition

of BG-Bt ollgo to the cell extracts.
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wavel ength is 519 nm (excitation at 237, 323 and 490 nm respectively).
Exanpl e E: Coval ent | abelling of AGI fusion proteins in <cell. extfgghz To
denonstrate that fusion proteins with AGI can be. directly | abel A
mani pul-ated (here immbilized) in 10 cell extracts the following N and
C-t er m naWofge33937 proteins with hAGT proteins were const egrtigadwica st andar d
mol ecul ar cl oni ng procedures and cloned into a yeast expression vector:
(i) V5-NLS- %%-E%E!EESMere V5 stands for V5 epitope, 15 NLS for SV40 | arge
T antigen n lization sequence-and B42 stands for an . artificial
transcripti @dal- refetrievater cB42d] Meretinahre 1887tesdhe iras.‘nrpmctctrecbfbyt-he- B42
transactiva%lg%n donmai NobS fr%I I ovv%d bya;tchelgla nlllaoetaé:l | sequence
ASKKGTELGST WQL he S CRre@20™ ¢ odons T he u & @ Eco Rl site for
the C-term nal cloning. of the hAGT to B42. A Notes site is the

C-term pal J.e rlctlo S Jfor .the_hA se quence cl stop
codon; (?l) E{lBA /3 @ as, W&F@leﬁfaénéiﬁﬁﬁhf%? %ho %ya’sti&ZSl%lﬁgyrm
orotic aci d sEsar hogplsase and HA stands for the Ha epitope. Here, the stop
codon for the hAGT is replaced by RS l'inker followed by the. first amno
acid of the HA- tag. The HA-tag is directly followed by the Ura3 gene;

(iii) hAGT- Wlﬁﬁmd:déea\wtere; RebR1etrandd Konohﬁesdsmpscehejﬁhcﬁhﬁw,roﬁ ol ate
reduct ase a%% for the Ha epitope. Construction see. exanple B;
and (iv) SS H rlé SSN6 stands for a yeast repressor of DNA '

transcription [Schultz et al. 19871. Here, the stop codon of hAGT is

repl aced b colons for 23
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10 OCT 2005 WO 02/083937 PCT/ GB02/01636 the am no aci ds RSGSG which are
then followed by the codon for the first am no acid of SSN6 of yeaﬁ Ef?%
rnet hi oni ne. The expression of all genes were controlled by the pcuPi 5
pronoter. L40 yeast cells containing an expression vector encoding for one
of the f w0 emssprotein were grown to an OD of 0.6 and expcessiomesf the
fusion protein was induced by adding CuSO4 to a concentration of 100 .: M
10 Aliquots (2 M) were taken after 5h and cells harvested by
centrifugation. After lysis of the cells. by freeze/thaM/cycllng t he yeast
‘extract wasJi fcobhted Mn@ﬁrlB@PBM010$$bb-Qqﬁﬂrﬂnﬂ%qumASZO P8 74t " r oam
t enperature, |eading to. biotinylation of the fusion protein. 15
Subsequent |y, the suspension was transferred into a streptavidin-coated
mcrotiter plates (Roche nol ecul ar- bi ochemnicals) and incubated for |h.
After extensive washing of the well with PBS, the. immobilized fusion
- protein was detected using either an antlHA-antlbody 20. (Babco) or an .. -
anti hAGT-antibody (in the case of. the.SSNG hAGI~, fusion protein) as a
primary and an anti nousa peroxi dase conjugate (Sigm, . #A4416) as a
.secondary antlbody and subsequent incubation. with the peroxidase
substrate ABTS using standard biochenical procedures. In 25 all cases, the
signal which was neasured as the OD40.5ri" was at |east five-fold above
background. Background was neasured for each fusion protein by omtting
the addition of 13GBt--oligo to the cell extracts. 24 1 0 OCT 2005
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Res MbJ s@iatrbscaplc, pratgsy an 28ity bgos jirsPHemdeTh speOific biddiog e BORT is
PCT/ GBOZL O35 oBe M) bifcind kL L S8MVRLmES ot 1 Bhoifc biRiAd paP-or 41987) 26
molecule which is a solid phase or is attached fo a solid phase or is attachable to a solid
phase.

