
Structural Nucleic Acid Guided Chemical Synthesis
Field of the invention The present invention provides
compositions and methods for in vitro DNA display
technology, allowing display of variety of molecules,
such as non-natural polymers and small molecules.
Advantages of such methods are that combinatorial
libraries can be constructed and subjected to rounds
of selections for desired activities, amplification
and diversification, thus allowing molecular
evolution. Background Display technologies have been
developed to combine information storage and
amplification capabilities of nucleic acids with the
functional activities of other compound. Display
technologies rely on an association between a
functional entity and a nucleic acid sequence
informative about the structure of the functional
entity. An advantage of such methods is that very
large libraries can be constructed and probed for a
desired activity of the functional entities. Library
members having the desired activity can then be
partitioned from library members not having the
desired activity, thus creating an enriched library
with a higher fraction of members having the desired
activity. This process is called selection. The
structures of the library members in the enriched
library can then be identified by their cognate
nucleic acid sequence, thus allowing identification
even from minute amounts of material, Some display
technologies further allow the enriched library to be
amplified without knowing the identity of its members;
not merely the nucleic acid sequences but the
functional entities too. Such display technologies are
called "amplifiable display technologies". These
technologies are especially advantageous when dealing
with large libraries, because iterative rounds of
selection and amplification can be performed allowing
increased enrichment of desired activities. Another
advantage of amplifiable display technologies is that
rounds of selection, amplification and diversification
can be performed, thus using the same principle as in
natural selection, to evolve molecules with desired
function. This process is called molecular
evolution.Display technologies utilizing biological
systems have been developed, the most notable of which
is phage display (Smith, Science, 228, 1315-7, 1985).
However, such systems are limited to the display of
natural occurring products such as proteins and
peptides. In vitro display technologies exploiting the
flexibility of organic chemistry has been described.
One example is described in US5723598. The method uses
a bifunctional molecule; one functionality capable of
accepting a chemical group and one functionality
capable of accepting a nucleic acid sequence. The
method for synthesizing such a library is commonly
known as "split and mix", consisting of rounds of
mixing and splitting the bifunctional molecules into
compartments. A compartment specific pair of chemical
group and nucleic acid sequence is added. The nucleic
acid sequences are thus encoding the chemical groups.
All bifunctional molecules are then mixed and the
process iterated to create a large combinatorial
library. The library is then subjected to selection
and the selected nucleic acid sequences amplified by
PCR, which may be used for identification by
conventional molecular biology; cloning and DNA
sequencing. Another example is described in
WO04/039825A2, where a combinatorial library is
created, by rounds of proximity-guided addition of
cognate pairs of chemical group and nucleic acid code
to a bifunctional molecule; one functionality capable
of accepting a chemical group and one functionality
capable of accepting a nucleic acid sequence.
Furthermore repertoires of so-called transfer units
are used, where a chemical group is attached to an
oligonucleotide, containing a coding segment and a
segment capable of annealing to the bifunctional
molecule. A repertoire of transfer units is annealed
to the bifunctional molecules, which allows the code
to be transferred enzymatically to the bifunctional
molecule, as well as guiding the chemical group to
react with the very same bifunctional molecule. This
process can be reiterated to create a large
combinatorial library. The libraries described above
can be subjected to selections to form an enriched
library. The enriched libraries members' synthetic
history can subsequently be deduced throughthe
encoding nucleic acid. A limitation of these
approaches is however that the enriched library cannot
be amplified. In vitro display technologies taking
advantage of the flexibility of organic chemistry and
rounds of selections, amplification and
diversification has been described. These methods rely
on the use of templates. One example is described in
WOOO/23458, using a "split and mix' principle. A
library of ssDNA templates is used, each containing a
chemical reaction site and several positions of codon
segments. The templates are compartmentalized by
virtue of hybridizing to a repertoire of anti-codon
sequences for a given codon position. Then, a
compartment specific chemical reaction is performed
modifying the reaction site on the templates. The
templates are then mixed and the process reiterated by
using other codon positions to form a combinatorial
library. Another example is described in
WO02/074929A2, using a "single-pot" principle. A
library of oligonucleotide templates is used, each
containing a chemical reaction site and several
positions of codon segments. Furthermore, using a
repertoire of transfer units, the method consists of
an oligonucleotide anti-codon sequence and a chemical
reactive group. The library of templates are
hybridized with a repertoire of transfer units for a
given codon position. This brings the chemical group
on a hybridized transfer unit in proximity to the
reaction site on the hybridized template, which
consequently guides the chemical reaction of cognate
pairs. This process is then reiterated using other
codon positions to form a combinatorial library. A
limitation of the above proximity guiding of cognate
pairs of code and chemical group is given by the
linear structure of the template oligonucleotide. As a
consequence of the linearity the distance between
codon and the chemical reaction site will differ from
codon position to codon position. For codon positions
longer away from the reaction site the proximity
guiding becomes compromised, as the local
concentration drops to the powerof three as a function
of the distance. This disadvantage becomes more
pronounced for complex libraries, with more codon
positions and more complex codons. This problem is
sought solved in WO04/016767A2, where the transfer
units besides from an anti-codon segment also contain
a constant segment, which is complementary to a
constant sequence on the template close to the
reactive site. Thus, by hybridizing a transfer unit to
a template results in that the template sequence
between the codon position in question and the
constant segment is bulging out, to form a so-called
omega structure. The concept is that the codon segment
is responsible for the specificity and the constant
segment responsible for the proximity. Also suggested
in WO04/016767A2, is a so-called T-architecture of the
templates, where the reactive site on the template is
situated in the middle of the template, with the codon
positions spread out on each side. Consequently, the
distance problem is so called "cut in half. WO
2004/056994A2 discloses a method similar to
WO02/074929A2 or WO04/016767A2 with the difference
that the template is cut into minor sequences, termed
connecting polynucleotides in the application. The
connecting polynucleotides connect transfer units to
bring these into reaction proximity. In certain
embodiments the connecting polynucleotides may
comprise a reactive chemical group. To obtain an
encoded molecule the method is dependent upon
codon/anti-codon recognition prior to reaction. The
template directed libraries described above are
subsequently subjected to selections to form enriched
libraries. The enriched libraries members' synthetic
history can then be deduced through the encoding
nucleic acid. The enriched libraries can also be
amplified and diversified by for example error prone
PCR, thus allowing for molecular evolution. A
limitation in these approaches is that a large number
of templates have to be created, which is cumbersome,
as the templates have to be of considerable length to
ensure proper codon/anti-codon hybridization. In
methods using a plurality of minor sequences to make
up the final directed synthesis the number of
sequences to be synthesized is even higher than the
actual library size.The prior art methods using
templates suffer from the disadvantage that the
encoding is dependent upon hybridization of codon and
anti-codon sequences. Sometimes hybridization between
single stranded oligonucleotides will happen without
perfect complementarities. In the case of library
construction the result is loss of the association
between the encoding and the synthetic history.
Consequently, upon selection positive codes may be
de-selected and negative codes may be selected. For
more complex libraries this disadvantage becomes more
significant as the complexity of the single stranded
oligonucleotides also increases, both with respect to
numbers, length and sequences. This makes the
processes more difficult to control. As described
above in vitro display technologies allowing display
of a variety of compound classes, selections,
amplifications and diversifications have been
developed. However, there is still an ongoing need for
improvement, especially with respect to the quality in
library construction and of diversification. The
present invention offers a method for producing an
encoded molecule in which the method does not require
the presynthesis of a large number of templates.
Furthermore, the present method is not dependent upon
codon/anti-codon recognition for an encoded molecule
to be formed. Summary of the Invention The present
invention relates to in vitro display technology
taking advantage of the flexibility of organic
chemistry, and permitting rounds of selection,
amplification and diversification. In particular, the
present invention relates to a composition comprising
a nucleic acid and a chemical compound, said
composition forming a star structure defining 3 or
more stems extending from a reaction center, wherein
the stems are formed by a nucleic acid duplex and the
chemical compound has been formed in the reaction
center as the reaction product of 3 or more chemical
groups.The nucleic acid forms a super structure, in
which different segments hybridizes to each other so
as to form a structure resembling a star. The star
structure comprises a reaction center and a plurality
of stems. In the reaction center, the chemical
compound has been prepared as the reaction product of
3 or more chemical groups. The stems are nucleic acid
duplexes, i.e. a stem comprises two hybridizing
segments complementing each other sufficiently for a
duplex to be formed under conditions favoring the
reaction of the chemical groups so as to form the
chemical compound. At least one of the stems extent
radially from the center. Suitably, the 3 or more
stems extent radially outwards from the reaction
center. The duplex nucleic acid of the stems is
believed to bring the chemical groups together so as
to obtain a reaction proximity. The proximity
established between the chemical groups increases the
local concentration and enhances the chances for a
reaction to proceed. The presence of 3 or more stems
in the star structure creates a strong super
structure, which is stable even at conditions where a
single duplex will separate into two discrete single
stranded nucleic acids. Thus, the star structure
enables versatile reaction conditions to be used in
order to promote reaction between the chemical groups.
Experiments reported herein shows that the a
three-stem star structure is stabble enough for
directing organic synthesis in medias containing in
the excess of 35% acetonitril and tetrahydrofuran and
in the excess of 40% DMF. In certain embodiments of
the invention, the star structure encompasses 4, 5, 6,
7 or more stems connected to a mutual reaction center.
When the number of stems is increased the stability of
the star structure is also increased. The nucleic acid
is segmented into various parts with certain
functions. In certain aspect of the invention, the
nucleic acid comprises one or more codons identifying
the one or more chemical groups, which have
participated in the formation of the formed chemical
compound. The presence of a codon segment makes it
possible not only to use the nucleic acid to promote
reaction proximity but also to use the nucleic acid to
code for one or more of the chemical groups which have
participated in the formation of the chemical
compound. The presence of one or more codons is
especially useful for decoding puiposes. When the
formed chemical compound is present in a small amount
or is presentin a mixture with other compounds, easy
identification can be performed through molecular
biological techniques. A codon identifying a chemical
group may be present anywhere in the nucleic acid
forming the star structure, i.e. the codon may be
present at or in the vicinity of the reaction center,
in the hybridization segments or in other parts of the
star structure. In a certain aspect of the invention a
codon is situated at the extremity of a stem. A codon
placed at the end of the stem pointing away form the
center allows for more liberty in the design of the
nucleic acid star structure as the codon at the
extremity does not necessarily need for take part in
the formation of a duplex or in the formation of the
environment for the reaction center. The stems may be
blunt ended, sticky ended or a loop may be present. A
blunt ended or 



sticky ended stem may be preferred when it is intended
to ligate the stem to another nucleic acid. In a
certain embodiment, a loop is formed at the end of the
stem. The loop forms a physical link between the two
strands thus forming a covalent linkage between the
various parts of the nucleic acid super structure. In
a certain embodiment loops are present at all extremes
of the stems so as to form a circular nucleic acid. In
another embodiment, a loop is present at all extremes
of the stems except one, so as to form a contiguous
nucleic acid sequence. Suitably, the contiguous
sequence comprises a priming site to enzymatically
extend the nucleic acid using a polymerase or another
nucleic acid active enzyme. In appropriate instances
the priming site is present at the stem not having a
loop. Suitably, the nucleic acid comprises a priming
site for a DNA polymerase, RNA polymerase or reverse
transcriptase. Thus, the loops make it possible to
prepare a double stranded extension product displaying
the formed chemical compound. Importantly, the
extension product comprises a generally linear duplex,
i.e. a complementing strand has been formed by the
extension reaction. The extension reaction destroys
the reaction center so the chemical compound
previously formed by reaction in the reaction center
is displayed in the media. The display of the chemical
compoundenables the use of various selection
strategies on a library of extension products, as
discussed later in this description. Subsequent to the
selection, the possibility of amplifying the nucleic
acid is of particular relevance for identification
purposes, because the chemical compound can be
identified even in cases in which it occurs only in
minute concentrations. The contiguous nucleic acid
sequent suitably comprises codons of all the
reactants, which has participated in the formation of
the encoded chemical compound. In a particularly
preferred embodiment of the present invention a codon
is situated in the non-base pairing part of the
stem-loop structure. The presence in the loop of the
codon allows for the use of any combination of
nucleotides in the design, as the specific sequence of
a codon does not have material influence on the
hybridization and reaction capabilities. In some
aspects of the invention an enzymatic restriction site
is present in the stem-loop structure. Depending on
the specific endonuclease used, one or both strands of
the stemloop structure may be broken. In a certain
embodiment only one of the strands close to the loop
is nicked, thereby forming a single stranded nucleic
acid segment. The single stranded nucleic acid segment
suitably contains the codon. A useful enzyme for this
purpose is N. Bbvc IA. In another embodiment both
strands are broken and a sticky end, i.e. a single
stranded nucleic acid overhang, is formed. Suitably,
the codon is present in the single stranded overhang.
In an aspect of the invention it is preferred to add a
helper oligonucleotide complementary to at least to a
part of the nucleic acid sequence of the loop. Under
suitable conditions, the helper oligonucleotide
hybridizes to the loop sequence and forms a substrate
for a restriction enzyme. The stems of the star
structure may have any suitable length. Generally, a
stem comprises two hybridisation segments having at
least 80% complementarity and each hybridisation
segment consists of 12 or more nucleotides. The
complementarity is generally 90% or above, such as 95%
or above. The hybridization segments may contain less
than 12nucleotides for certain applications in which
the stability of the star structure may be dispensed
with, such as 11, 10, 9, 8, 7, or 6 nucleotides.
However, in general a high stability is desired. A
suitable stability under most conditions is generally
obtained when each hybridisation segment comprises 18
or more nucleotides. When conditions are used which
disfavor hybridization, i.e. temperatures well above
ambient, high salt concentrations, or presence of
organic solvents, hybridization segments of 20 or more
nucleotides are usually utilized. After the reaction
of the individual chemical groups, the formed chemical
compound is preferably covalently attached to the
nucleic acid. In certain applications it may be
desired to use hybridization to attach the formed
chemical compound to the nucleic acid of the star
structure; however a covalent attachment ensures that
the chemical compound and the nucleic acid part
remains together during a subsequent selection. A
chemical group to be reacted in the reaction center
may be associated with the nucleic acid in any
appropriate way. As an example, the chemical groups
prior to reaction are covalently attached to the
nucleic acid. Usually, one or more of the covalent
attachments are cleaved simultaneously with or
subsequent to reaction. The covalent link may be
designed to be cleavable or durable. Furthermore a
cleavable linkage may be designed to be cleaved
immediately upon reaction or designed to be cleaved in
a step subsequent to a reaction. Usually, the chemical
compound is formed by reaction of the chemical groups
attached to the nucleic acid and optionally one or
more further reactants. The reactants may originate
from any source, including be a compound added to the
media as a free reactant not associated with a nucleic
acid. The further reactant(s) may be scaffolds,
cross-linking agents, activating agent, deprotecting
agents etc. The star structures according to the
present invention are useful in the generation of
libraries of different chemical compounds associated
with a genetic code. Accordingly, the present
invention also relates to a library of star
structures. Each of the star structuresmay be present
in several copies in the media and the media generally
comprises star structures containing different
chemical compounds. As an example, a library of the
present invention may comprise at least 1000 different
chemical compounds, preferably 106different chemical
compounds, and more preferred 109 different chemical
compounds. In another aspect, the present invention
may be described as relating to e.g. a method for
synthesizing large libraries associated with encoding
nucleic acids through a "starstructure" formed by
mutually complementary oligonucleotides. This is
obtained by hybridizing oligonucleotides containing
two segments, where a segment towards the 3' end of
one oligonucleotide hybridizes to a segment towards
the 5' in the next and so forth. Finally, the segment
towards the 3' end of the last hybridizes to a segment
towards the 5' end of the first oligonucleotide.
Consequently, the mid section between the two
hybridization segments on each oligonucleotide is
pointing towards the center of the formed ring,
whereas the termini are pointing outwards, giving the
star-structure. So, when three types of
oligonucleotides are used three stems are formed, when
four types of oligonucleotides are used four stems are
formed etc. A chemical reactive group is associated to
the mid section on each oligonucleotide, thus allowing
proximity guided chemical reactions to occur in the
center. Furthermore, a codon is conveniently situated
external to the hybridized segment on each
oligonucleotide, thus allowing encoding of the
chemical groups participating in the creation of the
reaction product. The oligonucleotides with associated
chemical groups are called carrier modules herein.
