
Structural Nucleic Acld Guided Chemical Synthesis 

Field of the i11vc11tiou 

The present invention provides compositions and mdhods for in vitro DNA disph1y 

technology, al lowing display of variety of molecules, such <ts non-1rntural polymers <ind 

small molecules, Advantages of such methods are that combinatorial libraries can be 

constrncted and subjected to rounds of selections for desired activities, amplification and 

diversillcation, thus allowing mokcl>lar evolution. 

Background 

Display technologies have been ckvcloped to combine information storage and 

<1111plification capabilities of nucleic ;ic.ids with (he functi()nal activities of other 

compound. Display technologies rely on an association between a functional entity and a 

nucleic acid sequence infonnntive about the structure of the functional entity. 

An advantage of such methods is that very large libraries can be constrnctcd and probed 

for a desired activity of the functional entities. Library members having the clcsired 

activity can then be pm:titioned from library members not having the desired activity, thus 

creating an cnridied library with a higher fraction of members having the desired activity. 

This process is called selection. The structln·cs ofthe library members in the enriched 

library cun then be identified by their cognate nucleic acid sequence, thus allowing 

idcntilication even from minute amounts of material. 

Some displ11y technologies ftirthor 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 arc called "amplifiablc display 

technologies". These teclmologies are especially advantageous when dealing with large 

libraries, because iterative nn1nds of selection and amplification can be performed 

allowing increased enrichment()[ desired activities. Another advantage of amplifiable 

clispl<1y technologies is that rounds of selection, amplification and diversification can be 

performed, thus using tbe same principle as in natural selection, to evolve molecules with 

desired func.tim1. This process is called molecular evolution. 
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Display technologies utilizing biological systems have been developed, the most notable 

of which is phage display (Smith, Science, 228, 1315-7, 1985). l-Iowever, such systems 

are limited to the display ofm1tural occurring prnducts such as proteins and peptides. 

In vitro display technologies exploiting the flexibility of organic chemistry has been 

described. One example is described in 085723598. The method uses <l bifunctional 

molecule; one functionality capable ()f accepting a chemical group nnd one functionality 

c<1pahle of accepting u nucleic acid sequence. The method for synthesizing such a library 

is commonly known as "split and mix'', consisting ofrnunds of mixing and splitting the 

bifonctional molecules into comp<1rtmcnts. A compartment specific pair of chemical 

group and nucleic acid sequence is added, The nucleic acid sequences are thus encoding 

the chemical groups. All bifimctional molecules are then mixed and the procesB 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 convenliom1l molecular biology; cloning and DNA scql1encing. 

Another example is described in W004/039825A2, where a combinatorial library is 

created, by rounds of proximity·guidcd addition of cognate pairs of chemical group and 

nucleic acid code to a bifonctional molecule; one functionality capable of accepting a 

chemical group and one functionality capable of accepting a nucleic acid sequence. 

Furthennorc repertoires of so-called tnmsfer units are \1sed, where a chemical group is 

attached to an olig\mucleoticlc, containing a coding segment and a segment capable of 

annealing to the bifunctional molecule. A repertoire of transfer units is annealed to the 

bi functional molecules, which allows the code to be transferred enzymatically to tho 

bifonctional molecule, as well as guiding the chemical group to react with the very same 

bifunctional molecule. This process cm1 bc reiterated to create u large combinatorial 

library. 

The libraries described above c<in be subjected t() selections to form an enriched library. 

The enriched libraries members' synthetic history can subsequently be deduced through 
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the encoding nucleic acid, A limitation of these approaches is however that the enriched 

library cannot be amplified. 

In vitro display technologies t;1king advantage of the flexibility oforgm1ic chernislry and 

rounds of selections, amplification and diversifo:ation has been described. These methods 

rely on the use of templates. 

One example is described in W000/23453, using a "split mid mix' principle. A library of 

ssDNA templates is used, each containing a chemical roacti()n site and several positions 

of codon segrnenls. The templates arc compartmentalized by virtue of hybridizing to a 

repertoire. of anti-codon sequences for a given codon position. Then, a compartment 

specific chemical re'1ction is performed modifying the rca.ction site on the templates. The 

templates are then mixed and the process rcitcwted by using other codon positions to 

form a combinatorial librnry. 

Another exmnple is described in W002/074929A2, using~ "single-pot" principle. A 

library of oligonuclcotidc 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 oligonuclcotide anti-codon sequence and a chemical reactive 

group. The library of templates are hybridized with a repe1toire oftrnnsfor 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 cogm1tc pairs. This process is then reiterated using other codon 

position$ to form ii combim1torial library. 

A limitation of the above proximity guiding of cognate puirs of code and chemical group 

is given by the linear structure of the template oligonuclcotidc. As a consequence of the;; 

linearity the distance between codnn and the chemical reaction site will differ from cod1H1 

position to codon position. For codon positions longer away from the reacti()n site th~ 

proximity guiding becomes compromised, us the klcal concentration drops to the power 
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of three as a function of the distance. This disadvantage becomes more pronounced frir 

complex libraries, with 1110!\o codon positions and more complex. codons. 

This problem is sought solved in W004/016767 A2, 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 u template results in that the template sequence between the codon 

position in question and the constant segment is bulging out, to form a so-citlled omega 

stmcture, The concept is that the codon segment is responsible for the specificity and the 

constant segment responsible for the proximity. Also suggested in W004/016767A2, is a 

so-called T-architccturc of the templates, where the reactive site on the template is 

situated in the middle of the template, with tho codon positions spread out on each side. 

Consequently, the distance problem is so called "cut in lwlf'. 

WO 2004/056994A2 discloses fl method similar 10 W002/074929A2 or 

W004/0!G767A2 with the difference that the template is cut into minor sequences, 

termed connecting polynucleotidcs in the application. The connecting polynuc\eotidcs 

connect transfer units to bring these into reaction proximity. In certain embodiments the 

connecting polynucleotidcs may compri$e a reactive chemical group. To obtain an 

encoded molecule the method is dependent upon codon/anti-codon recognition prior to 

re"ction, 

The template directed libraries described above are subsequently subjected to selections 

to fom1 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 oftcrnplates have to be created, 

which is cumbersome, as the temp lutes luwe to be of considerable length to ensure proper 

codon/anti"c.odon 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. 
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The prior '1rt methods using templates suffer from the disadv<.111tage that the encoding is 

dependent \1pon hybridization of codon and anti .. codon sequences. Sometimes 

hybridization between single stranded oligonuclcotides will happen without pcrfoct 

complementarities. Jn the case of library construction the result is loss of the association 

between the encoding and the synthetic history. Consequently, upon selection positive 

cocks may be de .. selected and negative codes may be selected. For morn compkx 

libraries this disadvantage becomes more significant as the complexity of the single 

str>rnded oligonucleotidcs also increases, both with respect to numbers, length and 

seqci<mces. This makes the proces~e~ more difficult to control. 

As described above in vitro display technologies allowing display of a variety of 

compound classes, selections, ;m1plificalions and diversifications have been dovelopccl. 

However, there is still an ongoing need for improvement, especially with respect to the 

quality in library construction and of diversificati1m. The present invention offers a 

method for producing an encoded molen1lc in which the method does not reqc1ire the pre­

synthcsis of a large number of templates. Furthermore, tho 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, tho present invention relates to a composition comprising a nucleic acid and 

a chemical compound, said composition forming a star slrnctme defining 3 or more stems 

extending from a reaction center, wherein the stems are formed by a nucleic acid duplex 

and the chemical compound ha~ been formed in the reaction center as the reaction 

product of 3 or more chemical groups. 
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The m1clcic acid 1.bnns a super structure, in which different segments hybridizes to each 

other MJ as to form a stmcture resembling a star. The star structure comprises a reaction 

center and a plurality of stems. In the reaction center, the chcmicul compound has been 

prepared as the reaction product of3 or more chemical groups. The stems are nucleic acid 

duplexes, i.e. a stem comprises two hybridizing segrnents complementing each other 

sufficiently for a duplex to be formed under c<mditions favoring the reaction of the 

chemical groups so as to form the chemical compound. 

At least one of tho stems extent radially from the center. Suit'lbly, the 3 or more stems 

extent radially outwards from the re<1ction 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 cistablished between the chemical gToups increases t:hc local concentration und 

enhances tho chances for a reaction to proceed. The presence of 3 or more stems in tho 

star structure creates a strong super strncturc, which is stable even at conditi,Jns where a 

single duplex will separate into two discrete single stranded nucleic acids. Tbus, the star 

structure enables versatile reaction conditions to be used in order to promote rc<lction 

between the chemical grou]'8. Experiments reported herein shows that the a threc"stem 

star structure is stubble enough for directing organic synthesis in medias containing in the 

excess of 35% acetonitril and letrahydrofuran and in the excess of 40% DMP. Jn certain 

embodiments of the invention, the star strncture cncompass<:!s 4, 5, 6, 7 or more sl:Gms 

connected to a mutual reaction center. When the number of stems is increased the 

stability of the star structure is <llso increased. 

The nuckic acid is segmented into various purts with certain fimctions. 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. 111c 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 c<!dons is especially useful for decoding 

purposes, When the formed chemical compound is present in ;1 small amount or is present 
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in a mixture with other compounds, easy identification can be performed through 

molecular hiologic<ll lechniq\1es. 

A codon identifying a chemi<.,ul group may be present anywhere in the nucleic itcid 

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 paiis of the stm· structure. In a 

certain aspect of the invention a codon is situated 'lt the extremity ofa stem. A codon 

placed at the end of the stern pointing away form the center <illows for more liberty in the 

design of the nucleic acid star structure as lhe codon at: the extremity docs not necessarily 

need for take part in the formation ofa duplex or in the formation of the environment for 

(ho reaction center. 

The stems may be blunt ended, sticky ended or a loop may be present. A blunt ended or 

sticky ended stern may be preferred when it is inlt:nded to ligate the stem to another 

nucleic acid. ln a ceiiain embodiment:, a loop is formed at the end of the stem. The loop 

forms a physical link between the two stwnds thus forming a covalent linkage between 

the wrious parts of the nucleic acid super structure. Jn ;i certain embodiment loops arc 

present at all extremes of the stems so as to form a circular nucleic acid. ln 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 nucki<i acid 

active enzyme. In appropriate instances the priming site is present at the stem not having 

a loop. Suitably, tbe nucleic acid comprises a priming site for a DNA polymerase, RNA 

polymerase or reverse transcriptase, Thus, the loops nuke it possible to prepure a doubk 

stranded extension product displaying the formed chemical compound. 

Importantly, the extension producct comprises i1 generally linear duplex, i.e. a 

complementing strand has been formed by the extension reaction. Tho extension reaction 

destroys the reaction center so the chemical compound previously formed by reaction in 

the reaction center is dispbyed in the media. The dispby of the chemical compound 
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enables the use of various selection stralcgies on a library of extension products, as 

discussed later in this description. 

Subsequent to the selcclion, the possibilily of amplifying the nucleic acid is of parlicular 

rdovimce for identification purposes, because the chemical compound can be identified 

even in cases in which it occurs only in minute concentra!ions. The contiguous nucleic 

acid sequent suitably comprises codons of all the rcachmts, which has participated in the 

formation of the encoded chemki1l 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 tho loop of the codon 

allows for the use ofmiy combination of nucleotides in the design, as the specific 

sequence of a (:odon doe8 not have malerial influence on the hybridization <ind reaction 

capabilities. 

In some aspects of the invention an enz"ymatic restriction site is present in the stem-loop 

slrncture. Depending on the specific endonuckase used, one or both strands of the stcm­

loop structure may be broken. In a certain embodiment only one of the strands close to 

the loop is nicked, thereby forming a single stwnded nucleic acid sogmcnt. The single 

stranded nucleic acid segment suitably conl~ins the codon. A useful enzyme for this 

purpose is N. Bbvc JA, In another embodiment both strands are broken and a sticky end, 

i.e. a single stnmded nucldc 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 

oligonuclcoticlc complementary to at least to a part of the nucleic acid sequence of the 

loop. Under suitable conditions, the helper oligonuclcotidc hybridizes to the loop 

sequcn(:e and forms a substrate for a restriction enzyme. 

The stems of the star structure may have any suitable length. Gcnernlly, 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 hybridizalion segments may contain less than 12 
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nucleotides for cerl,tin applications in which the stability of the stur 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,0. tempcrntures well above ambient, high salt 

concentrations, 01· presence of organic solvents, hybridization segments of20 or more 

nucleotides arc usuully 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 tlwt the chemical compotmd 

and tho nucleic acid part remains together during a subsequent selection. 

A chemical group to be reacted in the reaction center may be <tSsociated with the nucleic 

acid in any <tppropriate W<ly. As an example, the chemical groups prior to reaction arc 

covalently attached to the nucleic acid. Usually, one or mNe oftbc covalent attachments 

are cleaved simultaneously with or subsequent to re<)ction. The covalent link may be 

designed to be clcavablc or durable. Furthermore a elcavable 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 fanned 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 renct:<lllt:(s) may be scaffolds, cross-linking 

agents, activating agent, deprotecting agents etc. 