2. The method according to claim 1, further comprising detecting the fusion protein
using the label.

3. The method according to claim 2 which comprises detecting the labelled fusion
protein in an in vifro system.

4, The method according to claim 3, wherein in the in vitro system, the labelling is
carried out in cell extracts or with purified or enriched forms of the fusion protein.

5. The method according to claim 2, comprising detecting the labelled fusion protein
in an in vivo system.

6. The method of claim 5, wherein the in vivo system is cells.

7. The method of claim 6, further comprising the initial step of transforming the cells
with an expression vector comprising nucleic acid encoding the fusion protein linked to
control sequences to direct its expression.

8. The method according any one of the preceding claims, further comprising
manipulating the labelled fusion protein using a property introduced by the fabel to the

fusion protein.

9. The method according to any one of the preceding claims, wherein the protein of
interest is fused to the N- or the C-terminus of the AGT.
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1 0 OCT 2005 CGHaims: 1. A nethod to be perforned outside the human or

ani mal body which conprises contacting a fusion protein conprisin rotein
of interest and an 06-al kyl guani ne-DNA al kyl t ransferase (AGI) Wﬂ&[ 59[15
substrate having a | abel so that the AGI transfers the label so that it
beconmes coval ently bonded to the fusion protein, and wherein the |abel is a
spectroscopi c probe, an affinity tag, a first nmenber of a specific binding
pair which is capable of specifically binding to the second nenber of the
speci fi ¢igbi NethBIme¥Md acclidird to 8fdibfehd\BieedtingcidinsOlvhéretag ©°0r i s attached
to a soli dgglha,se or is attachable to aﬁs%jl d ’Fhﬁ e. 2. ThF nmet hod

accor di iyMeyapingONAalkyltanstreaseds AgnpR Crglkylgranivg- é‘ﬁ%‘@"tf&lﬁ@e €protein
using the label. 3. The method according to claim2 which conprises
detecting the |abelled fusign protein in apn in vitrp syste 4. The net hod
accor di ng- t o 18P Spethost acspidingi A anfonnd hePpedes dolischfeBiat Qe i i ng | 5

carri ed akyiguanine@NA gkjiractaagy is widkihe puiat OF-gtitylguaréma-Daied forns of the

fusi on prlohei 0 5. The method according to claim2, conprising detecting
the | abdl'VEE PS8 protein in an in vivo system 6. The nethod of claim
5, wherein the in vivo systemis cells. 7. The nethod of claim®6, further
conprisiag t I Nt f tr f ].ng.. cell i n expression
vect or c%hprit@ﬁ?é;e té}oﬁc&?%ﬂﬁ'@éﬁgntﬂli%ﬁitﬁég{ge[eﬁ%dll%%@?@%, %’ﬁ%&e}ﬁthg i nked to
control adeitguenivedNoalllylirarsteratess exprtays O akyl@anme®Nretlhddarséarasedi ng any one
of the ' : iy f : i Si ' i abel | ed
fusion g{ragﬁﬁggh%s"@ngd'&;g%}uggé%@@éqnﬁﬁ %h@gﬂﬂg@ﬂ?ﬂgﬂﬁ%@glaﬂ@%ﬁ?ﬁgé fusion

pr ot ei n.DMA alkiitsanaierasribmensoerdngrg amincaanjd substitofionshdelplians od pddjtiarnisai ns,

wherein | forad i - i nus of
the. agr.2Bineh BeEha B praselly o falortnd L HEE. blecq B Sou Bl e AT o

precedi miotendusigN. wherein the 06- al kyl guani ne-DNA al kyl transferase is
human 0O6- al kyl guani ne- DNA al kyl transferase. 11. The method accordi ng to any

one of the preceding clainms, wherein the 06- ) .
13. ' The method according to any one of the preceding claims, wherein the label

becomes covalently bonded to a cysteine residue of the fusion protein.

14.  The method according to any one of the preceding claims, wherein the labelled
substrate is incorporated into a nucleic acid molecule.

15.  The method according to claim 14, wherein the nucleic acid molecule is an
oligonucleotide between 2 and 99 nucleotides in length.

16.  The method according to any one of the preceding claims, wherein the labelled
substrate is a benzyl guanine substrate.