Consequently, a carrier module has a chemical group,
two position specific segments and a codon. The
formation of encoded combinatorial libraries is
allowed when repertoires of carrier modules for each
position are used. According to a certain embodiment,
the assembled oligonucleotides are made extendable or
amplifiable when the termini in each stem, except one,
are ligated via loop formations to form a continuous
oligonucleotide with a 5' and 3' termini. Thus,
consisting of one stem and a number of stem-loops, the
star structure can be amplified by PCR or extended
with a suitable enzyme. Consequently, the
combinatorial display library can be subjected to
selection and the enriched library members identified
through their encoding oligonucleotide.Accordingly, an
aspect of the invention relates to a method for
creating one or more chemical structures comprising
the steps of: (i) providing N (N 3-100) carrier
modules comprising: (1) a first position earner module
having i) a nucleic acid segment capable of
hybridizing to a nucleic acid segment of the N
position capier module, and ii) a nucleic acid segment
capable of hybridizing to a segment of a second
position earner module, (2) n position carrier
module(s) (n = from 2 to N-I) having a nucleic acid
segment capable of hybridizing to said nucleic acids
segment of the n-1 carrier module, and a nucleic acid
segment capable of hybridizing to a segment of the n+1
carrier module, and (3) a N position carrier module
having a nucleic acid segment capable of hybridizing
to said nucleic acid segment of said N-I earner
module, and a nucleic acid segment capable of
hybridizing to a segment of said first earner module,
wherein at least three of said earner modules comprise
an associated chemical group (CG) situated in the mid
section between the hybridization segments or in the
vicinity hereof and optionally a codon segment
situated external to one of the hybridization
segments; (ii) contacting said capier modules under
conditions allowing hybridization of said
hybridization segments, thus bringing said chemical
groups into proximity, where the formed chemical
compound is associated with at least one of said
carrier module. N denotes the total number of carrier
modules used in the formation of the chemical
structure. Thus, when three carrier modules are used
in the formation of the chemical structure, N is 3,
when four earner modules are used in the formation of
the chemical structure, then N is 4 etc. n denotes the
specific position of the carrier module. Thus, when N
is 3, a (1) first position carrier module is used
having a nucleic acid segment capable of hybridizing
to a nucleic acids segment of the third position
carriermodule, and a nucleic acid segment capable of
hybridizing to a segment of a second position carrier
module; (2) second (n=2) position canier module is
used having a nucleic acid segment capable of
hybridizing to said nucleic acids segment of the first
carrier module, and a nucleic acid segment capable of
hybridizing to a segment of third carrier module; and
(3) a third position canier module is used having a
nucleic acid segment capable of hybridizing to said
nucleic acids segment of said second canier module,
and a nucleic acid segment capable of hybridizing to a
segment of said first canier module. When N is 4, a
(1) first position canier module is used having a
nucleic acid segment capable of hybridizing to a
nucleic acids segment of the fourth position carrier
module, and a nucleic acid segment capable of
hybridizing to a segment of a second position carrier
module; (2) (n=2) second position carrier module is
used having a nucleic acid segment capable of
hybridizing to said nucleic acids segment of the first
carrier module, and a nucleic acid segment capable of
hybridizing to a segment of third carrier module; and
(n=3) third position carrier module is used having a
nucleic cid segment capable of hybridizing to said
nucleic acid segment of the second carrier module and
a nucleic acid segment capable of hybridizing to a
segment of fourth canier module and (3) a fourth
position carrier module is used having a nucleic acid
segment capable of hybridizing to said nucleic acids
segment of said third canier module, and a nucleic
acid segment capable of hybridizing to a segment of
said first canier module. When N is 5, a (1) first
position carrier module is used having a nucleic acid
segment capable of hybridizing to a nucleic acids
segment of the fifth position canier module, and a
nucleic acid segment capable of hybridizing to a
segment of a second position canier module; (2) (n=2)
second position carrier module is used having a
nucleic acid segment capable of hybridizing to said
nucleic acids segment of the first carrier module, and
a nucleic acid segment capable of hybridizing to a
segment of third carrier module; and (n=3) third
position canier module is used having a nucleic cid
segment capable of hybridizing to said nucleic acid
segment of the second carrier module and a nucleic
acid segment capable of hybridizing to a segment of
fourth canier module and and (n=4) fourth position
carrier module is used having a nucleic cid segment
capable ofhybridizing to said nucleic acid segment of
the third carrier module and a nucleic acid segment
capable of hybridizing to a segment of fifth carrier
module; and (3) a fifth position carrier module is
used having a nucleic acid segment capable of
hybridizing to said nucleic acids segment of said
fourth carrier module, and a nucleic acid segment
capable of hybridizing to a segment of said first
carrier module. The above method may be followed by
the step of providing conditions allowing ligation of
the termini of module n-1 to module n and module N-I
to module N, thereby forming a continuous nucleic acid
molecule with stem-loop structures and a chemical
compound associated. Thus, when N is 3, a terminus of
the fist module is allowed to ligate to a terminus of
the second modules and a terminus of the second module
is allowed to ligate to the third module. When N is 4,
(n=2) a terminus of the fist module is allowed to
ligate to a terminus of the second module, (n=3) a
terminus of the second module is allowed to ligate to
the third module, and a terminus of a third module is
allowed to ligate to the fourth module. When N is 5,
(n=2) a terminus of the fist module is allowed to
ligate to a terminus of the second module, (n=3) a
terminus of the second module is allowed to ligate to
the third module, (n=4) a terminus of a third module
is allowed to ligate to the fourth module, and a
terminus of the fourth module is allowed to ligate to
a terminus of 



the fifth module. According to a further aspect of the
present invention, the N position carrier modules may
be ligated to the first carrier module, so as to form
a circular nucleic acid. A composition comprising a
structure of nucleic acid and associated chemical
compounds made according to the method indicated above
is novel since carrier modules creates a novel "star
structure" that are different from the structures
created in the prior art. See e.g. the prior art
discussed in the Background section above. In a
preferred aspect of the invention a method is
provided, which ensures a high proximity between the
reaction chemical groups and amplification of the
entire genetic code of the synthesis history of the
formed chemical compound. Thus, in a preferredaspect,
the present method comprises contacting carrier
modules under conditions allowing hybridization of
hybridization segments, thus bringing reactive groups
into reactive proximity; and providing conditions
allowing reaction of reactive groups, where the formed
chemical compound is associated with at least one
carrier module; and conditions allowing ligation of
the termini of module n-1 to module n and module N-I
to module N and thereby forming continuous nucleic
acid molecule with stem-loop structures and a chemical
compound associated. According to a preferred
embodiment, N is 3, 4, 5, 6, 7. It is also preferred
that each of the carrier modules comprise an
associated chemical group (CG) situated in the mid
section between the hybridization segments or in the
vicinity hereof and a codon segment situated external
to one of the hybridization segments. The contacting
of the canier modules may performed sequentially, i.e.
the carrier modules may be contacted in any order
between the individual carrier modules or the
contacting may be performed simultaneously, i.e. all
the carrier modules, or at least a substantial amount
of the earner modules, are mixed together at
hybridisation conditions so as to form a
supermolecular complex. When sequential reaction of
the chemical groups is perfomed and only a fraction of
the total amount of carrier modules required for
assembling the entire star structure is used, an
auxiliary oligonucleotide may be used to assemble a
star structure, whereby the reaction center is formed.
Thus, when a step in the formation of the chemical
compound involves the assembling of two carrier
modules by hybridization of the respective
hybridization segments, an auxiliary oligonucleotide
having segmens invers complementary to the
non-hybridised hybridization segments may be added to
form the star structure. After the chemical groups
attached the carrier modules have been brought into
close proximity in the reaction center, reaction is
effected. The chemical groups may be designed such
that a reaction occurs immediately when the groups
come into reaction distance of each other or the
groups may be designed such that an external component
isnecessary for the reaction to occur. The external
component may be a reactant, a photon,
electromagnetism or any other stimuli, which effects
reaction. In a certain aspect of the present invention
orthogonal chemistry is used, i.e. the chemical groups
are designed such that the order of reaction is
directed. The reaction center is defined by the stems
surrounding said center. It has been suggested, that
the distance between two reactants in the reaction
center is less than 10 ran. Assuming the reaction
center is spherical; the concentration of the
reactants can be calculated to ImM. In a biological
context a concentration of this size is regarded as
high and a reaction can be assumed to proceed within a
reasonable time. Furthermore, the concentration of
free reactant in the media is very low, when the
carrier modules have been dosed in adjusted molar
amounts, so the reaction in the reaction center is
greatly favored over non-directed reaction. The mid
section of the earner module can contain any suitable
chemical groups. To allow for enzymatic extension by
e.g. a polymerase, the mid section of a carrier module
suitably comprises a chemical bond or 1 to 20
nucleotides. The nucleotides may be modified to obtain
certain reaction conditions in the reaction center. As
an example, the nucleotides of the mid section may be
modified with lipophilic groups to provide for a high
mobility and reactivity of the associated chemical
groups. The chemical group may be associated with the
carrier molecule at various positions. In one aspect,
the chemical group is associated with a nucleobase of
the mid section. In another aspect, the chemical group
is associated with a phosphodiester linkage of the
midsection. When the chemical group is attached to the
backbone the point of attachment is generally at the
phosphor of the internucleoside linkage. When the
nucleobase is used for attachment of the chemical
group, the attachment point is usually at the 7 1
position of the purines or 7-deaza-purins or at the 5
n position of pyrimidines. The nucleotide may be
distanced from the reactive group of the chemical
group by a spacer moiety. The spacer may be designed
such that the conformational space sampled by the
reactive group is optimized for a reaction with the
reactive group of another chemical group in the
reactioncenter. In general, the chemical group is
associated to the midsection through one or more
covalent bonds. The ligation may be effected prior to,
simultaneously with or subsequent to reaction and the
ligation maybe performed enzymatically or chemically
at the choice of the experimenter. To reduce the
amount of free non-hybridising carrier modules in the
media, it is generally desired to ligate the carrier
modules prior to reaction. The formed chemical
compound may be associated with the nucleic acid
through a variety of chemical interactions. According
to a preferred aspect the formed chemical compound is
covalently associated with at least one of said
carrier molecules or the continuous nucleic acid
molecule. The relatively strong association between
formed chemical compound and the nucleic acid, such as
a covalent link, is useful during the screening of a
library as it may be desired to us harsh conditions,
which may disrupt weaker bonds, such as hydrogen
bondings. In a preferred aspect of the invention one
or more carrier modules are provided with a priming
site for DNA polymerase, RNA polymerase or reverse
transcriptase. The presence of a priming site assists
in the amplification of the genetic code for the
chemical group, which have reacted in the formation of
the chemical compound. When ligation is absent, i.e.
the genetic code for each of the chemical groups
remains separate entities kept together by
hybridisation, it is preferred that each carrier
module contains a priming site. After a selection of a
library has been performed, it is possible to gain
information concerning which chemical groups that has
participated in the formation of successful chemical
compounds, i.e. chemical compounds with a desired
property. One way of obtaining this information is to
quantify the amplification product, through well-know
methods such as QPCR or standard PCR combined with
microarray. The information may be used in the
formation of a second-generation library with a
reduced diversity, as it is only necessary to include
carrier modules in the library, which are successful.
A reduced diversity library is also a focused library
because the abundance of chemical compounds with a
desired property is higher.When two or more carrier
modules are ligated together, it is possible to obtain
information of the reactants, which together have
participated in the formation of chemical compounds
with a desired property. Preferably all, carrier
modules are ligated together so as to form a linear
nucleic acid or a circular nucleic acid. Thus, when
two or more carrier modules are ligated together, a
single priming site is necessary to amplify the
contiguous nucleic acid comprising the two codons.
According to a preferred embodiment, the method of the
invention comprises a priming site for a DNA
polymerase, RNA polymerase or reverse transcriptase
site in at least the first carrier module and/or at
least in the N carrier module. When all the carrier
modules are ligated together, i.e. the first carrier
module is ligated to earner module n (n=2 to N-I),
which is ligated to the earner module N, a nucleic
acid can be extended when a priming site is situated
at one of the ends. To reduce the risk that the formed
chemical compound remains hidden in the reaction
center, an extension is preferably performed prior to
the selection process. The extension of the contiguous
nucleotide effectively displays the formed chemical
compound to the media and any target, which may be
present therein. Preferably, a priming site for
hybridisation of a forward primer is situated at one
end and a priming site for hybridisation of a reverse
primer is situated in the other end, so as to allow
for amplification according to the protocol of the
polymerase chain reaction (PCR). PCR amplification is
suitably performed after the selection has been
performed to generate more copies of the genetic
material of the structures having the desired
properties. Accordingly, a second aspect of the
invention relates to a composition comprising a
structure of nucleic acid and associated chemical
compound or a library of more than one of such
structures obtainable by the method indicated above. A
library of chemical compounds associated with a
nucleic acid coding for the chemical groups, which
have participated in the formation of the chemical
compound, can be form by using a repertoire of carrier
modules on one or more positions.The library as
described herein may be used to screen for a compound
of interest. It is generally desired to have a library
as large as possible to increase the possibility of
finding a compound with desired properties. In a
certain aspect of the invention the property of the
compound of interest is the ability to bind to a
target. Generally, it is assumed that the possibility
of finding a compound with high affinity and
specificity towards a target is increasing with
increasing library size. Thus, a library according to
the present invention suitably comprises more than 103
, 104 , 105 , 106 , 107 , 10s , 109 , 10 10 , 10 , 10
, 10 , or 10 different chemical compounds associated
with a nucleic acid encoding the synthetic history. To
obtain a library a repertoire of carrier modules may
be used at a number of positions. In an aspect of the
invention, the repertoire on at least one position
comprises at least 10 different carrier modules. In a
certain aspect, the repertoire on at least two
positions comprises at least 10 different carrier
modules. To obtain a library of one million different
chemical compounds in the same container, the multiple
structures of the invention can be formed with 100
carrier modules at 3 different positions. In other
words, synthesis of just 300 carrier modules enables
the formation of a library of a million compounds.
Similarly, a library of 100 million compounds can be
formed with 100 earner modules at 4 different
positions. The invention also relates to a method for
performing module substitution. The method comprises
the steps of: a) providing a single stranded
contiguous nucleic acid sequence comprising N
hybridisation segments and complementing hybridisation
segments as well as N-I nonhybridising segments
between the hybridisation segments and complementing
hybridisation segments, b) hybridizing the nucleic
acid under conditions favoring intramolecular
hybridization, thereby forming a continuous nucleic
acid, at least containing N-I stem-loops and one stem;
c) introducing a break in said stem or loop thereby
creating an overhang which at least contains a codon
segment;d) providing a first group of carrier modules
having at least: a nucleic acid segment capable of
hybridizing to said stem, a nucleic acid segment
capable of hybridizing to the stem of an adjacent
stem-loop, optionally an associated reactive group,
and an anti-codon segment; d) providing conditions
allowing hybridization of codon and anti-codon
segments; and e) providing conditions allowing
enzymatical or chemical ligation of said hybridized
earner module to the recessive termini of said
overhang; and perform the steps of: i) digest with a
restriction enzyme the stem or loop of the stem-loop
adjacent to said codon sequence thereby making
overhangs which at least contain a next codon segment;
and ii) denaturate the nucleic acids; and iii)
hybridize under conditions favoring intramolecular
hybridization thereby forming N-I stem-loops and one
stem with overhang at least containing said next codon
segment; and iv) optionally provide conditions
allowing reaction of said reactive groups, where the
formed chemical compound is associated with at least
one of said carrier module; and v) provide a next
group of carrier modules having at least; a nucleic
acid segment capable of hybridizing to said stem, and
a nucleic acid segment capable of hybridizing to the
stem of the adjacent stem-loop, and optionally having
a reactive group associated, and having an anti-codon
segment; and vi) provide conditions allowing
enzymatically or chemical ligation of hybridized
carrier module to the recessive termini of said
overhang; and repeat steps i) through vi) N-I times;
and 



f) introducing a break in said stem-loop structure
consisting partial of said first group of carrier
modules at least leaving said anti-codon segment
connected to said first carrier module; and g)
denaturating the nucleic acids; and h) hybridizing
under conditions favoring intramolecular hybridization
thereby forming N- 1 stem-loops and one stem; and i)
optionally, providing conditions allowing reaction of
said reactive groups, where theformed chemical
compounds are associated with at least one of said
earner module. The contiguous nucleic acid sequence
used in step a) may be provided from a number of
sources. According to a first aspect, the nucleic acid
is provided by the above method, however using dummy
carrier modules not carrying chemical groups. When
these nucleic acids representing the earner modules
are ligated together, a linear or circular nucleic
acid is formed. According to a second aspect, the
contiguous nucleic acid sequence of step a) is
obtainable by performing an enzymatic extension
reaction to display the formed chemical compound.
Thus, after the formation of the star structure, the
single stranded extension product or a strand
complementing the extension product may be used in
step a). If desired, the extension product may be
subjected to polynucleotide amplification , such as
PCR, to amplify the number of copies of the nucleic
acid. In a certain aspect, the contiguous nucleic acid
sequence in step a), b), or c) is obtained by
immobilizing the sense strand of the PCR product on a
solid support, isolating the solid support, allowing
the sense stand to self-hybridize so as to form the
star structure, and, optionally, breaking the stem
attaching the self-hybridized star structure with the
solid support, thereby liberating the star structure
from the solid support. A suitable method of
immobilizing the sense strand is to attach biotin to
the primer producing the sense strand. The sense
strand may then be attached to solid supports, such as
beads, covered with streptavidin. Depending on the
property of the solid support it may be isolated from
the remainder of the media in a number of ways.
Presently, it is preferred to use magnetic beads,
which easily can be isolated by a magnet. After the
solid support has been washed a number of times, the
sense strand is allowed to self-hybridize to form the
star structure anew. In a preferred aspect, the
re-folding is performed by instant cooling. The star
structure may be maintained on the solid support
throughout the module substitution process or the star
structure may be cleaved from the solid support.
Suitably a cleavage of the stem attaching the solid
support and the re-folded star structure is performed
with a restriction enzyme. The ability of the
restriction enzyme to perform the cleavage is actually
a test confirming the intramolecular folding.In
certain aspects of the invention it may be suitable to
cleave the star structure in the loop. As most
restriction enzymes recognize double stranded nucleic
acids only as substrates it is not immediately
possible to cleave in the loop using a restriction
enzyme. Therefore, the present invention comprises the
further step of adding a helper oligonucleotide
complementary to a sequence of a loop, prior to a
digesting step, to create a double stranded substrate
for the restriction enzyme in the loop. The invention
also relates to a method for screening a library of
more than one chemical compound comprising: probing
the library for library members having a chemical
compound of desired property; partitioning the library
members having desired property from library members
not having desired property; and thereby obtaining an
enriched pool of library members having desired
property. The enriched pool of library members having
the desired property may be isolated and characterized
if desired. However, one of the advantages of this
method is that it is not necessary to isolated the
enriched pool. In a preferred embodiment, the enriched
pool is subjected to a nucleic acid amplification
method to increase the genetic material indicative of
the synthetic history of the chemical compounds having
the desired property. The pool of amplified nucleic
acid representing the enriched library of compounds
with a desired property may be decoded in order to
identify the reactants, which have been involved in
the synthesis of the chemical compound with the
desired property. However, if the enriched pool is
larger than it is feasible easy to decode the entire
amount of nucleic acid, the present invention offers
the possibility of reassembling the chemical compounds
encoded by the enriched library members or the nucleic
acid representing such enriched library using the
above method of performing module substitution. In one
embodiment, the present invention provides a method
for amplification of an enriched pool of library
members having the desired property. The method
include that the PCR amplified oligonucleotides are
allowed to hybridize under conditions favoring
intramolecular hybridization, whereby the
star-structure, consisting of a stem and anumber of
stem-loops are recreated. The stem without a loop
preferably contains a recognition site for a
restriction enzyme, which cuts outside its recognition
sequence and generates an overhang upon digest. The
redundancy of the sequence in the created overhang may
conveniently be utilized to contain a codon.
Restriction enzyme digestion of the stem then
generates codon specific overhangs for this first
position. The restriction enzyme digested
star-structures are subsequently hybridized with a
repertoire of earner modules containing the two
constant segments for the first position and a cognate
pair of the chemical group and the anti-codon.
Consequently, codon/anti-codon hybridizations allow
appropriate pairs of carrier modules and
star-structures to be ligated by a DNA ligase. The
neighboring stem-loop also contains a recognition site
for another restriction enzyme capable of leaving a
codon specific overhang for this second position.
Digestion with this second restriction enzyme thus
eliminates the covalent linkage of the PCR amplified
first module to the rest of the structure. The
star-structures are denatured and subsequently allowed
to hybridize under conditions favoring intramolecular
hybridization. The star-structures are thereby
recreated, but now with a new carrier module on
position one (with an associated chemical group) and
the stem, without a loop is now located on position
two. Rounds of this process may be performed to
substitute all positions, to allow for proximity
guided chemical reactions of the proper combinations
of chemical groups. Consequently, rounds of selection
and amplifications can be performed until desired
enrichment has been achieved. The breaks in the stems
may be introduced by a number of methods, such as by
restriction enzymes, e.g. RNase, Endonuclease III,
endonuclease VIII, APEl, Fpg, or by chemical cleavage
or photo cleavage. The contiguous nucleic acid
sequence used in step a) of the module substitution
method described above can be provided by "breeding".