The stnr structures according to the present invention are useful in the generation of 

libraries of different chen1ical compounds associated wi.th a genetic C<Jde. Accordingly, 

the present invention also rebtes to a library of star structures. Each of the star structures 
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may be present in several copies in the media and the media generally comprises star 

structures containing different chemical compounds. As an e1wmple, a library of the 

present invention may comprise at least l 000 different chemical compounds, preferably 

106diffcrent chemic,11 compounds, and more preferred l 09 different chemical compounds. 

In another aspect, tho present invention may be described as relating to e.g. (\method for 

synthesizing large libraries associ;1t:ed with encoding nucleic acid8 through a "star .. 

structure" 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 towurds the 3' end of the last hybridizes to a segment towards 

the 5' end oftbe first oligonucleotide. Consequently, the mid section between the two 

hybridization segments on each oligonuclcotidc is pointing towards the center of the 

formed ring, whereas the termini arc pointing outwards, giving the star"structuro. So, 

when three typos of oligonucleotides are used three sterns are formed, when four types of 

oligonucleotides arc used four stems arc formed etc. A chemical re~ctive gi:o11p is 

associated to !he mid section on each oligonucleotidc, thus allowing proximity guided 

chemical reactions to occur in the center. Furthermore, a codon is conveniently situated 

cxtermtl 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 arc called carrier modules herein. 

Consequently, a carrier modi1le lrns 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 oligonuclcotidcs arc made cxtendable or amplifiablc when !he termini in each 

stem, except one, arc ligated via loop formations to form a continuous oligonucleolido 

with a 5' and 3' termini, Tims, consisting of one stem and a number of stem-loops, the 

star structure can be amplified by PCR or extcndccl with a suitable enzyme. 

Consequently, the combinatorial dispby library can be subjected to selection and the 

enriched librnry members identified through their encoding oligonucleotide. 
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Accordingly, m1 aspect of the invention relates to a method for creating one or more 

d1e111ical slruGtures comprising the steps of: 

(i) providing N (N 'w 3-100) carrier modules comprising: 

(l) a first position carrier module having 

i) a nucleic acid segment capable of hybridizing to a nucleic acid segment of the 

N position carrier module, and 

ii) a nucleic acid segment capable of hybridizing to a segment of a second 

position cal'l'ier module, 

(2) n position carrier mod11k(s) (n =from 2 to N-1) having a nucleic acid segment 

capable of hybridizing to said nucleic acids segment of then- 1 C<llTior modlllc, 

and a nucleic acid segment capable of hybridizing to a segment of the n+ I 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" 1 can-icr module, and a nucleic 

acid segment capable of hybridizing to a segment of said first carrier module, 

wherein 

at least three of s;1id can'ier 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 carrier 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 niunber of can:ier modules used in the formation of the chemical 

struciurc. Thus, when thr~.e carrier modules are used in the formation ofthe chemical 

structure, N is 3, when four carrier modules are used in the fonnation of the chemical 

structure, then N is 4 etc. n denotes the specific position of ihe call'ier module. 

Thus, when N is 3, a (I) first position carrier module is used having a nucleic acid 

segment capable of hybridizing to a nucleic acids segment of the third position carrier 
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module, and a nucleic acid segment capable of hybridizing to a segment of<t second 

position carrier module; (2) second (11""2) position carrier module is used having a nucleic 

acid segment capable of hybridizing to said nucleic acids segment of the first carrier 

modulo, and a nucleic acid segment capable of hybridizing to a segment of third canier 

module; and (3) a third position carrier module is used having a. nucleic acid segment 

capable of hybridizing to said nucleic acids segment of said second carrier module, and a 

nucleic acid segment capable of hybridizing to a segment of said first carrier modulo. 

When N is 4, a (1) first position c'1rricr module is used having a nucleic acid segment 

capable of hybridizing to a nucleic acids segment of tho fourth position carder module, 

and a nucleic acid segment capitble 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 ctipable of hybridizing to a segment of third carrier module; 

and (n=3) third position carrier module is used having a micleic cid segment capable of 

hybridizing to said nucleic acid segment of the second carrier module ancl a nucleic acid 

segnwnt capable of hybridizing to a segment of fourth carrier rnoclulc and (3) a fourth 

position carrier module is used ll(lving a nucleic acid segment capable of hybridizing to 

said nucleic acids segment of said third carrier module, and a nucleic acid segment 

capable of hybridizing to a segment of said first carrier mod tile. 

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 carrier module, and 

a nucleic acid segment capablo 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 M tho fost carder module, and a 

nucleic acid segment capable of hybridizing to a segment ofthircl carrier module; rrnd 

(n=3) third position carrier module is used having a nucleic cid segment capable of 

hybridizing to s<iid nucloic acid segment of the second carder module and a nucleic <icid 

segment capable of hybridizing to a segment of fourth carrier module and and (n=4) 

fourth position carrier module is used having a nucleic cid segment capable of 
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hybridizing to s<tid 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 scgme.nt 

capable of hybridizing to a scg111ent 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-l to module n and module N"l to module N, thereby forming 

a continuous nucleic acid molecule with s\ern"loop structures and u chemical compound 

associated. Thus, when N is 3, a terminus of the fist module is allowed to ligate to a 

tcrmi nus of the second modules and a terminus of the second module is allowed to ligate 

to the third module. When N is 4, (11"'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 moduk is a.llowod to 

ligate to the third module, and a terminus of a third module is allowed to ligate to tlw 

fourth module. When N is 5, (w'2) >1 terminus of the fist module is allowed to ligate to a 

terminus of the second module, (n"'3) a t0rminus of the second module is allowed to 

ligate to the third 11Joduk, (n=4) a terminus of a third module is allowed to ligate to the 

fourth module, and u terminus of the fourth module is allowed to ligate to a terminus of 

the fifth module. 

According to" forther aspect of the present invention, the N position carrier modules may 

be ligntcd to the first carrier module, so as to form a circular nucleic acid. 

A composition comprising a stn1cturc of nucleic acid and associated chemical compounds 

made according to the method indicated above is novel since carrier modules creates a 

novel "star stniclT1re" that 11re different from the structures created in the prior <1rt.. See 

e.g. !he prior art discussed in the Background section above. 

ln 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 preferred 
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aspect, the present method comprises contacting carrier modules under conditions 

allowing hybridization of hybridization segments, thus bringing reactive groups into 

reactive proximity; m1d 

providing conditions allowing reaction of reactive groups, where the formed chemical 

compound is associated with at least one carrier module; and 

conditi<ms allowing ligation of the termini of module n· 1 to module n and modltle N • 1 to 

module N and thereby J.01111ing continuous nucleic acid molecule with stem-loop 

struct1.in's nnd a chemical compound associated. 

According to a preferred embodiment, N is 3, 4, 5, 6, 7. lt is also preferred that each of' 

the carrier modules comprise an associated chemical group (CG) situated in the mid 

section between the hybridiz<1tion segments or in the vicinity hereof and a codon segment 

situated external to one of the hybridization segments. 

The contacting of the carrier modules may performed sequentially, i.e. the carrier 

modules 1m'y be contacted in any order between the individual c<1rrier modules or the 

contacting may be performed simultaneously, i.e. all the carrier modules, or at least a 

substantial amount of the carrier modules, arc mixed together at hybridisation conditions 

so as to form a supermokcular complex. When sequential reaction of the chemical 

groups is pcrforned and only a frnction of the total amount of carrier modules required for 

assembling the entire star structure is used, an auxiliary oligonucleotidc may be used to 

assemble a star structurn, whereby the reaction center is formed. Thus, when a step in the 

formation of the chemical compound involves the assembling of two canier modules by 

hybridization of the respective hybridization segments, an auxiliary oligonuclcotide 

having segmens invcrs complenrnntary to the non"hybric!iscd 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 groi1ps may be 

design"d 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 is 
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neces~<n·y for the reaction to occur. The external component may be <i rc~ct:ant, a photon, 

electro1m1gnetism or any other stimuli, which effects reaction. In a certain aspect of the 

present invention orthogonal chemistry is used, i.e. the chemical groups arc designed 

such that the order of reaction is directed. 

The reaction center is defined by tho stems surrounding s~1id cc:ntcr. It has been 

suggested, that the cfotanco between two reactants in the reaction center is less than 10 

nm. Assuming the reaction center is spherical; the concentration of the reactmlts can be 

calculated to l rnM, 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 v..:ry 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 carrier module can contain any suitable chemical groups. To allow 

for enzymatic extension by e.g. a polymerase, the mid section of a cunier module suitably 

comprises a chemical bond or 1 to 20 nudeotides. The nucleotides may be modified to 

obtain certain reaction conditions in the reaction center. As an ex.ample, the nucleotides 

of the mid section may be modified with lipophilic groups to provide for a high mobility 

and reactivity ofthc associated chemical groups. The chemic<d group may be associated 

with the canier molecule at various positions. In one aspect, the chemical 1,>rnup is 

associated with a nuckobasc of the mid section. In another aspect, the chemical group is 

associated with a phosphodiestcr linkage of the midsection. 

When the chemical group is attached to the backbone the point of attachment is generally 
at the phosphor of lhe internuclcoside linkage. When the nuclcobase is used for 

attachment of the chemical group, the a!tachment point is usually at the 7th position of 

the purine~ or 7"deaza·purins or at the 5th position of pyrimidines. Th<; nucleotide may be 

distanced from tho 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 reaction 
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center. In general, the chemical group is associated to the midsection through one or m()rc 

covalent bonds. 

The ligation may be effected prior to, simultaiwously with or subsequent to rcaCJtion and 

the ligation im1ybe performed enzymatically or chemically at the choice of the 

experimenter. To reduce the mnount of free non·hybridising c<111ier modules in the media, 

it is generally desired to ligate the carrier moch1les prior to reaction. 

The formed chemical compound may be associated with the nucleic acid through a 

variety of chemical interactions. According to a prcforrccl aspect the formed chemic;d 

compound is covalently associated with at least one of said carrier molecules or tho 

continuous nucleic acid molecule. The relatively strong association between formed 

chemic11l compound and the nucleic acid, such as a covalent link, is useful during the 

screening ()fa 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 arc provided with a 

priming site for DNA polymerase, HNA polymerase or rcv,;rsc transcriptase. The 

presence ofa priming site assists in the amplification ofth0 genetic code for tho chemical 

grnup, 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 librnry h<is been performed, it is possibk to gain infonn;ition 

concerning which chemic;1l b'HHlpS that has particip,,tcd in the fomiation of success fol 

chemical compounds, i.e. chemical compounds with a desired property. Ono way of 

obtaining thi1; information i.s to quantify the amplification product, through well-know 

methods such as QPCR or st,mdard !'CR_ combined with niicroarray. The information 

may be used in the formation of a sccond .. generation library with a reduced diversity, as it 

is only necessary to include carrier modules in !he 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. 
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When two or more canicr mod tiles arc ligated together, it is possible to obtain 

information of the reactant~, which together have participated in the formation of 

chemical compounds with a desired property. l'reforably all, carrier mod11les 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 transcriptasc site in at least the first carrier 

module and/or at least in th0 N c'\rrier module, When all the carrier modules are ligated 

together, i.e. the first carrier module is lig~ited to carrier module n (n=2 to N-1), which is 

ligated to the carrier module N, a nucleic acid can be extended when a priming site is 

situated at one of tlrn ends. To red11cc the risk that the formed chcrnical compound 

remains hidden in the reaction center, an extension i~ preferably pcr!brn1od prior to the 

selection process. The extension of the contiguous nucleotide effectively displays the 

formed chemical compound to the m.cdia <rnd any target, which may be present therein. 

Prefcrnbly, a priming site for hybridisation of a forward primer is situated at one end and 

u priming site for hybridisation of a reverse primer is situ<lted in the other end, so as to 

allow for ampliJ1cati(Jl1 according to the protocol of the polymen1se chain reaction (PCR). 
PCR amplification is suitably performed after the selection has been performed to 

generate more copies of the genetic material of the stnictures having th~ desired 

properties. 

Accordingly, a second aspect of the invention relates to a composition comprising a 

structure of rn1cl0ic acid and associated chemical compound or a library of more than one 

of such sttuctures obl<linablc by the method indicated above. 

A library of chemical compounds associated with a nucleic acid coding for the chemicul 

groups, which h<ive participated in the formation of the chemical compound, can be form 

by using ii repertoire of carrier modules on one or more positions. 
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The library as described herein may b~ used to screen for a compound of interest. It is 
genernlly desired to have a librnry as large as possible to increase the possibility of 
finding a compound with desired properties. In a certain aspect ofthe invention the 
property of the compound of interest is the l\lJility to bind too\ 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 
presentinvcntionsuitablycomprisesmorcthan 103, 104, 105, 106, 107, 108, 109, 1010, 

JO 11, 101 '.l, 1013, or 1014 different chemical compounds ussociatcd with a nucleic acid 
encoding the synthetic history. 

