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(57) ABSTRACT 

The invention concerns a chemical compound comprising a 
chemical moiety capable of performing a binding inter 
action With a target molecule (eg a biological target) and 
further comprising an oligonucleotide (b) or functional 
analogue thereof. In a ?rst embodiment according to the 
invention, the chemical compound is characterized in that 
the oligonucleotide (b) or functional analogue comprises at 
least one self-assembly sequence (b1) capable of performing 
a combination reaction With at least one self-assembly 
sequence (b1‘) of a complentary oligonucleotide or func 
tional analogue bound to another chemical compound com 
prising a chemical moiety In a second embodiment 
according to the invention, the chemical compound Which 
comprises a coding sequence (b1) coding for the identi?ca 
tion of the chemical moiety is characterized in that the 
chemical compound further comprises at least one self 
assembly moiety capable of performing a combination 
reaction With at least one self-assembly moiety (m‘) of a 
similar chemical compound comprising a chemical moiety 
(q). The invention comprises corresponding libraries of 
chemical compounds as Well as methods of biopanning of 
target molecules and of identifying such targets. 
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ENCODED SELF-ASSEMBLING CHEMICAL 
LIBRARIES (ESACHEL) 

ASSOCIATED APPLICATION DATA 

[0001] This application claims priority of the US. Provi 
sional Application No. 60/362,599 ?led on Mar. 8, 2002 and 
of the international application PCT/EP 02/04153 ?led on 
Apr. 15, 2002. 

ABSTRACT 

[0002] 1. Problem to be Solved 

[0003] The isolation of speci?c binding molecules (e.g. 
organic molecules) is a central problem in chemistry, biol 
ogy and pharmaceutical sciences. Typically, millions of 
molecules have to be screened, in order to ?nd a suitable 
candidate. The preparation of very large libraries of organic 
molecules is typically cumbersome. Furthermore, the com 
plexity associated With the identi?cation of speci?c binding 
molecules from a pool of candidates groWs With the siZe of 
the chemical library to be screened. 

[0004] 2. Solution 

[0005] In this invention, We use self-assembling libraries 
of organic molecules (typically forming dimers, trimers or 
tetramers), in Which the organic molecules are linked to an 
oligonucleotide Which mediates the self-assembly of the 
library and/or provides a code associated to each binding 
moiety. The resulting library can be very large (as it origi 
nates by the combinatorial self-assembly of smaller sub 
libraires). After the capture of the desired binding speci?ci 
ties on the target of interest, the “binding code” can be 
“decoded” by a number of experimental techniques (e.g., 
hybridiZation on DNA chips or by a modi?ed polymerase 
chain reaction (PCR) technique folloWed by sequencing). 

INTRODUCTION 

[0006] The isolation of speci?c binding molecules (e.g., 
organic molecules) is a central problem in chemistry, biol 
ogy and pharmaceutical sciences. For example, the vast 
majority of the drugs approved by the US. Food and Drug 
Administration are speci?c binders of biological targets 
Which fall into one of the folloWing categories: enZymes, 
receptors or ion channels. The speci?c binding to the bio 
logical target is not per se sufficient to turn a binding 
molecule into a drug, as it is Widely recogniZed that other 
molecular properties (such as pharmacokinetic behaviour 
and stability) contribute to the performance of a drug. 
HoWever, the isolation of speci?c binders against a relevant 
biological target typically represents the starting point in the 
process Which leads to a neW drug [DreWs Drug discovery: 
a historical perspective. Science (2000) 287:1960-1964]. 

[0007] The ability to rapidly generate speci?c binders 
against the biological targets of interest Would be invaluable 
also for a variety of chemical and biological applications. 
For example, the speci?c neutraliZation of a particular 
epitope of the intracellular protein of choice may provide 
information on the functional role of this epitope (and 
consequently of this protein). In principle, the use of mono 
clonal antibodies speci?c for a given epitope may provide 
the same type of information [Winter G, Griffiths A D, 
Hawkins R E, Hoogenboom H R. Making antibodies by 
phage display technology. Annu Rev Immunol. (1994) 
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12:433-455]. HoWever, most antibodies do not readily cross 
the cell membrane and have to be arti?cially introduced into 
the cell of interest. In principle, intracellular antibodies can 
also be expressed into target cells by targeted gene delivery 
(e.g., by cell transfection With DNA directing the expression 
of the antibody). In this case, the antibody often does not 
fold, as the reducing intracellular milieu does not alloW the 
formation of disul?de bonds Which often contribute in an 
essential manner to antibody stability [Desiderio A, Fran 
coni R, LopeZ M, Villani M E, Viti F, Chiaraluce R, Consalvi 
V, Neri D, Benvenuto E. A semi-synthetic repertoire of 
intrinsically stable antibody fragments derived from a 
single-frameWork scaffold. J Mol Biol. (2001) 310: 603 
615]. High affinity binding molecules amenable to chemical 
synthesis may provide a valuable alternative to antibody 
technology. 