In a certain embodiment, a breeding method include the
steps of: digesting intermolecular hybridized nucleic
acid structures derived from an enriched library with
two consecutive restriction enzymes, which eliminate
the covalent linkages between the module in question
and the remaining structure,denaturing the digested
structures, allowing rehybridization of the nucleic
acid fragments from the digested structures, thus
allowing for exchange of a nucleic acid fraction
specifying the module in question to obtain breeding,
and ligation of the appropriate termini. According to
this method, earner modules or nucleic acid parts
representing carrier modules can be shuffled. The
shuffling allows for a diversification of the gene
pool similar to breeding in a meiotic biological
system. The method may be modified when nucleic acid
fragments representing carrier modules, not present in
the formation of the first generation library is added
before allowing rehybridisation. Alternatively, the
carrier module as such can be added before allowing
rehybridisation. When new genetic material is added to
the gene pool this is similar to mutation in a
biological system. The possibilities of performing
breeding and mutation operations between generations
of libraries allow for an evolution strikingly similar
to the natural evolution process in the search for new
drug candidates. Thus, in a certain embodiment, the
present invention provides a method for
diversification of an enriched library, thus allowing
molecular evolution. In the process described above
for the amplification of a display library, a fraction
of the library in each round for module substitution,
is digested with two consecutive restriction enzymes,
which eliminate the covalent linkages between the
module in question and the remaining structure. The
star-structures are denaturated and hybridized with a
repertoire of carrier modules for the position in
question. The position specific constant segments are
thus guiding the hybridizations, equivalently to the
creation of the primary library. The appropriate
termini are ligated and the formed product pooled with
the codon guided assembled fraction of the library,
leading to a diversification. Consequently, rounds of
selection, amplification and diversification can be
performed, thus allowing for molecular evolution.In
another embodiment, the present invention provides a
method for breeding of an enriched library, thus
allowing molecular evolution. In the process described
above for the amplification of a display library, a
fraction of the library in each round for module
substitution, is digested with two consecutive
restriction enzymes, which eliminate the covalent
linkages between the module in question and the
remaining structure. The starstructures are denatured
and hybridized. The position specific constant
segments are thus guiding the hybridizations and
allowing exchange of the module in question, i.e.
breeding. The appropriate termini are ligated and the
formed product pooled with the codon guided assembled
fraction of the library, leading to a diversification.
Consequently, rounds of selection, amplification,
diversification and breeding can be performed, thus
allowing for molecular evolution. In another
embodiment, the present invention provides a method
for creating combinatorial display libraries of
polymers or small molecules. The chemical reactions
may either be performed simultaneously or
sequentially, by use of e.g. orthogonal chemistries,
protective/masking groups, sequentially mixing of
carrier modules, or carrier modules without a CRG. In
one embodiment, the present invention provides a
method for creating combinatorial display libraries of
catalytic activity. In this aspect the earner modules
are associated with reactive site functionalities and
the star structure provides a framework for a three
dimensional arrangement of these functionalities. The
above-described aspects and embodiments show clear
advantages over the prior art. To name some, the
various possible embodiments of the present invention
show one or more of the following advantages: 1) a
unique method for assembly of a combinatorial display
library, 2) a unique structure for proximity guiding
of chemical reactions, 3) the chemical reactions are
highly independent of codon sequences because these
are separated from the reactive site by constant
segments, 4) high accuracy in amplification of display
library as only codons on a relevant position are
capable of guiding fresh carrier modules as only these
contain a termini to facilitate ligation, and 5) if
accidentallyan incorrect codon/anti-codon guiding has
occurred, the association between encoding and display
will still exist as the fresh carrier modules provides
both the CRG and the code. Brief description of the
drawings Fig. 1a discloses steps in the formation in
the star structure, in which the chemical groups are
simultaneously reacted. Fig. Ib shows steps in the
formation of the star structure, in which chemical
groups are sequentially reacted. Fig. Ic discloses a
method which uses convergent synthesis of the chemical
compound. Fig. Id shows a method in 5 steps for
forming a library in which each members displays the
formed chemical compound efficiently. Fig. I e
discloses a method in which the loops are added after
reaction of the chemical groups. Fig. 2a discloses a
method for self-assembling of combinatorial library by
repertoires of bi-specific oligonucleotides. Fig. 3
shows 5 steps in an affinity selection. Fig. 4a
discloses steps in the formation of a library. Fig. 4b
discloses the principles of breeding and mutation of
an enriched library. Fig. 5 discloses steps in a
method leading to the formation of an enriched
library. Fig. 6 shows the principle of molecular
evolution. Fig. 7 shows an embodiment of the invention
involving an immobilized substrate. Fig. 8 discloses
the experimental results of example 1. Fig. 9 depicts
the results of experiments reported in the example 2.
Fig. 10 shows the result of the experiments according
to example 3. Fig. 11 discloses the results of
experiments reported in example 4. Fig. 12 shows gels
obtained in the experiments described in example 5. 



Fig. 13 depicts a native PAGE gel from example 6 Fig.
14 shows a gel from the experiments reported in
example 7 Fig. 15 discloses a gel of a re-folding
experiment of example 8Fig. 16 is a schematic diagram
of the design of example 9. Fig. 17 shows the gel
resulting from the experiments reported in example 9
Fig. 1S discloses the gel resulting from the
experiments reported in example 9 Fig. 19 shows
various architectures of reaction design reported on
example 10. Fig. 20 shows two gel resulting form
experiments disclosed in example 12 Fig. 2 1 Discloses
a gel from an experiment reported in example 13. Fig.
22 shows a gel from an experiment reported in example
14. Fig. 23 shows a gel from an experiment reported in
example 15. Fig. 24 discloses a gel from the
experioment disclosed in example 16. Fig. 25 shows the
results of the experiment shown in example 17. Fig. 26
discloses the outline of the experimental strategy
used in example 18 Fig. 27 shows a non-native PAGE gel
of he individual steps in the process used in example
18. Fig. 28 shows a non-native PAGE gel of the binding
assay reported in example 18. Fig. 29 shows a PCR
amplification gel reportedin example 18. Fig. 30 shows
a picture of a gel evidencing the occurrence of a
reductive amination. Fig. 3 1 discloses a picture of a
gel evidencing the occurrence of urea attachment Fig.
32 shows gels of a study on the electromobility of the
star structure. Fig. 33 shows a schematic
representation of the translation process. Fig. 34
shows the result of the experiments reported in
example 22. Fig. 35 shows the result of the
experiments reported in example 22. Fig. 36 shows the
result of the experiments reported in example 22.
Detailed Description of the Invention. Nucleic Acid
Nucleic acid encoded chemical synthesis as described
herein permits the production of combinatorial display
libraries and the performance of selection,
amplification and evolution of a broad variety of
chemical compounds such as small molecules and
nonnatural polymers. The nucleic acid serves multiple
functions, for example, it bringschemical reactants
together, guides the three-dimensional arrangement of
chemical reactants, stores information regarding the
chemical synthesis history, guides for proper matching
of selected combinations of chemical reactants and
allows diversification and breeding of chemical
compounds. The method may be used to assemble one
molecule, trillions of molecules, or even more at a
time. The method allows the isolation of ligands or
drugs with properties superior to those isolated by
traditional rational design and combinatorial drug
discovery methods, as the chemical space can be
systematically searched for ligands having desired
properties. Nucleic acid guided chemical synthesis has
been shown to be a wide-ranging phenomenon, not only
limited to compounds of nucleic acid nature, but also
applicable to guiding a broad range of chemical
reactions under a broad range of conditions (WO
2004/016767, WO 2002/074929A2). This is of particular
importance, as most molecules of interest do not
resemble nucleic acid or nucleic acid analogs. The
chemical groups participating in the formation of the
final chemical compound may be transferred in one step
to a receiving chemical entity on a scaffold or a
chemical group may be transferred in two steps, in
which the first step includes a cross link between the
chemical group and the receiving entity and the second
step include a cleavage of the chemical group from the
carrier module to complete the transfer. An example of
the former type of reaction of a reaction is a carrier
module having attached a 5-membered substituted
Nhydroxysuccinimid (NHS) ring serving as an activator,
i.e. a labile bond is formed between the oxygen atom
connected to the NHS ring and the chemical group to be
transferred. The chemical groups can be transferred to
a recipient nucleophilic group, typically an amine
group, which may be present on a scaffold. The
remainder of the fragment is converted into a leaving
group of the reaction. When the chemical group is
connected to the activator through a carbonyl group
and the recipient group is an amine, the bond formed
on the scaffold will an amide bond.An example of a
two-step reaction is the so-called allylglycin
reaction. In a first step a chemical group comprising
a carboxylic acid or a derivative there of is reacted
with a nucleophilic group, such as an amine. The
chemical group is attached to an allylglycin group,
which in a second step may be cleaved with iodine to
release the chemical group. The two-step reaction
method is disclosed in more detail in WO 2004/039825,
the content thereof being incorporated herein by
reference. Another example of a two-step reaction
strategy is shown in more detail in example 10. Of
pivotal importance for nucleic acid guided synthesis
of combinatorial display libraries is the proximity
guiding of reactants, which ensures reaction
efficiency and proper association of encoding and
display. Proximity of reactants is obtained by
associating together the reactants, by some sort of
linker. Proximity can also be described as a local
concentration, which is dependent on the length and
flexibility of the linker. If free flexibility of the
linker is assumed, the local concentration can be
calculated by using the volume of a sphere with the
linker length as radius. The formula to calculate the
volume of a sphere is; v =4/3 * pi * r3. Consequently,
the proximity or local concentration drops in the 3rd
power as a function of the linker length. For example
a linker length around 10 nm, will be equivalent to a
concentration around 1 millimolar, whereas a 100 nm
linker will be equivalent to a concentration around
1micromolar. Efficient organic chemistries are
typically performed in the millimolar to molar
concentration range. Consequently, to ensure
efficiency in the chemical reactions the linker length
should not be significantly longer than 10 nm.
Preferably, the reactive groups are brought into
reactive proximity of less than 100 nm, more
preferably less than 50 nm, even more preferably less
than 25 nm, even more preferably less than 10 nm and
most preferably less than 5 nm. In the prior art for
single-pot synthesis of DNA encoded display libraries
allowing amplification, single stranded DNA templates
with codons spread out over the length of template are
used (WO 2004/016767, WO 2002/074929A2). The templates
are responsible for recruiting transfer units having
proper anti-codon sequences from arepertoire of
transfer units and thereby bringing together chemical
groups on the template and the transfer unit.
Consequently, the single stranded template acts also
as a linker between the chemical group on the template
and the chemical group on the transfer unit hybridized
to the template. Hence, the linker length and thereby
the local concentration of reactants will depend on
which codon position is employed. An unfolded
(extended) oligonucleotide having for example 20
nucleosides will have a length around 10 nm, (the
six-bond backbone spacing is around 0.63 nm) and an
oligonucleotide having 200 nucleosides will have a
length around 100 nm. Consequently, unfolded
oligonucleotides considerably longer than 20
nucleosides (10 nm, equivalent to a concentration
around 1 millimolar) will in general not be suitable
to create proximity guiding of chemical reactions. In
one embodiment the present invention circumvents the
lengthened structure of nucleic acid in use to bring
reactants into reaction proximity. This is achieved by
choosing appropriate sequences of oligonucleotides
capable of folding into stable three dimensional
structures and thereby allowing proximity guiding by
sequence positions separated by many nucleosides. As
shown in Figure Ia this is achieved by using
bispecific oligonucleotides (mutually complementary),
which can hybridize into a "starstructure". The
bi-specific oligonucleotides contain two segments: a
segment towards the 3' end of one oligonucleotide
hybridizes to a segment towards the 5' in the next and
so forth. Finally, the segment towards the 3' end of
the last hybridizes to a segment towards the 5' end of
the first oligonucleotide. Consequently, the mid
section between the two segments on each
oligonucleotide is pointing towards the center. This
mid section can be a bond or a segment. In contrast,
the termini are pointing outwards, thus giving the
starstructure. So, when three types of
oligonucleotides are used three stems are formed, when
four types of oligonucleotides are used four stems are
formed etc. A chemical reactive group (CRG) is
conveniently associated to or in the vicinity of the
mid section on each oligonucleotide. The chemical
reactive groups are thus brought into reaction
proximity, as the diameter of the DNA double helix is
around 2 nm, thus allowing proximity guided chemical
reactions to occur in or in the vicinity of the
center.The chemical reaction is performed such that
the formed product is associated to at least one
oligonucleotide. Furthermore, a codon is conveniently
situated external to one or both of the hybridized
segments on each oligonucleotide, thus allowing
encoding of the chemical groups. The oligonucleotides
with associated chemical group, two position specific
hybridisation segments and a codon are called carrier
modules. To make the created combination of
oligonucleotides amplifable by e.g PCR, the termini in
each stem, except one, are ligated via loop formations
to form a continuous oligonucleotide with a 5' and 3'
termini. In one aspect, the structure consists of one
stem and a number of stem-loops, which can be
amplified by having PCR priming sites at the termini
(figure Id and Ie). Alternatively, all termini are
ligated forming a closed ring, which may be amplified
by primer extention by a DNA polymerase without strand
displacement activity. A method using stepwise
reaction of the chemical groups are shown in Fig. Ib.
Initially, two carrier modules are contacted under
hybridisation conditions. Carrier module A comprises a
hybridisation segment a, which anneals to
hybridisation segment a' of carrier module B.
Following the annealing step, a chemical reaction
between chemical group CA on carrier module A and CB
on carrier module B is allowed. In a third step,
caitier module C is added under hybridisation
conditions. Carrier module C comprises a hybridisation
segment b', which complements the hybridisation
segment d of carrier module B. The reaction proximity
of the product CA-CB to the chemical group Cc enables
the chemical reaction to proceed so as to produce the
product CA-CB-CC. A fourth carrier module D is added
under hybridisation conditions. Carrier module D is
allowed to hybridize to the growing star structure, so
as to bring reactant CD into close proximity of
reaction product of the preceding reaction, whereby a
reaction is promoted to produce the final chemical
compound CA-CB-CC-CD. Fig. Ic discloses a convergent
synthesis method, in which the initial reaction steps
follow two separate pathways. In a first series of
reactions carrier modules A and B are contacted
separately under hybridisation conditions in a first
container. Hybridisationsegment a of carrier module A
and hybridisation segment a' of earner module B will
anneal to each other and a reaction between the
chemical groups CA and CB is effected. In a second
container carrier modules C and D are mixed under
hybridisation conditions so as to form a hybridisation
product in which hybridisation segment c of carrier
module C is annealed to hybridisation segment c' of
carrier module D. Subsequently, reaction occurs
between chemical group Cc and chemical groups CD to
produce intermediate product CC-CD. The intermediate
products are allowed under hybridisation conditions to
anneal to each other, whereby the start structure is
formed. Subsequently, or simultaneously with the
formation of the star structure, reaction between the
two intermediate reaction products CA-CB and CC-CD is
allowed to produce the final chemical compound
CA-CB-CC-CD. When performing stepwise or convergent
synthesis it may be useful prior to reation of the
chemical groups to provide an auxiliary
oligonucleotide to form the reaction center. In one
embodiment, the present invention relates to the
formation of the loop in the stemloop structures as
provided by carrier modules as shown in figure Id.
Alternatively, the loops are formed by ligation of
stem-loops provided by other oligonucleotides as shown
in figure Ie or any combination hereof of the
embodiments shown in figure Id and Ie. The terminal
earner modules may contain PCR priming sites or the
priming sites may be provided by ligating other
oligonucleotides. The embodiment disclosed in Figure
Id is shown in five steps. In the first step, four
carrier modules, each carrying a reactive groups R and
bi-specific oligonucleotides are contacted under
hybridisation conditions. The carrier modules are in
equilibrium with the star structure. In the second
step the hybridisation complex is ligated at the
termini of the carrier modules so as to form a
continuous nucleic acid. The proximity of the chemical
groups at the center of the star structure promotes
the reaction and in step 3 a product is formed, which
is attached with a linking entity to the nucleic acid
coding for the chemical groups which have participated
in the formation of the chemical compound. In step 4 a
priming site for a polymerase is ligated to the star
structure to enable extension of thenucleic acid. The
last step shows the extension product in which a
double stranded DNA has been formed using the nucleic
acid of the star structure as a template. In figure
Ie, a variant of the embodiment of figure Id is shown,
as the stem-loop is added separately and ligated to
the star structure. In a first step, four carrier
modules are mixed. 



Due to the existence of hybridisation segments, the
star structure is formed under hybridisation
conditions. Subsequent to formation of the
hybridisation complex, reaction is effected to form
the chemical compound. After formation of the compound
by reaction of the four chemical groups, 3 stem-loops
and a priming site for a polymerase is added. The
stem-loops and the priming site comprise an overhang
which complements an overhang of the star structure.
When a ligase is added, the stem-loops and the priming
site are ligated to the start structure, so as to form
a continuous nucleic acid. In certain embodiments the
present invention relates to ligation of carrier
modules, for example using enzymes such as T4 DNA
ligase, Taq DNA ligase, T4 RNA ligase or E. coli DNA
ligase or by chemical ligation (Shabarova et al.,
Nucleic Acids Res, 19, 4247- 51, 1991). Carrier
Modules - Oligonucleotide Portion Oligonucleotides are
used to guide the chemical reactions in the present
invention. The oligonucleotides in this context are
called carrier modules, which contain at least two
position specific hybridization oligonucleotide
segments, optionally an oligonucleotide codon segment,
and a reactive chemical group. In one embodiment the
present invention relates to carrier modules, where
the oligonucleotide portion consists of DNA, RNA or
analogs hereof and in any combinations hereof. The
oligonucleotide portion is capable, at least after
modification, of being an appropriate template in
standard protocols for nucleic acid replication and/or
amplifications.The carrier modules may be synthesized
using methodologies known in the art. For example the
oligonucleotide may be prepared by any method known in
the art for synthesizing oligonucleotides, e.g. solid
phase synthesis using an automated synthesizer.
Oligonucleotides following synthesis may be associated
when desired (for example, covalently or
non-covalently coupled) with a CRG of interest using
standard coupling chemistries known in the art. In one
embodiment the present invention relates to carrier
modules, where the association of the CRG to the
oligonucleotide is to the mid section between the
hybridization segments or in the vicinity hereof. The
mid section may be a phosphordiester linkage,
derivatives thereof or a nucleic acid segment. In
vicinity of the mid section relates to locations on
the duplex nucleic acid stem, preferentially to
locations close to the mid section. Preferably, the
vicinity of the mid section relates to less than 20
nucleotides, more preferably less than 10 nucleotides,
even more preferably less than 5 nucleotides and most
preferably less than 2 nucleotides. In one embodiment
the present invention relates to carrier modules,
where an association of a CRG to an oligonucleotide
occurs via linkers or spacers, which are long and
flexible enough to allow the reactants to come into
reaction proximity. The linkers preferentially have a
length and composition to permit reactions between
reactants paired by oligonucleotides, but yet
minimizing reactions with unpaired entities. Moreover,
the association between the oligonucleotide and the
CRG may be through a covalent bond. In certain
embodiments, the covalent bond may be more than one.