To obtain a libntry 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 lenst J 0 

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 rnultipk structures of the 

invention can be formed with l 00 carrier modules at 3 ditforent positions. In other words, 

synthesis ofjust 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 

carrier modules at 4 different positions. 

The invention also relates to ii method for performing module substitution. The method 

comprises the steps of: 

a) providing a single Mranded contiguous nucleic •tcid sequence comprising N 

hybridisation segments and complementing hybridisation segments as well as N-1 non­

hybridising segments between the hybridisation segments and complementing 

hyb1iclisation segments, 

b) hybridizing the nucleic acid under conditions favoring intrnniolccular hybridization, 

thereby forming a continuous nucleic acid, al least containing N-1 stem-loops i!nd one 

stem; 

c) introducing a break in said stem or loop thereby creating an overhang which at least 

contains a codon segment; 



19 

d) providing a first group of rnrrier modules having ut least: 

a niicleic acid segment cap~\blc of hybridizing to said stem, a nucleic acid segment 

ca pub le of hybridizing to the stern of an adjacent sten1-loop, optimwlly 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 enzynmtical or chemical ligation of s;tid hybridized 

carrier 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 maldng overhangs which at least contain a next 

codon segment; and 

ii) denat11rate the nucleic acids; ;ind 

iii) hybridize unckr conditions fav(Jring intramolecular hybridization thereby 

forming N-1 stem.Joops and one stem with overhang at least. containing said next 

codon segment; and 

iv) optionally provide conditions allowing reaction of ~aid reactive groups, where 

the formed cheinical 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 ucid 

segment capable of hybridizing to the stem of the adjacent stem-loop, and 

optionally having a reactive group ass(Jciated, and having an anti"codon segn1cnt; 

and vi) provide conditions allowing cnzym<itically or chemical ligation of 

hybridi7,cd carrier module lo the recessive termini of said overh<tng; and 

repeat step~ i) through vi) N-1 times; und 

f) introducing a break in said stem-loop structure consisting partial of said first group of 

carrier modules at least leaving said anti .. coclon segment connected to said first carrier 

module; and 

g) clenaturating the nucleic acids; mid 

h) hybridizing un(kr conditions favoring intrnmoiecular hybridization th(,reby fom1ing N· 

1 stcrn"Ioops and one stem; and 

i) optionally, providing conditions allowing reaction of said reactive groups, where the 
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formed chemical compounds are assochttcd with at least. one of said carrier module. 

Tho 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 th08e nuckic 

acids representing the carrier modules ure 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 perfr,rming an enzymatic extension reaction to display the formed 

chemical compound. Thus, after the formation of the star struc.ture, the single strunded 

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 inunobilizing the sense strand of tho PCR product on a solid siipport, isolat:ing the 

solid support, allowing the sense stand to self~hybridizc so as to form the star struct\tre, 

and, optionally, breaking the stem attaching the scll~hybridized star structure with the 

solid support, thereby liberating the star structure from the solid support. 

A suitable method of immobilizing tho 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 

preforred to use magnetic beads, which easily can be isolated by a magnet. Alier the solid 

support has been washed a number of times, the sense strand is allmvcd 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 substit\1tion process or the strn· structure may be cle;\Ved from the solid support. 

Suitably a cleavage of the stem attaching the solid support and the re-folded star structure 

is performed with a rcsh·iction enzyme. The ability of the restriction enzyme to perform 

the cleavage is actually a test confirming the intramoleculnr folding. 
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In certain aspects of the invention it may be suitable to ckave the sti\r strncture in the 

loop, As most restriction enzymes recognize double stranded nucleic acids only as 

substrates it is not in1111<Xliately possible to ckitVe in the loop using a restriction enzyme. 

Therefon\ the present invention comprises the further st\lp of adding a h0iper 

oligonucleotide complementary to a sequence of a loop, prior to <l digesting step, lo creole 

u double strnndcd substrate for tfa; restriction enzyme in the loop, 

The inv~ntion alsc.> relat<:s to a method for screening a library of nwrc than one chemical 

compound comprising: 

probing the library for library members having a chemical compound of desired prop<lrty; 

partitioning the library members having desired property from libniry members not 

having desired property; and 

thereby obtaining an enriched pool of library members having desired property. 

The enriched pool oflibrary members having the desired property may be isolated and 

chan1cterizcd 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. Tho 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 thnn it is feasible easy to decode the 

entire amount of nucleic acid, the present inventi<Jn 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 0110 embodiment, the present invention prnvid0s a method for amplification of an 

enriched pool of librnry members having tho desired property, The method include th<it 

the PCR amplified oligonucleotides are allowed to hybridize under conditions fovoring 

intramolccuiar hybridization, whereby the star-stnicture, consisting of a stem imd a 



22 

number 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 convonicntly be utilized to contain a codon. Rest1iction 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 carrier 

modules containing the two constant segments for the first position and a cognate pair of 

the chemical group and tho anti-codon. Consequently, codon/anti-codon hybridizations 

allow appropriate pairs \lf carrier modules and star-stnictures to be ligated by a DNA 

ligase. The neighboring stcn1-loop also contains a recognition site for another restriction 

en~yme capable of leaving a codon specific overhang for this second position. Digestion 

with this second restriction enzyme thus eliminates the covalent linkage of the !'CR 

amplified first module to the rest of the structure. The star-structures arc cknatured and 

subsequently allowed to hybridize under c:onditions favoring in!rnmolecular 

hybridization. The star-stmctures are thereby rccreatccl, but now with a new carrier 

module on position one (with an associated chrn1ical gro\1p) and the stem, without a loop 

is now locilled 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, Endonucleuse III, cndonuclcase YIU, Al'El, Fpg, or by 

chemical cleavage or photo cleavage. 

The contiguous nucleic acid ~equencc used in step a) of the module substitution method 

described ;1bove can be provided by "breGding". Jn a c0rtain embodiment, i\ breeding 

method include the steps of: 

digesting intermolecular hybridiz,ed nucleic acid structures derived from an enriched 

library with two consecutive restriction enzymes, which eliminate tho covalent linkages 

between the module in question and the remaining stTUcture, 
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denaturing the digested structures, 

allowing rehybridization of the nucleic acid fragments from the digested structures, thus 

Hllowing for exd1angc of a nncleic acid fraction specifying the module in question to 

obtain breeding, and 

lig'1tion of the appropriate termini. 

According to this m<Jthod, carrier modules or nudeic acid parts representing carrier 

modules can be shu1'11cd. The shufJ1ing allows for a diversifiwtion of the gene pool 

similar to breeding in <l meiotic biological system. The method may be modified when 

nucleic acid fragments representing caffier modules, not present in the forimttion 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 libn1ry, thus allowing molecular evolution. ln the process 

described above for the amplification of a display library, a fraction of the library in each 

round fi.x module substit1.1tion, is digested with two consecutive restriction enzymes, 

which eliminate the covalent linkages between the modcilc in question and the rcnrnining 

structure. The star-structures arc denaturatcd and hybridized with a repertoire of carrier 

modules for the po~ition in question. The position specific constant: segments are thus 

guiding the hybridizations, equivalently to the creation of the primary librnry. The 

appropriate termini arc ligated <ind 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 all\lwing for molecular 

evolution. 
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Jn another embodiment, the present invention provides a method for breeding of an 

enriched library, tll\ls allowing molecular evolution. In the process described above for 

the amplification ofa displuy library, a fraction of the library in each round for module 

substitution, is digested with two consecutive restriction cn7..yrnes, which eliminate the 

covalent linkages between the module in question and the remaining structure. Tho star­

structures m·<, denatured and hybridized. The position specific constant segments arc thus 

guiding the hybridizations and allowing exchange of the module in question, i.,;. 

breeding. The appropriate termini are ligakcl and the formed product pooled with the 

codon guided assembled fraction of the library, leading to 'I diversification. 

Consequently, rounds of sdection, amplification, diversification and breeding can b~ 

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/masldng groups, sequentially mixing of carrier modules, or cmTier 

modules without a CRG. 

In one embodiment, the present invention provides a method for crenting combinatorial 

display libraries of catalytic activity. In this aspect the carrier modules are associated with 

reactive site functionalities and the star structure provides a framework for n three 

dimensional a1nngement of these fonctionalitics. 

The above.-describcd 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 advantuges: I) a unique method fllr assembly or a combinatorial 

display library, 2) u unique structure for proximity guiding of chemical reactions, 3) the 

chemin1l reactions are highly independent of codon sequences because these ure 

separnted from the reactive site by constant segments, 4) high accuracy in amplification 

of display libniry as only codons on a relevant position nre capable of guiding fresh 

carrier modules as only these contain a termini lo facilitate ligation, and 5) if accidentally 
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an incorrect codonhnti-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. 1 a discloses steps in the formation in the star structure, in which the chemical groups 

are simultaneously reacted. 

Fig. lb shows steps in the fonnution of the star strncturc, in which chemical groups are 

seqtientially re•ictcd, 

Fig. 1 o discloses a method which uses convergent synthesis of the chemic<il con1pound. 

Fig. lei shows a method in 5 steps for forming a library in which each members displays 

the formed chemical compound efficiently. 

Fig. l c discloses a meihotl in which the loops arC;l <ldckd ufter reaction of the chemical 

groups. 

Fig. 2u discloses a method for self·assembling of combinatorial library by repertoires of 

bi-specific oligonuc!eotid<;s. 

Fig. 3 shows 5 steps in an affinity selection. 

Fig. 4u discloses steps in the formation of a library. 

Fig, 4b discloses the principles of breeding and mutation of mi enriched library. 

Fig. 5 discloses steps in a method leading to the fonm1tion of un 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 experiment<ll results of example I. 

Fig. 9 depicts the results of experiments reported in the example 2. 

Fig. J 0 shows the rnsull 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 frim1 example 6 

Fig, 14 shows a gel from the experiments reported in example 7 

Fig. J 5 discloses a go! of a rc"folding experiment of ex<1mple 8 
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Fig. l 6 is a schematic cliagrnm of the design of example 9. 

Fig. J 7 shows the gel resulting from the experiments reported in example 9 

Fig. 18 discloses the gel resulting from the experiments reported in example 9 

Fig. 19 shows various architectures ofrcuction design reported on exmnple IO. 

Fig. 20 shows two gel resulting form experiments disclosed in example 12 

Fig. 21 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 fr<JJ11 the cxpcriorncnt disclosed in example 16. 

Fig. 25 shows the results of the experiment sll()wn in example 17. 

Fig. 26 di~closes the outline of the experimental strategy used in example 1 S 

Fig. 27 shows a non"mitivc PAGE gel ofhc individual steps in the process used in 

example 18. 

Fig. '.l8 shows a non-native PAGE gel of the binding assay reported in example 18. 

Fig. 29 shows a PCR amplific(1tion gel reportedin cx<irnplc 18. 

Fig. 30 shows a picture of a gel evidencing the occurrence of a reductive amination. 

Fig. 31 discloses a picture of a gel evidencing the occurrence of tirc<1 attachment 

Fig. 3'.l shows gels of a study on the clectromobility of tho star structure. 

Fig. 33 shows a schcmutic representation of the translation proce.ss. 

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. 

Nucl9i\: ... 6cid 

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 chclllical compounds such as small molecules and non­

natwal polymers. The nucleic acid serves rnultipk funcl1ons, for example, it brings 
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chemical reactants together, guides the threc"dimensional arrangement of chemical 

reactants, stores informati(ln 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 tim0. 

The method allows the isolation of ligands or drugs with prop0rtics superior tQ tllQse 

isolated by traditional rational desibrn 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 limil0d to CQnlpounds of nucleic acid nature, but also applicable to 

guiding a brnad 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 !he first step includes a cross link between the chemical group and 

the receiving entity and the second step include a cl0avagc of the chemical group from 

the can-ier n1Qdule to complete the tTansfor. An example of the former type of reaction of 

a reaction is a can'ier module having attached 't 5~membered substituted N" 

hyclroxysuccinimid (NHS) ring serving as an acliv<ltor, i.e. 't labile bond is formed 

between the oxygen atom connected to the NHS ring and the chemical group to he 

trnnsfcrrcd. Tho chemical groups can be transferred to a recipient m1cleophilic group, 

typically an amine group,. which may be present. on a scaffold. The remainder of the 

frngment is converted into a leaving group of the reaction. When the chomic<1l group is 

connected to the <ictivator through a carbonyl group and the recipient group is an amine, 

the bond formed on the scaffold will an amide bond. 
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An example of a t:wo-sl:ep 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 

m1cleophilic 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 rnaction method is disclosed in more detail in WO 2004/039825, the 

content thereof being incorporated herein by reference. Another ex.ample of a two-stop 

reaction strategy is shown in more detail in example I 0. 