[0008] In Chemistry and Materials Sciences, the facile 
isolation of speci?c binding molecules may be useful for 
purposes as diverse as the generation of biosensors, the 
acceleration of chemical reactions, the design of materials 
With novel properties, the selective capture/separation/im 
mobiliZation of target molecules. 

[0009] The generation of large repertoires of molecules 
(e.g., by combinatorial chemistry; Otto S, Furlan R L, 
Sanders J K. Dynamic combinatorial chemistry. Drug Dis 
cov Today. (2002) 7: 117-125), coupled to ingenious screen 
ing methodologies, is recogniZed as an important avenue for 
the isolation of desired binding speci?cities. For example, 
most large pharmaceutical companies have proprietary 
chemical libraries, Which they search for the identi?cation of 
lead compounds. These libraries may be as large as >1 
million members and yet, in some instances, not yield the 
binding speci?cities of interest [Bohm H J, Stahl M. Struc 
ture-based library design: molecular modeling merges With 
combinatorial chemistry. Current Opinion in Chemical Biol 
ogy (2000) 4: 283-286]. The screening of libraries contain 
ing millions of compounds may require not only very 
sophisticated synthetic methods, but also complex robotics 
and infrastructure for the storage, screening and evaluation 
of the members of the library. 

[0010] The generation of large macromolecular reper 
toires (e.g., peptide or protein libraries), together With ef? 
cient biological and/or biochemical methods for the identi 
?cation of binding speci?cities (such as phage display 
[Winter, 1994], peptides on plasmids [Cull M G, Miller J F, 
SchatZ P J. Screening for receptor ligands using large 
libraries of peptides linked to the C terminus of the lac 
repressor. Proc Natl Acad Sci USA. (1992) 89: 1865-1869] 
ribosome display [Schaf?tZel C, Hanes J, J ermutus L, Pluck 
thun A. Ribosome display: an in vitro method for selection 
and evolution of antibodies from libraries. J Immunol Meth 
ods. (1999) 231: 119-135] yeast display [Boder E T, Wittrup 
K D. Yeast surface display for screening combinatorial 
polypeptide libraries. Nat Biotechnol. (1997) 15: 553-557], 
periplasmic expression With cytometric screening [Chen G, 
Hayhurst A, Thomas J G, Harvey B R, Iverson B L, 
Georgiou G. Isolation of high-af?nity ligand-binding pro 
teins by periplasmic expression With cytometric screening 
(PECS). Nat Biotechnol. (2001) 19:537-542], iterative 
colony ?lter screening [Giovannoni L, Viti F, Zardi L, Neri 
D. Isolation of anti-angiogenesis antibodies from a large 
combinatorial repertoire by colony ?lter screening. Nucleic 
Acids Res. (2001) 29: E27] etc.) may alloW the isolation of 
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valuable polypeptide binders, such as speci?c monoclonal 
antibodies, improved hormones and novel DNA-binding 
proteins. In contrast to conventional chemical libraries, 
protein libraries in the embodiments mentioned above may 
alloW the ef?cient screening of as many as 1-10 billion 
individual members, in the search of a binding speci?city of 
interest. On one hand, the generation of libraries of genes 
(e.g., the combinatorial mutagenesis of antibody genes; 
Winter, 1994; Viti F, Nilsson F, Demartis S, Huber A, Neri 
D. Design and use of phage display libraries for the selection 
of antibodies and enZymes. Methods EnZymol. (2000) 
326:480-505) can directly be translated into libraries of 
proteins, using suitable eXpression systems (eg bacteria, 
yeasts, mammalian cells). Furthermore, methods such as 
phage display produce particles in Which a phenotype (typi 
cally the binding properties of a protein, displayed on the 
surface of ?lamentous phage) is physically coupled to the 
corresponding genotype (i.e., the gene coding for the protein 
displayed on phage) [Winter, 1994], alloWing the facile 
ampli?cation and identi?cation of library binding members 
With the desired binding speci?city. 

[0011] HoWever, While biological/biochemical methods 
for the isolation of speci?c binding biomacromolecules can 
provide very useful binding speci?cities, their scope is 
essentially limited to repertoires of polypeptides or of 
nucleic acids [Brody E N, Gold L. Aptamers as therapeutic 
and diagnostic agents. J Biotechnol. (2000) 74:5-13]. For 
some applications, large biomacromolecules (such as pro 
teins or DNA) are not ideal. For eXample, they are often 
unable to ef?ciently cross the cell membrane, and may 
undergo hydrolytic degradation in vivo. 