The linkage can be cleavable by for example light,
oxidation, hydrolysis, exposure to acid, exposure to
base, or reduction. A variety of linkages useful in
the practice of the invention is described in the
prior art (Fruchtel and Jung, Angew Chem Int Ed Engl,
35, 17, 1996). The linker assists contact of the
reactants and in certain embodiments, depending on the
desired reaction, positions DNA as a leaving group,
where the linker is cleaved as a natural consequence
of the reaction. In certain embodiments depending on
the desired circumstances reaction of one reactive
group is followed by cleavage of thelinker attached to
a second reactive group to yield products without
leaving behind additional atoms capable of providing
chemical functionality. In one embodiment the present
invention relates to earner modules, where the
association of the CRG to the oligonucleotide occurs
through the backbone of the nucleic acid In one
embodiment the present invention relates to carrier
modules, where the association of the CRG to the
oligonucleotide is through the base. In a preferred
embodiment the CRG is associated to the
non-Watson-Crick hydrogen bonding parts. hi one
embodiment the present invention relates to earner
modules, where the association of the CRG to the
oligonucleotide allows read through by a DNA
polymerase, at least after its removal. In one
embodiment the present invention relates to carrier
modules, where the association of the CRG to the
oligonucleotide is non-covalent. For example if biotin
is attached to the oligonucleotide and streptavidin is
attached to the CRG, hence an interaction between
biotin and streptavidin associates the oligonucleotide
and the CRG with each other noncovalently. Carrier
Modules - Chemistry A broad range of compounds and/or
libraries of compounds can be prepared using the
methods described herein. In certain embodiments,
compounds that are not, or do not resemble, nucleic
acids or analogs thereof, are synthesized according to
the method of the invention. In certain other
embodiments, compounds that are not or do not
resemble, proteins or analogs thereof, are synthesized
according to the method of the invention. In one
embodiment the present invention relates to sequential
chemical reactions of proximity guided reactants. For
example, by use of orthogonal chemistries or the use
oforthogonal protective/masking groups, or by
sequential assembly and reaction of carrier molecules.
The assembly of earner modules without ring formation,
i.e. formation of a contiguous nucleic acid, may by
itself bring appropriately located CRGs into
proximity, as the diameter of a double helix is around
2 nm thus allowing positioning of several consecutive
CRGs within reaction proximity. The reaction
conditions, linkers, reactants and reaction site are
chosen to avoid non-oligonucleotide guided reactions
and accelerate oligonucleotide guided reactions.
Sequential or simultaneously contacting of carrier
molecules can be employed depending on the particular
compound to be synthesized. In a certain embodiment of
special interest, the multi-step synthesis of chemical
compounds is contemplated in which three or more
earner molecules are contacted sequentially to
facilitate multi-step synthesis of complex chemical
compounds. In one embodiment the present invention
relates to annealing of carrier modules, which allows
the use of carrier modules at concentrations lower
than concentrations used in many traditional organic
synthesis. Thus carrier modules may be used in
submillimolar concentrations. Preferably, the carrier
module concentrations may be used in submillimolar
concentrations of less than 100 micromolar, more
preferably less than 10 micromolar, even more
preferably less than 1 micromolar, even more
preferably less than 100 nanomolar and most preferably
less than 10 nanomolar In one embodiment the present
invention relates to CRG forming small molecules or
polymers. Known chemical reactions for synthesizing
polymers or small molecules can be used in the
practice of the present invention. The chosen
reactions preferably are compatible with nucleic
acids, such as DNA and RNA or analogs thereof.
Reactions useful include, for example, substitution
reactions, carbon-carbon bond forming reactions,
elimination reactions, and addition reactions. The CRG
or reactants include a variety of reagents and can be
any chemical group or reactive moiety (e.g.
electrophiles, nucleophiles) known in the chemical
art.In synthesizing small molecules using the method
of the present invention a carrier module may have a
scaffold associated upon which the small molecule is
to be assembled. The scaffold can be any chemical
compound with two or more sites for functionalization.
The sites may be protected by methods and protecting
groups known in the art. The protecting groups may be
orthogonal to each other so that they can be removed
individually. The reactants to modify a scaffold may
be, for example electrophiles (e.g. acetyl, amides,
acid chlorides, esters, imines), nucleophiles (e.g.
amines, hydoxyl groups, thiols) or side chains. In
certain embodiments, polymers, specifically unnatural
polymers, are synthesized according to the method of
the present invention. The unnatural polymers that can
be synthesized using the inventive method and system
include any unnatural polymers. For example unnatural
polymers include, but are not limited to, peptide
nucleic acid (PNA) polymers, polycarbamates,
polyureas, polyesters, polyacrylate (e.g.
polyethylene, polypropylene), polycarbonates,
polypeptides with unnatural stereochemistry,
polypeptides with unnatural amino acids, and
combination thereof. In certain embodiments, the
polymers comprise at least 3, 4, 5, 6, 7, 8, 9, 10, 25
monomer units or more. In certain embodiments the
monomer units may comprise di-mers, tri-mers or
tetra-mers or oligomers. The polymers synthesized
using the inventive system may be used, for example,
as catalysts, pharmaceuticals or diagnostic affinity
ligands. In preparing certain unnatural polymers, the
monomer units are attached to the carrier module. The
monomer units may be, for example, carbamates, D-amino
acids, unnatural aminoacids, PNAs, ureas, hydroxy
acids, esters, carbonates, acrylates, or ethers. In
certain embodiments, the monomer units have two
reactive groups used to link the monomer unit into the
growing polymer chain. Preferably, the two reactive
groups are not the same so that the monomer unit may
be incorporated into the polymers in a directional
fashion, for example, at one end may be an
electrophile and at the other end a nucleophile.
Reactive groups may include, but are not limited to,
esters, amides, carboxylic acids, activated carbonyl
groups, acid chlorides, amines, hydroxyl groups, and
thiols. In certain embodiments, the CRGs are masked or
protected. (Green et al (1999) Protective Groups in
Organic Synthesis 3r Edition, Wiley) so that
polymerization maynot occur until a desired time when
the CRGs are deprotected. Once the monomers are
brought together via earner module assembly,
initiation of the polymerization results in a cascade
of polymerization and deprotection steps wherein the
polymerization results in deprotection of a reactive
group to be used in the subsequent polymerization
step. The monomer units to be polymerized can include
two or more monomers. The monomer units may contain
any chemical groups known in the art. Reactive
chemical groups especially those that would interfere
with polymerization, hybridization, etc., are
preferably masked using known protecting groups
((Green et al (1999) Protective Groups in Organic
Synthesis 3rd Edition, Wiley). In general, the
protective groups used to mask these reactive groups
are orthogonal to those used in protecting the groups
used in the polymerization steps. In one embodiment
the present invention relates to carrier modules,
where the reactive site is associated with the same
carrier module for all chemical reactions. For example
a small molecule scaffold is associated with one
carrier module and the remaining carrier modules
provide entities modifying the scaffold. In one
embodiment the present invention relates to earner
modules, where the reactive site will shift positions
during the chemical reactions In one embodiment the
present invention relates to the association of the
formed chemical compound to the oligonucleotide while
maintaining read through by a DNA polymerase for
example at least after its removal. Preparation of
Combinatorial Library An important practical
difference between traditional and nucleic acid guided
library synthesis is the scale of each manipulation.
Due to the amounts of material needed for screening
and compound identification, traditional combinatorial
syntheses typically proceed on nanomol-micromol scale
per library member. In contrast, nucleic acid guided
library synthesis can take place on the
femptomol-picomol scale because only minutequantities
(e.g. about 10 20 mol) of each nucleic acid-linked
synthetic molecule are needed for selection and PCR
amplification. The vast difference in scale, combined
with the single-solution format in nucleic acid guided
library synthesis simplifies significantly the
preparation of materials required. In one embodiment,
the present invention relates to the formation of a
combinatorial display library. Libraries can be
produced by use of repertoires of carrier modules on
some or on all positions (figure 2a). In a first step
a repertoire of carrier modules for each position is
provided. When the carrier modules are mixed under
hybridisation conditions, they will assemble into the
star structure, directed by the sequence of the
hybridisation segments. After assembling of the earner
modules ligation and reaction is effected in any
order. In an aspect of the invention, the ligation is
performed before the reaction to increase the
stability of the star structure. Subsequent to the
proximity guided reaction, a polymerase priming site
is ligated to the star structure and an extension
reaction is preformed to display the formed chemical
compound to the exterior environment. As would be
appreciated by one skilled in this art, libraries of
small molecules and polymers can be synthesized using
the principles disclosed herein. Consequently, the
combinatorial display library can be subjected to
selection and the enriched library's members
identified through their encoding oligonucleotide.
Depending upon the circumstances repertoires of
carrier modules for two or more positions are
initially combined and subjected to a nucleic acid
guided chemical reactions 



between the attached CRGs. Depending upon the
circumstances the library can be formed by multiple
chemical reactions, wherein each intermediate product
is purified before the subsequent round of reactions.
Preferably less than 20 chemical reactions steps are
required to create a library. In other embodiments,
less than 10 chemical reaction steps are needed, and
more preferably between 3 and 9 steps are needed to
create a the librarySelection Selection and/or
screening for reaction products with desired
activities (such as catalytic activity, binding
affinity, binding specificity, or a particular effect
in an activity assay) might be performed according to
any standard protocol. For example, affinity
selections (see figure 3) may be performed according
to the principles in library-based methods such as
phage display (Smith, Science, 22S, 1315-7, 1985),
ribosome display (Hanes et al., Proc Natl Acad Sci U S
A, 95, 14130-5, 1998), mRNA display (Roberts and
Szostak, Proc Natl Acad Sci U S A, 94, 12297-302,
1997) or DNA encoded chemical libraries (WO
2004/016767, WO 2002/074929A2). Selection for
catalytic activities may for example be performed by
affinity selection on transition state analog affinity
columns (Baca et al., Proc Natl Acad Sci U S A, 94,
10063-8, 1997) or by function based selection schemes
(Pedersen et al., Proc Natl Acad Sci U S A, 95,
10523-8, 1998). Since minute quantities of DNA (~100
molecules) can be amplified by PCR, these selections
can thus be conducted on a scale of this magnitude
allowing a truly broad search for desired activities,
both economical and efficient. The display library can
be selected or partitioned for binding to a target
molecule. In this context, selection or partitioning
means any process whereby a library member bound to a
target molecule is separated from library members not
bound to target molecules. Selection can be
accomplished by various methods known in the art. In
most applications, binding to a target molecule
preferable is selective, such that the binding to the
target is favored over other binding events.
Ultimately, a binding molecule identified using the
present invention may be useful as a therapeutic
reagent and/or diagnostic agent. The selection
strategy can be carried out to allow selection against
almost any target. Importantly, the selection strategy
does not require any detailed structural information
about the target molecule or about the members of the
display library. The entire process is driven by the
binding affinities and specificities involved in
library members binding to a given target
molecule.Selected library members can easily be
identified through their encoding nucleic acid, using
standard molecular biology. The present invention
broadly permits identifying binding molecules for any
known target molecule. In addition, novel unknown
targets can be discovered by isolating binding
molecules of selected library members and use these
for identification and validation of a target
molecule. Selection of binding molecules from a
display library can be performed in any format to
identify binding library members. Binding selection
typically involve immobilizing the desired target
molecule, adding the display library, allowing
binding, and remove nonbinders/ weak-binders by
washing. The enriched library remaining bound to the
target may be eluted with, for example acid,
chaotropic salts, heat, competitive elution with known
ligand, high salt, base, proteolytic release of
target, enzymatic release of nucleic acids. In some
embodiments the eluted library members are subjected
to more rounds of binding and elution, using the same
or more stringent conditions or using a different
binding format, which will increase the enrichment. In
other embodiments the binding library members are not
eluted from the target. To select for library members
that bind to a protein expressed on a cell surface,
such as an ion channel or a transmembrane receptor,
the cells themselves can be used as selection agents.
A selection procedure can also involve selection for
binding to cell surface receptors that are
internalized so that the receptor together with the
binding molecule passes into the cytoplasm, nucleus,
or other cellular compartment, such as the Golgi or
lysosomes. Isolation of the compartment in question
leads to partitioning of library members being
internalized from non-internalized library members
(Hart et al., J Biol Chem, 269, 12468-74., 1994). A
selection procedure may also involve in vivo
selection. For example by in vivo organ targeting,
where a library is injected into an animal and the
organ of interest is subsequently isolated and thereby
obtain an enriched pool of library members targeted to
that organ (Pasqualini and Ruoslahti, Nature, 380,
364-6, 1996). The enriched library's nucleic acid
portion maybe amplified by, for example PCR, leading
to many orders of amplification, allowing
identification by e.g cloning and DNA
sequencing.According to the specific embodiment for
affinity selection shown in figure 3, a library of
reaction products resulting from the embodiment shown
in figure 2a, is contacted with a target under binding
conditions. If one or more of the formed chemical
compounds have affinity towards the target a binding
will result. In a subsequent step, binding library
members or a nucleic acid derived therefrom are
partitioned. The nucleic acid attached to the formed
chemical compound is subsequently amplified by e.g.
PCR to produce multiple copies of the nucleic acid,
which codes for the synthesis history of the compound
displaying the desired affinity. The amplified nucleic
acid can be sequenised by a number of well-known
techniques to decode which chemical groups that have
participated in the formation of the successful
compound. Alternatively, the amplified nucleic acid
can be used for the formation of a next generation
library. Other Selections Selections for other
properties, such as catalytic or other functional
activities, can also be performed. Generally, the
selection should be designed such that library members
with a desired activity can be separated from other
library members. For example, selection for library
members with capacity for catalyzing bond cleavage can
be performed by having biotin attached to each library
member by the bond in question. Partitioning using
streptavidin can then separate library members having
the catalytic activity from others. Another example is
selection for library members with bond formation
capabilities. This can be performed, by attaching a
substrate to each library member and subsequently
adding a substrate to which biotin is attached. A
reaction between the two substrates forming a bond
will attach biotin to catalytic library members.
Partitioning using streptavidin can then separate
library members having the catalytic activity from
others. Selection for other properties, such as
dimerization and/or polymerization may also be
performed. In this case library members can be
partitioned by size of the formed complex, using for
example, HPLC, acrylamid or agarose gels or size
exclusion columns.Nucleic Acid Amplification
Amplification of the nucleic acid portion of enriched
library members may be performed by standard protocols
for nucleic acid amplification. These methods include,
for example, polymerase chain reaction (PCR) (Saiki et
al., Science, 230, 1350-4, 1985), nucleic acid
sequence-based amplification (NASBA) (Compton, Nature,
350, 91-2, 1991), strand displacement amplification
(Nycz et al., Anal Biochem, 259, 226-34, 1998),
selfsustained sequence replication (Mueller et al.,
Histochem Cell Biol, 108, 431-7, 1997), primer
extension, and plasmid amplification (see for example
Sambrook, J., Fritsch, EF, and Maniatis, T. (1989) in:
Molecular Cloning: A Laboratory Manual, Cold Springs
Harbor Laboratory. Assembly of Display Library by
Module Substitution In one embodiment, the present
invention relates to re-assembly/amplification of an
enriched library member or a second generation library
of enriched library members to re-create the display.
In the case of an enriched library an enriched display
library is formed, thus, allowing rounds of selection
and amplification and re-assembly. For example, as
shown in figure 4a, the above described PCR amplified
oligonucleotides of enriched library members are
allowed to hybridize under conditions favoring
intramolecular hybridization, whereby the
star-structure, consisting of a stem and a number of
stem-loops is recreated. The stem without a loop may
contain a recognition site for a restriction enzyme,
which generate an overhang with ambiguous base(s). The
ambiguous base(s) of the sequence in the created
overhang is conveniently utilized to contain a codon.
Restriction enzyme digestion of the stem thus
generates codon specific overhangs for this first
position. The restriction enzyme digested
star-structures are then hybridized with a repertoire
of carrier modules containing the two constant
segments for the first position and a cognate pair of
CRG and anti-codon. Consequently, codon/anticodon
hybridization allows for appropriate pairs of carrier
modules and star-structures to be ligated. The
neighboring stem-loop may also contain a recognition
site for another restriction enzyme capable of leaving
a codon specific overhang for this second position.
Digestion with this second restriction enzyme thus
eliminates the covalent linkage of thePCR amplified
first module to the rest of the structure. The
star-structure is denaturated, and subsequently
allowed to hybridize under conditions favoring
intramolecular hybridization. The star-structures are
thereby recreated, but now with a new carrier module
on position one (with a CRG), and the stem, without a
loop, is now located on position two. Rounds of this
process are performed to substitute all positions, to
allow for proximity guided chemical reactions of the
proper combinations of CRGs; the display library is
thereby amplified and re-assembled. Finally PCR
priming sites may be ligated to the star-structure.
Consequently, rounds of selection and amplifications
and re assembly can be performed until desired
enrichment has been achieved (see figure 5). In one
embodiment, the present invention relates to the
formation of codon specific overhangs created by
restriction enzymes. Suitable restriction enzymes are
capable of forming overhangs with more than one
specific sequence. Such enzymes include i) restriction
enzymes with ambiguous bases in their recognition
sequence, ii) restriction enzymes cutting outside
their recognition sequence and iii) restriction
enzymes performing nicks (nicking endonucleases).
Examples of such restriction enzymes; AIwNI, ApaBI,
Asul, Bbvl, BbvII, Bed, Bce83I, Bcefl, BciVI, BgII,
Binl, BseMII, BseRI, Bsgl, BsiYI, BsmAI, BspMI, BsrDI,
BstEII, BstXI, BtgZI, Ddel, Drall, Drain, Drdl, Eaml
1051, Ecil, Eco31I, Eco57I, Eco57MI, EcoNI, Espl,
Esp3I, Fnu4HI, Fokl, Gsul, Hinfl, Hpyl78III, Hpyl88I,
Ksp632I, Maelll, MboII, Mmel, Mwol, PfIMI, Pfol, PIeI,
Sapl, Saul, ScrFI, Seel, SfaNI, Sfil, Sthl32I, Tsp4CI,
TspDTI, TspGWI, TspRI, Tthl 1II, Tthl 1III, Xcml,
N.AlwI, N.BstNBI, N.BbvCIA and N.BbvCEB. The encoding
capacity (the number of different codons possible) of
an overhang is given by the number of ambiguous bases
in the overhang created by the restriction enzyme.
Hence, for every N (N = A, T, G or C) four different
residues can be chosen, for every H (H = A, C or T), V
(V = A, C or G), B (B = C, G or T) and D (D = A, G or
T) three different residues can be chosen and for
every R (R = A or G), K (K = G or T), Y (Y = C or T),
S (S = C or G) and M (M = A or C) and W (W= A or T)
two different residues can be chosen. Consequently,
the encoding capacity is calculated by multiplying the
number of different residues on each position with
each other. For example Sf I ;5' -
...GGCCNNNN/NGGCC... - 3' 3' - ...CCGGN/NNNNCCGG... -
5' is creating the overhang 5' -NNN - 3', thus
consisting of three Ns, thus having an encoding
capacity of 64 ( = 4 x 4 x 4). Another example, Ava
II; 5' - ...0/GWCC... - 3 3' - ...CCWG/G... - 5'
creating the overhang 5' - GWC - 3', thus having an
encoding capacity of 2. Another example is Bbs I; 5' -
...GAAGACNN/NNNN... - 3' 3' - ... CTTCTGNNNNNN/ ...-
5' creating an overhang consisting of four Ns, thus
having an encoding capacity of 256 ( = 4 x 4 x 4 x 4).
