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15 compounds to be assessed at an early stage and this information would significantly

enhance the process of deciding which lead compounds to pursue and which to set

aside.

There is a complementary need in the pharmaceutical industry to identify all the

20 targets of existing drugs (either in the market already or still in development) and
hence to define their mechanism of action. The availability of such information will
greatly facilitate the process of gaining regulatory approval for new drugs since it is
increasingly clear that the regulatory bodies now regard a knowledge of the
mechanism of action to be of paramount importance. In addition, this type of

25 information would enable the design of improved second generation drugs. 'This
follows because the majority of drugs have at least minor side effects, which probably
result from binding of the drug or a metabolite thereof to undesirable targets; all of
these target proteins need to be identified in order to define the criteria necessary for
design of improved drugs. Currently however no simple method exists to generate this

30 information and a number of potential multi-million dollar drugs fall by the wayside
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cellul ar responses to both internal and external stresses. 5 Specific
protein-protein interactions therefore represent potential targets for drug
medi at ed i nt etmphytibolack af knovdedgeod shatgegebefastioni sease states. Currently the
yeast two- hybrid assay is the only reliable method for assessing
protein-protein interactions but in vivo assays of this type will not be
readi | y conpairbliep@vimtéra@ions Ardbeily intiRaanghpetoghiRedas bethg &f driral
identification of specific agonists or antagonists of protein 10 protein

i nt er act i ons.IMPgHaRGCIR §PVHRISE SelHaisepronses t@%Oﬁlrlflﬁyrsa,l a@fﬁ) extgrgt gesEsSchi ps”
will enable . iLficl j1= 0. i e
speci 101ty oPaty tay ool Bereb PR Brtn beAnh L8 BT, o
format. They medihted De¢retmiion ihanfectionn androthsr gis¢aattiates. Oweatilyahd hangt twd- |
sinply revolutionise this area.of research. 15 One way in.which functiona
prot eone ar r dp@ridgsiay l%@e@@fverﬁaﬁféa method dor %ﬁawxn@@a@w-mer%&teré%wé§g§
purify and i nyohjl.i . Do i+ | fi.c1pp0t eone.

Her e though,qg%gkﬁ%o ?gﬁ?nfﬁﬁ%ﬁg@ﬁ%onsi%ggggwgﬁn%%§g§$ﬁ§é%ﬂghggsolute si ze
of the genonbrafhpuitfemes withdheidestificdtivh of epesifibergahistsms aatagonists o€ protein-
avai | abjéi ty of seguence d&ta .for the entire .8enome. 20 B‘é way, of,, .

1T ustrd i on RIPeiHELSEadoRR FLnctipnal prolEgme XRIeSs P& TN BT EOmE HBFS e L
smal | nunbereRBNeLOQWCAIRED of I RIpEd tYin SREHERGRGNATRY sRUARY B f any drug-

Hel i cobacterpylori, "Escherichia coli, and Mycobacterium tubercul osrs);
fungal genonesedinted effpitdabé feterndipfbin anvarvited foamaychoyesilldhere®@bpavend pl ant
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be in the public domain is very much open to
15 One way in which functional proteome arrays could be generated is to individually
clone, express, purify and immobilise all proteins expressed in the specific proteome.
Here though, an important initial consideration concerns the absolute size of the
genome of interest together with considerations about the availability of sequence data

for the entire genome.

20
By way of illustration of these points, a typical bacterial genome is ~5Mbp and a small
number have now been completely sequenced (for example Helicobacter pylori,
Escherichia coli, and Mycobacterium tuberculosis), fungal genomes are typically
~40Mbp, mammalian genomes at ~3Gbp and plant genomes at ~‘lOGbp. Current

25 estimates are that the human genome sequence will be finished around 2003, although

how much of this information will be in the public domain is very much open to

question. Clearly it will be completely impractical to expect that the genomes of
* anything other than representative model organisms will become available in a

realistic time frame, yet from the perspective of functional proteomics, model

30 organisms are of only limited value. So, whilst in principle within the next four years
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to downstream . o .
15 ability to create a functional proteome array in which individual proteins are

specifically immobilised and purified via a common motif or tag without affecting
function and without requiring knowledge of the entire genome sequence would

therefore represent a huge advance in the field of functional proteomics.

20 The Inventors have now developed a novel approach which solves the problems
described above by providing methodology which allows each protein in a proteome
to be tagged with a common marker at a defined position within the protein without
requiring any prior knowledge of the DNA sequence of the corresponding genes. This
‘tag’ can then be used to impart a commonality and specificity to downstream

25 immobilisation and purification procedures, which in turn enables the creation of
spatially defined arrays in which many thousands of proteins from a given proteome

are displayed.

An important consideration here relates to the precise positioning of the ‘tag’. If the

30 tag is inserted in-frame in to any gene at an undefined, random position, the likelthood
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domains are full length_and correctly folded and which
15 retain function when specifically immobilised in the array.

Since each protein in the array will be fully functional, the arrays can then be screened
directly to identify the targets of drugs and other biologically relevant molecules. The
spatial definition of the arrays will allow the phenotype of each protein to be related

20 directly to its genotype to allow the identification of ‘hits’.

Thus, in a first aspect, the present invention provides a method producing one or more
proteins in which one or more domains are full length and correctly folded and which
are each tagged at either the N- or C-terminus witﬁ one or more marker moieties, said
25 method comprising:

()  providing one or more DNA molecules having an open reading frame encoding
said proteins together with 5° and/or 3’ untranslated regions;

(b)  amplifying said DNA molecules under conditions that statistically incorporate
o-S-dNTPs as well as ANTPs into the daughter DNA molecules;



are each tagged at either the N or Ctermnus with one or nore marker

noi eties, said 25 nethod conprising: (a) providing one or nore DNA

nol ecul esvbav213g7 an open readi ng frame encodi ng said prorer/asot/oages her
with 5"and/or 3' untranslated regionsy (b) anplifying said- DNA nol ecul es
under conditions that statistically incorporate a-S-dNTPs as well as dNTPs
into the daughter DNA nol ecul es; WO 02/27327 PCT/ GBOL/ 03693 5 (c¢)
specifically protecting the 5 or 3' end of said DNA nol ecul es from
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hexa- hi sti di 18 t aglonipg s lAsmeBs Bpnerpict Sy steadhingy 3t APIFSIANYECSF i ndeed a
conpl.ete proteifiin i gﬂ%% , { el protein

domai n. The é?%gxﬁ%%@%@%@e f cg%nebgqrﬁ%%t% - Gt?? aﬁgﬁgﬂﬂggégl%?’y nodi fied, eg
by addition df) a ikptessingsaifl epiodediptogzind.e. I n a preferred enbodi nent, the
mar ker ﬁgi ety would also allow purification of "tagged" proteins. 20 Thus,

t he net hods of the present invention allow the specific nodification, in
one pot, of wyRfbIyBRREHIF atRN M DNN AblchR i iBIGds syitisaénlgoes not rely
on any know edge of the sequence of individual genes. Instead, it relies
on non- pr ocesséorporates a single. a-S-dNTP, more preferably eiither a-S-dTTP or o-S-dATP.

The marker moiety can Be either a peptide sequence, eg a hexa-histidine tag, an

15 antibody epitope or a biotin mimic, or indeed a complete protein, or protein domain,
eg the maltose binding protein domain. The marker moiety itself can be post-
translationally modified, eg by addition of a biotin or lipid molecule. In a preferred

embodiment, the marker moiety would also allow purification of “tagged” proteins.

20 Thus, the methods of the present invention allow the specific modification, in one pot,
of every member of a cDNA library in a manner which does not rely on any .
knowledge of the sequence of individual genes. Instead, it relies on non-processive
truncation of each cDNA by a nuclease such that either the 5’- or the 3’- untranslated
region of each cDNA is removed. Additional known DNA sequence encoding a

25 | known marker moiety is then appended to the resultant set of nested deletions of each
cDNA. If the marker moiety is in the same reading frame as the individual cDNA and
is not preceded by any in-frame stop codon, each resultant genetically modified CDNA
produced according to the methods of the present invention will thus encode an

individual protein which now has a common moiety, eg. a polypeptide “tag” fused to



truncati on of each cDNA by a nucl ease such that either the 5 - or the 3'-
untransl ated region of each cDNA is renoved. Additional known DNA sequence
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codon, each resultant genetically nodified cDNA produced according to the
nmet hods of the present invention will thus encode an individual protein
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attached to the proteins. 15 Arrays fornmed by the nethods described herein

forma second aspect of the invention. Such arrays conprise the "tagged"
protein expression |ibrar i mobi l.ised, u Yy on. .a s@lid support. The
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di scussed heresampleh dttachment sembetiicchad yymegns|ofthestag dself, op atieraptiveld &¥i ned
ar r angenent '

means of another moiety which is first attached to the proteins.

15 Arrays formed by the methods described herein form a second aspect of the invention.
Such arrays comprise the “tagged” protein expression library, immobilised, usually on
a solid support. The skilled person will understand that a range of possible solid
supports are in common usage in the area of arrays and any of these “substrates” can

be utilised in the production of arrays of the present invention.

20
As discussed herein the term “protein array” relates to a spatially defined arrangement
of one or more protein moieties in a pattern on a surface. Preferably the protein
moieties will be attached to the surface either directly or indirectly. The attachment
can be non-specific (e.g. by physical absorption onto the surface or by formation ofa
25 non-specific covalent interaction). In a preferred embodiment the protein moieties will

be attached to the surface through the common marker moiety linked to each protein

using the methods described herein.

In another embodiment, the protein moieties may be incorporated into a vesicle or
30 liposome which is tethered to the surface.



of one or nore protein noieties in a pattern on a surface. Preferably the
protein noieties will be attached to the surface either directly or

i ndi rect Iwo o¥em2att achnment can be non-specific (e.g. by paps&BoH)3693
absorption onto the surface or by forfmtion of a 25 non-specific coval ent
interaction). In a preferred enbodinent the protein noieties wll be
attached to the surface through the common marker noiety |linked to each
protein using the methods described herein. In another enbodi nent, the
protei n noi efliies feregramply, prcbmesitian dythe Paticra mays¢aptan gpe or3oIeicEPBAE whi ch
is tethered to the surface. WO 02/27327 PCT/ GBO1l/ 03693 7 Thus, for
exanpl e, each position in the pattern nmay contain one or nore copies of:

a) a sanple of 3 sismgpk ofacingldproietypé (intifefoharonashornied dimer, trugener
trimer, tetramer or higher nultinmer); 5 b) a sanple of a single protein
type bound to an fS¥aEIcEex lugherdptlEBse (e.g. DNA,  antibody, other protein);
c) a sample of a single protein type bound to a synthetic nolecule (e.g.
peptide, 10 chem cal compound); or d) m xtures of between 2 and 100

di fferent tagges) pramplenfaBingtd meteat typabbundiosintinteracting mioecplat(c.er BN, t he
array. 15 The surface which supports the array may be coated/derivatised by
cheni cal treat meABtbqdyy o ﬂ§¥9§§§z Exanpl es of suitable surfaces include

gl ass slides, polypropylene or polystyrene, silica, gold or netal support
or nmenbranes nade of, for exanple, nitrocellul ose, PVDF, nylon or
phosphocel | ul 0s®. azempl diastgbsEdichetype hourtdie arsynthetis moleculed e gr peptide,

i nventign all ow tagging of alldproteins in a given proteone specifically
at either the N SﬁgEggéPHﬂWHg)’Q%ilst some proteins may not tolerate
N-term nal extensions and others m ght not tolerate C-term nal extensions,

it is likely that the vast majority of proteins will tolerate one or other
such d) mixtures of between 2 and 100 different tagged protein moieties at each

position in the pattern of the array.

15 The surface which supports the array may be coated/derivatised by chemical
treatment, for instance. Examples of suitable surfaces include glass slides,
polypropylene or polystyrene, silica, gold or metal support or membranes made of, for

example, nitrocellulose, PVDF, nylon or phosphocellulose.

20 As discussed herein, the methods of the present invention allow tagging of all proteins
in a given proteome specifically at either the N- or C-terminus. Whilst some proteins
may not tolerate N-terminal extensions and others might not tolerate C-terminal
extensions, it is likely that the vast majority of proteins will tolerate one or other such
extensions. Existing library cloning methods, however, simply cannot address this

25 problem since they clone genes either as full-length, unmodified cDNAs or as random
and almost inevitably truncated fusions to some protein partner. Compared to the
latter, the present methods allow the position of the tag to be targeted to the sequences
at or close to the N- or C-terminal residues of the cDNA products such that fusion to
eg. a desired peptide partner do;as not affect folding or function of the cDNA product.

30 Compared to the former, the method of immobilising proteins in an array as described



extensions. Existing library cloning nethods, however, sinply cannot
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post-translational . nmodificatign. 10 The hods. of the present invention
Pave & i de. FHR-BOBGRb TPt O oS-SR winPumt BofheeRsatonbe  br oad y
di vi ded i nt opfhiRetismI N areas. These are the study of protein-Iigand
interactions, the study of protein-protein interactions, and the study of
protei AODNA i nteractions. 15 Protein-Ligand |Interactions The nethods

descri bed heTh¢ methiolis ofithk pvestiienveafipul hpreof widemgngsf oftpotentint isvdot | ons

betveen o, 9 ieh At ChETcal LenLiny And L BOLSins Ly BaLven prateore
with the NCEoﬁSrotein—ligand interactions, the study of protein-protein interactions, and the Study'
of protein-DNA interactions.
15
Protein-Ligand Interactions
The methods described herein will allow the rapid profiling of the interactions
between a given new chemical entity and all proteins in a given proteome. This can be
achieved simply through probing the appropriate proteome array with the NCE at
20 varying stringencies in what might be considered a reverse high throughput screen.
The readout from such a screen will be difectly useful in many situations, some of

which are described belov;/.

High throughput screening programs in which libraries of compounds are tested

25 against cells or whole organisms often identifies leads, which give rise to a phenotypic
change without the target being known prior to screening. Subsequent identification of
the primary target can, however, be a very labon'qus process. The methods of the
present invention can be applied directly to this type of problem since it will be
possible to create a functional proteome array for the species concerned and then

30 screen this array with the lead compound to identify which proteins within the
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gquestion of 5 species cross- reactl Vit allowi ng a potential antifungal
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withy, for exggﬁllnﬁ t1?1111)f1|%5c9£ o a human proteome; this type of
i nformation k y to prove very useful in any subsequent optim sation
of | ead conpounds. 10 Hi gh throughput screening nethods now allow the rapid
i denti ficcat i eTigiofhreughblit scrizhidguh&Bodstrioshalliwnthetrapid idgnviéicatpnaifeimaliwhi ch has
itself previously been identified as .a paotential_ therapeutic. tar ?et

However, the&oleapgsoruclyBing i 2 giygp graseip wénﬁu%assﬂtseﬁpaqvwwge@ idefifige a%n'y
gi ven i nt er agti onm @hL Qﬁm%?féett ?foﬁfegé}omegéjﬂl@th'ogs 96’5&’5(1'(1?@5& the Uﬁi lof TN

deci di ng whether to pur ue a diven conpoun not; percelv w sdom
woul d 15 ar ghewtsekttivoanyogindsinteotibn haglgdte yei thgd ]enqwib@ens paﬂeetldllyl«ehgaalt o]

show fewer side effects.  than those also hit a large r of
rel ated or uff€scadiag %@E‘O@TSWW@%%F@& ¢ rﬂ‘i’ﬂ‘rﬁ‘gror(?f’ é’ﬁﬁgﬂle%?“ ¥RNGunds
whi ch haye pragressedmpoatRSaitt fa¥set single poteins are likely to show fewer side effects

than those which also hit a large number of related or unrelated proteins.