[0012] In an attempt to mimic biological/biochemical 
methods for the identi?cation of organic molecules With 
desired binding properties, out of a chemical library, Bren 
ner and Lerner [Brenner S, Lerner R A. Encoded combina 
torial chemistry. Proc Natl Acad Sci USA. (1992) 89: 
5381-5383] have proposed the use of encoded chemical 
libraries (ECL). In their invention, the authors conceived a 
process of alternating parallel combinatorial synthesis in 
order to encode individual members of a large library of 
chemicals With unique nucleotide sequences. In particular, 
the authors postulated the combinatorial synthesis of poly 
meric chemical compounds on a solid support (e. g., a bead), 
Where a step in the combinatorial synthesis Would be fol 
loWed by the synthesis (on the same bead) of a DNA 
sequence, to be used as a “memory tag” for the chemical 
reactions performed on the bead. In typical applications, 
DNA-encoded beads Would be incubated With a target 
molecule (e.g., a protein of pharmaceutical relevance). After 
the DNA-tagged bead bearing the polymeric chemical entity 
is bound to the target, it should be possible to amplify the 
genetic tag by replication and use it for enrichment of the 
bound molecules by serial hybridiZation to a subset of the 
library. The nature of the polymeric chemical structure 
bound to the receptor could be decoded by sequencing the 
nucleotide tag. 

[0013] The ECL method has the advantage of introducing 
the concept of “coding” a particlar polymeric chemical 
moiety, synthesiZed on a bead, With a corresponding oligo 
nucleotidic sequence, Which can be “read” and ampli?ed by 
PCR. HoWever, the ECL method has a number of draW 
backs. First, a general chemistry is needed Which alloWs the 
alternating synthesis of polymeric organic molecules (often 

Jan. 22, 2004 

With different reactivity properties) and DNA synthesis on a 
bead. Second, the synthesis, management and quality con 
trol of large libraries (e.g., >1 million individual members) 
remains a formidable task. In fact, the usefulness of the ECL 
method has yet to be demonstrated With experimental 
examples. 

PRIOR ART 

[0014] From US. Pat. No. 5,573,905 an encoded combi 
natorial chemical library is knoWn Which comprises a plu 
rality of bifunctional molecules according to the formula 
A-B-C, Where A is a polymeric chemical moiety. B is a 
linker molecule operatively linking A and C, consisting of a 
chain length of 1 to about 20 atoms and preferably com 
prising means for attachment to a solid support. C is an 
identi?er oligonucleotide comprising a sequence of nucle 
otides that identi?es the structure of the chemical moiety. 
The attachment to a solid support is especially preferred 
When synthesiZing step by step the chemical moiety (a 
polymer built of subunits X1_n) and the oligonucleotide 
(built of nucleotides Z1_n Which code for and identify the 
structure of the chemical subunits of the polymer). Also 
described are the bifunctional molecules of the library, and 
methods of using the library to identify chemical structures 
Within the library that bind to biological active molecules in 
preselected binding interactions. UtiliZing the code C for the 
identi?cation of the polymer A and attaching the code C to 
the polymer A With a linker molecule B alloWs the polymer 
to be identi?ed eXactly, hoWever, the solution presented in 
US. Pat. No. 5,573,905 (Which basically is the same as 
published by Brenner and Lerner, 1992) is limited to this 
special type of a chemical moiety. The fact that individual 
synthesis has to be carried out for each individual of a 
chemical library is regarded as another disadvantage. 

OBJECTS OF THE INVENTION 

[0015] It is therefore an object of the present invention to 
provide a chemical compound comprising a chemical moi 
ety of any kind capable of performing a binding interaction 
With a target molecule (eg a biological target) and further 
comprising an oligonucleotide or functional analogue 
thereof Which chemical compound does not need to be 
individually synthesiZed in order to build up a chemical 
library. 
[0016] This object is met according to a ?rst aspect by the 
combination of features of independent claim 1, de?ning a 

chemical compound comprising a chemical moiety capable of performing a binding interaction With a target 

molecule (eg a biological target) and further comprising an 
oligonucleotide (b) or functional analogue thereof Which is 
characteriZed in that the oligonucleotide (b) or functional 
analogue comprises at least one self-assembly sequence (b1) 
capable of performing a combination reaction With at least 
one self-assembly sequence (b1‘) of a complementary oli 
gonucleotide or functional analogue bound to another 
chemical compound comprising a chemical moiety 

[0017] This object is met according to a second aspect by 
the combination of features of independent claim 3, de?ning 
a chemical compound comprising a chemical moiety (p) 
capable of performing a binding interaction With a target 
molecule (eg a biological target) and further comprising an 
oligonucleotide (b) or functional analogue thereof, Which 
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comprises a coding sequence (b1) coding for the identi?ca 
tion of the chemical moiety (p), and Which is characterized 
in that the chemical compound further comprises at least one 
self-assembly moiety capable of performing a combi 
nation reaction With at least one self-assembly moiety (m‘) 
of a another chemical compound comprising a chemical 
moiety 
[0018] Further aspects and features of the present inven 
tion derive from the dependent claims. 