A special group of restriction enzymes are those
restriction enzymes cutting only one strand (nicking
endonuclease). These enzymes may in principle have
indefinite encoding capacity; for example, when i) the
recognition sequence is located in the stem of a
stemloop structure, or ii) used to create a terminal
overhang, or iii) in the combination with another
restriction enzyme. This is because the length of the
created overhang can in piinciple be of indefinite
length. For example, N. BbvC IA located in the stem of
a stem-loop structure; 5' - ...CC/TCAGCNNN :D 3' -
...GGAGTCGNNN a digest results in; 5' - ...CC - 3' 3'
- . ..GGAGTCGNNNNNNCGACT- 5' in this example six Ns
are present in the formed overhang, thus giving an
encoding capacity of 1024 (= 4 x 4 x 4 x 4 x 4 x 4).
However, it's apparent that the number of Ns can be
chosen arbitrarily thus giving an indefinite encoding
capacity. A small fraction ofthe total number of
possible sequences in this example can't be used.
Namely those sequences forming a recognition sequence
of the restriction enzyme in use. 



Furthermore a nicking endonuclease can create a
terminal overhang of arbitrary length, for example N.
BbvC IA 5' - ... CC/TCAGCNNNNNNNN- 3' 3' -
...GGAGTCGNNNNNNNN- 5' a digest results in; 5' - ...CC
- 3' 3' - ...GGAGTCGNNNNNNNN- 5' and 5'
-TCAGCNNNNNNNN- 3' In this example eight Ns are
present in the formed overhang, thus giving an
encoding capacity of 65536 (= 4 in the 8th power).
However, it's apparent that the number of Ns can be
chosen arbitrarily thus giving an indefinite encoding
capacity. A small fraction of the total number of
possible sequences in this example can't be used.
Namely those sequences forming a recognition sequence
of the restriction enzyme in use. Furthermore a
nicking endonuclease in combination with a restriction
enzyme can be used to create overhangs of arbitrary
length without any requirements for a stem-loop
structure. For example N. BbvC IA combined with Eco
RI; 5'- ...CC/TCAGCNNNNNNNNG/AATTC... -3' 3'-
...GGAGTCGNNNNNNNNCTTAA/G ... -5' a digest results in;
5' - ...CC - 3' 3' - ...GGAGTCGNNNNNNNNCTTAA- 5' and;
5' - TCAGCNNNNNNNNG - 3' and5' - AATTC - 3' 3' - G -
5' in this example eight Ns are present in the formed
overhang, thus giving an encoding capacity of 65536 (=
4 in the 8th power). However, it's apparent that the
number of Ns can be chosen arbitrarily thus giving an
indefinite encoding capacity. A small fraction of the
total number of possible sequences in this example
can't be used. Namely those sequences forming a
recognition sequence of the restriction enzyme in use.
Although the length of the codon segments may vary,
the codon segments may range from 1 to 50 nucleotides,
from 1 to 40, from 1 to 30, from 1 to 15, from 1 to 10
Codon segments, however, preferentially are 2, 3, 4,
5, 6, 7, 8, 9 or 10 nucleotides long. Although the
length of the stem forming segments may vary, the stem
segments may preferentially range from 5 to 50
nucleotides, from 5 to 40, from 5 to 30, from 5 to 15,
from 5 to 10. Stem segments, however preferentially
are 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22, 23, 24, 25, 26, 27, 28, 29 or 30 nucleotides long
The length of the mid section between the stem forming
segments may vary. The mid section may preferentially
range from a single phosphodiester bond (or analogue
bond) to a stretch of 20 nucleotides. However, the mid
section is preferentially a single phosphodiesterbond
or 1, 2, 3, 4, 5, or 6, nucleotides long. In one
embodiment the present invention relates to a method
for re-assembly/- amplif cation of a display library,
where the star-structures following restriction enzyme
digest further are treated with a phosphatase, which
removes the 5' phosphate and thus prevent ligation of
two star-structures. Several suitable phosphatases are
known in the art, for example antarctic phosphatase
and calf intestinal alkaline phosphatase. In one
embodiment the present invention relates to a method
for re-assembly/- amplif cation of a display library,
where the carrier modules contain a 5' phosphate to
facilitate ligation to the star-structure.In one
embodiment the present invention relates to a method
for re assembly/amplification of a display library,
where the carrier modules are phosphorylated after
ligation to a star-structure. This prevents ligation
between free carrier modules. In certain embodiments
the present invention relates to a method for re
assembly/amplification of a display library, where the
PCR amplified star-structure's 5' terminus may be
created by other means than restriction enzymes for
examble; RNase, Endonuclease III, endonuclease VIII,
APEl, Fpg, chemical cleavage or photo cleavage. A PCR
product consists of a primer in the 5' end and the
remaining sequence formed by a DNA polymerase. The
primer may contain residues not found in the segment
formed by the DNA polymerase, such as dUTP or RNA.
Such residues may be specifically recognized and
cleaved by appropriate means, which will create a
defined terminus (Smith et al., PCR Methods Appl, 2,
328-32, 1993). In one embodiment the present invention
relates to a method for re assembly/amplification of a
display library. The PCR amplified enriched library
termini may be modified before the formation of a
star-structure, by any of the above mention methods.
Diversification In one embodiment, the present
invention contemplates a method for diversification of
a displayed compound or library of displayed
compounds, thus allowing molecular evolution. This can
be achieved in a number of ways without going beyond
the scope of the present invention. For example (see
figure 4b), a fraction of the molecules in a round for
module substitution is digested with two consecutive
restriction enzymes, which eliminate the covalent
linkages between the module in question and the
remaining structure. The star-stuctures are
denaturated and hybridized with a repertoire of
carrier modules for the position in question. The
position specific constant segments are thus guiding
the hybridizations, in the same way as the primary
library was created. The appropriate termini are
ligated and the formed product pooled with the codon
guidedassembled fraction, leading to diversification.
This may be done in one, some or all rounds of module
substitution. In another example, a fraction of the
molecules in a round for module substitution is
subjected to removal of codon specific overhangs for
the position in question, e.g. by an exonuclease.
Subsequently a repertoire of carrier modules for the
position in question is hybridized and ligated. The
then formed non-codon guided products are pooled with
the codon guided assembled fraction, leading to
diversification. This may be done in one, some or all
rounds of module substitution. The diversification may
also be performed by shuffling/recombination
(breeding) of modules between library members before
the module substitution process. For example, the
enriched library members' nucleic acid portion is
amplified and digested with a restriction enzyme
cutting in constant segment(s), thus creating two or
more fragments. The fragments can be ligated with
fragments originating from other library members to
form a full length product, whereby
shuffling/recombinations have occured. Another example
of methods for shuffling/recombinations is by using
the star-structures (see figure 4b). The
star-structures are digested by two consecutive
restriction enzymes, denaturated and allowed to
hybridize leading to exchange of the module in
question. Consequently, rounds of selection,
amplification and diversification can be performed,
thus allowing for molecular evolution (see figure 6).
Selection for Catalytic Activity The principle
described can also be applied to select for catalytic
activity. In this case the earner modules include
reactive site functionalities and the star structure
provides a framework for a three dimensional
arrangement of these functionalities, thus mimicking
protein enzymes. Selection schemes for various
catalytic activities are contemplated. For example i)
selection for binding to a transition state analog,
ii) selection for bond formation by associating one
substrate to the star structures while the other
substrate is immobilized to e.g. beads. (Consequently
library members associated to the beads are capable of
bond formation), or iii) selection for bond cleavage
by having the substrate associated to boththe star
structure and a bead. (Consequently library members
not associated to the bead are capable of bond
cleavage.) (see figure 7). Codon Specific
Compartmentalization The star-structure allows any
codon position to become terminal and single stranded
by use of for example a suitable restriction enzyme,
thus allowing highly specific compartmentalization by
hybridization and optionally ligation for a particular
codon position. Various methods for
compartmentalization are known in the art, for
example, microarrays of anti-codon sequences (Lockhart
et al., Nat Biotechnol, 14, 1675-80, 1996), columns of
anti-codon sequences (Halpin and Harbury, PLoS Biol,
2, E173, 2004) or using beads, where the individual
beads contain an anti-codon sequence and a
fluorescence tag, which subsequently allows for
sorting by e.g. fluorescence activated cell sorted
(Iannone et al., Cytometry, 39, 131-40, 2000). Such
compartmentalization may be useful in the practice of
the present invention, for example; i) during library
synthesis for post chemical reaction modifications,
ii) analysis of single clones, iii) analysis of
progression in selections, or iv) analysis of
diversity. Consequently, compartmentalization in
situation ii)-iv) may be a rapid and economical
alternative to DNA sequencing for deconvolution of a
single sequence or a library of sequences. Throughout
the description, where compositions are described as
having, including, or comprising specific components,
or where processes are described as having, including,
or comprising specific process steps, it is
contemplated that compositions of the present
invention also consist essentially of, or consist of,
the recited components and that the processes of the
present invention also consist essentially of, or
consist of, the recited processing steps. Further, it
should be understood that the order of steps or order
for performing certain actions are immaterial so long
as the invention remains operable. Moreover, two or
more steps or actions may be conducted
simultaneously.The method and compositions of the
present invention represent new ways to generate
molecules with desired properties. This approach
combines extremely sensitive and powerful molecular
biology, with the flexibility of organic chemistry.
The ability to prepare, amplify, and evolve unnatural
polymers and small molecules by molecular evolution
may lead to new classes of catalysts, novel Hgands, or
drugs with superior properties to those isolated with
slower traditional discovery methods. The present
invention also provides kits and composition for the
use in the inventive methods. Definitions The terms,
"nucleic acid" or "oligonucleotide" as used herein
refer to a polymer of nucleotides. The polymer may
include, without limitation, natural nucleosides (i.e.
adenosine, thymidine, guanosine, cytidine, uridine,
deoxyadenosine, deoxythymidine, deoxyguanosine; and
deoxycytidine), nucleoside analogs, (eg.,
2-aminoadenosine, 2- thiothymidine, inosine,
pyrrolo-pyrimidine, 3-methyl adenosine,
5-methylcytidine,C5- biOmouridine,C5-flouiOuridine,
C5-urouridine, C5-propynyl-uridine,
C5-propynylcytidine, C5-methylcytidine,
7-deazaadenosine, 7-deazaguanosine, 8-oxoadenosine, 8-
oxoguanosine, O(6)-methylguanine, and 2-thiocytidine),
chemically modified bases, biologically modified bases
(e.g. methylated bases), intercalated bases, modified
sugars (e.g., 2l-fiuoiOribose, ribose, 2'-deoxyribose,
arabinose and hexose), or modified phosphate groups
(e.g., phosphorothioates and 5', -N-phosphoramidite
linkages). Nucleic acids and oligonucleotides may also
include other polymers of bases.having a modified
backbone, such as a locked nucleic acid (LNA), a
peptide nucleic acid (PNA), a threose nucleic acid
(TNA) and any other polymers capable of serving as a
template for an amplification reaction,using an
amplification technique, for example, a polymerase
chain reaction or a Hgase chain reaction. The term
"segment" as used herein, refers to a continuous
section of an oligonucleotide sequence.J-he terms,
"codon" and "anti-codon" as used herein, refer to an
oligonucleotide sequence that code for a certain
chemical group associated with the said codon or
anti-codon. A series of codons codes for the
combination of specific chemical reactants, lvhich
have participated in the formation of the encoded
molecule. The term "Stem-loop" structure as used
herein, refers to any secondary structure involving at
least a nucleotide portion within which a strand of a
nucleic acid sequence, via intramolecular hydrogen
bonds, with another portion of the same nucleic acid
molecule in order to constitute a "self-paired" region
termed "stem" of mostly doublestranded nature and an
unpaired "loop" region located at one end of the said
stem. When the length of the loop is zero, it produces
the special case of stem-loop called "hair pin" or
palindrome. The term "small molecule" as used herein
refers to an organic compound either synthesized in
the laboratory or found in nature having a molecular
weight less than 



10,000 grams per mole, optionally less than 5,000
grams per mole, and optionally less than, 2,000 grams
per mole, such as less than 1000 grams per mole.
Preferred small molecules are suitable for oral
administration. The terms, "small molecule scaffold"
or "molecular scaffold" as used herein, refer to a
chemical compound having at least one site or chemical
moiety suitable for functionalization. The small
molecule scaffold or molecular scaffold may have two,
three, four, five or more sites or chemical moieties
suitable for functionalization. These
functionalization sites may be protected or masked as
would be appreciated by one skilled in this art. The
sites may also be found on an underlying ring
structure or backbone. The terms "chemical reactive
group" or "chemical groups " or "reactive unit" as
used herein, refer to any chemical moiety capable of
modifying, adding to, or taking away from another
chemical moiety. Including, for example, but not
limited to, a buildingblock, monomer, monomer unit,
molecular scaffold, or other reactant useful in
proximity mediated chemical synthesis. In some
instances the chemical group is not a nucleotide or a
derivative thereof. In another aspect at least one of
the chemical groups which have participated in the
synthesis of the formed chemical compound is not a
naturally occurring amino acid. The term, "associated
with" as used herein describes the interaction between
or among two or more groups, moieties, compounds,
monomers, etc. When two or more entities are
"associated with" one another as described herein,
they are linked by a direct or indirect covalent or
non-covalent interaction. Preferably, the association
is covalent. The covalent association may be, for
example, but without limitation, through an amide,
ester, carboncarbon, disulfide, carbamate, ether,
thioether, urea, amine, or carbonate linkage. The
covalent association may also include a linker moiety,
for example, a photocleavable linker. Desirable
non-covalent interactions include hydrogen bonding,
van der Waals interactions, dipole-dipole
interactions, pi stacking interactions, hydrophobic
interactions, magnetic interactions, electrostatic
interactions, etc. Also, two or more entities or
agents may be "associated" with one another by being
present together in the same composition. The term,
"earner module" as used herein, refers to a chemical
group associated to an oligoenucleotide, and a segment
towards the 3' end which can hybridize to a segments
towards the 5' in a second oligonucleotide and a
segment towards the 5' end which can hybridize to a
segment towards the 3' end of a third oligonucleotide.
The carriermodule optionally contains a codon or
anti-codon segment. The term "hybridization segment"
as used herein refers to said oligonucleotide segment.
The term "star-structure" as used herein, refers to
any secondary structure involving at least three stems
of mostly double stranded nature. 0, 1, 2, 3, 5, 6, 7,
8, 9 or more nucleotide residues may separate the
stems. In the special case where zero nucleotide
residues are separating four stems the junction is
called a Holliday junction. A star structure may
consist of one nucleic acid molecule, or it may
consist of a plurality of nucleic acid molecules.The
term "reaction proximity" as used herein, refers to a
distance between reactants by which the reaction of
said reactants can occur in a controlled, efficient
and timely manner. The term "proximity guided chemical
reaction" as used herein, refers to chemical reactions
between reactants, which are brought into reaction
proximity by hybridization of nucleic acid to which
the reactants are associated. Examples Example 1 The
formation of trimeric and tetrameric DNA star
structures by mutual complementary bi-specif  c
oligonucleotides is demonstrated. DNA oligonucleotides
(prepared by DNA Technology Arhus, Denmark) were mixed
as indicated in the table shown in Fig. 8 in 2 uM
concentrations each in Ix Ligase Buffer (New England
Biolabs), 50 mM NaCl. The mixtures were incubated at
80 degrees C for 2 minutes and slowly cooled to room
temperature in a water bath. The products were
analyzed by PAGE native (7.5% polyacrylamide),
followed by staining with ethidium bromide, using
standard protocols (Sambrook, J., Fritsch, E.F. and
Maniatis, T. (1989) in "Molecular Cloning: a
Laboratory Manual", Second Edition, Cold Spring Harbor
Laboratory Press, Cold Spring, Harbor, New York).
Oligo  and oligo7 (corresponding to VipOOb and vip007,
respectively), oligo b and oligoS (corresponding to
vipOO and vipOOS) and oligo7 and oligoS (corresponding
to vip007 and vipOOS, respectively) each have a mutual
complementary segment, thus capable of forming an
annealed dimer. Accordingly, a band corresponding to
dimers were observed in lane 1-3. VipOOb, vip007 and
vip008 each have a mutual complementary segment to two
neighboring oligoes, thus capable of forming a closed
annealed trimeric structure (see figure 8).
Accordingly, a band corresponding to a trimer was
observed in lane 4.Oligo , oligo7, and oligo9
(corresponding to VipOO, vip007 and vip009,
respectively) each have a mutual complementary segment
to a neighboring oligo, thus capable of forming an
annealed trimeric structure. However, the structure is
open because vipOOS and vipOO do not have
complementary segments (see figure 8). Accordingly, a
band corresponding to a trimeric was observed in lane
5. The open trimer is expected to have a slightly
lower mobility in the gel than the more compact closed
trimer form. The mobility difference is in fact
observed when comparing lane 4 with 5. An equivalent
observation of a slow migrating trimeric band was
obtained by using oligo , oligo7, and oligo 10
(corresponding to vip006,vip007 and vipOlO,
respectively), where vipOO and vipOlO do not anneal
directly to each other (compare lane 4 and 6). To
assess the efficiency of formation of the closed
trimeric form oligo , oligo7, and oligo (corresponding
to vipOO, vip007, and vipOO , respectively) were
annealed in the presence of two-fold excess of oligo9
or oligo 10 (corresponding to vip009 or vipOlO,
respectively). Interestingly, the major band in both
lanes 7 and 8 correspond to the closed trimeric fast
migrating species consisting of vipOO, vip007 and
vipOOS. The successful formation of a closed tetramer
was accomplished by annealing oligo , oligo7, oligo9
and oligo 10 (corresponding to vipOO, vip007, vip009
and vipOlO, respectively) and observed as one major
band in lane 9. Note that the intended valency in all
chases were obtained with high efficiency; observed as
a single major band. Example 2 Convertion of trimer
DNA star structure into a single contiguous strand of
DNA by T4 DNA ligase. The successful creation of a
tri-stemmed DNA star structure consisting of a single
uninterrupted strand of DNA was demonstrated in this
example. Mutual complementary bi-specific
oligonucleotides were annealed, and subsequently
ligated to form a continuous strand of DNA.DNA oligoes
(prepared by DNA Technology Arhus, Denmark) were mixed
as indicated in Fig. 9 in 2 uM concentrations each in
Ix Ligase Buffer (New England Biolabs), 50 mM NaCl.