There are a number of examples of compounds which have progressed successfully
through third phase clinical trials yet have failed to win regulatory approval because
20 their primary mechanism of action is not known. The antidepressant drugs mianserin
and trazadone and the Pfizer anti-arthritic drug tenidap are examples here, each
representing hundreds of millions of dollars investment for no return. The methods
described herein can potentially bé applied to the resurrection of such failed drugs
since if the primary targets of such drugs can be discovered and subsequently verified
25 in terms of mechanism of action, the vastly expensive clinical trial data is already in

place for regulatory approval.

All existing drugs have side effects, to a greater or lesser extent, an example here
* being the otherwise attractive anti-schizophrenia drug clozapine. If the molecular
30 origin of such side effects could be determined, this would greatly facilitate the design

of future generation drugs with optimised primary effects combined with minimised
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gener at B Con‘b‘%ﬁ?ﬁ@ ene,pii the gazle ohdiug design now 1s to generate compounds which are not

metabolised in the first place and here again a p450 chip would have significant

potential utility.

20 Protein-protein interactions
Protein-protein interactions and multiprotein complexes are of critical importance in

cellular biology. Signalling pathways, for example, are commonly initiated by an
interaction between a cell surface receptor and an external ligand, and this is followed
by a cascade of protein- protein interactions which ultimately result in the activation of
25 a specific gene. Individual protein-protein interactions might be dependent on the
presence of a specific ligand or alternatively might be blocked by a specific ligand,

whilst some multiprotein complexes will only form in a ligand-dependent manner.

Thousands of new protein-protein interactions have been identified using two-hybrid
30 technologies. The methods described herein overcome the limitations of such methods

and can be used to screen proteome arrays with individual labelled proteins to identify



met abolised in the first place and here again a p450 chip woul d have
significant potential utility. 20 Protein-protein interactions
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di seaselO st atreprejeriepessibleterapeutisftargatsh si gnal | i ng partners woul d be
directly relevant froma pharnmaceutical perspective since such
protein-protein interactions mght inmediately 10 represent possible

therapeuti ¢ tHRoae-DNATRIPh&IJENA | Nteractions It has been estinated that
roughly 10% of all genes in the human genone encode transcription factors

yet only a srbhds beer eximaierbthet rousllyd 0% of 2k sepeeinghe hingem gerfomsckncdde 15
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in response
15 binding of specific transcription factors to DNA enhancer elements, often in response

to external stimuli, is a prerequisite for the formation of enhanceosome complexes
which then switch on gene expression. There are various points at which gene
expression can in principle be affected by drug administration: a drug might block the
binding of a protein or small molecule to a cell surface receptor and hence block the
20 signalling cascade at the beginning; a drug might block a protein-protein interaction or
inhibit an enzymatic activity within the signalling cascade; or altematively, a drug
might block formation of specific protein-DNA or protein-protein interactions within
the enhanceosome complex. As an example here, the transcription factor NF-xB is
involved in cellular processes as diverse as immune and inflammation responses, limb
25 development, septic shock, asthma, and HIV propeptide production. The majority of
the intracellular signalling cascades in NF-kB activation are common to all these
process so do not represent viable targets for intervention. The differences between the
responses therefore lie in either the original ligand-receptor interaction or in the
formation of specific enhanceosome complexes. NF-«B is known to bind to at least 14

30 different enhancer elements and the enhanceosome complexes therefore represent



to external stinuli, is a prerequisite for the formati on of enhanceosone
conpl exes which then switch on gene expression. There are various points
at whi ch.w@ener32expression can in principle be affected bpCTGBg1/03693

adm nistration: a drug m ght block tHe binding of a protein or small

nmol ecule to a cell surface receptor and hence block the 20 signalling
cascade at the beginning; a drug mght block a protein-protein interaction
or inhibit an enzymatic activity within the signalling cascade; or

al t er nat i vel poteatialrtbeyapavitig itar géik.dddkw ¢ver, detingation bf spalifideal privnecosodNA or

protein-protein jnteractions, wthin he enhanc.eqso L ex. - As _an
xanpl 6 her o cOPRERFUAES KRV Ik Pt reuieaet BEN R, PR b imedie s
processes as jfiokRkSad afkolthel PRt @rdtéth ReraBh dRRviESRAR BERS. THel p¥éseRD
devel opnment, septic shock, asthma, and H 'V propeptide production. The

maj ority of maHwdssen hewsddup direelypddrass hefhdbese gtestions MNPra@mgcariaysenda ar e
to all_th , : i,abl e f
Cotervert on wAEagyi SRERTTINE A (-8R AR DK BB, [ 01

ei ther the onigimgively] g@pebteaae plroy cdnHeatRehddRith thel tlanbi@ivafiet dahiiaos of
speci fic enhanceosone, conpl exes. NF-KB is known to bind to at | east 14 30
di fferent enl§aisedangrBYeRdacteria damatyoihereelss athoshish dxiateracke Cerssr e

represent VDQabizdele dr il sGRE sgﬁggé}lo%ﬁ%&%ﬁ%%&%f&&%&;ﬁ@%ﬁ& of §edftcs-

However, delinéation of an i anceosome ~ conpl'ex requirtes

know edge of chinbeddomernondpdexeof i ndi vi dual DNA-bi ndi ng proteins involved
and alsg their protein-protein interactions with each other. The present
met hodsitan be used to directly address both these questions. A proteone
array can be lhegeteameaynesnsrapbly tieaathess of Hisagesent ingentant Willrdipeallopa

bi ndi ng prot g . ' st g n wth
the.transact TUAE 1ok S FE R LIEE Wi e B B B B R Py

ot her protei psefwirédembodilment, thentletiad hsoleditesswll beantibddits @rantibodstiiite scr eens
shoul d aIIOM/identific%LLon of new conponent

. s of specific enhanceosone
conpl exes 10 PIHEnpAR & G iPRpECERE BHOBYORREIABE NEES 5P ATy rEsent
Fnventipn W kg gRlenodif hRIA.

Thus, a phage displayed antibody library can be applied to each immobilised protein in
the array and non-binding antibodies removed by washing. The selected phage can
then be recovered and used to infect bacteria according to normal procedures. The

20 phage-infected bacteria can then produce either phage particles displaying the selected
antibodies for further rounds of selection, or they can produce soluble antibody
fragments for direct use. The terms ‘antibody’ or ‘antibody fragments’ here refer to
single chain Fvs, FAB fragments, individual light or heavy chain fragments, derived
from mouse, human, camel or other organisms.

25 \
In a preferred embodiment, the protein array will be in microwell format such that
after the selection step, the phage particles can be recovered by addition of appropriate
bacterial cells to each well where they will become infected by the selected phagé
particles. Growth media can then be added to each well and the infected bacteria

30 allowed to grow and express the antibody fragments, whilst ‘maintaining the physical
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separation of the antibody fragnents selected to each inmobilised protein
in the array. |If so desired, new phage particles produced by the infected

bacterig can, be d.in ubse u nds of sel ection. ..Such procedures
are now% out Fﬁg S‘%B‘f%e@é"fﬂé@?y ﬂ@’r‘%ﬁ?d1WB$y ga‘%ﬂle% 813]| e@ﬁglwegr# %l?o ¥ agnent s
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protein arrays here will allow the generation of polyclonal or nonoclonal

anti body fr a@n@bndy fragmentus sadspasttionef thaavyara Wew spletedginstithe proteins
mgls ZICYIE”O% ﬁggrﬁ%{? 1isBG S gmg €, ée%lneg qutqgl\dl 1%%881‘15' galsan%gld %g ahtnbod tag’r%y?_p {1 body
generated will contain at each position either polyclonal or monoclonal antibody
15 fragments, depending on the number of rounds of selection carried out prior to

immobilisation of the soluble antibody fragments.

Such antibody arrays will have a number of potential uses including capture of
individual proteins from a crude cell or tissue lysate for differential expression

20 monitoring of the relevant proteome. Alternatively, the antibody-captured proteins
might be screened directly for ligand-binding function. In general, any one
monoclonal antibody might bind to the target protein so as to block its function, but
another monoclonal antibody might bind but not block function. In a massively
parallel approach, it is clearly impractical to assess all monoclonal antibodies to all

25 proteins in a proteome individually for their ability to bind but not affect function. A
polyclonal set of antibodies to all proteins in a proteome however is likely to contain
individual antibodies which have the desired ability to bind but not affect function and
will, in addition, contain individual antibodies which recognise all post-translational

modifications of a given protein. Thus in general, polyclonal rather than monoclonal
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Conpared to the original prote| n arrays, the antibody arrays created by the
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the one or more compounds to the proteins in the array;

(i)  amethod of screening one or more proteins for specific protein-protein
interactions which comprises the step of bringing said one or more
20 proteins, eg a cell surface receptor, into contact with an array as
defined herein, and measuring binding of the one or more specific

proteins with the proteins of the array;

(ili)  a method of screening one or more proteins for specific protein-nucleic
25 acid interactions which comprises the step of bringing said one or more
nucleic acid probes into contact with an array as defined herein and

measuring binding of the probes to the proteins in the array.

(iv)  the use of an array as defined herein in the rapid screening of a

30 compound, protein or nucleic acid;



capture fromthe crude cell or tissue |ysate, which should aid maintenance
of function. 10 Thus, in further aspects, the present invention provides:
(1) a nmetwod2/of32screeni ng one or nore conpounds for biol oBCT/&BIHEIHY I t Y
whi ch conprises the step of bringingl§aid one or nore conmpounds into 15
contact with a protein array as defined herein and neasuring bindi ng of
the one or nore conpounds to the proteins in the array; (ii) a nethod of
screening one or nore proteins for specific protein-protein interactions
whi ch conprises the step of bringing said one or nore 20 proteins, eg a

cel | surface recepor, k0o aPhaftaoeklle e orBSin SR ARG AG Pty _and

measuri ng bi ndi ng e one or e specific ‘protel W e proteins
of the array; (iii) a mebhtice @khpooteian thg apng, wWhersirthe ploddcalesaref or specific
protein-nucleic 25 acid _interactions which conprises the step of bringing
said one or nore nucl BrECTARlY @UPRAsERSs i nto contact with an array as defined
herein and neasuring binding of the probes to the proteins in the array.
(iv) the use of an array as defined herein in the rapid screening of a 30
conpound, protein(d) nactethe cfetkrati® 44RIHERY aPGTWEBOLOOPESS bribFinevd t he
use of an array as defined herein i reeni ng for nol.ecul es.. whi ch
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bringing a protein array, as defined herein, into contact with an anti body

library, such that onenigrodydnr tepnbbedyisriny, tevevpngdanyi ynbanpdantibodids eud at
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array; and

(vil) amethod for the screening of protein function or abundance which
comprises the step of bringing an antibody array as defined herein into

15 contact with a mixture of one or more proteins.

The methods (i), (ii), (iii) and (vi) may also include the step of first providing the

array according to one or more of the methods of the present invention.

20 Use of the proteins derived from the methods described herein form additional aspects
of the invention. The skilled person will understand that a range of applications are

known in the art in which modified proteins may be employed.

Thus, in further aspects, the present invention provides:
25
@ the expression of tagged proteins produced by the methods of the
- invention in numerous expression hosts i.e. bacteria, yeast, mammalian cells
(for example see, Walker EA, Clark AM, Hewison M, Ride JP, Stewart PM.
Functional expression, characterization, and purification of the catalytic

30 domain of human 11-beta -hydroxysteroid dehydrogenase type 1. J Biol Chem



10 i mobi l i sation of those anti bodi es bound to proteins in the protein
array; and (vii) a nmethod for the screening of protein function or
abundancavem?/z1327 conpri ses the step of bringing an anti boRgT/&BOHI3685
defined herein into 15 contact withla m xture of one or nore proteins. The
met hods (i), (ii), (iii) and (vi) may also include the step of first
providing the array according to one or nore of the nethods of the present
invention. 20 Use of the proteins derived fromthe nethods described herein
form addi ti onal asi¥dtlen 16276@6):2BASRIM; 6lai I, Pepud R, |Geotzgsdt, $os BviHunctional

understand that a range. of ..catjons ar known_in.the art_i.n, which
modi 11 ed pr ot oi ne TEOBERSTOYLFE MesTEmer BrotHE P ebeREs PRENPEEEn
i nvention providesgoo13a1 {7;40@BR8RYPIE 88d PRArOf, Vedaat: M otaliass pradussd by
the methods of the invention i.n numerous expression hosts i.e. bacteria,
yeast, mamualian cébkidV, aket Yelpmmaso §eshiokey«kr Mpleculgr gloringvind Hendtiooal M
Ride JP, .Stewart PM __ FEuncti,onal .e ssion, characterization,.and ., .
pur 11 cadon of |t nEPEsehgt1SeS bt ERANATRE Rk AP ALl dRH S Rpteii o

dehydr ogenase typewith hdpabote ieheFenW i {t([13 BioBGk BREAIDAE3001Hul2001 Jun
15;276(24):21343-50; Cai J, Daoud R, Ceorges E, Gos P. Functional

Expr essi on of -Mil t3&#29(Red-5Dance Protein 1 in Pichia pastoris.

Bi ochem stry 2001 Jul 17;40(28):8307-16, and Hara H, Yoshinmura H, Uchida
S, Toyoda Y, Aoki M Sakai Y, Mrinmoto S, Shiokawa K. Ml ecul ar cloning
and functional 5 efipr esthkase afiwiaysddsprofeirproBiddfivgrthé rtwdhepdsiedihareia
l'iver-specific protein wth hepatocyte mtogenic activity(1l). Biochim

Bi ophys 18cta 2001 Jul  30; 1520(1):45-53) (ii) the use of a tagged protein

produced by the metRodsyassdefd AggdiibRidprodddd by the methods as defined herein

for analysis of interaction between expressed protein and other proteins within
a yeast two-hybrid system via the cloning of said modified DNA molecule into
a yeast two-hybrid expression vector (for example see, Staudinger J, Perry M,
15 Elledge SJ, Olson EN. Interactions among vertebrate helix-loop-helix proteins
in ye'ast using the two-hybrid system. J Biol Chem 1993 Mar 5;268(7):4608-
11, and Vojtek AB, Hollenberg SM, Cooper JA. Mammalian Ras interacts
directly with the serine/threonine kinase Raf. Cell 1993 Jul 16;74(1):205-14).