17.  The method according to claim 16, wherein the benzyl guanine substrate is
substituted with the label at position C4 of the benzyl ring.

18.  The method according to claim 16 or claim 17, wherein the labelled benzyl
guanine substrate is represented by the general formula:
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al kyl guani ne- DNA al kyl transferase is nurine or rat 06-al kyl guani ne- DNA

al kyl transferase. 12. The nethod according to any one of the preceding
clainms, wherein the O6- al kyl guani ne-DNA al kyl transferase is a frug@Eniyg;
06- al kyl guani ne- DNA al kyl transferase having an am no acid sequence
differing fromhuman, rat or murine 06-al kyl guani ne- DNA al kyl transferase
by one or nore am no acid substitutions, deletions or additions , but
which retains the property of otTanskterring a | abel present on a substrate
to the AGT- protein fusion. 1 tho ing to any one of the
precedi ng cl ai ns, wherei ')‘t € Ythbe %ently bonded to a
cysteine residue of the K\’«\{; n//|b\r otein. 1 thod according to any one
of the preceding clains, er B n Nihe | abelled substrate is incorporated
into a nucleic acid nole®lle. 15. The method accor di ng to claim 14, wherein
the nucleic acid nolecule is an oligonucl eotide between 2 and 99

nucl eotides in length. 16. The nethod according to any one of the preceding
cl ai s, gin the |abelled substrate is a benzyl guanine substrate. 17.
The met hod according to claim 16, wherein the benzyl guanine substrate is
substi tuted Ww'idia bRforl, alpeb-2aledd@Bhdshut aPADOA-db MG ribeIYEMbL iEpAll of 48. The

nmet hod accordin Po cl ¢ ?}r? 16 odra@cl z;ym 17, mhertse)?nbfdge I abgl | ed benzyl

guani ne LEAROXYY “Pgeﬁ‘@ﬁr esented by the general formula: 28 | 10 OCT 2005
wherein: Rl i, -D-2' -deoxyri bosyl or a (3-D 2'-deoxyribosyl
that is part sz'ggﬁﬁl%t{)gfbgug%e@yri bonucl eotide; R2 is a |linker group; and
l'abel represqiiet repreRRGld HREPRCEPIB bRIBR, arrdkimty thdlid ifstiRémbet ofhr st menber of
a specific_bjnding pair which is _capable of 'specifically bindi n% to the
second rmPREAES bipging %@" whigh i§ gapablgiohspacticplly hinding todhesgcoptmemier eHhes a sol i d
phase Orspesifi@bih@ig péir,lo? adndieduleivibiRE® solld phaseddrigattithb@td Psdlidgmbsgl phase,
For use [ SeRshe ik 0d pRnd Y B8 408G BRabH BaRuBiy hb Rision

protein.

19.  The method according to claim 18, wherein the linker group R? is a substituted or
unsubstituted alkyl chain or a polyethylene glycol.

20. The method according to claim 18 or claim 19, wherein the labelled benzyl
guanine substrate is represented by the general formula:

2
s

N3N
<
N N//kNHZ
R3

wherein:
R'is a group accepted by AGT allowing the AGT to transfer the label to the

protein fusion;
R? s a linker group;

R is a proton, a B-D-2'-deoxyribosyl, or a B-D-2"-deoxyribosyl that is part of an
oligodeoxyribonucleotide; and

label represents a spectroscopic probe, an affinity tag, a first member of a
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19. The method according to claim 18, wherein the linker group R2 is a
substituted or unsubstituted al kyl chain or a pol yethyl ene egcoI 20. The
met hod according to claim 18 or claim19, wherein the |abelled BEWHyFWS
guani ne substrate is represented by the general formula: N N NNH2 R3
wherein: Rl is a group accepted by AGI allow ng the AGT to transfer the

| abel to the protein fusion; R2 is a_linker group; is a proton, a
|3-D-2' SB%W?W@%W whieh ig qepatpie of spesificgy b tOEMECPgd fyambeb?f B

ol i gode@%syémdommsd B4, bAg mordtdielvithet is bepEpIRter & ARERdd VICUME phigeobe, an
affinity ta 005 specific |nd|ng pair

i ch | 2 slapabie o sl Phiea or oo fiafary o anaibanios s BeBhor Ot he

speci fi @rdieindi ng pair, or a nolecule which is a solid phase or is attached
to a solid phase or is attachable to a solid phase, for use in detecting
and/ or mani pul ating the fusion protein. 21. The nethod according to claim