SUMMARY OF THE INVENTION 

[0019] In our invention, We reasoned that a key contribu 
tion to the generation (and screening) of very large chemical 
libraries may come from the “self-assembly” of encoded 
molecules. In particular, We reasoned that self-assembly 
(e.g., by homodimeriZation, heterodimeriZation or multim 
eriZation) of DNA-tagged chemical entities Would represent 
an avenue for the facile generation of very large DNA 
tagged chemical libraries, starting from smaller DNA 
tagged chemical libraries. For eXample, self-assembly (het 
erodimeriZation) of tWo libraries containing 1000 members 
Would yield 1‘000‘000 different combinations, i.e. 1‘000‘000 
different chemical entities. Notably, homo- or hetero-trim 
eriZation of encoded libraries containing 1000 DNA-tagged 
members Would yield a library containing 1‘000‘000‘000 
different DNA-tagged combinations, i.e. chemical entities. 
Thus, the present invention provides a chemical compound 
comprising a chemical moiety of any kind capable of 
performing a binding interaction With a target molecule (eg 
a biological target) and further comprising an oligonucle 
otide or functional analogue thereof Which can be synthe 
siZed separately and then coupled together. The resulting 
chemical derivative(s) of the oligonucleotide can further 
assemble With other similar compounds to generate higher 
order structures and encoded libraries of compounds. 

[0020] For illustrative purposes, one particular embodi 
ment of our invention is depicted in FIG. 1. TWo chemical 
libraries are synthesiZed by chemical modi?cation of the 3‘ 
end and the 5‘ end, respectively, of oligonucleotides capable 
of dupleX formation and Which carry distinctive “sequence 
tags” (associated With [and therefore “coding for”] the 
chemical moiety attached to their extremity). The resulting 
encoded self-assembled chemical library (ESACHEL) can 
be very large (as it originates from the combinatorial self 
assembly of tWo smaller libraries) and can be screened for 
binding to a biological target (e.g., a protein of pharmaceu 
tical interest). Those members of the library Which display 
suitable binding speci?cities can be captured With the target 
of interest (for eXample, using a target immobiliZed on a 
solid support). Their genetic code, encoding the chemical 
entity responsible for the binding speci?city of interest, can 
then be retrieved using a number of ingenious methods, 
Which are described in the section “Description of the 
Invention” (see beloW). 

DEFINITIONS 

[0021] Speci?c Binding Members: 

[0022] This describes a member of an ensamble of 2, 3 or 
more molecules, Which have binding speci?city for one 
another. A speci?c binding member may be naturally 
derived or Wholly or partially synthetically produced. One 
member of an ensamble of speci?cally binding molecules 
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has an area on its surface, or a cavity, Which speci?cally 
binds to and is therefore complementary to a particular 
spatial and polar organiZation of one or more members of the 
ensamble of molecules. Thus the members of speci?c bind 
ing pairs have the property of binding speci?cally to each 
other. 

[0023] Speci?c: 
[0024] This may be used to refer to the situation in Which 
one member of a speci?c binding pair Will not shoW any 
signi?cant binding to molecules other than its speci?c 
binding partner(s). In general, speci?city is associated With 
a signi?cant difference in binding af?nity, relative to “non 
speci?c” targets. The term is also applicable Where eg a 
binding member is speci?c for a particular surface on the 
target molecule (hereafter termed as “epitope”), in Which 
case the speci?c binding member With this speci?city Will be 
able to bind to various target molecules carrying the epitope. 

FIGURE CAPTIONS 

[0025] FIG. 1: A simple embodiment of ESACHEL tech 
nology: In a simple embodiment of ESACHEL technology, 
tWo chemical libraries are synthesiZed by individual chemi 
cal modi?cation of the 3‘ end and the 5‘ end, respectively, of 
oligonucleotides capable of partial heterodupleX formation 
and Which carry distinctive “sequence tags” (associated With 
[and therefore “coding for”] the chemical moieties p and q 
attached to their extremity). The resulting encoded self 
assembled chemical library (ESACHEL) can be very large 
(as it originates from the combinatorial self-assembly of tWo 
smaller libraries) and can be screened for binding to a 
biological target (e.g., a protein of pharmaceutical interest). 
Those members of the library Which display suitable binding 
speci?cities can be captured With the target of interest (for 
eXample, using a target immobiliZed on a solid support). 
Their genetic code, encoding the chemical entity responsible 
for the binding speci?city of interest, can then be retrieved 
using a number of ingenious methods 

[0026] FIG. 2: GeneraliZation of the ESACHEL design: 
The main ingredients of ESACHEL technology are chemical 
compounds, comprising an oligonucleotidic moiety (typi 
cally, a DNA sequence) linked to an oligomeriZation domain 
[capable of mediating the (homo- or hetero-) dimeriZation, 
trimeriZation or tetrameriZation of the chemical com 
pounds], linked to a chemical entity, Which may be involved 
in a speci?c binding interaction With a target molecule. Part 
of the sequence of the oligonucleotidic moiety Will be 
uniquely associated With the chemical entity (therefore 
acting as a “code”). The oligomeriZation domain and the 
code can be distinct portions of the same molecule (typically 
an oligonucleotide). 