Of pivotal illlportance for nucleic acid guided synthesis of combinatorial display librarieH 

is the proximity guiding of reactants, which ensures reaction efficiency and propor 

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 <ts 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 oalculutc the volume 

of a sphere is; v ~A/3 "pi '' r1
• Consequently, the proximity or local concentra!ion dnips 

in the 31
·<1 power as a function of the linker length. For example a linker length around l Cl 

11111, will be equivalent to a concentration around J millirnolar, whcre<is a!OO nm linker 

will be equivalent to" concentration around l micnm1ohtr. Efficient organic chemistries 

arc typically performed in !he millirnolar to molar concentration range. Consequently, to 

ens11re effic,iency in the chemical reactions the linker length should not be significantly 

longer than J 0 nm. 

Prdernbly, the reactive groups arc brought in!o reactive proximity of Jess than I 00 nm, 

more preferably less than 50 nm, even more preferably less than 25 nm, even more 

preferably less than 10 nm and most prefernbly kss than 5 nm. 

Jn 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 

ten1pl<ite are used (\VO 2004/016767, WO 2002/074929A2). The templates are 

responsible for recruiting trnnsfor units having proper anti-codon sequences from a 
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reptMoiro oftransfor units and thereby bringing together chemical groups on the template 

and the transfer unit. Consequently, the single stranded tcmph1te acts also as a linker 

between the chemical group on the template and the chemical group on th<l 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) 

oligonuclcotidc having for example 20 nuckosides will have a length around I 0 nm, (the 

six-bond backbone spacing is around 0.63 mu) and an oligonucleotide having 200 

nucleosides will have a length around 100 nm. Consequently, unfolded oligonucleotidcs 

considerably longer t:h<m 20 nuclcosides (10 nm, equivalent to a concontntion around 1 

millimolar) will in general not be suitable to create proximity guiding of chemicnl 

reactions. 

ln one embodiment the present invention circumvents the lengthened structure of nucleic 

acid in use to bring reactants into reaction proximity. 'l"his is achieved by choosing 

appropriate sequences of oligonucleotidcs cap;1ble of folding into stable three 

dimensional structures and thereby <ill owing proximity guiding by sequence positions 

separated by nrnny nucleosides. As shown in Figure la this is achieved by using bi­

spccific oligonuckotides (mutually complementary), which can hybridize into a "star. 

structure", The bi"spccific oligonucleotidcs contain two segments: a segment towards tile 

3' end of one oligonuckotide 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' encl of the first oligonuclcotide. Consequently, the mid section between the two 

segments on each <J!igonucleotidc is pointing towards the center. This mid section cnn be 

a bond or a segment In contrast, the termini are pointing outwards, thus giving the star· 

st111cture. So, wh011 three types of oligonucleotidcs arc used three stems are fon11ed, when 

four types of oligonuclcotidcs are used four sterns arc formed de. A chemical reactive 

group (CRG) is conveniently associated to or in the vicinity of the mid sec!ion on each 

oligonuckotide. The chcrnical reactive groups are thus brought into reaction proxilllity, 

as the diameter of tl10 DNA double helix is around 2 nm, thus allowing proximity gtiided 

chcrnical reactions to occur in or in the vicinity of the center. 
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The chemic;1J reaction is performed $l1Ch 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 c<tch oligonuclcotide, thus allowing encoding of the 

chemical groups. The oligonuclcotides with associated chemical group, (W(l position 

specific hybridisation segments and a C(ldon ane called carrier modules. 

To make the created combination of oligonuclcotides amplifiablc by c.g PCR, the tennini 

in each stem, except one, arc ligated via loop formations to form a continu<JUS 

oligonuckotide with a 5' and 3' termini. In one aspect, the structiwe 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 lo). Alternatively, all termini are ligated forming a closed ring, 

which may be amplified by primer extention by ;1 DNA polymerase without strand 

displacement activity. 

A method using stepwise reaction of the chemical groups are shown in Fig. lb. Initially, 

two carrier modules nrc 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 mid C13 on c;irrier module B is allowed. In a third step, catTicr 

module C is added under hybridisation conditions. Carrier module C comprises a 

hybridisation s~gmeni 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 tho product CNC~-Cc. A fourth carrier 

module D is added under hybridisation conditions. Carrier module D is alkJwecl to 

hybridize to the growing star slrnclure, so as to bring reactant CD into close proximity of 

reaction product of the preceding reaction, whereby a reaction i~ promoted to produce the 

final chemical compound CA·CwCc·Cn. 

Fig. l c discloses a convergent syntheois )1lethod, in which the initial reaction steps follow 

two separate pathways. In n first series ofrcactions carrier modt1lcs A and B are 

contacted separately tmder hybridisation conditions in a first container. Hybridisation 
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segment a of carrier modtilc A and hybridisation segment a' of carrier module B will 
annel\l to each other nnd a reaction between the chemical groups CA and CB is effected. Jn 
a second container carrier modules C and Dare mixed under hybridisation conditions so 
as to form a hybridisation product in which hybridisation segment c of carrier module C 
is annealed(() hybridisation segment c' of carrier module D. Subsequently, reaction 
occurs between chemical group Cc and chemical t,>roups Co to pmducc intcnncdiate 
product Cc"CrJ. The intermediate products arc allowed under hybridisation conditions to 
anne<ll to each other, whereby the start stn1cti1rc is formed. Subsequently, or 
simultaneously with the formation of the star strncturc, reaction between the two 
intermcdiiite reaction prodttcts C1"CH and Cc·Co is allowed to produce the fowl chemical 
compound CA-CwCcC0 , When performing stepwise or convergent synthesis it may be 
useful prior to reation of the chen1ical groups to provide <lll. m1x.iliary oligonucleoliclc to 
form the reaction center. 

ln one embodiment, the: present invention relates to the formation of the loop in the stem· 
loop strnctures as provided by carrier ni.odules as shown in figure ld. Altenmtively, the 
loops arc formed by ligation of stem-loops provided by other oligonucleotides as shown 
in figure l c or any combination hereof of the cmbodimcnt5 shown in figure I cl and le. 
The tetminal carriet modules may contain PCR priming sites or the priming sites may be 
provided by ligating other oligonuckotides. 

The embodiment disclosed in Figure J d is shown in five steps. ln the first step, four 
carrier modules, each carrying a reactive gmups Rand bi"spccific oligonuclcotidos are 
contacted under hybridisation conditions. The carrier mod tiles arc in equilibrium with the 
star structure. In the second step the hybridisation complex is ligated at the te1111ini of the 
carrier modules so as to form a continuous nucleic acid. Tho proximity of the chemical 
groiips at the center of the st,11.· stJ'UCture promotes the reaction mid in step 3 a product is 
formed, which is attached with a linking entity to the nucleic acid <'oding for the chemical 
groups which have participated i.n the fornmtion of the chemical compound. In step 4 a 
priming site for a polymerase is ligated to the star st!'ucture to enable extension of the 
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nucleic acid. The last step shows the extension product in which a doubk stranded DNA 

hf1s been formed iising the micloic acid of the stm· structure a.s a template. 

In figure le, a variant of the emb\idiment of figure ld is shown, as the stczn..Joop is added 

separately and ligated lo 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 forn111tion of the compound by reaction 

of the four chemical groups, 3 stem-loops and 8 priming sito for a polymerase is added. 

The stcm"loops and the priming site comprise an overhang which complements an 

overlrnng 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 fo1m 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 liguse, T4 RNA ligase or E. 

coli DNA Jigasc or by chemical ligation (Shabarova ct al., Nucleic Acids Ros, 19, 4247· 

51, 1991). 

~~an:j_9r Modules~ OligQU>!f!gotigg_fQ!:liilll 

Oligom1cleotidcs arc 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 oligonuclcotidc 

codon segment, and a reactive chemical grN1p. 

In one embodiment the present invention relates lo carrier moduks, where the 

oligonucleotide portion consists of DNA, RNA or analogs hereof and in any 

con1binations hereof. The oligonuclcotidc portion is capable, at least after modification, 

of being an appropriate template in standard protocols for nucleic acid replication and/or 

amp! ifications. 
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The carrier modules may be synthesiz.ed using methodologies known in the art For 

example the oligonucleotide may he prepared by any method known in the art for 

synthesizing oligonuoleotides, e.g. solid phase synthesis using an automated synthcesizcr. 

Oligonuclcoticles following synthesis may be associated when desired (frlr example, 

covalently or non-covalently coupled) with a CRG of interest using standard coupling 

chemistries known in the art. 

In one el\lbodiment the present invention relates to c<nTier 111\ldules, where the ass\lciation 

of the CRG to the oligonucleotidc is to the mid section between the hybridization 

segments or in the vicinity hereof. The rnid section may be 11 phosphordiester linkage, 

derivatives thereof or a nuclei<: acid segment. In vicinity of the mid section relates to 

locations on the duplox nucleic acid stem, preferentially to locntions close to the mid 

secti\ln. Preferably, the vicinity of the mid section relates t<i Jess than 20 nucleotides, 

more preferably less than l 0 nudeotides, even more preferably less than 5 nucleotides 

and most preferably less than 2 nuckotides. 

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 arc long and flexible 

enough to allow the reactants to come into reaction proximity. The linkers preferentially 

h>We· 11 length and composition to permit reactions between rc<1ctants 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 cleavablc by for exmnple light, oxidation, hydrolysis, exposure to 

acid, exposure to base, or reduction. A variety of linkages useful in the pnictice of the 

invention is described in the prior art (Frnchtcl 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 \lfthe 



34 

linker 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 carrier modules, where the association 

of the CRG to the oligonuclcotide occurs through the backbone of the nucleic ucid 

In one embodiment the present invention relates to carrier modules, where the association 

of the CRG to the oligonuc!eotide is thnJllgh the ln1se. In a preferred embodiment the 

CRG is associated to the non" Watson·Crick hydrogen bonding parts. 

In one embodiment the prnsent invention relates to can'ier modules, where the association 

of tlw CRG to the oligonucleotide allows read through by a DNA polymcornsc, at least 

after its removal. 

In one embodiment the present invention relates to can'ier modules, where the association 

of the CRG to the oligonuclcotide is n<.ln"covalent. For examplo if biotin is attacchecl to the 

oligonucleotid\e and strcptavidin is attached to the CRG, hence an interaction between 

biotin and s!rnptavidin associates the oligonuclco!ide and !he CRG with each other non· 

covalently. 

Qarrie.r Mo(Jules" Chemistry 

A broad range of compounds and/or libraries of compounds cim be prepared using the 

methods described herein. In certain embodiments .. compounds that arc not, or do not 

resemble, nucleic ac.ids or analogs thereof, arc synthesized according to the mc!hod of the 

invention. In certain other embodiments, compounds that arc not or do not resemble, 

protc:ins or analogs thcrcoC are synthesized according to the method of the invention. 

In one embodiment the present invention relates to sequcnti<tl chemical reactions of 

proximity guided reactants. For example, by use of orthogonal chemistries or !he use of 
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orthogonal protective/masking groups, or by sequcnti<il assembly and reaction of carrier 

molecules, 

The assembly of carrier modules without ring fiirmalion, 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 <1re chosen to <1voicl non-oligonuc.leotide guided reactions and accelcrato 

oligonucleotide guided reactions. Sequential or simultaneously contacting of carrier 

ll1<!lecules can be employed depending on the particular compound to be synthesized. In a 

certain embodiment of special interest, the multi·step synthesis <!f chemical compounds is 

contemplated in which three or more carrier molecules are contacted sequentially to 

facilitate multi-step synthesis of complex chemical compounds. 

In (Jlle embodiment tile present invention relates to annealing of carrier modulcs, which 

allows the use of canier tn()(lules 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 concentmtions of less than I 00 rnicrornolar, more prcforably loss than 10 

micromolar, even more preferably less than 1 micromolar, even more preferably less than 

100 mmomolar and most preferably kss than IO nanomolar 

In one cmbodinwnt 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 

rc'1ctions, elimination reactions, and addition reactions. 

The CRG or reactants include a vaifrty of reagents and can be any chemical group or 

reactive moiety (e.g. elcctrophilcs, nucleophiles) !mown in the chemical art. 
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Jn synthesizing small molecules using the method of the present invention a carrier 

inodulc may h<lVe a scaffold associated upon which the small molecule is to be 

assembled. The scuffold can be any chemical compound with two or more sites for 

functionalization. The sites may be protected by methods and protecting grnups known in 

the art. The prntccting groups may be orthogonal to each other so that they can be 

removed individually. The renctants to modify a scaffold may be, for example 

eledrophiks (e.g. acetyl, amides, acid ch!oricles, esters, imines), nucleophiles (e.g. 

amines, hydoxyl grnups, thiols) or side chains. 