20, whergin Ry h%ttﬁ;dsa‘ét?&ﬁlnggcﬁ aQ. éO R W & stitel ¥ ufidiBbftute

substituted or unsubstitut oaI group wth a ri ng Sl ze between
three &hol ¢hein, agpbyitged o lﬂlﬁb@%’ﬁ“ﬂ%ﬂ eulogkylgieumbwith a dng size detmegbfiree with a

ring sizgqdRsi Wesdhs 4 Q&&ﬁtu?ébdortuﬁguﬁ‘sﬁ{u%ﬂw%ter%yc% vﬁ%ﬁrﬁé i EBetpbeinsubsti t ut ed

aromati c heterocycle aring size between three and ten carbons. 22.
The net Hyge QE@Eﬁ”dﬁaFRj’”?’cPf & S&Pﬁqt%d 8F unguistifyted ar %@F@PW’Q%@EIW'tﬁ@e’F‘Qgr oup R2

is a syRsthehideadhee aHA NS idnyt ed al kyl chain or a pol yet hyl ene glycol 23.
The net hod according to any one of clains 18 to 22, wherein the

ol i godeoxyri bonucl eoti de has a | ength between 2 and 99 nucl eotides. 24. The

met hod chcorcrh@gzetr@d@woremg t®EIaih20 S AR INFhErel thS linkehgfodbR2tide | abel is a

F
spect Ossﬁgﬁ tu(iecp or unsubstltuted alkyl chain or a polyethylene glycol

23.  The method according to any one of ¢claims 18 to 22, wherein the
oligodeoxyribonucleotide has a length hetween 2 and 99 nucleotides.

24,  The method according to any one of the preceding claims, wherein the label is a
spectroscopic probe.

25.  The method according to claim 24, wherein the spectroscopic prbbe isa
fluorophore, a chromophore, a magnetic probe or a contrast reagent.

26.  The method according to claims 1 to 23, wherein the label is an affinity tag.

27.  The method according to claim 26, wherein the affinity tag is biotin, avidin or
streptavidin.

28.  The method according to claim 26 or claim 27, wherein the affinity fag is linked to
the fusion protein via a cleavable linker so that the fusion protein can be released from

the affinity tag.

29.  The method according to claim 26 or claim 27, wherein the affinity tag is linked to
the fusion protein via a photocleavable linker so that the fusion protein can be released
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25. The nethod according to claim 24, wherein the spectroscopic probe is a
fl uorophore, a chronophore, a magnetic probe or a contrast reage ﬁ'ﬂﬁ?? The
nmet hod according to clains 1 to 23, wherein the label is an affinfty %
27. The nmethod according to claim 26, wherein the affinity tag is biotin,
avidin or streptavidin. 28. The nmethod according to claim26 or claim 27,
wherein the affinity tag is linked to the fusion protein via a cleavable
| i nker s fgrafinily t4%si on protein can be released from the affinity tag.
29. The nethod according to claim26 or claim27, wherein the affinity tag
is linked to_the fusion protein via hot ocl eavabl e Iir_]_k_er so that the
fusion ptbt ei MedBehebacaeraingioflaips 16 eETUrReHsCTPEIAG MEnCRiisingitis, tag. 30.
fThe_ met hmdi?ﬁféf‘d?éiﬁl bsaoﬁt@ctif\b @iﬂ?si&n telBwith ufla}[tbﬁéd mﬁﬁam’mg] i}a lﬁﬂﬁhiehiosi g t he
usi on protein contactin e i r ot ei a el |l ed substrate
wht ch i SO BLRR e S BvetR e i AEaTas it labe) SibAt trcbmes act
t r ansf er covhaleatly irelkd sotht Rasion grofecmaise lapelisalfesion yroteimidesbrelsy t he fusi on

d fusi ei,n is . therepy attached or can be

protein d the | abel | 0 r o :