[0027] FIG. 3: Self-assembly of individual ESACHEL 
chemical compounds can yield combinatorial libraries of 
large siZe: In a practical embodiment of ESACHEL tech 
nology, a number n of different chemical compounds, car 
rying a thiol-reactive moiety (e.g., a maleimido or a iodoac 
etamido group), are reacted (in separate reactions) With n 
different DNA oligonucleotides, carrying a thiol group at the 
3‘ end. The corresponding pool of n conjugates is indicated 
in the Figure as “pool A”. Similarly, a number m of different 
chemical compounds, carrying a thiol-reactive moiety (e.g., 
a maleimido or a iodoacetamido group), are reacted (in 
separate reactions) With m different DNA oligonucleotides, 
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carrying a thiol group at the 5‘ end. The corresponding pool 
of m conjugates is indicated in the Figure as “pool B”. The 
resulting self-assembled library members Will correspond to 
m><n combinations. A number of other methodologies may 
be used in order to chemically couple molecules to oligo 
nucleotides (e.g., use oligonucleotides carrying a primary 
amino group at their extremity, for the coupling to activated 

esters). 
[0028] FIG. 4: Large library siZes can be achieved by 
ESACHEL embodiments, in Which trimeriZation domains or 
tetrameriZation domains are DNA sequences forming tri 
plexes or quadruplexes: Certain DNA sequences are knoWn 
to be capable of forming stable trimeric complexes or stable 
tetrameric complexes. For example, Hoogsten pairing of 
DNA triplexes could alloW the self-assembly of Pools A><B>< 
C, containing n, m and 1 members, respectively. The tet 
rameric assembly of DNA-(chemical moiety) conjugates 
Would alloW even larger library siZes, starting from sub 
libraries A, B, C and D of small dimension. 

[0029] FIG. 5: One method of ESACHEL decoding: The 
oligonucleotides of sub-library A bear chemical entities at 
the 3‘ end. ToWards the 3‘ extremity, the DNA sequence is 
designed to hybridiZe to the DNA sequences at the 5‘ 
extremity of oligonucleotides of sub-library B. The hybrid 
iZation region is interrupted by a small segment. In sub 
library A, this small segment is conveniently composed of 
phosphodiester backbone Without bases (termed d-spacer in 
the Figure); in sub-library B, the corresponding short seg 
ment Will have unique sequence for each member of the 
sub-library (therefore acting as “code” for the sub-library B). 
By contrast, oligonucleotides of sub-library A have their 
distinctive code toWards the 5‘ extremity. 

[0030] After biopanning, oligonucleotides of sub-library 
B remain stably annealed to oligonucleotides of sub-library 
A, and can Work as primers for a DNA polymerase reaction 
on the template A. The resulting DNA segment, carrying 
both code A and code B, can be ampli?ed (typically by 
PCR), using primers Which hybridiZe at the constant 
extremities of the DNA segment. 

[0031] FIG. 6: A general method of ESACHEL decoding: 
The identity of speci?c binders, isolated from sub-libraries 
A and B carrying chemical moieties at the extremities of 
partially-annealing oligonucleotides, is established by 
hybridiZation With target oligonucleotides immobiliZed on 
one or more chips. Such chips preferably are made from 
silicon Wafers With attached oligonucleotide fragments. For 
example, chip A Will alloW the reading of the identity (and 
frequency) of members of sub-library A, rescued after a 
biopanning experiment. Similarly, chip B Will alloW the 
reading of the identity (and frequency) of members of 
sub-library B. In a ?rst step, the decoding method depicted 
in the Figure Will not provide information about the pairing 
of code A and code B Within speci?c binding members. 
HoWever, decoding on chip A and B Will suggest candidate 
components of sub-libraries A and B, to be re-annealed and 
screened in a successive round of bio-panning. Increasingly 
stringent binding to the target Will be mirrored by a reduc 
tion in the number of A and B members, identi?ed on the 
chip. Ultimately, the possible combinations of the candidate 
A and B members Will be assembled individually (or in 
smaller pools), and assayed for binding to the target. 
[0032] FIG. 7: A PCR-based method for ESACHEL 
deconvolution: Sub-libraries A and B form a heteroduplex, 
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?anked by unique sequences coding for the different library 
members and by constant DNA segments at the termini. 
After biopanning, suitable pairs of primers alloW the PCR 
ampli?cation of the tWo strands, yielding PCR products 
Whose sequence can be identi?ed using standard methods 
(eg by concatenation of the PCR products, folloWed by 
subcloning and sequencing. A deconvolution procedure may 
be applied (consisting of one or more rounds of panning, 
folloWed by sequencing and by the choice of a restricted set 
of sub-library components for the next ESACHEL screen 
ing), restricting the number of candidate ESACHEL mem 
bers capable of giving speci?c binders after self-assembly. 

[0033] FIG. 8: Converting ESACHEL ligands into 
covalently-linked chemical moieties: In many ESACHEL 
embodiments, chemical derivatives of self-assembling oli 
gonucleotides Will be isolated at the end of one or more 
rounds of panning. For many applications, it Will be desir 
able to covalently link together the chemical moieties, 
responsible for the interaction With the target molecule of 
interest. The length, rigidity, stereoelectronic chemical prop 
erties and solubility of the linker Will in?uence the binding 
af?nity and performance of the resulting molecule. 