The mixtures were incubated at 80 degrees C for 2
minutes and slowly cooled to room temperature in a
water bath. The 5' termini of the oligonucleotides
were phosphorylated by T4 DNA polynucleotide kinase. A
mixture consisting of 1.67 uM star structure, Ix DNA
ligase Buffer (New England Biolabs), 50 mM NaCl and
0.2 u/ul T4 DNA polynucleotide kinase (New England
Biolabs, cat# M0201), was prepared and incubated for
30 minutes at 37C. A phosphodiester bond between
juxtaposed ends of annealed oligonucleotides was
formed by T4 DNA ligase (New England Biolabs, cat#
M0202). 1/3 x Volume of ligase mix, Ix DNA ligase
Buffer (New England Biolabs), 50 mM NaCl, and 100 u/ul
T4 DNA ligase (New England Biolabs, cat# M0202), were
added to the above described kinase treated mixture
and incubated for 2 hours at room temperature. The
products were analyzed by non-native PAGE (7.5 %
polyacrylamide, SM urea), followed by staining with
ethidium bromide, using standard protocols (Sambrook,
J., Fritsch, E.F. and Maniatis, T. (1989) in
"Molecular Cloning: a Laboratory Manual", Second
Edition, Cold Spring Harbor Laboratory Press, Cold
Spring, Harbor, New York). VipO76 (25nt) and vipO17
(42 nt) each have a mutual complementary segment which
upon annealing places the 3' end of vipO76 adjacent to
the 5' end of vipO17, thus making a substrate for T4
DNA ligase. Accordingly, a prominent band
corresponding to vipO76- vipO17 (67 nt) was observed
in lane 1 (non-native PAGE). Similarly, the formation
of a prominent band corresponding to vipO17-vipO78
(100 nt) was observed in lane 3. In contrast, vipO76
and vip078 (58 nt) each have a mutual complementary
segment but do not form annealed adjacent ends and are
not expected to be ligated. Accordingly, only bands
corresponding to monomers of vipO76 and vip078 were
observed in lane 2. Note the band corresponding to
vipO76 is fainter, which is expected as vipO76 is
smaller and the oligonucleotides are in equimolar
concentrations. Moreover, vipO78 (58 nt) migrates
slower than vipO76-vipO17 (67 nt) in the gel, which is
not unexpected as vipO76-vipO17contains sequences for
creation of a stem-loop structure giving a more
compact fold, thus higher mobility in the gel. Vip076,
vipO17 and vipO7S each have a mutual complementary
segment, which upon annealing places the 3' end of
vipO76 adjacent to the 5' end of vipO17, and the 3'
end of vipO17 adjacent to the 5' end of vipO78, thus
making two substrates for T4 DNA ligase. Accordingly,
a prominent band corresponding to vipO76-vipO17-vipO78
was observed in lane 4. Consequently, creation of a
trimeric DNA star structure consisting of one
contiguous strand of DNA was hereby demonstrated.
Example 3 : Amplification of tri-stemmed DNA star
structure The successful amplification of trimeric DNA
star structure consisting of one contiguous strand of
DNA was demonstrated in this example. Mutual
complementary bi-specifc oligonucleotides were
annealed, ligated and subsequently used as a template
in a primer extension reaction. DNA oligoes (prepared
by DNA Technology Arhus, Denmark) were mixed as
indicated below in 2 uM concentrations each in Ix
Ligase Buffer (New England Biolabs), 50 niM NaCl. The
mixtures were incubated at 80 degrees C for 2 minutes
and slowly cooled to room temperature in a water bath.
The 5' termini of the oligonucleotides were
phosphorylated by T4 DNA polynucleotide kinase. A
mixture consisting of 1.67 uM star structure, Ix DNA
ligase Buffer (New England Biolabs), 50 mM NaCl and
0.2 u/ul T4 DNA polynucleotide kinase (New England
Biolabs, cat# M0201), was prepared and incubated for
30 minutes at 37CA phosphodiester bond between
juxtaposed ends of annealed oligonucleotides was
formed by T4 DNA ligase (New England Biolabs, cat#
M0202). 1/3 x Volume of ligase mix, Ix DNA ligase
Buffer (New England Biolabs), 50 mM NaCl, and 100 u/ul
T4 DNA ligase (New England Biolabs, cat# M0202), were
added to the kinase treated mixture and incubated
overnight at room temperature. A primer extension
reaction was performed by adding 3 volume extension
mix, 1.33 x Vent Buffer (New England Biolabs), 1,33 uM
vipO38, 2.67 mM dNTP and with or without 1.33 u/ul
Vent(exo-) DNA polymerase (New England Biolabs, cat#
M0257) to 1 volume ligation reaction. The solution was
incubated for 1 minutes at 92C, 1 minute at 50C and 10
minutes at 74C and put on ice. The reactions were
analyzed by native PAGE (7.5 % polyacrylamide)
followed by staining with ethidium bromide, using
standard protocols (Sambrook, J., Fritsch, E.F. and
Maniatis, T. (1989) in "Molecular Cloning: a
Laboratory Manual", Second Edition, Cold Spring Harbor
Laboratory Press, Cold Spring, Harbor, New York). The
results of the experiments are shown in Figure 10.
VipO38 is reverse complementary to the 20 most 5'
terminal bases in vipO78 and can therefore prime an
extension reaction using vipO78 or vipO7S fusions as
templates. Accordingly, a single prominent band
corresponding to double stranded vip078 was obtained
in the extension reaction containing vip038, vipO76
and vipO78 (lane 2). Note that this band is not
present in lane 6, which is equivalent but without the
DNA polymerase included. In contrast, lane 6 contains
two bands, which presumably consists of annealed
vipO76/vipO7S/vipO38 and annealed vipO78/vipO38. The
specificity of the reaction was demonstrated by
vip038, vipO76 and vipO17, where no visible difference
between with or without the DNA polymerase was
observed, compare lane 1 and 5. A successful primer
extension was also observed using the ligation
reaction vipO17- vipO78 illustrated by the prominent
band in lane 3. Note a fainter band corresponding
todouble stranded vipO78 also is observed illustration
that not all vipO78 was ligated to vipO17. In the
corresponding lane 7 without DNA polymerase a fainter
band with almost the same mobility as double stranded
vipO17-vipO78 is observed. The band presumably
consists of annealed vipO3S/vipO17-vipO78. A
successful primer extension was also observed using
vipO76-vipO17-vipO7S ligation 



reaction as template. Two bands with lower mobility in
the gel than double stranded vipO17-vipO78 were
observed. The lower band corresponds to annealed
vip038/vip076- vipO17-vipO78 as seen when comparing to
the equivalent lane 8 without DNA polymerase. However,
the upper band in lane 4 is unique and therefore
consisting of double stranded vipO76-vipO17-vipO78.
Consequently, this example demonstrates that DNA
structures can be converted into double stranded DNA
and therefore amplifiable. Example 4 Chemical
reactivity in the center of star structures The
chemical reactivity in the center of star structures
was accomplished by using the following tri-functional
cross-linker (TSAT, Tris-succinimidyl aminotriacetate,
Pierce cat. No 33063):TSAT M.W. 48 6 Spacer Arm 4.2 A
The DNA oligoes: vipO16/vipO17 or vipO16/vipO17/vipO18
(prepared by DNA Technology Arhus, Denmark), all
having an internal amino modified dT (GlenResearch,
cat. No.: 10-1038-xx) were mixed in 150 mM NaCl, 100
mM sodium phosphate, pH 7.2 giving 20 uM total oligo
concentration. The mixtures were incubated at 80
degrees C for 2 minutes and slowly cooled to room
temperature in a water bath. TSAT was dissolved in
DMF. A 10 fold serial dilution in DMF was prepared. 1
volume DMF or TSAT dilution was mixed with 9 volume
buffer giving a final buffer concentration of 150 mM
NaCl, 100 mM sodium phosphate, pH 7.2. 1 volume
buffered DMF or buffered TSAT dilution was mixed with
1 volume annealed DNA oligo mixture giving final
oligo:TSAT ratios; 1:0, 1:10, 1:100, 1:1000, l;10000,
and allowed to incubate for 2 hours at room
temperature. The reactions were analyzed by PAGE; both
native (7.5% polyacrylamide), as well as by non-native
PAGE (7.5 % polyacrylamide, 8M urea), followed by
staining with ethidium bromide, using standard
protocols (Sambrook, J., Fritsch, E.F. and Maniatis,
T. (1989) in "Molecular Cloning: a Laboratory Manual",
Second Edition, Cold Spring Harbor Laboratory Press,
Cold Spring, Harbor, New York).Determination of
Neutrophil Gelatinase-Associated Lipocalin (NGAL) as a
Diagnostic Marker for Renal Disorders This application
is a non-provisional of U.S. provisional applications
Serial No. 60/637,503, filed 20 December, 2004, and
60/719,307, filed 21 September 2005, which are hereby
incorporated by reference in their entirety. Field of
the invention The present invention relates to methods
for diagnosis and monitoring of human disease by means
of measurement in a bodily fluid of human neutrophil
gelatinase-associated lipocalin (NGAL) , the abnormal
concentration of which is indicative of a disease or
group of diseases, in this instance disorders of the
kidney resulting in decreased renal function,
including those caused by ischemic injury (due to
impaired blood supply to the kidney) or exposure to
nephrotoxic agents or rejection of a transplanted
kidney. The methods of the present invention are
particularly useful for the early detection of the
renal response to ischemic injury, the clinical or
pathologic consequences of which are typically acute
renal failure (ARF) , acute tubular necrosis (ATN) or
acute tubulo-interstitial nephropathy (ATIN) , and can
also be used to monitor the course of renal disorders
including the response to therapeutic measures .
Background of the Invention The detection of renal
ischemic injury that may result in ARF, ATN or ATIN
has hitherto depended on clinical signs, such as
oliguria and fluid retention,combined with the results
of chemical tests on blood and urine showing a low
sodium excretion, raised and rising levels of
creatinine and urea in the blood and, if measured, a
low creatinine clearance. These signs are indicative
of the presence of the established condition. Various
urinary markers of renal tubular damage have also been
analyzed. Of these, alpha 1-microglobulin, beta 2-
microglobulin (Penders and Delanghe JR, 2004) and N -
acetyl-beta-D-glucosaminidase (NAG) (Kotanko et al .,
2000) are elevated in cases of established ATN, but
may only appear 4 or 5 days after the ischemic or
toxic insult in experimental animals. Kidney injury
molecule-1 (KIM-I) is also elevated in the urine of
patients with ATN, but the time course, though
probably early, has not been established in human
patients (Han et al ., 2002) . Cysteine rich protein
61 (CYR61) peaks in the urine at 6 to 9 hours after
ischemic injury in experimental animals (Muramatsu et
al ., 2002). However, levels in humans are still
unknown. Other markers that have been studied include
clusterin (Aulitzky et al ., 1992) and lipocalintype
prostaglandin D synthase (L-PGDS) (Tsuchida et al .,
2004); their usefulness for the early diagnosis or
prediction of ATN is still unclear. As a result of the
generally slow time course of appearance of these
marker molecules in urine after exposure of the kidney
to ischemia or nephrotoxic agents, they have not
entered into general use to diagnose early or
impending renal disorders resulting from these
insults. Neutrophil gelatinase-associated lipocalin
(NGAL) is also known as neutrophil lipocalin (NL; HNL
in the case of human neutrophil lipocalin), lipocalin
2 (LCN2), 25- kDa alpha 2-microglobulin-related
protein (in the rat) or 24P3 (in the mouse) . In the
rat, it has also beenreferred to as neu-related
lipocalin (NRL) , as its gene is overexpressed in
mammary tumors initiated by the neu (HER2/c-erbB-2)
oncogene (Stoesz and Gould, 1995) . NGAL is a 25-kDa
glycoprotein first isolated from the granules of
polymorphonuclear leukocytes (Triebel et al ., 1992;
Kjeldsen et al ., 1993). It contains a disulfide
bridge and forms a proportion of dimers and a smaller
proportion of trimers . It is associated with 92-kDa
human neutrophil type IV collagenase, also called
matrix metalloproteinase 9 (MMP- 9 ) or gelatinase B ,
either as a monomer forming a complex of apparent kDa
115, (Monier et al ., 2000; Yan et al ., 2001) or as a
dimer, forming a complex of apparent kDa 125 (Yan et
al ., 2001). These complexes have been identified in
the urine of patients with a variety of cancers,
including cancers of the prostate, bladder, kidney and
breast. NGAL was initially disclosed as a marker of
neutrophil activation, being released into the blood
when invading microorganisms, in particular pyogenic
bacteria, cause degranulation of the neutrophils and
exocytosis of the granule proteins. As such, the
measurement of elevated levels of NGAL in a plasma or
serum sample from a human is believed to be indicative
of the individual suffering from an inflammation,
especially one caused by a bacterial infection (Venge,
2000; U.S. Patent 6,136,526; PCT application
WO95/29404). In this respect, but in contradiction to
its claimed specific derivation from neutrophils, NGAL
(24P3) was identified as an acute phase protein of
type 1 in the mouse, where expression was mainly
located in the liver during the acute phase response
(Liu and Nilsen-Hamilton, 1995) . US patent
application 2004/0219603 describes the use of NGAL as
a urinary biomarker for detecting the earlyonset of
renal tubular cell injury. However, it is not
described whether or how renal tubular cell injury can
be discriminated from systemic inflammation or
bacterial infection as the cause of the elevated NGAL
level . Summary of the Invention It has now
surprisingly been found that NGAL levels due to renal
injury are generally higher than levels of NGAL that
result from inflammatory, infective or cancerous
conditions that do not affect renal function. This has
allowed the establishment of methods for the diagnosis
and/or monitoring of a renal disorder in a patient
which distinguish renal disorders from other disorders
that do not affect the kidney. By renal disorder is
meant any alteration of function, including the
structural and ultrastructural correlates of that
alteration, either of the kidney as a whole or of one
or more cellular structures of which it is composed,
that goes beyond the regulatory mechanisms which
maintain the normal healthy state. Non-exclusive
examples of such disorders include conditions
associated with renal ischemia such as acute tubular
necrosis (ATN) or acute tubulo-interstitial
nephropathy (ATIN) , and also include acute renal
failure (ARF) or chronic renal failure (CRF) of
whatever cause, acute and chronic glomerulonephritis
of whatever cause, nephropathy due to urinary
obstruction, nephropathy due to hypertension,
nephropathy associated with pre-eclampsia or toxemia
of pregnancy, rejection or recurrent disease of a
transplanted kidney, as well as congenital and
neoplastic diseases of the kidney. Accordingly, the
present invention provides methods for the diagnosis
and/or monitoring of renal injury inhumans, comprising
measuring a level of human neutrophil
gelatinase-associated lipocalin (NGAL) in a sample of
bodily fluid, preferably urine, obtained from the
patient. Elevated levels of NGAL are indicative of
renal injury if they are higher than specified less
elevated levels of NGAL that result from other
disorders that do not necessarily affect renal
function, such as inflammatory or infective conditions
or cancers. Thus, in a first aspect, the invention
relates to a method of diagnosing, monitoring or
determining the likelihood of a renal disorder in a
human being, wherein said method discriminates between
a renal disorder and another condition that does not
affect the kidney, said method comprising the steps of
i ) determining the concentration of human NGAL in a
sample of bodily fluid from the human being, ii)
comparing said concentration with a 



predetermined cutoff value, said cutoff value being
chosen to exclude lower concentrations of NGAL
associated with conditions that do not affect the
kidney, wherein a concentration above the cutoff value
is indicative of a renal disorder. Furthermore, the
present invention, in one embodiment, allows the
discrimination between different degrees of renal
disorder. Thus, e.g. in one embodiment, the method of
the invention comprises a further step of comparing
said concentration with a second cutoff value, said
second cutoff value being chosen to exclude lower
concentrations of NGAL associated with a lesser degree
of renal disorders that are unlikely to require
treatment by dialysis, wherein a concentration above
the cutoff value is indicative of a more severe
disorder that is likely to require treatment by
dialysis .The analysis of other marker molecules for
renal injury that may result in ARF, ATN or ATIN has
not entered into routine clinical use, as these other
markers appear in the urine too late in the course of
development of the renal disorder to be useful in
alerting the clinician to the development of the
disorder or to guide preventive or therapeutic
measures . This problem has been solved by the present
invention which uses the analysis of NGAL in human
samples such as urine to detect the development of
renal disorders. Animal studies suggest that this is
the earliest marker of renal insult to appear in the
urine, with levels in urine rising within 2 or 3 hours
after the initiation of the insult. The analysis of
urinary NGAL in accordance with the present invention
thus offers a method of detecting renal injury that
may result in ARF, ATN or ATIN, discriminating it from
other disorders, and, if the rate of progression
permits, instituting appropriate measures to reverse
the process . Levels of NGAL are preferably determined
by an immunochemical method. Examples of such methods
include, but are in no way limited to a sandwich ELISA
(enzymelinked immunosorbent assay) , a lateral flow
method, or a dipstick. Description of the drawings
Figure 1 Receiver operating characteristics (ROC)
curve for maximal urinary NGAL values with respect to
the diagnosis of renal affection in 60 adult patients
admitted to a hospital intensive care unit. Only
patients that could be classified from other data as
having or not having renal affection were
included.Figure 2 Receiver operating characteristics
(ROC) curve for maximal plasma NGAL values with
respect to the diagnosis of renal affection in the
same patients as in Figure 1 . Figure 3 Receiver
operating characteristics (ROC) curve for maximal
urinary NGAL values with respect to the diagnosis of
dialysis requirement in 32 adult patients admitted to
a hospital intensive care unit and clinically
diagnosed as having renal affection. Figure 4 Time
course of urinary NGAL and plasma creatinine values in
an elderly male patient operated acutely for rupture
of an abdominal aortic aneurysm. Figure 5 Time course
of urinary NGAL and plasma creatinine values in a
female patient who developed sepsis which did not
affect renal function. The urinary NGAL cutoff level
(329 ng/mL) for the diagnosis of renal affection and
the upper limit of normal for plasma creatinine in
women (0.088 mmol/L) are shown. Detailed Description
of the Invention We have found that concentrations of
human neutrophil gelatinase-associated lipocalin
(NGAL) in samples of human urine are only influenced
moderately by infective or inflammatory states.
However, NGAL levels are markedly elevated in renal
disorders attributed to ischemic injury and the
elevation of NGAL is particularlyhigh in ATN. Further,
we have now found that serum or plasma levels of NGAL
do not necessarily reflect infective or inflammatory
states, and may be raised even when the blood
neutrophil count is extremely low, as may occur in
leukemias or as a consequence of treating leukemia.
There is in fact a close correlation between the
concentration of NGAL in human serum or plasma and the
concentration of NGAL in urine when spot samples of
blood and urine from randomly selected critically ill
patients are analyzed, while there are very poor
correlations of these levels with either the
neutrophil count in peripheral blood or the
concentration of Creactive protein, an acute phase
protein that is commonly used as a marker of
inflammation. Thus, without being bound by a
particular theory, it may be hypothesized that NGAL is
produced by the kidneys in response to ischemia and
other influences capable of stimulating renal NGAL
expression, and is not only released in large amounts
in the urine, but also into the blood, thus
confounding the use of NGAL determinations in serum or
plasma as a marker of inflammation or bacterial
infection as set forth in U.S. Patent 6,13 6,52 6 .