20 (iv)  the use of a tagged protein produced by the methods as defined herein
for immobilization on an affinity column/substrate, for example to allow the
purification by affinity chromatography of, for example, a) interacting proteins,
b) DNA or ¢) chemical compounds. (for example see, Rhodes N, Gilmer TM,
Lansing TJ. Expression and purification of active recombinant atm protein

25 from transiently transfected mammalian cells. Protein Expr Purif 2001
Aug;22(3):462-6; Zwicker N, Adelhelm K, Thiericke R, Grabley S, Hanel F.
Strep-tag I for one-step affinity purification of active bHLHzip domain of

“human c-Myec. Biotechniques 1999 Aug;27(2):368-75, and Giuliani CD,
Iemma MR, Bondioli AC, Souza DH, Ferreira LL, Amaral AC, Salvini TF,

30 Selistre-de-Araujo HS. Expression of an active recombinant lysine 49



(tii) the use of a tagged protein produced by the nethods as defined herein
for analysis of interaction between expressed protein and ot her proteins
within av@ezast32two-hybrid systemvia the cloning of sai dreDdiBhi/e39DNA

mol ecule into a yeast two-hybrid expgfession vector (for exanple see,

St audi nger J, Perry M 15 Elledge SJ, dson EN. Interactions anong
vertebrate helix-loop-helix proteins in yeast using the two-hybrid system
J Biol Chem 1993 Mar 5;268(7):4608 11, and Vojtek AB, Hollenberg SM
Cooper JA. Mammal phospRakipdsatAé? amystox i asadtisiyn pidt¢in imbacseid. Mexictu 2001 ne

kinase Raf. Cell 199 . ; 74(1):205-14). 20 (iv) the use of a tagged
protein produced %&ftg?]d&ré%%dé@()as defined herein for imobilization on an

affinity colum/substrate, for exanple to allow the purification by
affinity chromatography of, for exanple, a) interacting proteins, b) DNA
or c) chem cal cofipoundss usgfobr taggadpiateis pegduRbbblies N, G I nmer TM  Lansing

R T L s e e
22(3):462-6; Zwi CkbrrdhatiddBlyhatiBodies (FIISAia6de) B 2 GagiisaY tdd] (f9aBRIm e

Strep-tag Il for one-step affinity purification of active bHLHzi p donai n of
human c- Myc. Bi ot eehilogligast GIgBrissaty MX( Byard 68\, Bpttoarsd DaiChieng ki RADBH, | emma

MR, Bondioli AC, uza [ \el maral Al Salvini TE, 3
Sl i otr e de- A SOHER NG, Hal B Hilwh e, SRSk himeBtidionlosetBenty
02/ 27327 PCT/ GBOL/a8s399ar delettiph0f Pt diad &oA(@metaukifs AS Baadds usiig pr ot ei n

in bacteria. Toxicon 2001 _GCct;39(10):1595-600) (v) the use. of a t_agged
prot ei ntbhroduced Bigns! applifipatipyia cagymedinkedcasanletion pssay-HECinimPbipk at i on

2 dragnost ] ¢ ool (7o oA L e *Boel I gast @, Triscott WX Beard G
Bottons JD, Cheng T, Roh BH, Roman M5 Hall PA, Brown JE. Sensitive
enzyme-11nked | mné‘r]li())s Ort ee Qs:[e of a tagged protein produced by the methods as defined herein
as a probe for a cDNA microarray to identify DNA binding proteins (for
15 example, see DeRisi J, Penland L, Brown PO, Bittner ML, Meltzer PS, Ray M,
Chen Y, Su YA, Trent JM Use of a cDNA microarray to analyse gene

expression patterns in human cancer. Nat Genet 1996 Dec;14(4):457-60).

(vii) the use of a tagged protein produced by the methods as defined hérein
20 for elucidating the identity of proteins in the ‘proteome’ by mass spectrometric
analysis of expressed protein components of source library or start material
modified by the methods of the invention (for example, see Bordini E, Hamdan
M. Investigation of some covalent and noncovalent comp}exes by matrix-
assisted laser desorption/ionization time-of-flight and electrospray mass

25 spectrometry. Rapid Commun Mass Spectrom 1999;13(12):1143-51).

Preferred features of each aspect of the invention are applicable to each other aspect,

mutatis mutandis.

30



assay for detection of Costridium botulinumneurotoxins A B, and E using
10 signal anplification via enzyne-linked coagulation assay. J Cin

M cr obi olwO 899B325ep; 31(9): 2402-9) (vi) the use of a taggeBCPGBOEIFOPr oduced
by the nethods as defined herein as18 probe for a cDNA mcroarray to
identify DNA binding proteins (for 15 exanple, see DeRisi J, Penland L,
Brown PO, Bittner M., Meltzer PS, Ray M Chen Y, Su YA, Trent JM Use of a
cDNA microarray to anal yse gene expression patterns in human cancer. Nat
Genet 1996 Ddbe m@er)t sty yvill (mvub)e desreibgd émgfre@retnagge@e pelrvang emmd@ﬁ; ed by

the met hOds %}:hlcclix Qﬁq‘xo? aeﬂa'nw%}? Etr&éd%%llﬁ{lhggle spgpe cgfetﬂé 1nR7 tlon proteins

in the " proteone ana XP resse protein
conmponent s of source I|brary or start rraterl aI m)dlfl ed by the net hods of
the invention (for_exa Ie see Bordini - - Investigation of sone

coval ent and nonc&¥&i %Wé*@sc%ﬁmﬁpploﬁihea‘é%i%PWﬂ%@é

desor ptidn/ioni zation time-of-flight and el ectrospray mass 25 spectronetry.
Rapi d Commun Mass FEGERE dhn $4098;dedfls 2f the PAR splificationfnd exehutleateur es of
each aspect of thdigestvandtfianrexamelesgept (G3D) @ridrdo &gwgngot her aspect,- nutati s
mut andi s. 30 WO 02/ 27327 PCT/ GBOL1/ 03693 18 The present invention wll now
be described w t hmeUsEneeshbo®s dbrilé of theeherafiEem: %dﬁ@h@ﬁdPOM’ﬁrﬁﬁhfﬁ‘J@ﬁéﬂd) not in
any Waylhobe const r uadh@se {HeMhd:i Ng the scope of t invention. FIGURE |a:
shows the construction of t hé vector pMMLO6H, 5 FI GURE 1b: shows details of

h
e St R AT (e
amplification to ¢ 8&&?13{

15

Example 1

(a) Vector construction (see figure la)

The Inventors constructed a vector pMM106H derived from pUC19 Wthh contains a
20 strong hybrid promoter (Ptrc) to drive the expression of genes cloned into an Neo I site

. immediately downstream of the promoter sequence. The Inventors inserted a 676 bp
nonsense DNA sequence as a stuffer fragment between the Nco I site and a
downstream Hpa 1 site. 'Hpa 1is a blunt-end cutter and is positioned to cleave the
vector such that the downstream DNA encodes a polyasparagine, hexahistidine -

25 peptide if the reading frame is on the first base of the blunt-end. Following the
hexahistidine tag is an amber stop codon (TAG) followed by the gene encoding the
green fluorescent protein (GFP) of the jellyfish Aequorea victoria. The construction of
pMM106H was confirmed by sequencing.

Genes cloned into pMM106H as Nco I/blunt-end fragments result in fusions to the

30 His-tag and GFP only if the correct reading frame is created at the Hpa I site during
cloning. GFP is used here as a repdrter gene to facilitate visual screening of clones
expressing the His tag, while also providing an indication of the correct folding of the

fusion protein, since GFP is only active when folded into the correct conformation.



FI GURE I d: shows the reaction between @ utathione and 1-chl oro-2, 4-

di nitrobenzene catal ysed by GST. 15 Exanple 1 (a) Vector construction (see
figure | ayownersbnventors constructed a vector pMMLO6H der PeEEBD1/GaPHUCLI
whi ch contains a 20 strong hybrid pri®noter (Ptrc) to drive the expression
of genes cloned into an Nco | site immed ately downstream of the pronoter
sequence. The Inventors inserted a 676 bp nonsense DNA sequence as a
stuffer fragnent between the Nco | site and a dowinstreamHpa | site. Hpa |
i s a bl unt - enthecuthee stopreddorswibrssuli wreesinalbamedud vé thelfell langtht sionpedteinifat t he

downstr eam DNA encodes .a pol yaspar agi ne, hexahi stidi ne 25.pept.ide if the
Feadi ng 11 ane TEUGHORS RSP RBRSC GIC R DAt S eh g EB T L TR
hexahi st i di nQnﬁ@&iidt@?I%ﬂeﬂm@%ﬁs i QRd cABddASD subSd quervathnibilidaB ol Bie
encodi ng the green fluorescent protei r:wéGFP) of the jellyfish Aequorea

victoria. Thengpngessart i bahald bpiadeoderdiast cmbar v diffyeniogpitdesiohg. Genes
cl oned igto p“@%@gﬂgﬁ%e%ﬁb@ QL g @?nf%fs%gfﬂ%%‘oger@%%‘pﬁeﬂo fe%%gﬂé‘s to the
y I I'ng Trane

30 His-tag artd ercorrect rea s created at the Hpa

| site duringells|cotidte usedt placd SEGFINE BadSrsdFor @RRELRN 288 T6lding Jfdled | i tate
vi sual screening of clones expressing the H s tag, while also providing an

i ndi cati on oftagged pseteinac Thessiinglnde, bt arpot limiedie, phlotagiphenisolrasetyGFP i s only
active when folded into the .correc f or mat L on. 02/ 27327 . .

PCT/ GROL/ 03695 E5sor}b BRGSO Lo R of AP RS, SHEFPHount of
the full | engéagaﬁlb'éf %grég_ﬁiﬁé?ﬂaﬂsc '?fion,}éhéw?é th RLE1RpREscer een col onies, while

nost of the fuSion proteinwll termnate , imedi ately after the Hs tag
and canl®e usEe ttaplasaised duthetproceiuadei dutlaet belowawes p@REN T hissdaspsid was shoul d

be under st oo Lnat g MVEREh Rl Er St RoRL L e o 5 BLENSLEy hose
be used in plagerplc FEBTREIBIHKEHEERIT BXRERIShAM @ stafRkdbaRinstifie
primers ‘GSTfwd2’ (5’ -ATG CTG CAG ACG TCA ACA GTA TCC ATG GCC CCT ATA
cTa ce-3') and ‘GSTHindIII’ (5’ -GCG AGG ARG CTT GTC AAT CAG TCA CGA TGA
15 ATT ccc G-3’). These primers introduce an Nco I restriction site at the start codon
of GST, mutate the second residue of GST from serine to alanine, and introduce a stop
codon in the multiple cloning site 3°- of the GST gene followed by a Hin dIlI
restriction site. The PCR product was then cloned under standard conditions as an
Nco /Hin dIII fragment into pTrcHisA (Invitrogen) previously digested with Nco
20 I/Hin dIlI to generate pGSTN.

(b) PCR amplification and exonuclease digestion of genes prior to tageing (see figure

1b)
The Inventors amplified the GST gene from the construct pGSTN using the

25 polymerase chain reaction with custom-designed vector-specific primers ‘STforward’
(5’ -ATG CTG ACG TCA TGA GGC CCA TGG GGC CCG GAT AAC AAT TTC ACA CAG
G-3’) and ‘STreverse’ (5’ -GCG GAT CCT TGC GGC CGC CAG GCA AAT TCT GTT T-
3) which bind to the vector 156 bp upstream of the start and 84 bp downstream of the
stop codons respectively. 30 cycles of PCR (94°C 1min; 57°C 1min; 72°C 2min) were



tagged proteins. These include, but are not limted to, chloranpheni col
acetyl transferase, (3-galactosidase, the |acZ fragnent of

(3-gal actvoebdase] and proteins capable of repressing traP€UGBpt/H3®M3 such
as the X-Cl repressor. 10 The tenpl a2¢ used in the procedure outlined bel ow
was pPGSTN. This plasmd was constructed by first PCR-amplifying the

Schi stosoma japoni cum glutathione S transferase (GST) gene from pGEX-2T
(Pharmaci a) under standard conditions using primers 'GSTfwd2' (5 -ATG CTG
CAG ACG TCA A@M@Td\lt'm@wi@a@:ﬁ@l@m réacionCEACICRCRIeadtioacdnta®Sd H20ld | | (5

pr o o A BN S Opo e P oS A P A Py polmerast, BagiPCR Foratn

nutate the Se&mna@@b&qﬁa@fan@hhfmwm 'I%sﬁ{bl%i}ws MmN shipduce a
stop codon in the nmultiple cloning site 3'- GST gene tol'l oned by a

Hin dlE rest@I)iSéh, smdMeMghiR, mRWSGMﬁach/aétheifew Rﬂ:]bmwtlemdb@n gsandar d
conditiopns as an

f f. H sA t
previ ousPy di g W%é}&}&%@é R fchdle'?%p SR aﬁgpﬁx I Eﬁgglg)

anplification and exonucl ease di gestion of genes prior to taggl ng (see
figure IN The Inventors anplified the GST gene fromthe construct pGSTN
using the 25 BedojinedxO0pNedATPSLOLMDATIR 1200pEdCHP dlyhdd TVt ospreci f i ¢
priners " STfor d' (5' ATG CTG ACG TCA TGA GGC CCA TGG GGC CCG GAT AAC
AAT TTC ACA K ") and " STreverse' (5 -GCG GAT CCT TGC GGC CGC CAG

GCA AAT TCT Cilacﬁon 2§ ooy gRTbI muM)dT”ffF 200a0PaGTP 51 P BETPESIIN To-§ e

start and 84 bp downstream of th stop codons respectively. 30 cycles of
PCR (94Q0l m ndCBFLC 1min; 72C 2m n) were WO 02/ 27327 PCT/ GBOL/ 03693 20

“Bong”t ampl aResrin ) SBnbt adBrroshRRaR 8 possESap DR P EMaEs e

PCR reaction .carried out in a standard buffer (10mM Tris. HCL pH8 8,
25mM KC1, 5 ) 2SO4, 2nM MgSH4, 10% DMSO). Each of the four PCR
reactions theReadtioa 4) 200pM dGTP, 200uM dTTP, 200pM dCTP, 150uM dATP, 50uM o-S-

dATP.
15

The amplification of the template DNA in the presence of o.-S-dNTPs can of course be
carried out by primer extension reac;tions using many different DNA polymerase,
including thermos“cable polymerases which lack a 3' to 5' exonuclease activity, such as
Tap polymerase, and non-thermostable polmerases, such as T4 DNA polymerase or