[0034] FIG. 9: Chemical equilibria contributing to the 
chelate effect: The diagram shoWs the possible states of the 
interactions betWeen a bidentate ligand (A-B) binding to a 
target molecule. In state nI, both A and B moieties are bound 
to their respective binding pockets. In state nII and nIII only 
moiety A or B are bound, respectively. In state nIV, the 
compound A-B is dissociated from the target. 

[0035] FIG. 10: Assembly of molecule p With molecular 
repertoire Q:The diagram shoWs heteroduplex formation 
betWeen an oligonucleotide, coupled to a loW-af?nity binder 
p, and a second class of oligonucleotides, Which bear 
chemical moieties q and distinctive codes, capable of iden 
tifying the molecules q Which synergise With p for binding 
to a target molecule (e.g., a protein target). 

[0036] FIG. 11: Biotin molecules binding to a streptavidin 
homotetramer: Four biotin molecules binding to their 
respective binding sites on a streptavidin homotertramer. 
(1SWG.pdb: Chu et al. (1998), Thermodynamic and struc 
tural consequences of ?exible loop deletion by circular 
permutation in the streptavidinbiotin system. Protein Sci 7 
pp. 848) are shoWn. 

[0037] FIG. 12: The results from experiment 6: The 
results shoW that, even in this non-optimiZed selection 
experiment, the bidendate ligand in ESACHEL format is 
preferentially enriched, compared to ESACHEL compounds 
carrying a single streptavidin ligand or no streptavidin 
ligand at all (IMI=iminibiotin, SA=Streptavidin). 

[0038] FIG. 13: The results from experiment 7: The 
results of this experiment are plotted and shoW that 4-sul 
fonamido benZoic acid propylamide has an ICSO of 6 pM 
toWards human carbonic anhydrase. 

[0039] A computer program has been Written for the 
approximate evaluation of the contribution of the chelate 
effect to the residence time of A-B on the target in irrevers 
ible dissociation conditions, as a function of kinetic asso 
ciation and dissociation constants of the moieties A and B 
toWards their respective binding pockets, and of the linker 
length betWeen A and B. The probability that one moiety 
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dissociates per time unit is indicated as “poff”. The prob 
ability that one moiety binds to the target per time unit is 
indicated as “pon”. 

DESCRIPTION OF THE INVENTION 

[0040] The main ingredients of ESACHEL technology are 
chemical compounds, comprising an oligonucleotidic moi 
ety (typically, a DNA sequence) linked to an oligomeriZation 
domain [capable of mediating the (homo- or hetero-) dimer 
iZation, trimeriZation or tetrameriZation of the chemical 
compounds], linked to a chemical entity, Which may be 
involved in a speci?c binding interaction With a target 
molecule (FIG. 2). Part of the sequence of the oligonucleo 
tidic moiety Will be uniquely associated With the chemical 
entity (therefore acting as a “code”). In many cases, portions 
of the same oligonucleotide Will serve as the oligomeriZation 
domain and the code. 

[0041] Oligonucleotidic Moiety: 
[0042] The nature and the design of the oligonucleotidic 
moieties in ESACHEL technology is best understood by the 
description of the “coding” system, provided in the sections 
beloW and in the Examples. As an introduction, it suf?ces to 
say that, by stably associating chemical entities With a 
unique oligonucleotidic sequence (e.g., a sequence of DNA 
or DNA analogues), one provides that chemical entity With 
a unique code, Which can be “read” in a variety of Ways 
(sequencing, hybridiZation to DNA chips, etc.) and Which 
may be amenable to ampli?cation (e.g., by the use of the 
polymerase chain reaction [PCR]). Furthermore, using inge 
nious methods described beloW, the code of one particular 
chemical compound may become physically linked to the 
code of other chemical compound(s), When these chemical 
compounds are associated by means of an oligomeriZation 
domain. 

[0043] OligomeriZation Domains: 

[0044] Suitable DNA sequences (capable of heteroduplex, 
triplex [Strobel S A, Dervan P B. Single-site enZymatic 
cleavage of yeast genomic DNA mediated by triple helix 
formation. Nature. (1991) 350:172-174] or quadruplex 
[Various authors. Issue of Biopolymers (2000-2001), volume 
56 formation), can be considered as possible oligomer 
iZation domains. 

[0045] Alternatively, the use of other self-assembling 
polypeptides (e.g. amphipathic peptide helices such as leu 
cine Zippers) could be considered. Many more chemical 
moieties could be considered as mediators of chemically 
de?ned, oligomeric moieties. For instance, complexes of 
metal atoms With suitable ligands [such as dipyridyl or 
tripyridyl derivatives) could be envisaged. Furthermore, one 
could envisage that a non-covalent interaction Would bring 
together different chemical compounds, Which could then 
react With one another and become covalently associated. 