Accordingly, the present invention relates to
measurement of NGAL in a sample of bodily fluid,
preferably human urine from which any neutrophils have
been removed, as a diagnostic marker of renal
disorders, especially those due to renal ischemia or
nephrotoxic agents. In the present invention, for the
concentration of NGAL to be specifically indicative of
renal disorder, it must exceed a cutoff value set to
exclude those lower concentrations of NGAL that may
result from infective or inflammatory states or
carcinomas that do not give rise to renal injury.The
method of the present invention in one embodiment
comprises the steps of measuring the concentration of
human NGAL in a sample of urine, preferably
centrifuged to remove any neutrophils, from the
individual to be diagnosed, and comparing the measured
concentration with a selected cutoff value determined
to exceed those urinary concentrations found in humans
that have no renal disorder, but may either be
apparently healthy or have other disorders including
inflammatory conditions, bacterial infections or
carcinomas. If the measured NGAL concentration exceeds
the cutoff level, this is an indication that the human
has suffered renal injury and may develop or has
developed ARN, ATN or ATIN. The cutoff level below
which the urinary level of NGAL cannot be diagnostic
of renal injury with an acceptable degree of
specificity because such a level can be found in
healthy individuals or those suffering from
inflammatory, infective or cancerous conditions is
preferably a level of 250 ng/mL or more, such a value
between 250 ng/mL and 525 ng/mL, such as 275 ng/mL, or
300 ng/mL, or 325 ng/mL, or 350 ng/mL, or 375 ng/mL,
or 400 ng/mL, or 425 ng/mL, or 450 ng/mL, or 475
ng/mL, or 500 ng/mL. In another embodiment, the cutoff
value used is a value of 1 mg/mL or a higher value.
Preferably, the positive predictive value for the
urinary cutoff value is 80% or more, such as 85% or
more, e.g. 90% or more. Alternatively, or in addition,
the negative predictive value for the urinary cutoff
is preferably 80% or more, such as 85% or more, e.g.
90% or more. In another embodiment, the present
invention comprises the steps of measuring the
concentration of human NGAL in a sample of plasma or
serum from theindividual to be diagnosed, and
comparing the measured concentration with a selected
cutoff value determined to exceed those plasma or
serum concentrations found in humans that have no
renal disorder, but may either be apparently healthy
or have other disorders including inflammatory
conditions, bacterial infections or carcinomas. If the
measured NGAL concentration exceeds the cutoff level,
this is an indication that the human has suffered
renal injury and may develop or has developed AKN, ATN
or ATIN. The cutoff level for the NGAL concentration
in plasma or serum is similar to that for urine and is
preferably a level of 250 ng/mL or more, e.g. 300
ng/mL or a higher value, or a value between 250 ng/mL
and 525 ng/mL, such as 275 ng/mL, or 300 ng/mL, or 325
ng/mL, or 350 ng/mL, or 375 ng/mL, or 400 ng/mL, or
425 ng/mL, or 450 ng/mL, or 475 ng/mL, or 500 ng/mL.
Preferably, the positive predictive value for the
plasma cutoff value is 80% or more, such as 85% or
more, e.g. 90% or more. Alternatively, or in addition,
the negative predictive value for the plasma cutoff
value chosen is preferably 80% or more, such as 85% or
more, e.g. 90% or more. A further aspect of the
present invention is that the method can be used to
distinguish severe renal insults that are likely to
require some form of dialysis, which typically give
rise to very high urinary levels of NGAL, from less
severe renal insults that may only occasionally
require dialysis, which typically give rise to lower
elevations of urinary NGAL. Thus, a second, higher
cutoff level, below which the urinary level of NGAL is
not predictive of dialysis 



requirement but is diagnostic of a lesser degree of
renal injury, is preferably a level between 1000 ng/mL
and 3000ng/mL, such as 1250 ng/mL, or 1500 ng/mL, or
1750 ng/mL, or 2000 ng/mL, or 2250 ng/mL, or 2500
ng/mL, or 2750 ng/mL. Preferably, the positive
predictive value for the higher cutoff value is 80% or
more, such as 85% or more, e.g. 90% or more.
Alternatively, or in addition, the negative predictive
value for the higher cutoff value is preferably 70% or
more. A further aspect of the present invention is
that the method can be used to detect the onset of
renal affection in a patient who is under observation
and/or treatment for another disease which may or may
not itself be associated with an elevation in bodily
fluid levels of NGAL, and in which renal affection is
a possible complication. In this situation the urinary
or plasma or serum concentrations of NGAL that are
associated with the patient's underlying condition can
be monitored daily or at shorter intervals, and the
onset of renal affection will be indicated by a rise
in the urinary or plasma or serum concentration of
NGAL over the preceding levels . In these
circumstances, the magnitude of the rise in NGAL
concentrations indicative of the onset of renal
affection is preferably 50 ng/mL or a more, such as
100 ng/mL or more, e.g. 150 ng/mL or more, such as 200
ng/mL or more, e.g. 300 ng/mL or more, such as 400
ng/mL or more, e.g. 500 ng/mL or more. A further
aspect of the present invention is that the method can
be used to monitor the course of renal affections
giving rise to raised NGAL levels, both in their
natural evolution and in response to therapeutic
measures. In these circumstances, the change in NGAL
levels will reflect the status of renal injury or
regeneration, provided that any concurrent
inflammatory, infectious or cancerous condition
remains relativelystable during the period of
monitoring. The intervals at which samples of bodily
fluids are taken for monitoring can be short, thus
providing the earliest possible indication of renal
injury and thus permitting the early institution of
therapeutic measures. Monitoring of NGAL levels in
bodily fluids to detect renal affection is preferably
carried out at intervals not longer than 24 hours, and
more preferably at shorter intervals down to a
suggested period of not longer than 3 h , or even
shorter for instance if an insult is known to have
occurred, e.g. during a surgical procedure.
Measurement of human NGAL in a sample of bodily fluid,
such as a urine sample, can be performed by any method
that provides satisfactory analytical specificity,
sensitivity and precision. Preferred methods are
binding assays using one or more binding molecules
specific to human NGAL. Such binding molecules
include, but are not limited to, polyclonal or
monoclonal antibodies against NGAL or specific NGAL
binding molecules generated by other means . In a
preferred method, monoclonal antibodies raised against
recombinant human NGAL are used. One antibody is
linked to a solid support to capture NGAL from a
sample, such as a urine sample, while the other is
linked to a label such as a dye complex, or bio tin or
enzyme that can be detected by any of many methods
known to those skilled in the art. The solid support
may e.g. be a polystyrene or polyvinyl chloride
surface for enzyme-linked immunosorbent assay (ELISA)
, or latex (polystyrene) particles, or a filter frit
composed of compressed polyethylene particles, or a
porous nitrocellulose matrix, or indeed any suitable
support used in immunochemical analyses .A preferred
means for measuring NGAL in accordance with the
present invention in a sample of human urine comprises
a dipstick, lateral flow or minicolumn test, which
allows for the rapid, near-patient analysis of a
sample. As will be understood by those of skill in the
art upon reading this disclosure, however, other means
for measuring NGAL can be used. In a preferred
embodiment, the method of the invention does not
comprise a surgical, therapeutic or diagnostic step
practiced on the human or animal body. The following
non-limiting examples are provided to further
illustrate the present invention. EXAMPLES Example 1 :
NGAL Dipstick Test The analytical area of a dipstick
comprised of a polystyrene surface is coated with a
capture antibody against human NGAL. An aliquot of the
centrifuged, diluted sample is added to a solution of
enzyme- labeled detection antibody against NGAL in the
first tube, into which the dipstick is immersed.
Complexes of enzymelabeled detection antibody with
NGAL are bound to the dipstick, which is then washed
with tap water and placed in a chromogenic substrate
solution in a second tube. The color developed in the
substrate solution within a given time is read either
by eye and compared with a chart of color intensities
which indicates the concentration of NGAL in the urine
sample, or in a simple colorimeter that can, for
example, be programmed to indicate the NGAL
concentration directly. Example 2 : NGAL Lateral Flow
DeviceA lateral flow device comprised of a strip of
porous nitrocellulose is coated near its distal end
with a capture antibody against NGAL applied as a
transverse band. A further transverse band of antibody
against antibodies of the species from which the
detection antibody is derived is placed distally to
the capture antibody band and serves as a control of
strip function. The proximal end of the strip contains
the detection antibody against NGAL adsorbed or linked
to labeled polystyrene particles or particles of dye
complex. When an aliquot of the centrifuged urine
sample is applied to the proximal end of the strip,
the labeled particles attached to detection antibody
travel along the strip by capillary attraction. When
reaching the band of capture antibody, only those
particles which have bound NGAL will be retained,
giving rise to a detectable band. Particles reaching
the control band of antibody against the detection
antibody will produce a detectable band whether or not
any NGAL has been bound. The intensity of the labeled
bands can be read by eye in the case of colored
particles or by means of the appropriate detection
device for the label used. A positive result is
indicated by color development or the accumulation of
label in both bands, while a negative result is
indicated by color development or other label only in
the control band. Failure of color development or
other label in the control band indicates inadequate
strip function. The sensitivity of the test can be
regulated by the dilution of the sample applied, which
is adjusted so that only NGAL concentrations above the
determined cutoff values give rise to a positive
result. The sensitivity of the test can also be
adjusted by linking the detection antibody to a
mixture of labeled and unlabel ledparticles. Batches
of strips can be pre-calibrated and equipped with a
calibration code that can be read by the detection
device, so that a quantitative or semi quantitative
result can be read from the device. Many variations of
the individual aspects of this lateral flow technology
are possible, as known to those skilled in the art.
Example 3 : N GAI Minicolumn Test A minicolumn
contains a frit made of compressed polyethylene
particles allowing the passage of fluid and cells. The
frit is coated with capture antibody against human
NGAL. The minicolumn is incorporated into a device,
which by means of automated liquid handling allows the
diluted sample to be applied at a fixed flow rate and
volume, followed by detection antibody complexed with
dye. After the passage of wash solution, the color
intensity of the frit is read by light diffusion
photometry. The batches of frits are pre-calibrated
and the minicolumns equipped with a calibration code
that can be read by the device, so that a quantitative
result can be displayed by the instrument without the
need for prior calibration with standards. Example 4 :
NGAL Sandwich ELISA Purified recombinant human NGAL
for use as a standard and as calibrator material was
prepared as described by Kjeldsen et al. (1996).
Antibodies against NGAL were those described by
Kjeldsen et al . (1993; 1996) . Polystyrene ELISA
plates were coated overnight at 42C with antibody
211-1 at a concentration of 2 mg/mL in 0.05 M sodium
carbonate buffer, pH 9.4, applied at 100 mL/well . The
wells were emptied, washed 3 times with washbuffer of
phosphate-buffered saline, pH 7.4, containing 0.05%
Tween 20, and blotted. Dilutions of calibrator and
samples in dilution buffer (wash buffer containing
bovine albumin at 0.1 mg/mL) were applied to the wells
in 100-mL volumes and incubated for 1 hour at room
temperature on a shaking table. The wells were then
emptied, washed and blotted as before. Biotinylated
antibody 211-2 at 0.25 mg/mL in dilution buffer was
added to each well at 100 mL/well and incubated for 1
hour at room temperature on a shaking table. The wells
were then emptied, washed and blotted as before. A
complex of horseradish peroxidase and streptavidin
(Zymed, CA) at a dilution of 1/2000 in 



dilution buffer was added to each well at 100 mL/well
and incubated for 1 hour at room temperature on a
shaking table. The wells were then emptied, washed and
blotted as before. A substrate solution containing
tetramethylbenzidine and peroxide (TMB-ONE,
Kem-En-Tech, Denmark) was then applied to each well at
100 mL/well and incubated at room temperature in the
dark for exactly 8 minutes, after which the color
reaction was stopped by adding 50 mL of 1 M sulfuric
acid to each well. The light absorbances of the wells
at a wavelength of 450 nm were then read in an ELISA
plate reader, subtracting the light absorbances at 650
nm. The concentrations of NGAL in the samples were
then calculated from the standard curve generated from
the light absorbance readings of the calibrators of
known concentration. The assay had a range of 0.02
ng/mL to 1 ng/mL, with a detection limit (95%
confidence limit of difference from zero) of 2.4
pg/mL, and showed parallelism between dilutions of
purified calibrator and samples. The concentration of
NGAL was 90 ng/mL in a pool of normalhuman serum and
5.4 ng/mL in a pool of normal human urine. Further
examples show clinical and paraclinical correlations,
together with an estimate of the diagnostic value with
respect to renal disorders, of NGAL determination in
serum or plasma and in urine from unselected adult
patients admitted to a hospital intensive care unit.
NGAL was determined by a sandwich ELISA similar in all
essential details to that described in Example 4
above. Example 5 : Initial clinical and paraclinical
correlations Concentrations of NGAL in single spot
samples of urine and serum from 11 unselected adult
patients admitted to a hospital intensive care unit
are shown in Table 1 , where they are compared with
clinical and paraclinical data.Table 1 . NGAL
concentrations i n urine and serum from 11 patients :
correlations with clinical and paraclinical data
Normal values: s-NGAL 90 ng/mL, u-NGAL 5 .4 ng/mL ALL:
acute lymphatic leukemia; AML: acute myeloid leukemia;
ARDS: adult respiratory distress syndrome; ATN: acute
tubular necrosis; CRP: C-reactive protein; HRS :
hepato-renal syndrome; MT: multiple trauma; p :
plasma; s : serum; u : urine Spearman' s coefficients
of rank correlation (r) u-NGAL/ s-NGAL: r 0 . 945 P "
0. 001 u-NGAL/p-creatinine: r 0 . 418 P 0. 1 s -NGAL
/neutrophil count : r 0. 273 , not significant
s-NGAL/s-CRP: r 0. 064 , not significantAll the
patients had raised urinary concentrations of NGAL.
There was a very close correlation between serum and
urinary NGAL levels, but only a moderate correlation
between urinary NGAL and plasma creatinine. The case
that was clinically diagnosed as ATN was characterized
by an extremely high urinary NGAL at a time when there
had been no significant rise in plasma creatinine. The
poor correlation between serum NGAL and the neutrophil
count shows that serum NGAL is not a reflection of
neutrophilia. In particular, both the urine and serum
NGAL were raised in patient no. 3 , with a neutrophil
count of only 2.O x lOVmL because of acute lymphatic
leukemia, and in patient no. 6 , with an uncountably
low number of neutrophils because of acute myeloid
leukemia. Furthermore, the lack of correlation with
CRP shows that s-NGAL is not just an acute phase
protein. Repeated analyses of stored samples showed
that NGAL may have limited stability in urine samples,
while being more stable in serum samples. The results
suggest that NGAL is produced in organ damage,
particularly, but not only, by the kidneys. It spills
over into the blood and is excreted in the urine.
However, renal NGAL in ATN also passes directly into
the urine to produce a very high urinary concentration
of NGAL. Patient nos . 3 and 4 , who at the time of
sampling had no clinical diagnosis of renal disorder
and whose p - creatinine was at that time within the
normal range, had levels of urinary NGAL that were
higher than that of patient no. 2 , who was receiving
hemodialysis for anuria after rupture of an aortic
aneurysm. The two patients (nos. 3 and 4 ) may have
developed renal ischemic injury because of their
severe infections, the rise in urinary NGAL preceding
any rise in p-creatinine, as was alsoobserved in
patient no. 5 , who was clinically diagnosed as having
ATN. Example 6 : Diagnostic power with respect to
renal disorder of urine and plasma NGA-G
determinations in unselected adult patients admitted
to intensive care NGAL was determined in urine and
plasma samples collected each morning from 109
consecutive patients admitted to a hospital intensive
care unit. On the basis of discharge summaries and the
results of routine blood tests, it was possible to
classify (blindly with respect to NGAL data) 60 of
these patients into those with and without a renal
affection during their admission. Incomplete data made
it impossible to classify the remaining 49 patients
with sufficient certainty, and these patients were
excluded from the analysis. Maximal NGAL
concentrations in urine and plasma from the 60
clinically classifiable patients are given in Table 2
. The diagnostic power with respect to renal affection
of the maximal concentration of NGAL reached in urine
and plasma from each classified patient was then
determined by plotting receiver operating
characteristic (ROC) curves for the urine and plasma
values . The time courses of the daily urine and
plasma NGAL values were also plotted for each patient
and compared with paraclinical data such as the plasma
creatinine values .Table 2 . Maximal NGAL
concentrations in plasma and urine from 60 patients
admitted to intensive care that were clinically
classifiable as with or without renal affectionULTRA
HIGH STRENGTH ASPHALT Background of the Invention The
present invention relates to method for the
preparation of a dry material for use as an ultra high
strength pavement as well as the dry granular pavement
material manu factured by the method, and furthermore
the present invention also relates to a method for
applying the ultra high strength pavement monolithic
or to a subgrade. In the art, it is well-known to
combine bituminous asphalt with a cement slurry. This
is traditionally done by applying the asphalt to the
subgrade by normal asphalt paver and thereafter by
different means allowing a cement slurry to enter and
fill the voids in the asphalt layer. In this manner, a
ductile and strong wear resistant pavement layer is
established, which to a certain degree benefits from
both the advantages provided by the relatively soft
and flexible asphalt, and the strength characteristics
of the cement based slurry, which is provided in the
voids in the asphalt layer. Such pavement systems are
sold commercially, for example under the name
"Densifalt" by the Danish corporation Densit A/S or
"Confalf ' by the Danish corporation Contec ApS. One
problem with the prior art systems is the fact that
they are quite labour intensive in that they require
firstly that the asphalt is applied, for example by a
normal asphalt paver, and after the asphalt has cooled
down sufficiently, the slurry, based on a binderwater
mix where the binder may comprise cement, silica, fly
ash and other constituents, is placed manually or by
other suitable means. The slurry, which may be an
ultra high strength concrete, is thereafter allowed to
cure, and finally the pavement may be used. In
addition to being labour intensive, the process is
also relatively time consuming in that the curing and
cooling of the asphalt layer is necessary such that as
the slurry is added, undesirable chemical reactions in
the slurry may be delayed sufficiently in or der for
the slupy to reach and be distributed in the asphalt
matrix sufficiently in orderto provide a substantially
complete filling of the voids in the asphalt layer by
the slurry materials. If the asphalt is too hot, the
chemical reactions particularly the chemical reactions
between the water and the binder in the slurry may be
accelerated such that the slurry will harden, and
thereby loose viscosity, and also hinder further
ingress of slurry into the deeper voids in the asphalt
layer. It is well know within the technical field of
hardening cement based materials, that it should be
avoided to allow the ce ment to harden at too high
temperatures as this will cause uneven and undesirable
hardening in the cement-based matrix. From WO98/44046
an asphaltic road surfacing composition is known,
which compo sition comprises aggregate, bitumen,
cellulose fibres and filler. In one embodiment cement
is mentioned as a possible filler material, without
stating the advantages ob tainable by adding a limited
amount of cement to the composition. The road
surfacing material is hot mixed at a temperature of
from 150 0C to 190 0C. The road surfacing material is
placed by a method wherein the composition is at a
temperature from 80 to 9O 0C. Hot mixing is a well
known method used within asphalt production and the
laying temperatures stated in the prior art document
also corresponds to the normal tempera tures when
laying asphalt pavements. The advantages which could
have been attained by adding cement to the
composition, appears to be lost, due to the high
temperatures at which the composition is mixed and
applied, such that the binder characteristics of
cement will not be effective in the resulting pavement
layer, but solely the filler func tion of the cement
content is utilised. Object of the Invention The
object of the present invention is therefore to
provide a manufacturing method for a material which
may be spread on a surface such that the drawbacks of
the prior art methods are alleviated. Description of
the Invention The present invention addresses this
problem firstly by providing a method for the
preparation of dry material for use as ultra high
strength asphalt, such that during application only
water needs to be added to the dry material, where the
method com prises the following steps: - drying and
heating stone and sand aggregates; - mixing the
aggregates with hot bitumen creating a hot mix; -
adding binder and optionally further additives to the
hot mix until the bitumen cov ered aggregates are not
stick)', where the hot mix is maintained at a
temperature above 40 C; - storing the hot mix and
letting the mix cool, such that it is stored below 40
C. By preparing the material according to the method
mentioned above, the drying and heating of stone and
sand aggregates as well as mixing the aggregates with
hot bitu 



men, creating a hot mix substantially corresponding to
the method of preparing a regu lar asphalt mix. The
following step of adding the binder, and optionally
other addi tives, to the hot mix will cover all the
bitumen covered aggregates, which will be comparable
to granules, with a dusting of the binder. The dusting
may be controlled simply by adding more or less binder
and other additives to the hot mix. When all par
ticles, i.e. the sand and stones constituting the
aggregates, in the mixing vessel have been covered by
a dusting of binder, and optionally further additives
such that the par ticles do not stick together, the
hot mix is stored and allowed to cool. As the bitumen
is kept below 40 C, the stickiness of the bitumen is
less such that it is assured that the binder covered
separate particles will not "melt" together during
storage. In a further advantageous embodiment the
binder is an ultra high performance binder, and
further said ultra high performance concrete binder
may comprise cement, silica, fly ash, slag ash and
other suitable very fine particles which may have
strength creat ing characteristics. By the formulation
ultra high performance concrete binders is to be
understood the binders used for creating ultra high
strength concretes, where the compressive strength
typically is a factor 10 stronger than regular
concretes, i.e. for some ultra high per formance
concretes the compressive strength is above 400 MPa.