20 the Klenow fragment of DNA polymerase I
The inclusion of a single a-thio deoxynucleotide triphosphate in each specific PCR

" mix results in a random but statistical incorporation of the relevant o-S-dNTP into the

specific final PCR product. These modified nucleotides are not substrates for

25 Exonuclease ITI, and are used to halt the progressive removal of nucleotides by the
enzyme. The four individual PCR mixes were then pooled, and purified using a
QIAquick PCR cleanup kit (Qiagen), under standard conditions, and digested to
completion with the restriction enzyme Aat II. The resulting ~1000bp PCR products

were then gel-purified. Restriction with Aaz Il results in a 3’-overhang which is



5 contai ned a non-standard deoxynucl eotide triphosphate m x, as foll ows:
Reaction 1) 200M dATP, 200M dTTP, 200M dCTP, 150M dGTP, 50M a-S- dGIP;
React i on w0 0200kt dATP, 200M dTTP, 200M dGTP, 150M dCTP, 5P&T/&B8t/03683 dCTP;
Reacti on 3) 200M dATP, 200M dGTP, 20@M dCTP, 150M dTTP, 50M a-S- dTTP;
Reacti on 4) 200M dGIP, 200M dTTP, 200M dCTP, 150M dATP, 50M a-S- dATP. 15
The anplification of the tenplate DNA in the presence of a-S-dNTPs can of
course be carried out by primer extension reactions using many different
DNA pol yner asesistantiol Exdinnglease i mostitybdnd, thetofores mretestswhé SherdadkheaPGR to 5'
exonucl ease activit auch Tap pol ynerase, and non-thernostabl e

pol mer ases, slﬂf@ﬂu ﬁlc’flli a(;'E)L‘L‘}Pymerase or 20 the Kl enow fragnent of DNA

pol ymerase I. The inclusion of a single a-thio deoxynucleotide triphosphate
in each specific PCR mx results in a random but statistical incorporation
of the rel evaAitelaatsleszrmOdmioo Smﬂweﬁcaﬁpequtmgbnﬁamd mheﬁﬂ?dmduct fioese
nodi fi ed.nucl eot i

bstr esfor eII d are
ised to falt onpudris MdsloRdRa itk dRnriRe By SR Essly Rl The
four i ndi vi dugiloR&l3. NAxefestiRl6n él’ft@ﬁlemﬁblﬁgleneﬁdﬂé’s aasrtweﬂﬁ@hguﬁmrwse@ or dopgui ck
PCR cl eanup kit é Q agen), under standard conditions, and digested to
conpl etion wi ¢yl h@u-?eéstl plage phhatdhppvidingithe requisiigsite isigrerpargted inodhep PCR

B over hang. v GAtGEs S AnEsakih Bl Vet Bhagripl 7 bl °
Exonucl ease | tduldslso Be tiseddnglact beref 0 pavidin®thectguititessite is @ockpofatddiatoReR

product from degradation. Alternatjve nethods for specifically f)rot ecting
one end 18f th@espgg@fﬁ],aq)gggtpmpe@% in this case, generation of the 5°-overhang would

followed by a DNA-polymerase-mediated fill-in reaction in which the relevant a-thio
dNTPs were used in place of the dNTPs such that the new 3’-end of the PCR product

is now protected from exonuclease digestion.

15 10-15 pg of the digested PCR product was then incubated with 75 units of Exonuclease
II/pg of DNA for 30 minutes at 37°C in a 150ul reaction. The Exo III digestion was
carried out in a standard reaction buffer (66mM Tris. HCI pH8.0, 6.6mM MgCl,, 5SmM
DTT, 50pug/ml bovine serum albumin). These conditions ensure that digestion by Exo
ITI has reached completion. The enzyme was then inactivated by heating to 75°C for

20 15 minutes.- The product of the Exo III digestion is a nested set of deletions from the
3’-end of the PCR product.

Exonuclease III is a non-processive 3’- to 5’- exonuclease which is unable to
hydrolyse a-thio-containing nucleotides so, in the present protocol, every time Exo III
25 reaches an a-thio-deoxynucleotide base, the progressive truncation of the recessed 3’-
end of the PCR product is halted. The net result is thus a nested set of deletions as a
consequence of the random incorporation of each o-S-dNTP at the earlier stage. The

ratio of o-S-dANTP to dNTP used in the original PCR amplifications was determined



5 exonucl ease di gestion can be readily envisaged including, but not
restricted to the following.. Any restriction enzyne which generates a

3' -over hamg op£7347 bases or nore could be used in place of PERGBD/03PDVI di ng
the requisite site is incorporated in2o the design of the PCR priners. Any
restriction enzyne which generates a 5 -overhang could also be used in

pl ace of Aat Il providing the requisite site is incorporated into the 10
design of the PCR priners; in this case, generation of the 5'-overhang

woul d be f ol ¢rapiEidalbysueh DiAthrany silepastnasedidaletidnd sgahnéda 4@ptwindow of whi ch
the relevant a-thio dNTPs were used jn place of .the Ps such that the
new 3'-end of SifgfEeRER @P&%’E‘E‘te& woﬁa\ﬁﬁ%%ﬁ@@ﬂ%m%ﬁ% @Mﬁw&h BG r@%ésti on.
15 10-15g of the digested PCR product was then incubated with 75 units of
Exonuclease I111/pg of DNA for 30 mnutes at 37Cin a 1501 reaction. The
Exo |11 di gesThosizenange ofthe trmdcadiohs dbtaimed taniskaccshtroad by eheringftheratip@Fnd4
Tris.HCL pH8.0, 6. 6mMM MyC12, 5mM DJT, 50g/m hovin erum.al bum n). These
condi tioAs enSuWPE P RAcrBRGANTE. Jhigiy HERW“‘?WI}’G%Q? m@gﬁ‘i@&Pgh?pr Oe@m(i‘fﬁ(?tlel'he
enzynme was th@ﬁlﬁiﬁ j eyl e f ] N

product of the g%ﬁﬁugﬁ%‘ggs%n 'S ggnhéebg% geggtsh e?hgtf?(&cfﬁ %ﬁegﬂggﬁ%hmﬁt% he

3' -end of themPgRopmoctus’tUTRXenpic fablameinlthd range af 20073 Q) e Saimieviee Blativeo 5' -

exonucl ease which is unable to ydrol yse. a-thi g-contai ni ng nucl eqti des so,
in the presentifisieaeyebincoporfign PP?P@LI‘EﬁéCIfPW “%S&Fﬁg%}ﬁ@?sé‘ﬁgordmg to the

a-t hi o- deoxynygcl eot | . I Tu L recessed 3'
end of the PORPRSaAR PRfiepted PIRRAER B G AT ER G Romlo ATPLARESDCC,
del etiong as whichARSESHILREEDEadhT thafdpbasenand footled paticuddr polyaiheraseS- ANTP at
the earlier stage. The ratio of a-S-dNTP to dNTP used-in the original PCR
anpl i fi cati on¥ymasllytheanofendowrasmicraS7dSeH tapamah IH3E uspdwikhe i ksl | y
such that the env?j el%f nest ed del eti ons spanned a 400bp w ndow of sizes
centred appr 0¥k elqug 100bp shorter than the original full length PCR
product. The size range of the truncations obtained can be controlled by
altering the ratio of a 5 S-dNTP to nornmal dNTP. This is jnportant when the
met hod is appld b@emvghkiéqiw?-is@'anded regions and preparation for cloning (see figure

15 1c)
The nested set of deletions generated by Exonuclease ITI digestion in the previous step
was purified by ethanol precipitation and resuspendec{ in 1x mung bean nuclease
buffer (50mM sodium acetate pH5.0, 30mM NaCl, 1mM ZnSO;). The digested DNA
was treated with (2units/pg) 30 Units of mung bean nuclease in a 100pl reaction at

20  30°C for 30 minutes. This process removed the 5’- and 3;-overhangs to yigld blunt-
end products. The reaction was stopped by the addition of EDTA to a final
concentration of SmM. The digested products were purified using a QIAquick PCR
purification kit (Qiagen), digested with Nco I, and separated on a 1% agarose/TBE gel,
using a 100bp DNA ladder as a standard. Products ranging in size from 800 to 1000bp

25 were extracted from the agarose using a QIAquick gel extraction kit (Qiagen).
Clearly, other single-strand nucleases such as S1 nuclease, can also be used to remove

the 5’-overhang from the nested set of 3’-deletions generated by a 3’- 5°- exonuclease.



CDNAs because such cDNAs have variable length 3' untranslated regions, with
the nost comon 3'-UTR length falling in the range of 200-300 bp. Since

t he rel awee22BRfi ci ency of incorporation of each of the PODGBa/@G6NTPs
varies according to the identity of 28he polynerase, it is desirable to use
a-S-dNTP to normal dNTP ratios 10 which are optim sed for each of the four
bases and for the particul ar polynerase. Typically, the nolar ratio of
racem c a-S-dNTP to norrmal dNTP used will lie in the range 1:1 to 1:3. (c¢)
Renmoval of s{digVeisianandéel praparaivs ofnesiqi éperiadsi on for cloning (see figure

15 1c) The nested set of deletjon enerated b onucl ease |11 digestion
in the previ gdglr&eéa% 0\%&%8%%4@8 C‘%‘?‘é‘?ﬁ’&ﬁé‘ilet chifprpz%ﬁt@a agisefed fdpended
inlx mung b : : i : ca, 1nM
ZnSA). The g]agté(gs}%ceiécil DNAt Oﬁéﬁﬁaggﬁggl\éﬁ ﬁ%%ﬁ@%@%%ﬁf %@m(gf& Qrrllij}ng bean
nucl ease i n are100limited ¢, tlerusatof 20y 30® Horex@ichiasejtapy 5’-Tthi3s- gxonedemey@nmoved
the 5 - .and 3'-overhangs to,yield blunt- end products.. The reacti was
St opped Syt Y ATEH GRS SR STRC S B sraiv VB DA PRRIBAL BESGRRN Ao
di gested pr OgHEhSnWELE eip1E, B inite] mmﬁaglﬁwaﬁ@ﬁ iR /p&ﬂfﬂﬁeﬂ%ﬁh%% ki t

ara % ag

(Q agen), digested with Nco I, and sep ed on a 1 % agarose/ TBE gel,
usi ng a 100bpanBNA&VELse demenss aboye hnidentlea f@medliptimer whighbindsapgtioxindtelyd 800

ext racti on kKb oparameinte e ehR S CeRl BB At Rl B B o 1

nucl ease, cagsal e hefankedby o2kBEAMRe: 51 &R Bd-0Raes B en teANchiieTReSt ed set
of 3'-deletions generated b ' - exonucl ease. WD 02/ 27327

3-5
PCT/ GBG/ osegm*iﬁghl’@&)fragmengqagéhew treneedov i Brbd | Birlesse.dichprogedseivelsns A
nunber of ot ?géaée%%‘éﬁfcﬁlg[é?'ﬁgwf%mBb&'tﬂ&%ﬁ-@ﬁ&%%ﬁ%%&%%ﬁ@?é1{191-a nest ed
set of deletions represent obvious variations on e ‘origrnal ‘procedure.

These i ncl udgrockdsive aadehdrate dfl detadakidroof théDNUSS depndaoy thig' timé sndd' -
exonucl ease, any 5' - to 3'- exonucl (fastﬁ, or 5 any. endgnucl ease which
truncates pr bgrssmpaiyhgieagion,gs Velt as the base compositiop DNA. Since the

flanking region on the 3’-end of the GST gene in the PCR product is significantly

15 shorter than that on the 5’end, degradation up to and beyond the stop codon will occur
long before the start codon is reached from the other end. Time course experiments
allow the optimum reaction conditions for removal of up to 400bp from the 3° end of
the PCR product to be determined. The resulting nested set of delétions can then be
blunt-ended to remove any remaining single-stranded regions, digested with a unique

20 restriction enzyme encoded at the 5’-end of the gene by the original vector, and
directiohally cloned into the tag vector. Alternatively, Lambda exonuclease can be
used to genera{te anested set of 5’-deletions. The preferred substrate for this enzyme
is 5' phosphorylated double stranded DNA 56 one end of the DNA substrate can be
easily protected by having a 5' hydroxyl terminus. ‘

25 The single-stranded 3' overhangs of the nested set of 5°- deletions generated by a 5°-
3- exonuclease can be removed by a number of different enzymes, including T4 DNA
polymerase or a single-stranded DNA specific nucleases such as RNAse T or

Exonuclease T or mung bean nuclease.

30 “(e) Cloning and analysis of the modified products (see figure 1c)



fragnent. For exanple, the initial PCR anplification can be perfornmed using
the sanme reverse prinmer as above but with a forward priner which binds
appr oxi maweby2327 kb upstream of the start of the GST genePCTiB81/0d6h3
generate a fragnment in which the GSB4gene is flanked by >2 kb on the &
end and only 84 bp on the 3' end. The 10 purified PCR fragnent can then be
treated with Bal 31 nucl ease, which progressively degrades |inear duplex
DNA from both the 5 - and 3'-ends. The enzynme i s non- processive and the
rate of degr Ztavewer PMMIUIGEHIRIAS e pedigsstaitotcompldtivn vetthe restnptioatenrygnet t he

reaction, as I t L1 f th .S i
ogton_on ¢ et aahBiped Snd B TORBRKbANT e SALREIRG: hERFHPant 1 v 15
shorter t hanﬁN‘)@E\n&@letr@s%&é&pf&du&%f%@@Hiag@egwibé@aw WgY ad 1Highredst op codon

will occur |long before the start codon is reached fromthe other_end. Tine
cour se exper iapethiesundslr standart sonditipraandrtbabgition eigvdstusetht tapsforadbwali of up

to 400bp f ' f he PCR b ' .
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remai ni ng si rllgé%-/ﬁlg E%B%ﬁgillﬁr?g' ons, digested with a unique 20 restriction

enzyme encoded _ -end of the gene by the original vector, and
directionally cloned into the tag vector. Alternatively, Lanbda exonucl ease

can be used to generate a nested set of 5'-deleti . Th f. d
substrate forThtStﬁq@mé%lESﬂ%durFyaﬁcarﬁﬁg_gbﬁ%tg‘?ﬁ&&ﬁ&%ﬁ%?@“&@éﬁ%@dg% so one
end of the V?d‘lg%{egat}ﬁw%@r, Qﬁl&/ £6 de¥et RO Wasded Y thavdgeden 6‘ftﬂe>(951$pxyl

termnus. 25 e singl e-strande overhangs of the nested set of
del eti ois gegenadreikndyimmesliate]ly aftexarinelaras ecodoarshtdd be ableded ghyy rise tuivber  of

di fferent enzynes, .incl udi T4 . ol.y ase or .a singl.e..stranded DNA
specific nug:l%}éﬁ? SRR tggﬂ%wgg}#é&gp m’@x(gﬁ%&ﬁ%racg%mﬁg ng%ﬁﬁéhl%%%)ﬁe(ﬁlﬁ%;l ease.
30 (e) C oning A qaRaby siodudh cidied PMis hashep EIRAUC bSly (€@ao bligs Barhe) WO
02/ 27327 PCT/ B01/ 03693 " 24 The vector pMVL OGH& was di&ested to

conpl eti on wifasonste thelstxahistidion tagrang omje gmfusg :é? paoteingndiettie 2870bp
backbone fr AqRE gticyr\%? te%%kna%glrl 'a{ tihg g}STqugp ¥SEhO This follows because ligation of the
15 blunt end of the deletion product to the blunt end of the vector results in a genetic
fusion in which the translation reading frame of the downstream vector DNA is
dictated by the original reading frame of the GST coding region. If the deletion
product ends in an incomplete codon, the newly appended hexahistidine-coding
sequence will be out-of-frame with respect to the GST gene, whilst if the deletion
20 product retains the GST stop codon, no translational fusion of GST to the
hexahistidine tag will occur. The only hexahistidine-(and GFP-) tagged proteins
which can arise from the overall process described above will therefore necessarily be
GST fusions to the polyasparagine, hexahistidine tag. These will not necessarily be
absolutely full-length clones, however their ability to fold correctly and retention of
25 enzyme activity will be screened for in further steps.
Transformed colonies were visualised under UV light (365nm) and 30 colonies
(approximately 10% of the total) which fluoresced green were selected by eye for
‘ further analysis. These colonies were replica;plated and analysed by colony Western

blot under standard conditions using anti-His-tag and anti-GST antibodies. The anti-