In certain embodiments, polymers, specifically unnatural polymers, are synthesized 

according to the method of the present invention. The unnat11ral polymers that can be 

synthesized using the inventive method and system include any unnatural polymers. For 

exmnpk unnatural polymers inch1de, but are not limited to, peptide nucleic acid (!'NA) 

polymers, polycarbanwtes, polyureas .• polyesters, polyacrylatc (e.g. polyethylene, 

polypropylene), polycarbonates, polypeptides with unnatu!'al stercochcrnistry, 

polypeptides with unnatural amino acids, and combination thercCJf. ln certain 

embodiments, the polymers comprise at kllSt 3, 4, 5, 6, 7, 8, 9, 10, 25 monomer units or 

more. Jn certain e111boclirne11ts the monomer units may comprise di-mcrs, tri-mers or 

tell·a-niers or oligomers. The polymers synthesized using the inventive system may be 

used, for cxarnple, as catalysts, phurmaceutici\ls or diagnostic allinity ligands. 

In preparing certain tumaturnl polymers, the monomer units are attached to the carrier 

module. The monomer units may be, for e,xamplc, carbamates, D-mnino ;1cids .. mmatural 

aminoacids, PNAs, ureas, hydroxy acids, esters, carbonates, acrylatcs, or ethers. In 
certain embodiments, the monomer units h~;ve two reactive groups used to link the 

1110110111rn.' unit into the growing polymer chain. l'refernbly, the two reactive groups arc 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 elcctrophile and at the other end a 

nucleophik. Reactive groups may include, but are not limited to, esters, aJJ1idcs, 

carboxylic acids, activated carbonyl groups, acid chlorides, t1mines, hydroxyl groups, and 

thiols. In certain embodiments, the CRGs are nwskecl or protected. (Green et al (1999) 

Protective Groups in Organic Synthesis 3•d Edition, Wiley) so that polymerization may 
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not occur until a desired time when the CRGs "re deprotccled. Once the monomers are 

bro11ght together via carrier module ussernbly, initiation of the polymerization results in a 

niscadc of polymerization and deprotection steps wherein the polymerization results in 

deprotection of a reactive group to be used in the subsequent polymeriz<1tion step. The 

monomer units to be polymerized can include two or more monomers. 

The monomer units may contain any chemical groups known in the arL Reactive 

chemical groups cspecililly those that would interfere with polymerization, hybridization, 

etc,, are preferably masked U8ing known protecting groups ((Green et al (! 999) Protective 

Groups in Organic Synthesis 3i·d Editi(ln, Wiley). Jn general, the protective groups used to 

mask these reactive groups arc orthogonal to ll10se used in protecting the groups used in 

the poly1merization steps. 

Jn 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 exmnple a 

small molecule scaffold is <1ssociatccl with one carrier module and the remaining carrier 

modules provide entities modifying the scaffold. 

In one embodiment the present invention relates to carrier modules, where the reactive 

site will shifi positions during the chemical reactions 

In one embodiment the present invention relates to the association of the formed chemic<ll 

cmnpound to the oligonucleoticle while maintaining read through by a DNA polymerase 

for example at least aHer its removal. 

.Prci1aration of CQ1l)bi;1atorial Library 

An important practical difl'ercncc between trnditional and nucleic acid guided library 

synthesis is the scale of each manipulation. Due to the mnounts of nrnterial needed for 

0c.reening and compound idemificali<Jn, traditional combinatorial syntheses typically 

proceed on 11anomol-111inomol scale per library rncmbcr. In contrast, nucleic <icid guided 

library synthesis can take place on the fomptomol-picomol scale hccausc only minute 
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quantities (e.g. about 1 o-zo mo!) of each nucleic acid-linked synthetic molecule are 

needed for selection and PCR amplification. Tho vast difference in scale, combined with 

the singk-solution format in nucleic acid guided library synthesis simplifies significantly 

the preparation ofmateriuls required. 

In one embodiment, tlrn present invention reh1tes to the formation of a cornbinatoriul 
displ<1y 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 111oduks for each 
position is provided. When the carrier modules are mixed under hybridisation conditions, 
they will assemble into tho star structure, directed by the sequence of the hybridisation 
segments. After :;ssembling of the carrier modules ligation and reaction is effected in any 
order, Jn an aspect of the invention, the ligation is performed before the reaction to 
increase the stability or' the star structure. Subsequent to the proximity guided reaction, a 
polymerase priming site is ligated to thcJ star s(Tucture 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 oligonuclcotidc. 

Depending upon the circumstances repertoires of carrier modulos for two or more 

positions are initially combined <ind 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 intcrmcdinte 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 chemic'd reaction steps 
are needed, and more preferably between 3 and 9 steps are needed to create a the library 
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HiJlectioq 

Selection and/or screening for reaction products with desired activities (such as catalytic 

activity, binding affinity, binding specificity, or a particul,lr effect in an aetivity assay) 

might bo performed according to any standard protocol. For example, affinity selections 

(see figure 3) may be performed according to the principles in library·bascd methods 

such as phage display (Smith, Science, 22$, 1315, 7, I 985), ribosome display (Hanes et 

al., Proc Natl Acad Sci US A, 95, 14130"5, 1998), mRNA display (Roberts and Szostak, 

Proc Natl Ac;1d Sci US A, 94, 12297<102, 1997) or DNA encoded chemical libraries 

(WO 2004/016767, WO 200'.l/074929A2). Sekction f\)1· catalytic activities 1m1y for 

example be performed by affinity sekction on transition state analog affinity columns 

(Baca et al., !'roe Natl Acad Sci US A, 94, I 0063·8, 1997) or by function based selection 

schemes (Pedersen el al., l'roc Natl Acad Sci US 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 1mtgniluclc tillowing a truly bro;1d 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 pmtitioning 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 accompfohed by various methods ](nown in the m:t. Jn most applications, 

binding to a target molecule preferable is selective, such that tho binding to the target is 

favored over other binding events. Ultimately, a binding molecule identified using the 

present invention may be useful as ti thcrnpeutic reagent and/or diagnostic agenL 

The selection strategy can be carried out to allow selection against almost any target, 

Importantly, the selection strategy docs not require any detailed structural information 

about the target molecule or about the mcrnbers of the display library. The entire process 

is driven by tho binding affinities and specificities involved in library members binding to 

a given target molecule. 
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Selected library members can cusily be identified through their encoding nucleic ucid, 

wing stanch1rd molornlar biology. The present invention broadly permits identifying 

binding molecules for any known target molecule. In addition, novd unknown targets can 

be discovered by isolating binding molecules of selected library members and use these 

tor identification mid validation of a t<1rget molecule. 

Selection of binding molecules from a display library can be performed in any format to 

identify binding library members. Binding selection typically involve inunobilizing the 

desired target molecule, adding lhe cfoplay library, allowing binding, and remove non" 

binders/weak-binders by washing. The enriched library rcnwining bound to the l<1rgct 

may be eluted with, for example acid, ch<\OlTOpic salts .. heat, competitive elution with 

known ligand, high salt, base, protcolytk rde<1sc of target, enzymatic release of nucleic 

acids. In some embodiments the eluted library members are subj.coted to more rounds of 

binding and elution .. using the same or more stringent conditions or using a different 

binding format, which will increase the enrichrnem. In other embodiments the binding 

Iibrarv members arc not eluted from the target. To select for library mo1nbers tlrnt bind to 

a protein expressed on a cell surface, siich as an ion channol or a trnnsmcmbrane receptor, 

the cells themselves can be used as sclcc:tion agents. A selection procedure can also 

involve selection for binding to cell surface receptors that arc internalized so that the 

receptor together with tho binding molecule passes into the cytoplasm, nucleus .• or otha 

cellular compartment, such as the Golgi or lysosomes. Isolation of the compartment in 

q~1cstion leads to partitioning of library members being internalized from non"intcrnalized 

library members (Harl ct al., J Biol Chem, 269, 12468-74., 1994). A selection procedure 

may also involve in vivo sdcction. 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 librury members targeted to that organ (Pasqualini and 

Rl•oslahti, Nature, 380, 364"6, 1996). The enriched library's nucleic acid portion may be 

amplified by, for example PCR, leading to many orders of amplification, allowing 

identification by c.g cloning mid DNA sequencing. 
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According to the specific embodiment frir affinity selection shown in figure 3, a library of 

reaction products rcs11lting from the embodiment shown in figrne 2a, is contacted with~' 

target under binding conditions. If one or more of the formed chemical compounds have 

3ffinity towards the target a binding will result. In a subsequent step, binding library 

memlrnrs or a nucleic. acid derived therefrom are partitioned. The nucleic acid attached to 

the formed chemical compound is subsequently amplified by e.g. !'CR 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 scqueniscd 

by a rnunbcr 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 oi'a next generation libniry. 

Other Sele9Ji0n~ 

Selections for other properties, such (lS catalytic or other functional activities, can <tlso be 

peribrmed. Genen1lly, 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 cupacily for catalyzing bond cleavage can be perfom1ed 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 mcmbcrn with \J()nd to1111ation cupabilities. This 

c<111 be performed, by attaching a substrnte to each librnry member and subsequently 

adding a substrate to which biotin is attached. A rca<.'tion between tho two substrates 

forming a bond will attach biotin to catalytic 1 ibniry members. Partitioning using 

stroptavidin can then separate library members having the catalytic activity from others. 

Selection for other properties, such as dimerizntion and/or polymerization nwy also be 

pcrfonned. In this cas<; libn1ry members can bo partitioned by size of the formed 

c,ornplex, using for example, HPLC, acrylarnicl or agarose gels or size exclusion columns. 
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Nl!gkic 1\£icl f\111plifir_ati.on 

Amplification of the nucleic acid portion of onrichccl library members may be performed 
by standard protocols for nucleic acid amplific<1tion. These methods include, for example, 
polymerase chain reaction (PCR) (Saiki et al., Science, 230, 1350-4, 1985), mtclcic acid 
scquencc .. based mnplification (NASBA) (Compton, Nature, 350, 91 .. 2, 1991), strand 
clisplaccnwnt amplification (Nycz ct al., Anal Biochem, 259, 226-34, 1998), self~ 
sustained sequence replication (Mueller et al., Histochem Cell Biol, 108, 431 .. 7, 1997), 
primer extension, and plasmid amplification (sc<: for example Sambrook, J ., Fritsch, EF, 
and Maniatis, T. (1989) in: Molecular Cloning: A Laboratory M:mmd, Cold Springs 
Harbor Laboratory. 

Assembly of Display Librm:y_lw Mo<lJ.tb! S.ubstitutiQil 

Jn one crnbodimcnt, the present invention rolates to re-assembly/amplification of an 
enriched lilmtry member or a second gcncration library of enriched library members to 
rr:.crnate tho display. Jn the case of an enriched library an enrich cc! dispby library is 
formed, thus, allowing rounds of selection and <1mplification and re-assembly. For 
example, as shown in figure 4a, the above described PCR amplified oligonucleotides of 
enriched librnry members are <1llowccl to hybridize under conditions favoring 
intrnmolecul<ll' hybridization, whereby the star .. structurc, 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 sllH" .. structurcs are then 
hybridized with a repertoire of carrier modules containing the two constant segments for 
the firs1: position and a cognate pair of CRO and anti .. codon. Consequently, codon/anti­
codon hybridization allows for appropriate pairs of carrier modules and srnr .. structures to 
be ligated. The neighboring stem-loop may also contain a recognition site for another 
restriction enzyme cupablc ofleaving a codon specific overhang for thi.~ second position. 
Digestion with this second restriction enzyme thus eliminates the covalent linkage of the 
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PCR amplified first module to the rest of the strncture. Tho star"stn1cture is dcnaturntcd, 

and st1bscquently allowed to hybridize under conditions favoring intramokcular 

hybridization. The star"stnicturcs 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 arc performed to substitute all positions, to allow for 

proximity guided chemicul 1'0<1Ctions of the proper combinations of CR Gs; the displny 

library is thereby amplified and re"assemblcd. 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 (sec 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 cn,,,ymes with arnbigt1ous bases in their recognition sequence, ii) restriction 

enzymes cutting outside their recognition sequence and iii) restriction enzymes. 

performing nicks (nicking ondonuclcases). Examples of such restriction enzymes; AlwNI, 

ApaBI, AsuI, Bbvl, Bbv!I, Beel, Bce83l, Hccfl, BciVI, Bg!I, Bin!, BseMH, BseRI, Bsgl, 

BsiYI, BsmAI, BspMl, BsrDI, Bs!EII, BstXl, BtgZI, DcieI, Drall, Draill, Drdl, 

Earn! 1051, Ecil, Eco3 ll, Fco57l, Eco57MI, EcoNl, Esp!, Bsp3l, Fnu4Hl, Fold, Gsul, 

Hinfl, Hpyl"/8lll, Hpy188I, Ksp6321, Mael!I, MbolI, Mme!, Mwol, PtlMJ, Pl'oI, Piel, 

Sap!, Saul, Ser Fl, Seel, SfaNI, Sfil, Sth 1321, Tsp4Cl, TspDTl, TspGWI, Tsp RI, Tth 1111, 

Tthl l lll, XcmI, N.Alwl, N.BstNBI, N.BbvCIA and N.BbvCIB. 