[0046] Some Practical Embodiments of ESACHEL Tech 
nology: 
[0047] In order to illustrate one possible practical embodi 
ment of ESACHEL technology, let us consider the folloWing 
example (depicted in FIG. 3). 

[0048] A number n of different chemical compounds, 
carrying a reactive moiety (e. g. a thiol-reactive maleimido or 
a iodoacetamido group), are reacted (in separate reactions) 
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With n different DNA oligonucleotides, carrying a reactive 
moiety (eg a thiol group at the 3‘ end). The corresponding 
pool of n conjugates is indicated in the Figure as “pool A”. 
The oligonucleotides of pool A are designed to have: 

[0049] one portion of the DNA sequence Which can 
hybridiZe to compounds of pool B (see FIG. 3 and 
comments beloW) 

[0050] a distinctive DNA sequence for each of the n 
members of Pool A 

[0051] additional portions of the DNA sequence judi 
ciously designed for “decoding” binding combina 
tions (optional; see beloW in the section about 
“Decoding” and in the Examples). 

[0052] Similarly, a number m of different chemical com 
pounds, carrying a thiol-reactive moiety (e.g., a maleimido 
or a iodoacetamido group), are reacted (in separate reac 
tions) With m different DNA oligonucleotides, carrying a 
thiol group at the 5‘ end. The corresponding pool of m 
conjugates is indicated in the Figure as “pool B”. Applica 
tions could be conceived in Which the numbers of com 
pounds and oligonucleotides are different [e.g., more com 
pounds “encoded” by the same oligonucleotide]. 

[0053] The oligonucleotides of pool B are designed to 
have: 

[0054] one portion of the DNA sequence Which can 
hybridiZe to compounds of pool A (see FIG. 3) 

[0055] a distinctive DNA sequence for each of the m 
members of Pool B 

[0056] additional portions of the DNA sequence judi 
ciously designed for “decoding” binding combina 
tions (optional). 

[0057] The partially complementary strands of the DNA 
conjugates of pool A and pool B can easily heterodimeriZe 
in solution, With comparable ef?ciency Within the different 
n members of Pool A and the m members of Pool B. If 
suitable stoichiometric ratios of the compounds of Pool A 
and Pool B are used, the n different types of compounds of 
Pool A Will heterodimeriZe With the m different types of 
compounds of Pool B, yielding a combinatorial self-as 
sembled chemical library of dimension m><n. For example, 
tWo libraries of thousands of compounds Would yield mil 
lions of different combinations. Furthermore, the resulting 
self-assembled m><n combinations Will carry unique DNA 
codes, corresponding to the non-covalent but stable asso 
ciation (heterodimeriZation) of the DNA code of the member 
of Pool A With the DNA code of the member of Pool B. 

[0058] As an alternative to the coupling of chemical 
entities to thiol-bearing oligonucleotides, a number of stan 
dard chemical alternatives can be considered (e.g., oligo 
nucleotides carrying a phosphodiester bond at one extremity, 
forming chemical structures such as —O—P(O)2—O— 
(CH2)n—NH—CO—R, Where R may correspond to a num 
ber of different chemical entities, and n may range betWeen 
1 and 10). 

[0059] Let us assume that one particular member of the 
library is capable of speci?c binding to a target of interest 
(e.g., a protein immobiliZed on a bead). Let us also assume 
that both strands A and B contributed to the speci?c binding 
interaction (for a discussion of the chelate effect Which may 
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facilitate this speci?c binding, see below). It should be 
possible to preferentially enrich this particular combination 
of A and B over the m><n combinations (for example, by 
exposing the library to the target protein on the bead, 
followed by the physical removal of the bead from the 
library solution, folloWed by judicious Washing of the bead, 
to reduce the amount of non-speci?c binders on the bead). 
The analogy of this procedure to the biopanning procedures 
used With antibody phage libraries (Viti, 2000) should be 
evident to any person skilled in the art. 

[0060] The rescue of the particular combination of A and 
B, displaying the desired binding speci?city, can then be 
folloWed by the identi?cation of the chemical entities 
responsible for the binding, by identifying the DNA codes of 
the tWo strands A and B [see later section on “decoding” for 
a discussion on possible strategies for the identi?cation of 
the DNA codes]. 

[0061] For a number of applications, at the end of the 
ESACHEL procedure, it may be desirable to link the tWo 
chemical entities A and B, responsible for the speci?c 
binding to the target (FIG. 3). One may Want to try a variety 
of different chemical linkers, and assess Whether the result 
ing chemical compounds, derived from the chemical entities 
A and B, display desired molecular properties (e.g., high 
af?nity for the target, high speci?city for the target, suitable 
chemical stability, suitable solubility properties, suitable 
pharmacological properties, etc.). For example, the length of 
the chemical linker betWeen A and B Will dramatically 
in?uence he binding properties of the conjugate (for a 
discussion, see section beloW on the chelate effect). 