DNA and the restricted products prepared as descri bed above were then

| igated together under standard conditions and the ligation m x was used
to transfvoon/E32toli 5 DH5c cells which were then recoverkdr/aBdl/fpdesas ed ont o
LB pl ates containing 100g/m carbeni2gillin. This cloning procedure was
carried out on the full set of deletions obtained in the previous step.
However, only those del etions which excise the stop codon of the GST 10
gene and end inmediately after an in-franme codon should be able to give
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and GFP or t oplnfiis fdidaSTo Bk ReLitisiditiig [ The nkidBST ahtitdg] od Bl BiRahiel at
the GST stop codon. This follows because |igation of the 15 blunt end of
t he del eti on pndticlese todhe Geemmingg ofdhel GO proteineaditnreiossenly seoognigesgenet i ¢

fusion in which t.he transl at,jon readi f f th . DNA
™ Gt Bt eq SRR RG-S MRS ERTR Lol A IR AR T,
del etion prothedlomBe3vhofhe ke MRbRkent o6lomies)idoataiigig prodgip emiitdvas

hexahi sti di ne-coding sequence will be out-of-frame with respect to the GST
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process descr tdadiEimad hepredente diitawgleofce, inifenestsivns i ol lengBIGBTandnd to the
pol yaspar agi ne, hexahi stidine tag. The not necessarily
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Transforned colonies were visu under UV l'1ght” (365nm) and 30 col oni es

(appr oxi mat el gbtdined of: thisevemtl pricediniedhthbtafioe epprodingateler 7We(oé thegbatt ed by
eye for further, anal ysi These col oni es..were. replica-plated anal ysed
by col ony. \eshBTHE ChElEn THABRCSE arioaen. SoHA T ey A oatd g g
anti - GST anti hagisefl-1Ehan TYT cIMK2sOvhitR 3’ exipedte SRFbt A8 88i%ity 28 approximately

15 63% (of the total number of green fluorescent colonies).

() Immobilisation and functional analysis of tagged proteins (see figure 1d)

E. coli DH5a cells were transformed with one of the full-length, hexahistidine-tagged
GST plasmids created via the above methodology. A single carbenicillin-resistant

20 colony was grown to mid-log phase in 10ml liquid culture and then supplemented with
100puM IPTG to induce expression of the hexahistidine-tagged GST. After growth for
a further 4 hours, cells were harvested and lysed by freeze-thaw/lysozyme. SDS-
PAGE of the crude lysate showed an overexpressed protein at the expected size
(27kDa), which represented roughly 20% of total soluble protein, as well as a small

25 amount of the 54 kDa GST-hexahistidine-GFP fusion, generated through amber
suppression. The crude lysate (500p1; 100ng) was then mixed with Nickel-NTA
magnetic beads (50p]; binding capacity 15pg hexahistidine-tagged protein) and the
beads fecovefed by sedimentation under a mégnetic field. Thé supernatant was

discarded and the beads were washed and then resuspended in a glutathione §



H s-tag anti body only binds to col onies which express a

hexahi sti di ne-tagged protein so the Western blot gives direct information

about thaveonmse? of col oni es expressing in-frane fusi onsPCDGBIE03693

hexahi sti di ne-tag. The anti-GST anti B6dy, on the other hand, binds close

to the Gtermnus of the GST protein and therefore only recognises 5

col oni es expressing full- or nearly full-length GST proteins. The Inventors

identified 19 colonies (63% of the ?reen fluorescent col onies) containing
[
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frequency of theématof the mspdyapf thednyfi-patadseddretien- t he I nventors obtai ned
via this_overall procedure is therefore approximately 17% (of the total
nunber o? green fluorescent colonies), while the frequency of isolation of
ful'l- or al nR§torditld, chities &f 19850 cbRRSng bt the pafeneX@Ret (BVIM DOGHEL ian
activity, is approximtely 15 63%}&_0f the total nunber of gr een fluorescent
col oni es). (fplasmidebiodisgen wirekind Higriegsed peatein halpyise sacemase) FeseRIZIONa: ei ns
(see figure 1d), E.. coli a cells were transf A
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sps pace of  eRao B Rt Uy Rk aRB e A T B R e R ¥R
expect ed si zegpetiditkBaobiliatioh represented roughly 20% of total sol uble
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was then m xe 1 Mo | =d RS iHRGnpRREE bdads 150
hexahi sti di neg[ﬂ\é%g%e %tgégféétl_tﬁ%ré?ﬂgﬁ tg Egggag,eﬁa}ggﬂfvgg%%re ggf Ogs sedf%ent ation
under a 1¥agneby eddiiied of bifee conipringatniM waslazele sod repdybed by SINePA&EH TR €

washed and t hglt?ovge%st E?t%?e? sdaengplé \I?Vh?chggla% glterf)lo(s)i%%e gctivity assay result contained a single

immobilised protein of the exact size expected for glutathione S transferase (27kDa),

thus confirming that the observed activity on the beads was due to this recombinant

His-tagged protein alone.

20
Example 2
(a) Vector construction
25 The Inventors constructed a second vector, pMM111, which is essentially the same as

pMM106H (see Example 1), except that the 676bp Nco I/Hpa I nonsense DNA stuffer
fragment is replaced with a 300bp Nco I/Hpa I fragment derived from the Escherichia
coli gdhA gene; the Hpa I cloning site is replaced with a Sma I site, positioned such

that the downstream hexahistidine tag is out of frame with the gdhA gene by 2



WO 02/ 27327 PCT/ GBOL/ 03693 26 transferase assay buffer containing 1nmM each
of gl utathione and 1-chloro-2,4- dinitrobenzene. End point assay data was
col | ect eav@h2/213280 m nutes at room tenperature by neasurPOGBaRIIEmMSOr bance
at 340nm this wavel ength correspondg7to the 2max of the product of the
GST-cat al ysed reaction. 5 As controls, cultures of DH5a containing either
the parent vector (pMMLO6H) or a plasm d encoding an unrel ated H s-tagged
protein (alanine racemase) were grown, induced, harvested, |ysed and
assayed i n pamgldotifies; @8Tthech TWistayt anden ofithy C(ddt gene esireplaced with tesaebdomndiorch had

been m xed with.th de, | ysate contajning,the H s-tagge T.. 10 glearl
dermonstrat i ngal?rﬁﬂ? Fq(ﬁ{e"yoﬁg%{?fg%%é%%e&c P s%g%h%&g 1%%&&??9%&%@‘3%"% ﬂe Y
i mobi | i sed Higha@esstaisSle ARENTINERIAOF 2 thddn g 3peAd & putfiteh FanRdviacihevi t y
on specific inmobilisation. After conpletion of the enzymatic assay,

protein was ehayekigtidinetagtand Gy nEtd ngaistion of BMB¢1 Hawas sainsed buf f er

cont ai ni pg 1OSOGnMr{cn‘i dazol e and anal ysed by SDS-PAGE. This showed that the
sanpl e i ch ggve e positive activity assay result contained a single

i mmobi |l i sed protein of the exact size expected for glutathione S
transferase (27kDa),_  thus confirm ng that the observed activity on the
beads vvas'due(l’()dVlloﬁlchaF’QEM?etﬁ‘&ﬁ?tolﬂg@ﬂf‘&’gﬁéd protein alone. 20 Exanple 2

(a) Vector c i : > 3 . pMM
1D whioh i EENEhRIaPRINE MINIRLAUTRIT LG R B PER RN, P
the 676bp Ncoexdkjpieor thedoeniag mddiatiohd. erirstlfy agyens-dirTPrvegsl inaeporadet n a
300bp Nco UHpa | _f_ragment derived fromthe Escherichia coli  gdhA gene; the
Hpa | cl'8ni ngthsiorigmaEPERmplidigatign, he-geastion npmbpx 3 1n 556401 {n sgcandbmthe; hat

the downstr eaﬁrl]lﬁ %igcﬁﬁ'c?s%é}la Ofontdth tioﬁheON(tzo Péndf.frf?zstiYgs 8 tﬁem%cg)g Bﬁﬂ@?ﬂe by 2

This procedure has several theoretical advantages over that described in Example 1.
These arise principally from the statistics associated with incorporation of a single .-
15 thio dANTP in to the original PCR products. Thus, upon exhaustive exonuclease III
digestion, the nested set of 3’-recessed deletions will all now terminate with a 3’-
thymidine base rather than with any of the four nucleotides. Cloning of these
fragments into the Sma I site of pMM111 will only result in an in-frame fusion to the
hexahistidine tag and GFP if the 3°-T is either that of the first in-frame stop codon of
20 the GST gene or precedes, and is in the same reading frame, as the “T’ of the first in-
frame stop codon (this follows because digestion with Sma I results in a gap of 2
nucleotides before the coding sequence of the tag).
Statistically, 4-fold fewer nested deletions will be created by the exonuclease
hydrolysis in this modified procedure than in Example 1, However, since all three
25 possible stop codons contain “T” as their first base, they will all be represented in the
set of deletions and will therefore constitute a four-fold higher fraction of the full set
of deletions. Given the probability of any given ‘T’ being in the same reading frame
as the first “T° of the stop codon, 33% of all clones resulting from this modified

procedure should be in-frame fusions to the His tag encoded by the vector but those



WO 02/ 27327 PCT/ GBOL/ 03693 27 nucl eoti des; and the ATG start codon of the
GFP gene is replaced with the codon for alanine (GCG. The vector has been
desi gned woaomBkat an insert cloned into the Sma | site POBGBODAEGOS n t he
first nucleotide of a colon at its 328end to put it in frame with the
hexahi sti dine tag and G-P. The construction of pMVL11l was confirned by 5
sequencing. (b) Modification procedure to introduce tag The Inventors then
carried out a procedure identical to that described in Exanple 1 except

for the fol | deletignstwkich pHeatif@dme (md kancy funshpy) givestigprtopwiie cplesiss trat ed in
10 th i ginal P Lifigati i ' i n. i b) .
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the vector pMdlifléd proddiuge, fedErdor 6f frasiss dvie leabil detesatiittathedgicant ages over
that described in Exanple 1. These arise principally fromthe statistics
associ at ed wPPPUIptRIbS StenpiGapthy bigher thahhptfoynd Jolewmedherpopsluoinrample gi nal

POR progduct sy TS BARLRXNAA b i SYBPUELEASRod dncediigaB b At LoBnf1eSt ed

set of 3'-recesse e Ions w | owtermnate with a 3'- thymdi ne
base rat her t(A3G,@TG) A, AFT,ICEGY @utaima T dotthaesondpentiony of t hese
fragments into the Ssa | site of pMM 11 will only result in an in-frane
fusion to the hexahistidine tag and GFP if the 3'-T is either that of the

first in-f raf}:fﬁﬁ{hgpacﬁfaﬂﬁgg th_lh?s%&hﬁe@-gp&ﬁﬂ@is(ﬁatpiﬁﬁﬁﬂ%l coAM ihéo '&at_fege

same reading frame, as t ©of the first in- frane stop codon (thi
fol | ows becadtste thi Festd afithavformar8rpeinier mesiunttse intfiad PGRpargflificationtd. ot i des

before hge caqdi ngr z&ggence of the tag). Statistically 4-folcd 1‘Te¥ver nest ed
del eti oHs wi HOTBE P sar7dd BAP A 28X HUCTBase” SHHIFBT ySrs™Pn“Hhis” rbGi fi ed

procedure thap,i @ﬁgﬁ%@%ﬁﬁ% with laRAE PR IS -G TR atiodT 3P0 Ol IERP

codons contain se, they will all be represented in the
set of del et ipstsbaiig thinlthattabRagfone e-$S-dTEPirtdide wilftoinedrpbmtediag tierenfiodct i on
of the full set of deletions. Gven the %robabi lity of any given T _being

in the same ribagimgjomenirey stagdhihery cad of the FR produgh dhessgemPonts of al |
clones resul tﬂu@ﬂto&ﬁ&%ﬁl'ﬂe%eﬁag{tfté) Egonuclease 1II digestion and will therefore remove the

15 requirement for enzymatic steps in specifically protecting that end of the PCR product
from degradation.

Example 3

20
(a) Modification of a second protein using the hexahistidine tag
Following the procedure as described in Example 1 for glutathione-S$-transferase, the
Inventors have demonstrated that the procedure is independent of the sequence of the
gene being manipulateh.