The encoding capacity (the number of difforent codons possible) of an overhang is given 

by the number of ambiguous bases in the overhang created by the restriction enzyme. 

1-lcncc, for every N (N ~A, T, G or C) four different residues can be chosen, for every 1-1 

(H 0~ A, C or T), V (V ~ A, C or G), fl (B ,~, C, G or T) and D (D ~ A, G or T) three 

difforcnt residues can be chosen and for every R (R =A or G), K (K '·' G or T), Y ('/ = C 

or T), S (S = C or G) and M (M =A or C) and W (W= A or T) two difforent residues cun 

be chosen. Consequently, the oncoding capacity is c<llculated by multiplying the number 

of different residues on each position with each other. For example Sfi I; 
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5' - ... GGCCNNNN/NGGCC ... -- 3' 

3' -- ... CCGGN/NNNNCCGG ...... 5• 

is creating the overhang 5' -··NNN - 3 ', tlrns consisting of three Ns, thus having an 

encoding capacity of64 ( "' 4 x 4 x 4). 

Another example, Ava ll; 

5' ··- ... G/GWCC ... - 3' 

3' ·- ... CCWG/G ... ··· 5' 

creating the overhang 5' - GWC - 3 ', tlrns having an encoding capacity of 2. 

Another example is Bbs I; 

5' -- ... GAAGACNN/NNNN ... · j' 

3' -- ... CTTCTGNNNNNN/ ,,,-· 5' 

creating an overhang cc>nsisting of four Ns, thus having an encoding capacity of256 ( '"" 4 

x 4 x 4 x 4). 

A special group of restriction rnw.yincs arc those restriction enzymes cutting only one 

strand (nicking endonuclease). These cnzyines may in principle have indefinite encoding 

capacity; frlr example, when i) the recognition sequence is localed in the stem of a stem­

loop structure, or ii) used to cre<tte <l terminal overhang, or iii) in the combination with 

another restriction cnzyine, This is because the length of tho created overhang can in 

principle be of indefinite length. 

For example, N. BbvC IA Jocrttcd in the stem of a stem-loop structure; 

5' - ... CC/TCAGCNNN 

3' "- ... GGAGTCGNNN 

a digest residts in; 

5' - ... CC>- 3' 

3' - ... GGAGTCGNNNNNNCGACT·"· 5' 

in this example six Ns are present in the formed overhang, thus giving an encoding 

C<lpacity of 1024 (= 4 x 4 x 4 x 4 x 4 x 4), However, it's apparent that the number ofNs 

can be chosen arbitrarily thus giving an indefinite encoding capacity. A small fraction of 
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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 endonuclenc can creak a terminal overhang of arbitrnry length, 

for example 

N. BbvC IA 

5' ·- , .. CC/TCAGCNNNNNNNN-· 3' 

3' -· ... GGAGTCGNNNNNNNN ··· 5' 

a digest results in; 

5' --- ... CC- 3' 

3' - ... GGAGTCGNNNNNNNN--- 5' 

<md 

5' -TCAGCNNNNNNNN--3' 

In this example eight Ns arc present in the formed overhang, thus giving an encoding 

capacity of 65536 (= 4 in the S'h power). However, it's upp<u·cnt that the number ofNs 

can be chosen arbitrarily thus giving m1 indefinite encoding capacity. A smaU fraction of 

the total mnnber ofpossibk sequences in this example can't be used. Namely those 

sequences forming a recognition sequence of tile restriction enzyme in use. 

Furthermore a nicking endonuclcase in combination with a restriction enzynw CM be 

used to create overhangs of arbitrary kngth without any requirements for a stem-loop 

structure. For 0xample 

N. BbvC IA combined with Eco Rl; 

5' - ... CC/TCAGCNNNNNNNNG/AATTC ... --3' 

3' -- ... GGAGTCGNNNNNNNNCTTAA/G ... -5' 

a digest results in; 

5' - " 'cc - 3' 

3' - ... GGAGTCGNNNNNNNNCTl'AA- 5' 

and; 

5' ·- TCAGCNNNNNNNNG"' 3' 

,md 



5' -" AATTC - 3' 

3'-G-5' 
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in this example eight Ns are present in the formed oveifoing, thus g[ving an encoding 

capacity of65536 ("~ 4 in the 81
1> power). However, it's apparent that the number ofNs 

cim be chosen arbitrarily thus giving an indefinite encoding capacity. A small fraction of 

the total number of possible sequences in this example cm1't be used. Nuinely those 

sequences forming a recognition sequence of the restriction enzyme in use. 

Al.though the length of the codon segments may V<1ry, the codon segments may range 

fi'<)ll1 1 to 50 nuckoticlcs, from l lo 40, from 1 to 30, from 1 to 15, from l to I 0 

Codon segments, however, preferentially arc 2, 3, 4, 5, 6, 7, 8, 9 or 10 nucleotides long. 

Although the length (lf the stem forming segments rnay vary, tho stem segments may 

preforcntially range from 5 to 50 nucleotides, from 5 to 40, from 5 to 30, from 5 to 15, 

from 5to10. Stell\ segments, however preferentially are JO, 11, 12, 13, 14, 15, 16, 17, 
18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 30 nucleotides Jong 

The length of the mid section between the stem for11Jing segments may vary. The mid 

section may preferentially rnngc from a single pllosphodiester bond (or analogue bond) to 

a stretch of 20 nucleotides. However, tho mid section is preferentially a single 

phosphodiesterbond or 1, 2, 3, 4, 5, or 6, nucleotides long. 

Jn one embodiment tho present invention relates to a method for re-assembly/­

amplification of a display library, where the sl<1r-structures following restriction enzyme 

digest further are !Teated with <l phosphatase, which removes tho 5' phosphate and thus 

prevt;nt ligation of two star"slructures. Several suitable phosphatases are known in the art, 

for exalJlplc antarctic phosphatase and ca.If intestinal albline phosphatase. 

fn one embodiment tho present invention relates to a method for re .. assembly/­

amplificaiion ofa displuy library, where the carri('l' modules contain a 5' phosphate to 

facilitate ligation to the star-structure. 
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In one embodiment the present invention relates to a method for re .. 

assembly/amplification ofa display library, where the carrier modules arc phosphorylutcd 
after ligation to a stur .. structure. This prevents lig>1tion between free carrier modules. 

In certain embodiments the present invention rehttes to a method for re .. 

asscmbly/mnplification ofa display library, where the PCR amplified star-structure's 5' 
terminus may be created by other means than rcst1·iction enzymes for examblc; RNase, 
Endonuclease Ill, endonucloase Vlll, APEl, Fpg, chemic.al cleavage or ph<lto 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 mny be specifically 
recognized mid cleaved by appropriate memis, which will create a defined terminus 

(Smith ct a]., PCR Methods Appl, 2, 328 .. 32, 1993). 

In one embodiment the present invention rdatcs to a method for re" 

assembly/amplification ofa display library. The PCR amplified enriched library termini 
may be modified before the formation ofa star-structure, by any of the above mention 

methods. 

Qivqrsifi.c;Hion 

In one embodiment, the present invention contemplates a rnethod for diversific;1tion of a 
displayed compound or library of clisplaycd compounds, thus allowing molecular 

evolution. This can be <1chieved in a number of ways without going beyond the scope of 
the present invention. For example (see figure 4b), <1 fraction of the molecules in a round 
for module substitution is digested with two conscn1tivc restriction enzymes, which 

eliminate the covalent linkages between the module in question and the remaining 
structure. The st<ir,stuctures arc dcnaturated and hybridized with a repertoire of carrier 
modules for tl10 position in question. The position specific constant segments are thus 
guiding the hybridizations, in the rnmc way as the primary library was created. The 

appropriate termini arc ligated and the formed product pooled with the codon guided 
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assembled fruction, leading to diversification. This may be clone in Oirn, some or all 

rounds of n1od11!e substitution. In another example, a fraction of the molec11\cs in a round 

fi.)r module substitution is subjected to removal of codon specific ovcdrnngs for the 

position in question, e.g. by an exonucl0ase. 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 tho 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/rc<oombination (breeding) of 

modules between library members before the module S\1bstitution process. For example, 

the enriched library members' nucleic acid po1.tion is amplified and digested with a 

restriction enzyme cutting in constant segment(s), thus creating two or mqrc fragments. 

The fragments can be ligated with fragments originating from other library members to 

form a foll length product, whereby shuffling/recombinations lrnvc occurcd. Another 

example of methods for shuffling/recombinations is by using the star-structures (sec 

figure 4b ). The star-slrnctures are digested by two conscc\.ltiw restriction em:ymes, 

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 tqr C.(ltalxtic ActjvitY. 

The principle described cm1 also be applied to select for catalytic activity. ln this case the 

carrier modules include reactive site functionalities and the star structure provides a 

framework for a three dimensional arrangement of these functionalities, thus n1imicking 

protein enzymes. 

Selection schemes for various catalytic activities are contemplated. for example i) 

selection for binding to a transition st•He analog, ii) solection for bond formation by 

iissociating one substrnte to the star stn1ctures while the other wbstrate 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 assqciated to both 
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the star structure and a bead. (Consequently library members not associated to tk be<l(l 

arc capable of bond cleavage.) (see figure 7) . 

. G0dq11_.Sptcific Cotnpartmentalizatbll 

The st<lr"structurc allows any codon position to become terminal and single stranded by 

use of for example a suitable restriction enzyme, thus allowing highly spccifa' 

compartmcntalizution by hybridization and optionally ligation for a parlicular codon 

position. Various methods for co111partmenlalization arc known in the art, for example, 

micronrrays of anti-codon seq\1cnces (Locklrnrt et al., Nat Biotechnol, 14, 1675"80, 

1996), columns of anti"codon sequence$ (Halpin and lforbury, PLoS Biol, 2, El 73, 2004) 

or using bc<ids, when' the individual beads contain an m1ti"codon sequence and a 

fluorescence tag, which subsequently allows for sorting by e.g. iluorescencc t\ctivatcd 

cell sorted (Iannone ct al., Cyt<Jmetiy, 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 solect:ions, 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 seqtience or a library of 

sequences. 

Thro\lghout the description, where compositions are described as having., including, or 

comprising specific components, or where processes are described as h(lving, 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 tho present invention also consist essentially oC or consist of, the rncitccl 

processing steps. Further, it should bo understood that the order of steps or order for 

performing ce1tiin actions arc iinmaterial so long as the invention remains operable. 

Moreover, two or more steps or actions may be conducted simultaneously. 
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The method and compositions of the present invention represent new ways to generate 

molecules with dcsirccl properties. This approach combines extremely sensitive and 

powerful molecular biology, with the flexibility of organic chemistry. The ability to 

prepare, amplify, and evolve unnat11ral polymers and small molecules by molecular 

evolution may lead to new classes of catalysts, novel ligands, 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. 

DefinitiQn,~ 

The terms, "nucleic acid" or "oligonuclcotido" as used herein refer to a polymer of 

nucleotides. The polymer may include, without limitation, naturnl nucleosidcB (i.e. 

adenosine, lhymidine, guanosine, cyticline, uridinc, deoxyitdcnosine, deoxythymicline, 

dcoxyguanosine; and deoxycytidine), nucleosidc annlogs, (cg., 2-arninoadenosino, 1-

thiothymidinc, inosinc, pyrrolo-pyrimidinc, 3-methyl adcnosine, 5-mcthylcytidinc,C5-

hromouridine, CS-flourouridinc, C5 -urouridine, C5 -propyn yl··uricline, C5-propynyl­

cytidine, CS-methylcytidino, 7-deaz<iadenosine, 7-deuzaguanosinc, 8-oxoadenosinc, 8-

oxoguanosine, 0(6)-rnethylguaninc, and 2-thiocytidine), chemically modified bases, 

biologically modified bases (e.g. methylated bases), intercalated bases, modified sugars 

(e.g., 1'-J.luororihosc, ribose, 2'-de(ixyribose, arubinose and hcxose), or modified 

phosphate groups (e.g., phosphorothioates and 5', -N-phosphoramidite linkages). Nucleic 

acids and oligonucleotidcs may also include other polymers of bases.having a rnoclificcl 

backbone, such as a locked nucleic acid (LNA), a peptide nucleic ncid (PNA), a thrcose 

nucleic acid (TNA) and any other polymers capable of serving as a template for an 

amplification rcaction,using an amplification tcclmiquo, for uxampk, a polymerase chain 

reaction or a ligase diain rec1ction. 