subseque%‘[]qcpe‘g chgﬂa&fuﬁae@ﬁgﬁysagﬁaglae tﬁﬁl?)eo?cﬁ'q S8RP°"rhe met hod according to
claim 30, wherein the label is not initially attached to the solid
support,,and .the thod ¢ rises. the further step .of. contacti t he

abol | ed®Fus i B R Ao GRRRIRER 2 st ol i othipaiy hgiebig e

i mobi | i sdid soppartendthkintetsadomonpriseSthe firther step lwbcbréaxtiog therlgballedcl ai m 30 or
claim3 A i I i ; i.fi Melof air, the
ot her el B re N8 byirn ol RERBEme S prLeRSch e TRLBRES T 53
The net hod according to claim 32, wherein the specific binding pair are

bi otin d el [Wol T q&%q ' | ai m 30,
wherein the %&f‘&?@%@%ﬁﬁaﬁg? P ggélg' ?g ﬁg&ﬁggl [ gsﬂdﬁ‘%g?%rﬂ%% t he

t r ansf erof@spepiéc biagisy peair. theyothesmprberus mhichdaialtacbad opditaciiakie tsthRod accor di ng
to any oggqQfpgdai ™ 30 to 34, wherein the label is linked to the fusion

protein via a cl eavable |inker so that the fusion protein can be rel eased
from the |abel after immobilisation on the solid support. 36. The nethod

accor di ngs t 0 MRS AcordiY 1%iarR 3R wikdtein' s Richic bitRing3Rak!ard Biolid Nked

and avidin or streptavidin.

34.  The method according to claim 30, wherein the label is covalently attached to the
solid support by the transfer of the label or in a subsequent reaction.

35.  The method according to any one of claims 30 to 34, wherein the label is linked
to the fusion protein via a cleavable linker so that the fusion protein can be released from
the label after immobilisation on the solid support.

36. The method according to any one of claims 30 to 34, wherein the label is linked
to the fusion protein via a photocleavable linker so that the fusion protein can be

released from the label after immobilisation on the solid support.

37.  The method according to any one of claims 30 to 36, wherein the method
comprises immobilising a plurality of proteins of interest on a solid support.

38.  The method according to claim 37, wherein the proteins of interest are
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to the fusion protein via a photocl eavable Iinker so that the fusion
protein can be released fromthe |abel after immbilisation on m%p?ﬂ'ﬂhd
support. 37. The nethod according to any one of clains 30 to 36, wheéréf

the nethod conprises immobilising a plurality of proteins of interest on a
solid support. 38. The nethod according to claim 37, wherein the proteins
of interest are 31 10 OCT 2005 i mobilised on the solid support in an
array. 3mmqtiisegeniriselid sePrATHN28 aM@ler ein the array conprises a plurality
of spatially resolved |ocations. 40. The nmethod according to any one of
claims 30 to 39, wherein the solid support con‘gri ?es,a | ass, or a pol yner.
41. The At hobhewethedichgairhds whetsitthgrrray spmenses aplyality Bally t he |abel is
a first rdeeRbelocafiors. specific binding pair. 42. The nmethod according to
claim4l, further conprising contacting the fusion protein with nolecule
conprising the second nenber of the specific binding pair. 43. The nethod
accor di ngot o Themsthéd abtordihgtaarybnewh elaips B tbS9| wheremdahe sslidaupporndi ng  of
the first_and second nenmbers of the specific binding pair generates a

det ect abF%mprr'sé‘?L?lg%.’SSL?ﬂ? P?E{@eﬁet hod according to any one of clains 41 to 43,
wherein the first and second nenbers of the specific binding pair are a
first ang sec

(TSt andy = eo R mBlRh 8Ll Uty SRR oG 1 B3, ARG RSEYEE AR substrate

member of a specific binding pair.

42.  The method according to claim 41, further comprising contacting the fusion
protein with molecule comprising the second member of the specific binding pair.

43.  The method according to claim 41 or claim 42, wherein the interaction or binding
of the first and second members of the specific binding pair generates a detectable
result.

44,  The method according to any one of claims 41 to 43, wherein the first and second
members of the specific binding pair are a first and second protein, an antibody and
antigen, an enzyme and substrate or a ligand and receptor.