25 Thus starting with a plasmid encoding human transcription factor NF-«xB p50 and
following exactly the procedure described in Example 1 unless otherwise specified,
the Inventors have been able to demonstrate the modification of NF-xB p50 such that
thé first in-frame stop codon has been excised and replaced by an in-frame fusion to

DNA encoding a polyasparagine, hexahistidine tag and GFP (when the amber stop



procedure should be in-frame fusions to the H s tag encoded by the vector
but those WD 02/27327 PCT/ GBOLl/ 03693 28 del etions which affect folding
(and henoeobhupsei on) give rise to white' colonies (for POPGBeHSEWNS Set
out in Exanple 1). The Inventors havedfound that following this, nodified
procedure, the fraction of precise, full length clones within the "green'
popul ation is significantly higher than that found foll owi ng the procedure
in Exanple 5 1. The sanme argunent hold of course for "start' codons since
al | known st apdonde suppsess¢d)T Ghe GPGes thTIGIuokTTed CEE), wiom exicitedwitl fariuy lghe
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wi th a- dTTP: dhsselvtip prejeindysstes 1 these plenes were gesivgt by pridhadiypérylantidegelt hat
at | east: one_a-S-dTTP. residue .l jncorpgrated at the .end.of. the
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nucl eoti des Whidrvddaut bESTbSIGUD M, BoeRinERS 0 kiahs]Sti@RAY fgRd NIdK_E’;p!Sb to
therefore renove the 15 requirenent for enzymatic steps in specifically
protecting t tethexatstofing tag aRCREP) entliaitappfoxodd §DgN4&dXNE-8B pSBhastpd)e I8 20 (a)

Modi fication of. .a second pr.otein usi e hexahj sti dj t Fol | ow ng the
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I nventors hapﬁocﬂ@{%ﬁ%ﬁﬂcﬁﬁﬁ% th ARt hik fh%g&f GFP%%t@inl Xhe @é’?x_‘éﬁ&‘iﬂ@!&hta%ﬁmﬁﬁﬁed _
sequence of the gene being manipul ated. 25 Thus starting with a plasmd

encodi N humdhmt severed clonps énsndddpsriect NFraus: fEEnandfull of klowishiillelengthNF-t he

procedure described in. . e unl ess ot her wi specified, the lnventors
have been abRe P ehGHELEL 5, f RGP BHRROH: b0 ST FEOCEHER CRat ¢ he
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fusion to

fluoresced green when excited with far uv light (365 nm). Colony western blotting
using anti-His tag antibody revealed that 29 of the 38 clones expressed the

15 hexahistidine tag. Sequencing data confirmed that 18 of these clones were full-length,
or close to full length, in-frame fusions of NF-kB p50 to the hexahistidine tag; 7 of
these clones were absolutely full length, His tagged NF-xB p50 genes and the
remaining 11 His-tagged clones had short truncations of 4 to 1 amino acid residues.
This experiment clearly demonstrates the advantage of having a reporter system

20 indicative of expression and proper folding of the protein. Roughly 50% of the clones
that fluoresced green were full length in-frame fusions to a His tag, or had minor

‘truncations which did not cross a domain boundary, fused in-frame to a His tag.

(b) Immobilisation and functional analysis of hexahistidine-tagged NF-xB p50

25 E. coli DH50. cells were transformed with one of the full-length, hexahistidine-tagged
NF-xB plasmids created via the above methodology. A single carbenicillin-resistant
colony was grown to mid-log phase in 10ml liquid culture and then supplemented with
100uM IPTG to induce expression of the hexahistidine-tagged NF-xB p50. After
growth for a further 4 hours, cells were harvested and lysed by sonication. SDS-



DNA encodi ng a pol yaspar agi ne, hexahi stidine tag and GFP (when the anber
stop WO 02/ 27327 PCT/ GBOL1/ 03693 29 codon is suppressed). The clones that
fl uorescadogresBa; when excited with far uv Iight (365 nnpCweBe1/63sp3 her
characterised. Colony Western blots @8ing an anti-Hi s-tag antibody all owed
identification of clones expressing hexahistidi ne-tagged protein. The
soluble protein |ysates of these clones were resolved by SDS-pol yacryl am de
gel 5 electrophoresis and probed with anti-H's tag anti body.

| r munor eact PAEEsifghacmdobisate showed seaveaexpagnsebrroted akibe expectedstaces pondi ng

cact PASFghatsdate ; otegsal
at approx. S5 OBY) W TRperRsn s Bavtet 2 o Bl SR BRI her 2%ums o i bnal
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(365 nn). Colony western blotting wusing anti-H s tag anti body reveal ed
that 29 of the 38 clones expressed the 15 hexahistidine tag. Sequencing

dat a. conf i r madivpiatolib@n@fledtiie s K BCheH £ switkh ohtdlns alpRiigddomic bindiigase féo fal |
| ength, in-frame fusions of NF-KB p50 to the hexahistidine tag; 7 of these

cl ones were dWsiB pb@wasflabdllefl ente3, -bebes WithydjgekixmikBsips 6-tgemnal trangferase
remai nislg)g 11 Hi s-tag?%ﬁd C .?nes had short truncations of 4 to 1 -amno acid
resi dudd — THREr siapdeH sRRMURSar | y denpnstrates the advantage of having a
reporter system 20 indicative of expression and proper folding of the
protein. Roughly 50% of the clones that fluoresced green were full length
i n-frane fusilbapratandysefes wesgprepareh asingitheoysozymeficeses-ghes wrthed iPBSnot

and unct | onaphoaa Sr e SER aH o] GtiBag gub eanlsdipendE o0 1) e
(21 17, ONBPATER AR i otk
car ben ipkﬁ | | i and esilsttechat room temperature for 45 minutes.%t' the end ofg the incubation period,
the wells were washed three times with PBST (PBS containing 0.02 % Triton X-100)
to remove all the unbound proteins. The wells were washed three times with DNA
binding buffer ( 10 mM Tris.HC! pH 7.4, 75 mM KCI containing 5 mM (-
mercaptoethanol with a soak time of 1 minute. The 3” digoxigenin labelled kB motif
20 (2 pmol) was added to the wells in 200 pl of the DNA binding buffer containing 1 pg
of poly (dI-dC) non-specific DNA. After another 30 minutes incubation the unbound
DNA was removed by washing the wells three times with 10 mM Tris. HC1 pH 7.4, 25
mM KCl containing 0.02% Triton X-100. An anti-digoxigenin antibody-alkaline
phosphatase conjugate was diluted to 150mU/ml in ‘antibody dilution buffer’ (10mM
25 Tris.HC1 pH7.4, 25mM potassium chloride) supplemented with 0.2% bovine serum
albumin. The diluted antibody (200ul) was then applied to the microwells. After 30
minutes at room temperature, unbound antibody was removed by washing the

microwells with ‘antibody dilution buffer’ (3x350ul) supplemented with 0.02% Triton
X-100. 200@1 of a buffer (100mM Tris. HC1 pH9.5, 100mM NaCl, 50mM MgCly)



colony was grown to md-log phase in| Or liquid culture and then

suppl enented with 100M I PTG to induce expression of the

hexahi st ivdd nz2132ayged NF- KB p50. After growth for a furthreT/&Baoesss3 cell s
were harvested and |ysed by sonicatiéh. SDS WO 02/ 27327 PCT/ GBOL/ 03693 30
PAGE of the crude |ysate showed an overexpressed protein at the expected
size (38kDa) which represented roughly 5% of total soluble protein. KB
notif 5'-CGI ATG TTG TGG GGA ATT CCC AGC GGA TAA C-3' 5 3'-GCA TAC AAC ACC

CCT TAA GGG 3éittaitlup 250EMp-mitropken{Bphbgihatel (FNPRY agialleiliAe ghigdpBatase substrate,
ol i gonucl eotide, 'KB nptif, which contains a palindronic binding site for
NF- KB p50, w&@s thep @ffeditoghe YVﬁHS and the seastion elipwRddepressad Avesighbaizoenr i nal

transferase oSN eSRnd) EbRoThE - R Aok 3R R T ¢

prepared usi ng t S/sozyrre e t haw nmethod 1 n te buffered
saline pH 7. ﬁ)nnaﬁum af rherpgocﬁlctxw-mﬁeﬁmno};p\tasqhhlﬁnmbd a@4ibnim. OThd buekgrvahdibl e

protein _|ysate each ¢l one, was lied to the Ni-NTA coated m crowel |
5 and Pntubiieel BVaSROL USSR BNE P o PV oSS B the

i ncubation PEGhe infnlRLNEY | R BER t‘ﬁ@gé% gvf ﬁﬁ{éﬂo@p&léf‘dﬁ RBwis( PBS

contai ning 0.02 %Trlton X=100) tor he unbound protelns. The
wel | s were wasledtrelkirethit asmgsthmﬂmvcnton@omhted@ithg thetfude Ifsa®, ofhd tdbsliedtl pH

7.4, 75 mM KCd. con a'. in nol wi of 1

W ute. The SHeGRGIRHGeA 41 GHETbaT RS A BT AT SRR « he
well's in zooogﬁgfaceme%mma buf BN O Qinplifile Lrflic 19519 (dI - dO)
non-specific . After anot her 8 m nut es | ncubat %n t he” unbound' DNA was
renmovedOby waglivalgnttaneountd dfs driddecelitlysmtesfrom tDH D ceild ekptessinChepptlisfidihe- 25 M
KC1 containing 0.02% Triton X-100. An anti-di goxi genl n anti body-al kal i ne
phosphat ase %ﬁ?@§§@én%SWQW@6b?‘8{gE@@W in “antibody dilution buffer’

bovi ne-ser um® LYwRA 8 PAP TR ARG Mol R ks SRR BRER BT oV he
m crowel I's. Birdddig s3#@. The protein-DNA complex is then immobilised in the microwells via the
hexahistidine tag and all other proteins (including complexes between the labelled
15 oligo and other DNA binding proteins present in the crude lysate) together with any
unbound, labelled oligo, are then washed away. Since the antibody-conjugate
recognises the label on the oligo, not the hexahistidine-tagged protein, a positive signal
in the assay can only be observed if the NF-kB p50-DNA interaction is maintained on
immobilisation of NF-kB p50 via the tag; if this interaction is not maintained, the

20 oligo will be lost during the washing steps so no colour change will be observed.

The Inventors found that the yellow product was only detected in the microwells
which had contained the hexahistidine-tagged NF-xB p50 crude lysate and the
digoxigenin-labelled oligonucleotide and to which the anti-digoxigenin antibody-

25 alkaline phosphatase conjugate had been added. This demonstrated that the observed
colour change was due specifically to the immobilised NF-xB p50-oligonucleotide

complex and moreover that NF-kB p50 retained activity on specific immobilisation.



m nutes at room tenperature, unbound anti body was renoved by washi ng the
mcrowells with “antibody dilution buffer' (3x3501) supplenmented with 0.02%
Triton XvQ092732001 of a buffer (100mMM Tris.HCL pH9.5, 10BEMGRaGI36950MM
MyCl 2) WO 02/ 27327 PCT/ GBOL/ 03693 3B2cont ai ni ng 250Mp- ni t rophenyl

phosphate (pNPP), an al kal i ne phosphat ase substrate, was then added to the
wells and the reaction allowed to proceed overnight at room tenperature,
after which the yellow colouration in each well (corresponding to

formation of tReampledict, p-nitrophenol) was quantitated at 405nm The
background 5 rate of hydrolysis of the substrate pNPP was | ow so a positive
assay result was therefore imediately clear fromthe appearance of yellow

colour in the psl AS, 6 oPeid IR dpdventors omitted either
the crude |ysa ,i(%?lu@ﬁ%&?g%%ﬂe}cro%{l?llé%%g?lag%ﬁlgﬁg, or the antibody, or
added a 20- f ol Thekoeswraiavenppliel the grodegire exaskly go dessribedpl Bcerple hexcept

h hi sti di ne-t d NE- KB p50 de. | ysat j t.h.' 10 i val ent
Amount 5 of a cFIHE Seeftieq e aofia e de Tt Bt hlanbiont T6 G re. o
tagged GST in {RendaRiv¥eehQhtedAGEE SURCkeshifint eRifRaRRModNediBoRR shéH St

binds to the labelled oligonucleotide via the specific binding site. The
pr ot ei n- DNA cothat eachipssitioe in therapiay coesponds to lasingleresabingnigratetthe

hexahi stidine ta d | o r. protei,n i ncludj co ex tween the
"abel | ad 15 o 1o e ribhiRhaERRumaE pt RS St R GBRRF, Predii PGS

| ysate) toget hpivethédséshed di@tayby fhiddiRhbedss] indhave e ctheillyiashiitdavay .
Since the anti body-conjugate recognises the l'abel on the oligo, not the
hexahi st ilfi ne- indijgden! prajeisicampangwsefithgpodi gnal i n the assay can only be
observed if the NF-KB p50-DNA interaction is nmaintained on immobilisation
of NF--KB p50 via the tag; if this interaction is not naintained, the 20
oligo will be lost during the washing steps so no col our change wll be
observed. The_lnventors found {hat .the iﬁel | ow product was only detected in

the microwel | s 2RIk} Sreradfupgion gt el ees MUK RAY St i di ne-t agged NF- KB p50

crude | ysate anhdenthe di goxi geni n-| abel | edizel i gonSeireahd Bactand t o whi ch| t he
anti - di goxi gen Qut‘g‘fvl"nrioing' g’ gx:anferase 950bp bacterial; detoxification
| NF-kB p50 1165bp human; transcription factor
maltose binding protein 1325bp bacterial; carbohydrate transport
alanine racemase 1342bp bacterial; cell wall biosynthesis
nuclear factor of activated T cells (NFAT) | 1087bp murine; transcription factor
indoleglycerolphosphate synthase 1528bp bacterial; amino acid biosynthesis
phosphoribosylanthranilate isomerase 920bp bacterial; amino acid biosynthesis
tryptophan synthase (c.-subunit) 1122bp bacterial; amino acid biosynthesis
chymotrypsin inhibitor 2 389bp “barley; serine protease inhibitor
B-lactamase 1040bp bacterial; antibiotic resistance
15

Initially, all ten genes were subcloned in to the same pTrcHisA vector backbone since
amongst other things this mimics the situation encountered with a cDNA library. The
primers ‘STforward’ and ‘STreVérse’ described in Example 1 were designed to bé
universal primers for the amplification of genes encoded within a pTrcHisA vector

20 backbone.