The term "segment" as used herein, refers to a continuous section of an oligonucleotide 

sequence. 
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The tenns, "codon" and "anti-codon" as used herein, refer to an oligonuclcoticlo sequence 

that code for a cert~;in chemical group ;tssociated with the said codon or anti-codon. A 

series of codons codes for the combi1ntion of specific chemical reactants, which have 

participated in the formation of tho encoded molecule. 

The term "Stcm"loop" struc(tn·c <ls used herein, refers to any secondary structure 

involving <tt least a nucleotide portion within which a strand of a nucleic aci.d sequence, 

via intrn11101ec.ular hydrogen bonds, with another portion of the same nucleic ~cid 

molecule in order to ''onstitutc a "self-paired" region termed "stem" of mostly d<luble­

strnnded nature and an unp<tired "loop" region loc.atcd at one end of the said stem. When 

the length of the loop is zero, it produc0s the special case ofsten1-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 

I 0,000 grams per mole, optionally less than 5,000 grams per mole, and optionally less 

than, 2,000 grams per mole, such as less than l 000 grams per mok. Preferred small 

molecules are suitable for oral administration. 

Tho terms, "small molecule scaffold" or "molecular scaffold" as used herein, refer to a 

chemical compo11nd 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 

functionalizati()n sites nrny 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 tenns "chemical reactive group" or "chemical grnups "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, b\lt not limited to, a building 
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block, monomer, monomer unit, molecular scaffold, or other reactant useful in proximity 

mediated chemical synlhesis. In some inst>mccs tho chemical group is not a 11\Iclcolide or 

a derivative thereof. Jn another aspect at least one of the chemical groups which have 

participated in the synthesis of the formed chemical compmmd is not <l naturally 

occuffing amino <Icid. 

The term, "associated with" as us\'d herein describes the interaction between or among 

two or more groups, moieties, compounds, monomers, etc. When two or more entities are 

"<lSsociatcd with" one miothcr as described herein, they arc linked by a direct or indirect 

covalent or 11011-covulent interaction. Preferably, the association is covalent. The covalent 

association may be, for example, but without limitation, through an amide, ester, carbon­

carbon, disulfide, carbamatc, ether, thiocth.or, urea, amine, or carbonate linkage. The 

covalent association may <llso include ;i Jinker moiety, for example, a photoclcavable 

linker. Desirable non-covalent intcn1cti<Jns include hydrogen bonding, van de!' Wlials 

internctions, dipole-dipole interactions, pi stacking interactions, hydrophobic interactions, 

magnetic interactions, ckctroRt<itic interactions, etc. Alrn, two or 1uo1·c entities or agents 

may be "associakd" with one another by being present together in the same composition, 

The term, "carrier module" as used herein, refers to a chemical group associutcid to an 

oligoenucleotidc .. and a segment toward~ the 3' end which can hybridb:c to a segments 

towards the 5' in It second oligonucleotide and a segment towards the 5' end which can 

hybridiz,e to a segment tow~irds the 3' end of a third oligonucleotic\c. The carriermodu\e 

optionally c:ontains a codon or anti"codon s<0gmcnt. The terrn "hybri.dization segment" as 

used herein rcfors to said oligonuclcotide segment. 

The term "star"struct\1re" as used heroin, refers to any secondary structure involving al 

knst three stems ofmo~tly double stranded nature. 0, 1, 2, 3, 5, 6, 7, 8, 9 or more 

nucleotide residues may separate the stems. In lhe special c;asc where zero nucleotide 

rcsidtws are separating four stems the junction is called a Holliday junction. A star 

structure rnay consist of cmc m1cleic acid molecule, or it may consist of a plurality of 

nucleic acid molecules. 
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The term "rc~\ction proximity" as used herein, refers to a distance between reactants by 

which the reaction of said reactants can occur in a comrolled, efficient and timely 

llli.11111er. 

The term "proximity guided chemical reaction" as used herein, refers to chemical 

re:iotions between reactants, which are brought into reaction proximity by hybridization 

of nucleic acid to which the reactants arc associated. 

l~x~1111plcs 

llii.il.!lill le I 

The formation oftrimcric and tetramcric DNA star structures by mutual complementary 

bi-specific oligonucleotidcs is demonstrated. 

DNA oligonucleoticles (prepared by DNA Technology Arhus, Denmark) were mixed as 

indicated in the table shown in Fig. 8 in 2 uM concentmtions euch in l x Ligase B\\ffer 

(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 cthidium 

bromide, using stm1dard protocols (Sambrook, J., Fritsch, E.F. and Maniatis, T. (1989) in 

"Molecular Cloning: u Laboratory Manual", Second Edition, Cold Spring Harbor 

Laboratory Press, C<Jld Spring, Harbor, New York). 

Oligo6 and oligo7 (corresponding to Vip006 and vip007, respectively), oligo6 and oligo8 

(corresponding to vip006 and vipOOS) and oligo7 and oligoS (corresponding to vip007 

and vip008, respectively) each have a mutual complementary segment, thus capable of 

forming an annealed dimer. Ac<:ordingly, a band corresponding to dimers were observed 

in lane J .. 3. Vip006, vip007 and vip008 each have a rnmual complementary segment to 

two neighboring oligocs, thus capable of fonning a closed annealed trimcric structure 

(see figure 8). Accordingly, a band corresponding to a trimer was observed in Jane 4. 
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Oligo6, oligo7, ancl oligo9 (corresponding to VipOOG, vip007 and vip009, rcspc>clivcly) 

each haven mutual complementary segment to a neighboring oligo, thus capable of 

forming an annealed trimeric structure. However, the structure is open because vip008 

and vip006 do not have complementary segments (see figure 8). Accordingly, a band 

corresponding to a trimeric was observed in lnne 5, T'he 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 observati()n of a slow migrating trimcric band was ()htained by using 

oligo6, oligo7, and oligo l 0 (corresponding to vip006,vip007 and vipO 1 0, respectively), 

where vip006 and vipO JO do nol anneal directly to c<ich other (compare lane 4 and 6), 

To assess the efficiency of formation of the closed trimeric forlll oligo6, oligo7, and 

oligo8 (con·csponcling to vip006, vip007, and vip008, respectively) were annealed in tho 

presence of two· fold excess of oligo9 or oligo l 0 (corresponding to vip009 or vipO l 0, 

respectively). Interestingly, the rnajm: band in both lanes 7 and 8 correspond to the closed 

trimeric fast migrating species consisting ofvip006, vip007 and vipOOS. Tile successful 

formation of a closed tctramer was accomplished by annealing oligo6, oligo7, oligo9 and 

oligo 10 (corresponding to vip006, vip007, vip009 and vipO l 0, respectively) and observed 

as one major band in lane 9. Noto that the intended valency in all chases were obtained 

with high efficiency; observed as a single mtijor band. 

Exam12.IQ,J. 

Cmwertion of trimer DNA star structure into a single contiguous strand of DNA by T4 

DNA ligas<:. 

The s11ccessful croation of a tri-stcmmed DNA still' structurn consisting of a single 

uninterrupted slrnncl of DNA was d<'n·1onstrated in this example. Mutual cornplementary 

bi-specific oligonuclcotidcs were annealed, and subsequently ligated to form a continuous 

strand of DNA. 
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DNA oligocs (prepared by DNA Technology Arhus, Denmark) were mixed as indicated 

in Fig. 9 in 2 uM concentrations each in l x Ligasc Buffer (New England Biolabs), 50 

mM NaCl. Tho mixtures were incubated at 80 degrees C for 2 minutes and slowly cooled 

to room temperature in a water bt1th. 

The 5' termini of the oligonucleotides wore phosphorybtcd by T4 DNA polynuckotide 
kinase. A mixture consisting of 1.67 uM star structure, lx DNA ligasc Buffer (New 

England Biolabs), 50 mM NaCl and 0.2 u/ul T4 DNA polynudcotidc kinase (New 
England Biol<1bs, cat# M0201}, was prepared and incubated for 30 minutes at 37°C. 

A phosphodicstcr bond betwGen juxtaposed ends of annealed oligonucleotides was 

formed by T4 DNA ligas0 (New England Biolabs, cat# M0202). 1/3 x Volume of ligasc 

mix, lx DNA ligase Buffor (New England Bioli!bs), 50 mM NaCl, and JOO u/ul T4 DNA 

ligaso (New England Bio labs, cat# M0202), were udded to the above described kinase 

treated mixture and incubated for 2 hours at room temperature. The products wore 

analyzed by notHrntivc PAGE (7 .5 % polyacrylarnidc, SM urea), followed by staining 

with cthiclit1m bromide, t1sing standard protocols (Sambrook, J ., Fritsch, E.F. and 

Maniatis, T. (I 989) in "Molucubr Cloning: a Laboratory Manual", Second Edition, Cold 

Spring Harbor Laboratory Press, Cold Spring, Harbor, New York). 

Vip076 (25nt) and vipOl 7 (42 nt) each have a mutual compkmenti\ry seg111ent which 

upon annealing places the 3' end of vip076 adjacent to the 5' encl of vip017, thus 1Mking 

a substmte for T4 DNA ligase. AccNdingly, a prominent band co!Tesponding to vip076· 

vipO l 7 (67 nt) was observed in lane l (nmHrnti.ve l' AGE). Si111i\arly, the formation of a 

prominent band corresponding lo vip017·vip078 (J 00 nt) w<Js observed in Jane 3. In 

contrast, vip076 and vip078 (58 nt) each have a mutual complementary segment but do 

not form annealed adj<1ccnt ends mid arc not cxpcctccl to be ligated. Accordingly, only 

bands corresponding to monomers of vip076 and vip078 were observed in lane 2. Note 

the band C()nesponding to vip076 is fainter, which is expected as vip076 is smaller and 

the oligonucleo!idcs are in equimolar concentrations. Moreover, vip078 (58 nt) migrates 

slower than vip076"vip017 (6'7 nt) in the gel, which is not unexpected as vip076"vip017 
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contains sequences frlr creation of a stcm .. k,op structure giving a more compact fold, thus 

higher mobility in tlw gel. 

Vip076, vip0! 7 and vip07S each have a mutual complementary seg111ent, which upon 

annealing places the 3' encl of vip076 adji1cent to the 5' end of vipO 17, and the 3' end of 

vipO 17 adjacent to the 5' end of vip078, thus making two substrates for T4 DNA ligase, 

Accordingly, a prominent band corresponding to vip076-vip017-vip07S was observed in 

lane 4. 

Consequently, creation of a trimo1ic DNA star structure consisting of one contiguous 

strand of DNA was hereby demonstrated. 

)'lxarnplc 3: 

Amplification of tri-~lemmcd DNA star structure 

The successful amplification oftrimeric DNA star strncturo consisting of one contiguous 

strand of DNA was demonstrated in this example. Mutual complementary bi-spcci fie 

oligonucleotidcs were annealed, ligated and subsequently used as a template in a ptirner 

extension reaction. 

DNA oligoes (prepared by DNA Technology Arhus, Denmark) were mixed as indicated 

below in 2 uM concentrations each in Ix Ligasc Buffer (New England Biolabs), 50 mM 

NaCl. The mixtures were incubated at 80 degrees C for 2 minutes and slowly cooled lo 

room temperature in a water bath. 

The 5' termini of the olig01rncleotidcs were phosphory\ated by T4 DNA polynudeotide 

kin<1se. A mixture consisting of 1.67 uM stur 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 prep~red and incubated for 30 minutes at 37C 
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A phosphodicster bond between juxtaposed ends of <umcal cd ol igonuclcotides was 
formed by T4 DNA ligase (New England Biolabs, cat# M0202). 1/3 x Volunw ofligasc 
mix, lx DNA ligase Buffer (New England Biolabs), 50 mM NaCl, and 100 u/ul T4 DNA 
ligasc (Now 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 BufTer (New Hngland Biolabs), 1,33 uM vip038, 2.67 mM dNTP and with or 
without 1.33 ~1/ul Vent(cxo-) DNA polymerase (New England Biolabs, cat# M0257) to 1 
volume ligation reaction. The solution was incubated for l minutes al 92C, 1 minute at 
SOC and I 0 minutes at 74C mid put on ice. 

The reactions were analyzed by native PAGE (7,5 % polyacrylamide) followed by 
staining with cthidium bromide, using standard protocols (Sambrook, J., Fritsch, E.I". ancl 
Maniatis, T. (1989) in "Molecular Cloning: a Laborntory Manual", Second Edition, Cold 
Spri.ng Harbor Laboratory Press, Cold Spring, Harbor, New York). 