These strengths are achieved by using special mixes
regarding aggregates, cement and further additives. By
grading the additives, the cement and the fine
particles, it is possible to create animmensely dense
structure. Furthermore, the use of micro silica is
extremely packable such that even small voids between
the aggregates and the cement particles may be filled
with micro silica, or finer particles. Furthermore,
micro silica will, when it reacts with water, develop
a very strong structure, which will give the overall
structure added strength. In a further advantageous
embodiment, the further additives which may be added
to the hot mix along with the binder may be selected
among sand, cement, stones, plasticizers,
super-plasticizers, water reducing agents, air
increasing or decreasing agents, silica, slag ash, fly
ash, latex, acrylic or other polymer types, Perlite,
Vermiculite, Leca granules. By adding selected
materials to the hot mix, the properties of the
finished pavement may be designed according to the
special purpose of that particular pave ment. In a
further advantageous embodiment, reinforcement fibres
are added to the mix after the binder and bitumen
covered aggregates have obtained their non sticky
characteris tics. As the voids in the asphalt layer in
the finished structure will be filled with the ultra
high performance concrete binder based slurry, the
provided fibres in this slurry will increase the
ductility and the integrity of the ultra high
performance concrete binder based slurry portion of
the finished pavement structure. As the fibres are
added after the bitumen is completely covered with the
binder, the fibres will be substantially loose in the
finished dry mix. The invention also relates to the
material per se in that a dry granulate pavement
material manufactured to any of the advantageous
embodiments listed above is also com prised within the
present patent. Use of the inventive and novel dry
granular pavement material is also encompassed in the
present application. Therefore, the present
application also concerns a method for applying an
ultra high strength asphalt pavement to a subgrade,
wherein a dry granular material according to claim 4
is used, where the method comprises the following
steps:- mixing the granular pavement material with
water in order to create a castable pavement mix; -
laying, spreading and levelling the pavement mix; -
levelling and compacting the pavement mix; - hardening
and curing the pavement mix. As a dry granular
material is used, it is easy to store and transport
this material such that preparation of the material,
i.e. turning the dry granular material into a castable
pavement mix, may take place at any appropriate site.
Once water is added to the dry granular pavement
material, the material will become castable, i.e.
become compara ble in consistency to regular concrete.
Depending on the plasticizers, the amount of binder
and the amount of water, the viscosity of the castable
pavement mix may be adjusted within wide limits. Also,
depending on the viscosity of the castable pavement
mix, different methods may be used in order to lay,
spread and level the pavement mix. Where very fluid
pavement mixes are desired, the laying, spreading and
levelling may be performed manually, or in certain
instances the pavement mix will be so fluid that it
will be almost self-levelling. In other instances, it
is necessary to physically work the pavement mix such
that machinery may be used in order to lay, spread and
level the pavement mix. For the same type of
materials, compacting of the pavement mix may be
carried out by any conven tional means, and after the
mix has been levelled and compacted, steps shall be
taken comparable to the steps necessary in order to
cure concrete, such that the finished pavement mix
which has been layered, spread, levelled and compacted
is left to harden and cure under controlled
circumstances in order to achieve the best quality
pavement possible. In a further advantageous
embodiment of the method for applying the ultra high
strength asphalt pavement to a subgrade, the step of
mixing the dry granular material with water is carried
out by one of the following means: - a concrete
batching plant; - a small drum mixer; - a free fall
mixer;- a pan type mixer; - a concrete batching truck,
or other suitable conventional concrete mixing
facility. Although these means may appear conventional
when thinking about concrete, it is a great advantage
with the method for applying an ultra high strength
asphalt pavement that conventional means may be used
in order to mix an bituminous pavement struc ture in
that such equipment is well-known and widespread, and
therefore does not re quire specialists or especially
constructed equipment, but the method may be earned
out in a substantially well-known manner. This is also
reflected in the following advantageous embodiment
where the step of laying, spreading and levelling of
the pavement mix may be carried out by one of the
following means: - an asphalt paver; - a concrete
paver; - vibrating equipment; - straight edges and
manual working. As the mixture is both an asphalt
pavement and a concrete pavement, paving machines for
laying these types of materials may be used when the
viscosity of the material is such that it is suitable
for using any of these types of pavers. The levelling
is partly earned out by the pavers, but may
additionally be earned out by using traditional vi
brating equipment in that the ultra high strength
binder slupy will exhibit the same floating
capabilities as ordinary concrete when exposed to
vibrations. Furthermore, the levelling may be carried
out by the old-fashioned manner of using straight
edges and manual workings. The step of levelling and
compacting the pavement mix may also, in a further
advantageous embodiment, be carried out by one of the
following means: - rollers; - power floats or manual
floats; - trowelling;- other methods, such that the
surface is rendered smooth or with a skid resistant
structure. Also, the step of hardening and curing the
pavement mix may include one or more of the following:
- applying a liquid curing membrane to the top surface
of the pavement; - applying a curing foil or membrane;
- applying heat to the pavement structure during the
hardening. True for these embodiments as well as the
embodiments listed above, the characteris tics of the
castable pavement mix is such that traditional
equipment used for either casting concrete or laying
asphalt may be utilized in connection with the novel
and inventive pavement mix according to the present
invention. The characteristics of the pavement mix may
be adjusted by adding different additives, water,
amounts of sand, stones and the like such that the
skilled person will choose the most suitable means for
applying, levelling, compacting and so fourth in view
of the consistency and the prop erties of the pavement
mix which is to be worked on. In a further
advantageous embodiment, one or more reinforcement
layers are arranged on the subgrade before the laying
of the castable pavement mix such that the rein
forcement will be arranged in the finished pavement
layer. This additional method step utilises the fact
that the ultra high strength binder material which is
present between the bitumen covered sand and stone
particles will achieve such a strength that it is
possible to utilise reinforcement placed in the
pavement material layer such that the pavement layer
will be able to exhibit constructional properties
thereby also utilising the layer's load transferring
capabilities. The load transferring capabilities are
greatly improved when tensile forces may be
transferred to reinforcements especially designed for
assimilating this type of stresses. In order to
provide extra ductility in the pavement structure,
fibre reinforcement is added during the mixing, i.e.
when water is added to the diy mix to the pavement
layer arranged on the subgrade before the laying of
the castable pavement mix.In the prior ail methods,
the asphalt layer is usually placed whereafter the
bindercontaining material in the form of slurry is
spread and worked into the asphalt layer, whereby the
binder-containing slurry substantially fills more or
less of the voids in the asphalt layer. With the
present invention, however, where the slurry/mortar is
an integral part, and in intimate contact with the
bitumen and asphalt particles, there will be no voids,
but the space between separate aggregate particles of
the asphalt will be filled with the integral mortar.
In summary, a number of advantages are achieved with
the present novel and inventive method for the
preparation of a dry material as well as the dry
material per se, and the method of applying an ultra
high strength pavement to a subgrade. Among the ad
vantages may be mentioned that a very high compressing
strength and bending tensile strength may be achieved
in comparison to that of traditional asphalt, or the
prior art methods mentioned above where a two-step
procedure was used in order to apply a binder
containing slurry to the asphalt part, where a
semi-flexible topping is achieved. Furthermore, very
high flexibility in comparison to traditional concrete
or cement based mixes is achieved in that in
particular the provision of the bitumen allows for
relatively large movements before the pavement breaks.
Moreover, it is possible to adjust the modulus of
elasticity according to the specific needs. For
example by pro viding a higher amount of ultra high
performance concrete binder materials to the mix, a
higher modulus of elasticity will be achieved. On the
other hand, providing a higher amount of bitumen will
produce a pavement material having a lower modulus of
elas ticity. In traditional concrete structures, it is
necessary to provide dilatation joints as well as
reinforcement in order to distribute the cracks,
whereas with the present pavements the ultra high
strength asphalt (UHSA) may be used for pavements
without providing dila tion joints such that no cracks
and no joints are necessary, and still the need for
reinforcing mats, reinforcement or fibres is not
necessary due to the fact that the combina tion of
bitumen and the ultra high strength concrete will
provide such a ductility to the pavement that no
cracks will occur. This is also achieved due to the
fact that the creep forces in the UHSA is
substantially reduced in that the forces arising with
shrinkageand creep do not have to be transferred over
long distances, but may be assimilated in the
interface between the bitumen and the binders. The
special properties of the UHSA is the fact that all
aggregates like fillers, sand and stones are covered
by a thin or thick layer of bitumen, depending on the
wanted prop erties. The thickness of the layer is
determined in the initial stages of preparing the mix
after the stone and sand aggregates have been heated,
and the bitumen is applied. The characteristics may
also be controlled by applying a thin or thick layer
(dusting) of dry ultra high strength binder on all
bituminised surfaces on all aggregates and fillers in
the mixing vessel. In this manner, when water is added
the final pavement structure 



will have a larger or smaller concrete content
depending on the thickness of the binder layer applied
to the aggregates. As explained above, the surface of
the bitumen covered aggregates is dry in that the
bitumen is completely covered with diy substances such
as binders, sand and the like, whereby it may be
stored without loosing its properties. Only when the
mix is mixed with water will it become wet and
castable, and exhibit the combined characteristics of
both the concrete portion and the asphalt portion.
Initial test with the system have indicated that the
compressive strength of the UHSA may be adjusted such
that the compressive strength may be in the range from
3-65 N/mm2 depending on the recipe and mix design.
Below, some examples of mix de signs within this range
are given. The further advantage of the UHSA is the
fact that it may be used for constructional purposes
as explained above, unlike traditional asphalt or
bituminous products. Examples of recipes RECIPE 28,00
% Silica sand 0-4 mm 17,00 % Aggregates 5-8 mm 24,00 %
Aggregates 8-16 mm5,40 % Bitumen B60 2,60 % Filler
23,00 % Binder 100,00 % Ultra High strength Asphalt
30,00 % Water of the Binder RECIPE 2: 72,30 %
Aggregates 5-1 1mm 3,30 % Bitumen B90 3,00 % Filler
13,10 % Binder 8,30 % Silica sand 0-2 mm 100,00 %
Ultra High strength Asphalt 30,00 % Water of the
Binder RECIPE 3: 54,00 % Aggregates 8-1 1mm 2,40 %
Bitumen B60 3,60 % Filler 15,00 % Binder 25,00 %
Silica sand 0-4 mm 100,00 % Ultra High strength
Asphalt 30,00 % Water of the Binder RECIPE 4: 46,30 %
Aggregates 11-16 mm 2,05 % Bitumen B60 0,10 %
Cellulose fibers 3,15 % Filler 17,10 % Binder 31,40 %
Silica sand 0-4 mm100,00 % Ultra High strength Asphalt
30,00 % Water of the Binder The compressive strength
of tests done with the above recipes proved that an
increase in the Bitumen content decreased the strength
and Modulus of Elasticity as well as an increased
amount of Binder increased the compressive strength
and Modulus of Elas ticity. The Bitumen used was
traditional hot bitumen and the Binder was a high
strength cement based binder. All percentages are
based on weight. All laboratory tests were carried out
mixing bitumen and aggregates or bitumen, ag gregates
and silica sand at 100C and adding the dry binder into
the hot mix above 60C. After cooling down to less than
40C the total mix was mixed with water and cast for
testing purposes. In further tests different mixes
according to the recipes above were mixed and stored
outdoors at ambient temperatures. In September -
October the temperatures ranged between 2C and 180C.
The mixes were shielded from direct sun and rain
exposure during storage. After having been stored
outside for a minimum of 14 days, the mixes were
introduced into a traditional paver, and spread on a
test field, on which test field a standard road
subgrade had been prepared. After having placed the
mixes water was allowed to penetrate the voids in the
pave ments. A curing membrane (plastic foil) was
applied to approx. half the area of each test area,
whereas the other half was left uncovered. The test
areas were left to harden, and every 6 hours test
samples (test cores) were taken from each half of each
test field. The samples were visibly inspected and com
pared to samples from traditional semi-flexible
pavements in order to evaluate integ rity, void and
aggregate distribution, and finally the
bending-compression strength was determined. The
results showed that there were no significant
differences between covered and uncovered test fields,
and that the strength development was comparable to
traditionally placed semi-flexible pavements. Slightly
higher compression strengthswere registered as
compared to traditional semi-flexible pavements having
corre sponding compositions. On this background it was
concluded that no disadvantages in relation to the
finished pavement structure were detectable by using
the new and inventive compositions and methods.
Description of the Drawings Fig. 1 illustrates the
composite system Fig. 2 illustrates a detail of fig.
1. Detailed Description of the Invention m fig. 1 and
2 is illustrated a cross-section through a mix of
particles where, in the example, aggregates in the
shape of stones 2 are covered by a bituminous layer 1.
Due to the sticky consistency of the bituminous layer
1, it will adhere to the stone or sand aggregate 2,
and when a diy binder, for example in the shape of
cement and/or micro silica, is added, the binder will
when applied in sufficient amounts cover the entire
surface of the bitumen covered particles 1,2 as
illustrated by 3. Smaller particles be tween the
larger aggregates may either be covered by a
bituminous layer or dry binder in the spaces between
the larger aggregates, depending on the time of adding
these particles to the mixing process. When mixing
together with the hot bitumen, they are covered by a
bituminous layer, adding together with the binder they
are covered with a dry powder. Fig. 2 is a close-up of
fig. 1 showing the detailed system of bitumen 1
covering the aggregates, and the binder 3 covered
bitumen, and smaller sand and aggregates 4 be tween
the larger aggregates 2. A small bitumen covered
aggregate 5 is mixed in be tween the binder 3.CLAIMS
1. Method for the preparation of dry material for use
as ultra high strength asphalt, such that during
application only water needs to be added to the dry
material, where the method comprises the following
steps: - drying and heating stone and sand aggregates;
- mixing the aggregates with hot bitumen creating a
hot mix; - adding binder and optionally further
additives to the hot mix until the bitumen cov ered
aggregates are not sticky, where the hot mix is
maintained at a temperature above 40 C; - storing the
hot mix and letting the mix cool, such that it is
stored below 40 C. 2. Method according to claim 1
wherein the binder is cement or a cementitious binder
in form of an ultra high performance concrete binder,
where said ultra high perform ance concrete binder may
comprise cement, micro silica, fly ash, slag ash. 3.
Method according to claim 1 wherein the further
additives may be selected among: sand, cement, stones,
plastifiers, super-plastifiers, water reducing agents,
air increasing or decreasing agents, silica, slag ash,
fly ash, latex, acrylic or other polymers, Perlite,
Vermiculite, Leca granules. 4. Method according to
claim 1 wherein reinforcement fibres are added to the
mix after the binder and bitumen covered aggregates
have obtained their non sticky charac teristics. 5.
Dry granular pavement material, manufactured according
to any of claims 1 to 4. 6. Method for applying an
ultra high strength asphalt pavement to a subgrade,
wherein a dry granular material according to claim 4
is used, where the method comprises the following
steps: - mixing the granular pavement material with
water in order to create a castable pavement mix; -
laying, spreading and levelling the pavement mix;-
levelling and compacting the pavement mix; - hardening
and curing the pavement mix. 7. Method according to
claim 6 wherein the step of mixing the dry granular
material with water is carried out by one of the
following means: - a concrete batching plant; - a
small drum mixer; - a free fall mixer; - a pan type
mixer; - a concrete batching truck, or other suitable
conventional concrete mixing facility. 8. Method
according to claim 6 wherein the step of laying,
spreading and levelling of the pavement mix may be
earned out by one of the following means: - an asphalt
paver; - a concrete paver; - vibrating equipment; -
straight edges and manual working. 9. Method according
to claim 6 wherein the step of levelling and
compacting the pavement mix is carried out by one of
the following means: - rollers; - power or manual
floats; - trowelling; - other methods, such that the
surface is rendered smooth or with a skid resistant
structure. 10. Method according to claim 6 wherein the
step of hardening and curing the pave ment mix may
include one or more of the following: - applying a
liquid curing membrane to the top surface of the
pavement; - applying a curing foil or membrane; -
applying heat to the pavement structure during the
hardening.11. Method according to claim 6 wherein one
or more reinforcement layers are ar ranged on the
subgrade before the laying of the castable pavement
mix such that the reinforcement will be arranged in
the finished pavement layer. 12. Method according to
claim 11, wherein the reinforcement may be selected
from steel bars, steel mesh, carbon wires or mesh,
fibre strands or meshes, where the mate rials are
selected among carbon, glass, plastics. 13. Method
according to claim 6 where a fibre reinforcement is
added to layers arranged on the subgrade before the
laying of the castable pavement mix such that the
reinforcement will be arranged in the finished
pavement layer. 