25 al kal i ne phosphat ase conj ugate had been added. This denonstrated that

t he observed col our change was due specifically to the i mmobilised NF-KB
p50- ol i gowaot/ze de conpl ex and noreover that NF--KB p50PerGBONEHIRCti vity
on specific imuobilisation. WO 02/273327 PCT/ GB01/ 03693 32 Exanple 4 (a)

I dentification of one protein froma pool of 10 genes The Inventors have
applied the procedure exactly as described in Exanple 1 except 5 where
specified to the pool of 10 different genes listed in the table bel ow. The
| nvent or s haVke gamer STforverd ayas dsfighérbsuch shat itamtodgs eaiuhibeabf estniotod | ed
proteins such th?tlea(_:h position in the array corresponds to a single
reconbi nant PFSERIM S mobi | i sed through the tag appended as a result of
this procedure. The Inventors have then screened the array by functional
assay and have successfully identified 10 individual protein conmponents of
the pool. Tabr&Tq CTSiAE B TEA fSC] G BFC CHE T ENCHRAGS AAT THeAPGERCGene

Si ze Soyrce agngd, Function glutathione S transferase 950bp bacterial;
detoxification NF-KB p50 1165bp human; transcription factor naltose

bi ndi ng protein 1325Bpt Bact 8sd & ; cafBohydrate transport al ani ne racenase
1342bp bacterial; cell wall biosynthesis nuclear factor of activated T
cells (NFAT) 1087bp nurine; transcription factor indol eglycerol phosphate
synt hase 1528hys, bidlwdref itlel restantiomoenayinds Hadd pnbfésarsbe used to generate 3°-
phosphori bosyl ant hrani | at e .i sonerase 920bp bacteri al ; ino acid

bi osynt hesi SOV P S XA LS PR RELSCHEn DEOTSY F o1 St abidbpe BFPOsSStho aci o
bi osyntipesi StheGd FPiHMRSA AcAtiAl p%ée@ﬁre?in&ﬁﬁ%aﬁ%![é BY¥ InveRfdr§ehddé & @RFRp
inhibitor (3-lactamase 1040bp bacterial; antibiotic resistance 15
Initially, aHlsnenalgeaved stetistécallypicvidrmagmiore frequenty sathin pifbier, dacnestesr

backbone si NE&Shesive ends which are compatible with the Nco I cloning site in the tag vector

pMM106H used here and does not cut within any of the 11 genes in the present pool.
Clearly, in principle any of the primer encoded restriction sites could be used

15 providing that the tag vector contains an equivalent cloning site downstream of the
promoter; Sfi I would have significant advantages in this regard in a larger library
format because it has an 8bp recognition sequence so the frequency of random
occurrence of an Sfi I site within a given gene will be much lower (1 in 6.5%x10%) than
that for a 6bp recognition sequence such as that of Bsp HI (1 in 4,096).

20 The tag vector pMM106H is an ‘ATG’ vector, i.e. the 5°-cloning site (Nco I) overlaps
the ATG start codon positioned downstream of a ribosome binding site (RBS) for
expression of native proteins. However, in the procedure described here the Inventors
are not reliant on the cloned genes having a common restriction site at their start
codons. Instead, the Inventors simply rely on the vector-encoded promoter initiating

25 transcription to produce mRNA, with the requisite signals for translational initiation
being provided by the cloned genes themselves. Thus in this Example, all the genes in
the original pool have a start codon immediately preceded by an RBS, irrespective of
the presence or absence of a cloning site at the ATG.f Since the primer ‘STforward
binds upstream of the RBS in all eleven initial clones, subsequent post-modification

30 cloning using any of the primer encoded restriction sites will introduce the newly



anongst other things this mmcs the situation encountered with a cDNA
library. The primers " STforward' and "~ STreverse' described in Exanple 1
wer e desivymez213e7 be wuniversal prinmers for the anplifi cat POVGBD1/gpspEs
encoded within a pTrcH sA vector 20 Backbone. WD 02/ 27327 PCT/ GBOLl/ 03693

33 The priner "STforward was designed such that it encodes a number of
restriction sites as follows: 5 -ATG CTG ACG TCA TGA GGEC CCA TGG GEC C CG
GAT AAC AAT TTC ACA CAG 5 G 3" Aat I1 Bsp H Sfi | Thus, either of the
restriction mnd';ﬁcdgeminlw thertagsféctdr tc@rﬂldmeviﬂs’fbdrpdgiglemstaed ATG sver hangs

f or exonucl e se rote oses ection clonin oses at
o e ane o AL SRR 17 B N b8 Bl R B AR o, o
chose to useaﬁai@s i thad AICRiEkASR CDIN At vl vk qeélﬂms -m&dnsraw‘d rBEbEs
frequently within a library, 1t generates cohesive ends which are

co (rjrpgtl bl e WYHR) whicsenteincthe aulssgyasictteanslgtionsd inihafiopesignsls. AMNEDBH used her e
and doe t_cut wt
. . ?i BFG eéﬁye(mro ?rﬁ%ag}n lgré'per fraddli é&l dﬁ?ﬁﬁ?n iﬂ%{xw{% c% S&h nﬁﬁgiebe]ﬁu%g arly,

In prl n rmer enco res 1 on SI es cou sed 15

provi di ng t hadgethaewitBgts S TR inCte Ateak AFohdlvestst wititle pfovides tiangriptiteal
downstream of the pronoter; Sfi_ | would_have_significant advantages in
this regard imtigionsgas oj aﬁ@ﬁ?&}“@b‘ﬂﬂ%ﬁ“%é@éﬁ?@ﬁi’mﬁ% to Hhogp BssddB 8YMi t i on

aven gene. w b R EREy OFFER IRRBIFRER T A aiusroghgppen ' " @
recognition Hbgueicesisglepotin ddeqienoé-imkkpertden( hanmer4, 096) . 20 Thept ag vect or

pMMLOGH i s an ‘ATG.vgactor, i.e. the 5 -cloning site (Nco |I) overlaps the
ATG st &% codon positioned downstream of a ri bosone binding site (RBS) for

expr essi on Ofy Q@J{ ef}ﬁaﬁ%)t c@ﬁure%‘é‘%&ﬁfed o'uf‘a§d@cﬁ15éaq{%%kﬁﬁpﬁelsﬁfthlﬂﬁd here the

| nventors are n on the cloned genes having a conmon restriction
site at thei folitvang mcxddiixatlsns Iﬁm;ecpmdplat peOIIQf‘aHmmg%lCSWﬁﬁ)llV«‘draéltllﬁ template

vector-enc Od?or 1R{t1%p8&ﬁrampq{ft ica tlon usgng primers ‘STforward’ and ‘STreverse’, after which
fragments were digested with Aat II to protect the 5’ end. Exonuclease III and mung

15 bean nuclease-treated fragments were generated exactly as in Example 1 and were
then digested with Bsp HI, which restricts the fragments uniquely within the forward
PCR primer binding site and generates a cohesive end for cloning into the vector
pMM106H. The resulting fragments were gel purified and ligated in to the vector. -
Transformed cells were visualised under UV light (365nm) and colonies which

20 fluoresced green were selected by eye for analysis by Western blot. Approximately
2% of the total number of transformed colonies fluoresced green. Of these, 103 (42%)
expressed proteins which are recognised by anti-His tag antibodies. These colonies
were inoculated individually into 1.5 ml of liquid medium in 96-deep-well blocks and
grown overnight. Cells were harvested by centrifugation and lysed by freeze-

25 thaw/lysozyme. The individual crude lysates were then applied to individual wells of
a Nickel-NTA-coated 96-well plate and unbound proteins were removed by washing,
leaving a discrete His tagged recombinant protein immobilised in each well. The
immobilised proteins were then assayed for either GST or NF-xB activities using the

assays described in Examples 1 and 3 and wells containing positive ‘hits’ were



25 transcription to produce nRNA, with the requisite signals for
translational initiation being provided by the cloned genes thensel ves.
Thus i n twbe2/E8anple, all the genes in the original pool PONGBIHIBDAS t
codon imedi ately preceded by an RBS35irrespective of the presence or
absence of a- cloning -site at the ATG - Since the priner " STforward'

bi nds upstreamof the RBS in all eleven initial clones, subsequent
post-nodi fication 30 cloning using any of the primer encoded restriction
sites will iiienBfed® qagh careyfhegprosrapgesst FitherTgreptgy Yelowacolauatinngi f i ed
genes into E'élﬁ Lttg,glyvect or together with their original RBS and ATG so
translation in ?latlbn W ll be ensured. In a cDNA |ibrary format,” a sim|lar
situation appthedist asdyhireceprbteinslih tHeemaly waOMAsidws Exhiba GS Tt dedivity, gyiwing
5'-untransl ated regions (UTR) ich contain the eukaryotjc translational
initiation sP&#&P@.OfﬂPPmFWé%telVé% $Ceéaenq%°§tbe sﬁ?%ﬁpﬂmaﬁ%s mids el onal

initiation thep.j %hrte@elﬁ:loa&?i*}lleﬁﬁﬂe ARG begh e st %ﬁ%}aﬁl@&hé"fléxghikﬁcﬁnéiagUTR in

to a eukaryotic vector which provides transcripti initiation signals
so an equi vakehGFRHeuer stithesahreof tweGRrp rbsvdutslytfolltléngte GSTemdione tas 8

Exanpl e coul d.therefore he used.in.th i fication of every nmenmber of a
CDNA | ibrar 911$}R eq]r?é‘lvgmﬁlb?le?r_w ‘iﬁdg’(ﬁ?gﬁg%géq?vﬁté'gpendgnt manner. 10 The
experi nent al éﬁ?fé%%%d%s%sﬂﬁ&r rbf%ﬁlls(?ﬁwheaa%ia9§fﬁ8\£’3lsclpﬁpsiﬁ% peRphe Dnwi th the

foll ow ng no ications. "An edui nol ar poo all”ten genes was used as the
tenpl ate f obirding acsivitiPCRudinlchdractetisation o thegopitivereloses, SHdwedisrodf thed

ST ",oafti which f ' di ted with t.. 11t t
the & Uha. ' ks uredadiama SRR SRy NT5B o3 eRtsciodbb B BHABR 9 Shhant o

t . i i ] H ,
were genera ?ﬁg&{‘ﬁgst %l}ﬁo@tsﬁﬂl e @Tt%/d W?ﬂf}!‘%ﬁ?ﬁe&@ NfisO8R bR Wat thoRSP

whi ch restri ragnment s -uni que rward PCR priner

binding site s@%ﬂel?@ﬂﬁéﬁé@ﬁut&oﬁ@hﬁdithbeerﬁwDi\m bintimgidogaimd ONFREB psCt or
pMMLO6H. The resul ti ng_fragmant S. were gel 1t;,urifi ed and ligated in to the
vector. Tradeemsiegy.cirqedheessey isidssignedsian bipdagto the ‘FQ%%C%?I‘%S?HF)W%‘?M

| oni whi ¢ch 20Q. f | ) f L vsi b
Cesem &S, Eﬂlﬂ%%}og)s( WOk S5 gﬁjve%@ENA"‘ﬁﬁﬁm%%oﬁﬁﬁr?ﬁtﬂ 6¥i8af Rl rRRALY S vy

15 be positive in the assay. The third clone was found to be an in-frame fusion of the
DNA binding domain of the murine transcription factor NFAT to the His tag. The 3’-
digoxigenin labelled ‘«B muotif® used in the assay contains a specific, high affinity (K4
approximately pM) binding site for NF-xB p50 but this same binding site is also
specifically recognised by the DNA binding domain of NFAT with approximately nM

20 affinity. This result therefore demonstrates that functional interrogation of arrays
generated by this procedure can identify both specific interactions and also weaker
interactions which are nonetheless specific and biologically relevant.

In a subsequent experiment, an array containing ca. 340 of His-tagged proteins was
prepared according to the method of this Example. Analysis of the array by GST

25 activity assay showed that 8% of all proteins in the array possessed strong GST
activity. In addition, PCR analysis was carried out on a pool of the 340 encoding
plasmid DNAs using gene-specific primers and this showed that each gene was

represented in the His-tagged collection. These data therefore provide further



2% of the total nunber of transfornmed col onies fluoresced green. O these,
103 (42% expressed proteins which are recognised by anti-H s tag

ant i bodi a0 oJtmee col onies were inocul ated individually Par/eBbl/@ens of
l'iquid nmediumin 96-deep-well bl ocks3and grown overnight. Cells were
harvested by centrifugation and |ysed by freeze 25 thaw | ysozyne. The

i ndi vidual crude |lysates were then applied to individual wells of a

Ni ckel - NTA-coated 96-wel | plate and unbound proteins were renoved by

washi ng, | edPnfgnaion theibe method of fyyermnde irsHwRRGe-Tsleperdent andasbibeEi sed in
each well. T ] i1 j ere then assayed for either GST or
NF- - KB activpﬁwgéfﬁggﬁgk?ﬁgl&%§§§$§ﬁ§%§%ribed in Exanples 1 and 3-and wells
cont ai ni ng pdaistinyeary theteforeyshe EnvARRLhRAEIREd REDr&RMIcd A6&BibedMm theent i fi ed
in each case by the appearance qf either green or yellow col ouration
respect i vel y. EAamnlefdocfoala areys g ,funm?l?@ipw?%{l%mr?smiw fogpabgndpsing theend t o

exhi bi t T Vi j A i : | 0 i ng of
the. cor r saponl g 1 must s Neve BenlTyferfic e pUETRAE plorlf o HzE

f usi ons bet wemsedorGSTheg spreifangtotelreli panddhiestciidnn@G S agctivity s @FPogspeeific of
these three, two were absolutely full-length GST and one was a slight
truncation whERIEDEH} INjeragtipns, '%@Eilm&éﬁawt y. In the second assay,
three proteins in the array showed positive "xB-notif DNA binding
activity. Further characterisation of the positive clones, showed two of
the 10 clones were in-frame fusions of the NF-xB p50 gene to the
hexahi sti di ne tag, one of which was alnost full length (truncated by one
am no acid) whilst the other was nore severely truncated but contained the
entire DNA binding domain of NF-KB p50. Interestingly, since the assay is
designed for binding to the cognate DNA sequence, truncations that stil
have the DNA bi nding domain intact, folded, and functional wll 15 be
positive in the assay. The third clone was found to be an in-frane fusion
of the DNA binding domain of the nurine transcription factor NFAT to the
Hs tag. The 3'- digoxigenin |labelled '-KB notif used in the assay contains
a specific, high affinity (Yd



approximately pM binding site for NF--KB p50 but this sane binding site is
al so specifically recogni sed by the DNA bi ndi ng domain of NFAT with

appr oxi mewveby2m 20 affinity. This result therefore denoPeT/GBOEE36H At
functional interrogation of arrays g¢@eénerated by this procedure can
identify both specific interactions and al so weaker interactions which are
nonet hel ess specific and biologically relevant. In a subsequent experinent,
an array containing ca. 340 of Hi s-tagged proteins was prepared according
to the net hoddLAIMSi s Exanple. Analysis of the array by GST 25 activity
assay showed that 8% of all proteins in the array possessed strong GST
activity. In addition, PCR analysis was carried out on a pool of the 340
encodi ng pl asn dA BNARod! BHoAECIEE RRe P EdrE iptotBink A khidNehd & Siof@iesnd hat

each gene was represented in the His-tagﬁed col l ection. These data

t her ef ore priolli lgagthiandnegrraptly dolded 3pd wovh GeOEAGB 623 ed 36 citbert thent PorC-t hat

the nmethod o I | e ] eque =4 . be appliedto a
col | ect ?on o%r%ﬁpgg?%ﬂoggggﬁﬂeoge.%ﬁ egﬁlc%%ffgf%?@gtﬁgé& ?ﬁ%ﬂgnventors have
used the pro@pdurgsvidagcsrelsndra DNve sileduteshaling an@pen eqidén gefkdndey énddlling
functional proteins in a mcrowl!l format and using these 5 arrays the

| nvent or s hai?éi%ﬁ?@é’é%t@gﬂh?fywﬁﬂﬂén%ﬂdflqréd“PH?I%?@tﬁ(ijfegé’rnéht proteins froma pool
based on either s Ed i AN i i : VA ay)
o specif ¢ Chr ot btk PCDRU o ARE plarRiloRs d SHERAN A 33527
PCT/ GBOL/ 03683-dSTPChsWhibas ANTPs s hedlapglaeUDNAgmoReules; nore proteins in
whi ch' one or nore domains are full length and correctly folded and which
are eadf tag@§ed atpeeificalby profecting thy 5° ¢ & ensl o 59 DNA modprarles rirom macksasek er
noi eti es, sa&%mﬁgkhod conprising: (a) providing one or nore DNA nol ecul es
havi ng an opef reating frane encoding said proteins together with 5

and/ or 3' unfd)anstredtiang sedgdNAsholecules first with a 5” to 3’- or 3” to 5’-nuclease to

generate a set of nested deletions followed by treating with a single-strand nuclease

under conditions that allow removal of said 5’ or 3’ untranslated regions including the
15 start or stop codons of said open reading frame;

(e) cloning the fragments generated by step (d) into an expression vector

containing a coding sequence for one or more 5” or 3” marker moieties;

® expressing said encoded proteins.