[0062] In the case of FIG. 3, a DNA portion is used as 
heterodimeriZation domain, and thioether bond formation is 
used for the coupling of DNA oligonucleotides to chemical 
entities of the library. HoWever, other oligomeriZation 
domains could be considered, as Well as other chemical 
avenues for the coupling of chemical entities to DNA. 

[0063] Certain DNA sequences are knoWn to be capable of 
forming stable trimeric complexes [Strobel, 1991] or stable 
tetrameric complexes [Various authors, 2000-2001]. For 
example, Hoogsten pairing of DNA triplexes could alloW the 
self-assembly of Pools A><B><C, containing n, m and 1 
members, respectively (FIG. 4). The tetrameric assembly of 
DNA-(chemical moiety) conjugates Would alloW even larger 
library siZes, starting from sub-libraries A, B, C and D of 
small dimension. HoWever, the decoding of binding inter 
actions can, in some cases, be more difficult for trimeric 
and/or tetrameric self-assembled encoded libraries, as com 
pared to dimeric libraries. Furthermore, the length and 
?exibility of the linkers betWeen the DNA strands and the 
chemical moieties displayed at their extremity may either 
facilitate or hinder the identi?cation of speci?c binding 
members of the encoded self-assembled chemical (ESA 
CHEL) library. A certain degree of ?exibility may alloW 
suitable chemical moieties to ?nd complementary pockets 
on the target molecule (FIG. 4). On the other hands, the 
af?nity contribution of the chelate effect is expected to 
decrease With linker length. 

[0064] It is Worth mentioning that, starting from sub 
libraries of 100 members, trimeric ESACHEL libraries 
Would contain 106 members, While tetrameric ESACHEL 
libraries Would contain 108 members. It is easy to calculate 
the resulting library siZe, starting from sub-libraries of 
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different dimension. The large combinatorial complexity of 
encoded self-assembling chemical compounds may alloW 
the identi?cation of speci?c binding members, Which have 
so far escaped identi?cation using conventional combinato 
rial chemical methods. An analogy can be draWn from the 
?eld of antibody phage technology, Where it Was demon 
strated that library siZe plays a crucial role in the isolation of 
high-af?nity antibodies. 

[0065] ESACHEL Codes and Decoding Methods: 

[0066] In ESACHEL technology, unique oligonucleotidic 
sequences (typically, DNA sequences) provide chemical 
entities With a unique code. HoW many different sequences 
do We need, in order to identify members of a library? 

[0067] As mentioned above, the key components of ESA 
CHEL technology are chemical compounds, comprising an 
oligonucleotidic moiety (typically, a DNA sequence) linked 
to an oligomeriZation domain, in turn linked to a chemical 
entity. In most cases, the oligonucleotidic moiety Will also 
provide the oligomeriZation domains. As a consequence, in 
most cases, ESACHEL components Will be chemical entities 
coupled to judiciously chosen DNA oligonucleotides. Typi 
cally, such oligonucleotides Will contain a constant part and 
a variable part (uniquely characteristic for each member of 
the library). 

[0068] Let us consider, as an example, the case illustrated 
in FIG. 3, and discussed in the section “Some practical 
embodiments of ESACHEL technology” (see above). In this 
example, a sub-library “A” (containing n compounds 
attached at the 3‘ extremity of DNA oligonucleotides) is 
assembled to a sub-library “B” (containing m compounds 
attached at the 5‘ extremity of oligonucleotides). Sub-library 
A can be represented by a DNA sequence of x bases, Where 
4X is greater or equal to n. Sub-library B can be represented 
by a DNA sequence of y bases, Where 4Y is greater or equal 
to m. In most cases (see beloW), identi?cation of the code of 
sub-library members also provides information about Which 
sub-library a particular code (and therefore a particular 
compound) belongs to. 

[0069] Many methods of “decoding” the ESACHEL codes 
could be envisaged. BeloW, We illustrate three, Which cor 
respond to different experimental requirements and Which 
demonstrate the ?exibility of ESACHEL technology. Let us 
consider for simplicity the ESACHEL embodiment of FIG. 
3. A convenient design of oligonucleotides, on Which sub 
libraries A and B are based, is depicted in FIG. 5. The 
oligonucleotides of sub-library A bear chemical entities at 
the 3‘ end. ToWards the 3‘ extremity, the DNA sequence is 
designed to hybridiZe to the DNA sequences at the 5‘ 
extremity of oligonucleotides of sub-library B. The hybrid 
iZation region is interrupted by a small segment. In sub 
library A, this small segment is conveniently composed of 
phosphodiester backbone Without bases (termed d-spacer in 
the Figure); in sub-library B, the corresponding short seg 
ment Will have unique sequence for each member of the 
sub-library (therefore acting as “code” for the sub-library B). 
By contrast, oligonucleotides of sub-library A have their 
distinctive code toWards the 5‘ extremity. 

[0070] After biopanning, it is desirable to learn about the 
code of the binding members displaying a desired binding 
speci?city. Oligonucleotides of sub-library B remain stably 
annealed to oligonucleotides of sub-library A, and can Work 






