20 2. A method as claimed in claim 1, wherein said amplification of said DNA

molecule statistically incorporates a single a.-S-dNTP.

3. A method as claimed in claim2, wherein the single a-S-dNTP is either a-S-

dTTP or a-S-dATP.
25
4. A method as claimed in any one of claims 1 to 3, wherein said nuclease is

exonuclease ITI or A exonuclease.

5. A method as claimed in any one of claims 1 to 4, wherein said single-strand



(b) anplifying said DNA nol ecul es under conditions that statistically
incorporate a-S-dNTPs as well as dNTPs into the daughter DNA nol ecul es; 10
(c) speciwoozbidy? protecting the 5° or 3' end of said DNA poT/esoi/er9srom
nucl ease digestion; (d) treating sai3d DNA nol ecules first with a 5 to 3'-
or 3 to 5 -nuclease to generate a set of nested deletions followed by
treating with a single-strand nucl ease wunder conditions that allow renoval
of said 5 or 3 wuntranslated regions including the 15 start or stop codons
of sai d opemuckask isgningdreen ngepaseloo TUAYNA®lFmergseent s generated by step (d)
into an expression vector containing a coding sequence for one or nore 5
or 3" marker noieties; (f) expressing said encoded proteins. 20 2. A nethod
as claimed ig clai BdhodbeEBintedRl shyasmel dffdlGakion Niwisaéid tRNMarlep hasetye
statistically incorporates a single a-S-dNTP. 3. A nethod as clained in

cl ai n2, whera@lowstdeafighatigineofexpregNmpof spikppangeadingira@®TP or a- S- dATP. 25 4.
A nethod as clained in any one of clains 1 to 3, wherein said nuclease is
exonuclease |1l or 7 exonuclease. 5. A nethod as clained in any one of °

claims 1 to %4, whgnrgéthodai Blafhdbincastdmngd dEhR2/ 7] hdP6h/ (EBOkI3 GFety38
nucl ease i s nung bean nucl ease or T4 DNA pol ynerase. 6. A nethod as cl ai ned
in any one ofllaysgopgimatiqn of folghng ¢fjsaid gpen frgfety all ows confirmation
of expression of said open reading frane. 5 7. A nethod as clained in any
one of clains 1 to 5, wherein the marker noiety allows confirmation of

fol ding of s&id opafictheddi cdgnied dnany ®ne Af rkiilned @ T|vehared the nenlyer one ciyf

clainms 1 to 7, wherein the marker noiety
encodes the green fluorescent protein.

9. A method as claimed in any one of claims 1 to 7 wherein the marker moiety is
a peptide sequence, eg a hexa-histidine tag, a complete protein or protein domain, eg
the maltose binding protein domain.

15
10 A method as claimed in claim 9 wherein the tag allows for purification of the

individual proteins in the array.

11. A method as claimed in any one of claims 1 to 10 wherein the tag is inserted

20 sucﬁ that the start or stop codon for each of the proteins is replaced.

12. A method as claimed in any one of claims 1 to 10 wherein the tag is inserted
in-frame in a region close to the terminus of each of the proteins which is unimportant
for folding and function.

25
13. A method as claimed in any one of claims 1 to 10 wherein the tag is inserted
in-frame within the open reading frame but in a region outside specific domain

boundaries which is unimportant for folding and function.

30 14. A method as ciaimed in any one of claims 1 to 13 wherein amplification of said



10 encodes the green fluorescent protein. 9. A nethod as clainmed in any one
of clains 1 to 7 wherein the marker noiety is a peptide sequence, eg a
hexa- hi stwabner3eag, a conplete protein or protein donmai n, PEGBOHES6pEI t OSe
bi nding protein domain. 15 10 A nethdd as clained in claim9 wherein the
tag allows for purification of the individual proteins in the array. 11. A
nmethod as clainmed in any one of clains 1 to 10 wherein the tag is inserted
20 such that the start or stop codon for each of the proteins is replaced.
12. A net hodDNa mbkiuledn istepdayis diyen win-grhoaf-readingtpolyiferadec eei Mad belyhgase S

i nserted in-f{lamf in regi op ﬂ#?se to th? term nus of each of the

protei ns whi ¥HL$ Klenernisagmay of DR Pelymarasgland function. 25 13. A nethod as
claimed in any one of clainms 1 to 10 wherein the tag is inserted in-frame
wi thin the open reading frame but in a region outside specific domain
boundari es whi.ch Asnethodpoeltianed ihany boé df clginant td 4 ethierain tiRGratid of faidret hod
as cl ai ped i $-damPs ek eNaPs ¢ witwEenll -t end B3wherein anplification of said WO
02/ 27327 PCT/ GBOL/ 03693 39 DNA nolecule in step (a) is by a -

non- pr oof -readi ng pol ynerase, e.g. Taqg pol ymerase or the Kl enow fragnent
of DNA pol ynkr-aseAmethad asiclaimedod aax oae af pletns h tady wheeeipfaid|S3ite8” or 3o 14
wherein the rat,io of said a- ,5,S;dNIPs &40, dNIPs. i.s between 1:1 and 1:3 16.
A nethod as Qi Wécgeais?]1sawglgﬁ%hg§rog{ggpfé—pliosﬁpgo 1%“%115%@57‘?3& d5 to 3 or
3'- to 5 - nuclease is unable to hydrol yse a-S-phosphodi ester |inkages. 10
17. A nmethod as clainmed in any one of clains 1 to 16 wherein said DNA

mol ecull® isla cDAMmghotacdaintsyd in ewepreof dlansdr foptd whertingaidDNRNAokegaence.

18. A method, s i RIpiSflobd s F %8 Fraflorilidh FBna RN sfiRh&L 1 sai d method s

18. A method as claimed in any one of claims 1 to 17 wherein said method is

carried out on multiple DNA molecules in parallel. |

15
19. A method as claimed in any one of claims 1 to 18 wherein said method is
carried out on a population of DNA molecules in a single pot.
20. A library of tagged proteins produced by the method of any one of claims 1 to
20 19.

21. A method for producing a protein array, said method comprising:

(2) clonally separating each member of the library of claim 20;

(b) expressing the individual tagged proteins in a spatially separated format;
25 (¢) purifying each tagged protein by means of the marker moiety;

(d) depositing each protein in to a spatially defined array.

22.  An array comprising proteins prepared by a method as defined in any one of
claims 1 to 19 or produced by the method defined in claim 21.
30



carried out on nultiple DNA nolecules in parallel. 15 19. A nethod as
claimed in any one of clains 1 to 18 wherein said nethod is carried out on
a popul atwoen2/of32DNA nol ecules in a single pot. 20. A |ibreeyGsbl/ozmgyed
protei ns produced by the nethod of ady one of clains 1 to 20 19. 21. A

met hod for producing a protein array, said nmethod conprising: (a) clonally
separating each nenber of the library of claim20; (b) expressing the

i ndividual tagged proteins in a spatially separated format; 25 (c)
purifying ea2h taggedrayr o elimnddyinrelains 23f whireinrdrekeomprmieatsyof (he) arebspgisi ti ng
each protein in to a spatially defined array. 22. An array conprising
proteins, pr%&P@gS%egt%ﬁﬂ “éfgc‘ﬁefi ned in any one of claims 1 to 19 or
produced by the nethod defined in claim21. 30 WD.02/27327 PCT/ GBOLl/ 03693
40 23. An array as clainmed in claim22 wherein the conponents of the array
are i mobi | 24ed, Aegartay @ sloined Buclhme @2 @423 Avheagin dhe andividailnpotdins adeai m
22 or 23 wher ei n .tl.he i ndi vi doggll? r ot eitns are 5 immobilised by neans of the
tag noi aty. 5emohilised ppedns ol WelagmMPtE%ne or nore conpounds for bi ol ogi cal
activity which conprises the step of bringing said one or nore conpounds
into contact wwth a protein array as defined in any one of clains 22 to 24
and neasuri ng5.bi ndimethod of $reeening ane of More e@npemEs ferddolpgicelpstipitpvlichs i n
the array. 26. A.nethod of_..screeni gne _or_nore proteins:faqr .gpecifi.c

br ot 61 e b ot SITPHSER P A YR e e bl ap e SRR b SPrafBl gl o one
or nore prot girisas ®Findd Gy oreWItR&Es 22 REPE Aid méAdhfing BRI of Whd dhedt arr ay
as defined in any one of clains 22 to 24, 15 and neasuring binding of the

one or Wore spescedmpouststathagrajginhintheaapt ei ns of t he

26. A method of screening one or more proteins for specific ﬁrotein-protein

interactions which comprises the step of bringing said one or more proteins, eg a cell

surface receptor, into contact with an array as defined in any one of claims 22 to 24,
15 and measuring binding of the one or more specific proteins with the proteins of the

array.

27. A method of screening one or more proteins for specific protein-nucleic acid
interactions which comprises the step of bringing said one or more nucleic acid probes
20 into contact with an array as defined in any one of claims 22 to 24, and measuring

binding and measuring binding of the probes to the proteins in the array.

28.  The use of an array as defined in any one of claims 22 to 24 in the rapid
‘ screening of a compound, protein or nucleic acid.
25
29.  The use of an array as defined in any one of claims 22 to 24 in screening for
molecules which recognise each protein in the array, wherein the molecules are

preferably antibodies.

30 30. A method of generating an antibody array which comprises bringing a protein



array. 27. A nethod of screening one or nore proteins for specific
protein-nucleic acid interactions which conprises the step of bringing
sai d one w0 ome13e7 nucl ei ¢ acid probes 20 into contact w tACHGBar/0®Y3 as
defined in any one of clains 22 to 24] and neasuring binding and nmeasuri ng
bi nding of the probes to the proteins in the array. 28. The use of an array
as defined in any one of clains 22 to 24 in the rapid screening of a
conmpound, protein or nucleic acid. 25 29. The use of an array as defined in
any one of chmiynes @FinedirPany mmesd chens P2yt B intovedngast wath anteintibodyelthognyl, se each

teinin th wherein, th | ecul f.er abl tibodi es. 30
50, A met hod U5 Tt Bk 9F GEe BRI SRRy Ol S pind P st PReaBriv i the a
protei n VWO 0gi?h6d% TibRey/ RN I8P dnbdthd AhfiBodi @SardafiniRilidafloRBythege of

claims 22 to 24 into contact with an antibody |ibrary, such that one or
nmor e pr ot ei nentihediel dopndiogiratemsamihepiretdintasrayt | east one antibody in the
anti body library, renoving any unbound anti bodi es and i nmobilisation of
those antibodies bound to proteins in the protein array. 5 31. A nethod

for the screeni ngAchethb@t®ithe §cudeRingT ppstemuneiince dblindiice GBIEAICOEDSisest he
step of bringing an _antibody array as defined in_claim30 into ,contact with
a mxture ofhesHP Jbringing apragiidycarray@s dofined il ABP Ligtagortaskwithd any one

of clains 25_t 7 i o conprises the step of first providing
the protein g&@%éﬂggﬁﬁEQPﬁgéﬁgﬁ%%%y one of clainms 22 to 24 33. The net hod

as defined in claim?2l, wherein the proteins in the array are purified and
imobilised in a single step, 15 34. The_ yse of a_ tagged protein produced
by the 10t hodd as giihﬁ@as Hg}néqdr}n any one of clialms 25to 27 09%8 whech also cong)pr?ses

the step of first providing the protein array as defined in any one of claims 22 to 24

33.  The method as defined in claim 21, wherein the proteins in the array are

purified and immobilised in a single step. ‘
15

34.  The use of a tagged protein produced by the methods as defined herein.

35.  The use of a tagged protein produced by the methods as defined herein for
‘ analysis of interaction between expressed protein and other proteins ‘

20
36.  The use of a tagged protein produced by the methods as defined herein for
immobilization on an affinity column/substrate, for example to allow the purification
b}\I affinity chromatography of, a) interacting proteins, b) DNA or c) cilemical
compounds.

25 |
37.  The use of a tagged protein produced by the methods as defined herein in the
immobilization by affinity purification for interrogation by antibodies (ELISA assay)

as a diagnostic tool.

30 38.  The use of a tagged protein produced by the methods as defined herein as a



35. The use of a tagged protein produced by the nethods as defined herein
for analysis of interaction between expressed protein and other proteins
20 36. Theouzz73ef a tagged protein produced by the net hodBCHS&BdEHIcnEd
herein for inmobilization on an affi4@ity col unm/substrate, for exanple to
all'ow the purification by affinity chromatography of, a) interacting
proteins, b) DNA or c¢) chem cal conpounds. 25 37. The use of a tagged
protein produced by the nmethods as defined herein in the imobilization by
affinity purPPbefriagiNomiLieBRY ogati on by anti bodi es (ELI SA assay) as a
di agnostic tool. 30 38. The use of a tagged protein produced by the nethods
as defined herein as a WD 02/ 27327 PCT/ GBOL1/ 03693 42 probe for a cDNA

m croarray 38, Thehesse aadefladd inethinrsdchaihmidhtifentidhef DNArdindihg ptoteins.of DNA
bi nding proteins. 5 40. The use of a tagged protein produced by the

met hods as defined herein for elucidating the identity of proteins in the
prot eoge’ 4 Thendise % ekl BRflehibrodREab hemBal L TSR es REEhBFEL 1T C
anal ysis of expressed proté& n conponents of source library or start

mat eri al nodelficidatingthe hdentityOofipeothind $n tie ‘prodeanmient i on i s perf or nmed.

41.  The use as defined in claim 40 wherein mass spectrometric analysis of
expressed protein components of source library or start material modified by the

10 methods of the invention is performed.