The results of the experiments arc shown in Figure l 0. Vip038 is reverse complementary 
to the 20 most 5' terminal bases in vip078 .ind can therefore prime an extension reaction 
using vip078 or vip078 fusions as templates. Accordingly, a single prominent bane! 
corresponding to double strnnded vip07S was obtained in the extension reaction 
containing vip038, vip076 and vip078 (lam: 2). Note that this b:111cl is not present in lane 
6, which is equivalent but witho11t the DNA polymerase incluclccl. ln contrast, lane 6 
contains two bands, which presumably consists ofanne<tled vip076/vip078/vip03S and 
Mneakd vip078/vip038. 

The specificity oflhe roacti.on was denionstrnted by vip03S, vip076 and vipOJ 7, where no 
visible difference between with or without the DNA polymerase W<is obscrvccl, cornpurc 

lane l and 5. 

A successful primer oxtension was <ilso observed using the ligation reaction vipOl 7" 
vip078 illustrated by the prominent bane! in lane 3, Note a fainter band corresponding to 
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doubk stranded vip07S also is observed illustration that not all vip07S was ligated to 

vip017. In the corresponding lune 7 without DNA polymerase a fainter band with almost 

the same mobility as double stranded vip017-vip078 is observed. The band presumably 

consists of mmealed vip03 S/vipO I 7"vip078. 

A successful primer extension was also observed using vip076-vip017-vip078 ligation 

reaction <is template. Two bands with lower mobility in tho gel than double stranded 

vip017"vip078 were observed. The lower band corresponds to annealed vip038/vip076-

vip0 l 7"vip078 as seen when comparing to the equivalent lane 8 with()l1\ DNA 

1)()lymcrnse. However, tho upper band in lane 4 is unique and therefore consisting of 

double strand~d vip076-vip017·vip078. Consequently, this example demonstrates tlrnt 

DNA structures can be converted into double stranded DNA :md therefore amplitfoble. 

)}_;,ample cl 

Chemical reactivity in the center of Mar structures 

The chemical reactivity in the center of star structures was accomplished by using the 

following tri"fonctional cross· linker (TSAT .. Tris·succininiidyl aminotriacotate, Pierce 

cat. No 33063): 



TSAT 
M.W .. 1B2.% 

Spnm Arm 4.2 ,\ 
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The DNA oligoes: vipOl (i/vipOl 7 or vipO 16/vipOl 7/vipO 18 (prepared by DNA 

Technology Arhus, Denmark), all having an internal amino modified dT (GlenRescarch, 

cat. No.: 10-1038-xx) were mixed in 150 mM NaCl, JOO mM sodium phosphate, pH 7.2 

giving 20 uM total oligo c<J11ccntration. The mixtures were incubated at 80 degrees C for 

2 minutes and slowly cooled to room tempern1ure in a water bath. TSAT was dissolved in 

DMF. A 10 fold seri;il dilution in DMF was prep<ired, 1 volume DMF or TSAT dilution 

was mixed with 9 volume buffer giving a final buffer concentration of 150 mM NaCl, 

100 111JV( sodium phosphate, pH 7.2. 1 volume buffered DMF or birffered TSAT dilution 

was rnixod with 1 volume annealed DNA oligo mixture giving final oligo:TSAT ratios; 

1 :0, l: l 0, l: 100, l: 1000, 1; 10000, and <di owed to incubate for 2 hours at roon1 

temperature. The re<ictions were analyzed by PAGE; both native (7,5% polyacrylamide), 

as well as by non-m1tive PAGE (7.5 '% polyacrylamidc, SM urea), followed by staining 

with ethidiun1 brorn.iclc, using standard protocols (Sambrook, J., Fritsch, E.F, and 

Maniatis, T. (1989) in "Mokcul>1r Cloning: u L1boratory Manual ... , Second Edition, Cold 

Spring I-Iarbor Laborutory Press, Cold Spring, Harbor, New York). 
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VipO 16 and vipO 17 each have a mutual complementary segment, thus capable of forming 

an annealed dimeric structure. Vip016, vip017 and vip018 each have a mutlwl 

complementary segment to the neighboring oligo, thus capable of lbrming a closed 

annealed trimeric structure (sec figu1·e 12). 

As expected in lanes 1·5, native gel, the major hand corr0sponds to a dimcric structure, 

whereas the major band in lanes 6- I 0 in the native gel corrnsponcls to a trimcrio structure. 

ln a non-native gel the annealing is disrupted. As expected a band in lanes l and 6 in th<:: 

non·native gel corresponding to a monomer was observed. H.owever, whon TSA'J' was 

included higher order stn1ctures were observed (lanes 2-5, 7 -I 0, no1Hrntive gel) 

indicating that TSAT did cross-link the oligoes. Interestingly, when only vip016 and 

vipO l 7 were present the highest m:ck.r cross-linked structure wus dirneric (non-m1tive gel, 

Janes 2·5)., whereas when vip0!6, vip0l7, vip018 were present an additional trimeric 

structure was observed (non-native gel, lanes 7· 10), thus indicating that cross-linking is 

dqicndent on annealing of the DNA oligonuclcotidcs. Noteworthy is also that as expected 

a hdl-shapcd dose response was observed; at low TSAT concentrntion the reaction will 

be slow leading to poor yields, as the TSAT concentration increases the reaction will 

proceed foster leading to more. cross"linkccl product, however at higher 

TSAT concentrations the cross-linking will be competed by TSAT molecules reacting 

with only one DNA oligo leading to lower cross-linked produc:t. Hence, the highest yield 

of cross· linked product was observed using 1000 TSAT equivalents (lanes 4 and 9, non­

native gel). Moreover, the advantageous in a closed annealed structure for cross-linking 

was illustrated by the much higher overall yields obtained in lanes 7-10 when compared 

to their counterparts in lanes 2"5 with the sm11c 'fSAT co1ic.entration. 

Chem.ical reactions directccl by DNA star structure. 
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The oligonucleotick, vipOl 7, was functionalizcd by cross-linking an amino acid (I.A.,cu 
or G!y Fluka, 1161820 and #50052) through the alfa"a111inc to the primary amine on an 

internal modified dT in vip017, by the homobifontional linker BSOCOES ((Bis[2-

(succinimidooxycarbonyloxy)ethyl]sulfone), Pierce cat/I 21600) by treatment of the 
oligonuclcotide (5 nmol) in a 200rnM pH 7.4 sodium phosphate solution (200 uL) with 

0,1 volumes ofa lOOmlvl BSOCOES solution in DMF for 10 min at 25°C, followed by 
0,3 volumes of a 300mM amino acid (Leu or Gly) solution in 300mM Na OJ-! for 2 hrs at 

25°C. The total volume of the reactions was 200 uL. The crude linked amino ;1cid 
reagents were isolutcd by EtOH prncipitation and used without further purification. 
DNA W<ls precipitated by NaOAc/EtOH according to (Sambrook, J., Fritsch, E.F. and 
Maniatis, T. (l 989) in "Molecular Cloning: a Laboratory Manual'', Second Edition, Cold 

Spring Harbor Laboratory Press, Cold Spring, Ifarbor, New York). The pellet was 
resuspended in water. 

The oligonucleotides were annealed by preparing: 3. 125 uM of each oligcnucleotides, 
125 niM MES pH 6.0, 187.5 mM NaCl. The mixtures were incubated at 80 degrees C for 
2 minutes followed by slow cooling to room tempcrnl11re in a water bath. The DNA 

directed chemical reaction (amide b<md formation) were pcrfor!l1ed by adding EDC 'llld 
sNHS to the pre"annealcd oligonuclcotedcs; 2.5 uM preformed star structures, I 00 mM 

MES pH 6.0, 150 mM NaCl, 20 mM EDC <llld 15 mM sNllS (final concentrations). The 

mixture was incubated overnight ut room temperature and EtOH precipitated 11s described 
above. 

The reactions were analyzed by PAGE; both native (7.5% polyacrylamide), as well as by 
norHiative PAGE (7.5 % polyacrylamide, SM urea),, followed by staining with cthidium 

bromide, using standard protocols (Sambrook, J., Fritsch, E.F. ancl Maniatis, T. (l 989) in 
"Molecular Cloning: a Laboratory M.anual", Second Edition, Cold Spring Harbor 
Laboratory Press, Cold Spring_, Harbor, New York). 

The oligonuclcotide, vipOl 7, was functionalized by cross"linking a amino <1cid, Leu or 

Gly, through the alfa"amine to the priniary amine on a modified internal dT in vipOl 7, by 
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the homobifuntional linker BSOCOES. The modified dT is positiond between the two 
hybridization segments in vip017. Vip076 has u modified dT containing'' primary amine 
followed by a 3' hybridization segment complementary to the 5' hybridization segment in 
vip017. Consequently, by anne;Jling vipO 17 and vip076 proximity is created between the 
amino acid conjugated to vipOl 7 ;mcl the primary amine on vip076. Accordingly, a band 
con-esponding to a dimer was observed in lane 4.(i in the native gel. Vip008 has 

complementary segments to both vip076 and vipOI 7 thus capable of forming :1 closed 
trimer star structure and arranging the chemical functionalities ofvip0!7 and vip076 in 
the rcnction chllmber in the center of the star structure. Accordingly, a band 

corresponding to a trimer was observed in lanes l<l in the native gel. 

Upon activation by EDC/sNHS an amide bond can be forrned betw~cn the amino acid 
conjugated to vipO 17 and the primary amine in vip076, and thereby cross-linking vipOI 7 
Md vip07G. As expected when star structures were formed (vip008 present), a unique 
band corresponding to cross-linked vip076/vip017 did appear both with vip017-Gly <me! 
vipO 17 -LcLt (none-native PAGE, bncs 2 and 3, respectively), which was not present 
without EDC/sNl-IS activation (none-nat.ive PAGE, lanes 8 and 9) or with non-ac<'tylatcd 
vipO 17 (non-native PAGE, lm10 I). Interestingly, the unique band was not detectable 
when vip008 was not proscnt (non-native PAGE, lanes 5 and 6). "J"his illustrates that a 
chemical rnaction can be directed by a star structure and that the star struc!mc seems 
more dficicnt in guiding chemical reactions than two annealed oligoes. 

[-t~-~rnp kJ?: 

Assembling >md ligation of a star structure. 

The su<:cessful amplification of trimeric DNA star structure consisting of dsDNA was 
demonstrntcd in this example. Mutu<il complementary bi-specific oligonuckotidcs were 
annealed, ligated and subsequently used as a template in a PCR reaction. The following 
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oligonuclcotides were used: vip029-vip03l-vip0132-vipO I 33-vip030. Fig. 13 shows 
schematically the hybridization of the oligonuclcotides. 

DNA oligonuclcoticles (prepared by DNA Technology Arhus, Dcnnwrk) were mixed in 2 
~tM concentrntions each in lx Ligasc Buffer (Now England Bio labs), 50 rnM NaCl. The 
mixh1rcs were incub<1Ied as Jbllows: 94°C for 5 minutes, 80"C for 30 seconds, 65°C for 
30 seconds, 50°C for 30 seconds, 35°C for 30 seconds, 20°C for 30 seconds, I 0°C until 
next step. The annealing prCJ<:cdure was performed on an Applied BiMystems AB2720 
PCR machine. 

The 5' termini of the oligonucleotides were phosphorylatcd by T4 ONA polynuckotido 
ldnase. A mixture consisting of 1.5 vM star structure, Ix DNA ligase Buffer (New 
England Biolabs), 50 mM NaCl and 0.17 ll/1d T4 DNA polynucleotidc kinase (New 
England Biolabs, cat# M0201), was prepatod and incubated for 30 minutes at 37''C. 

A phosphodiestcr bond between juxtaposed ends of annealed oligonucleotides was 
formed hy T4 DNA ligasc (New England Biolabs, cflt# M0202), in Ix DNA Iigase Buffer 
(New England Biolabs), 50 rnM NaCl, and 200 U T4 DNA ligase (New England Biolabs, 
cat# M0202) in a V\ilume of lO pl and incubated overnight at 16°C. 

PCR amplification was performed using the following conditions: 

Reactions were porforrned in I x Thcnnol'ol buffer (New England Biolabs B9004S), with 
0,2 mM dNTPs (Now England Biolabs 044 7S), 8 mlvl MgS04, 0,2 rd\1 sense primer and 
0,2 ftM antiscnse primer, 1 M Betaine (Sigrm1130300), l U/100 pl of Vent (exo-) (New 
England Biolabs M0257L). Primers used were vip027 and vip028. Biotinylated versions 
of these~ two primers aro vip034 and vip038, respectively. PCR innplificmion was 
performed using rho following cycling conditions: 2 minutes at 95°C, and 20 cycles of 
95°C/30 sec, 60"C/30 sec, 74°C/30 sec. PCR product to be used for folding and ssDNA 
purification reported in example 7 below, was made with vip034 and vip028 primers. The 
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PCR product wm; analyzed by native PAGE. A band of201 bp is clearly seen on the gel 

depicted on Fig. 13. 

Example 7 

Re-folding of PCR product. 

Folding of PCR. products were performed as follows. A PCR cleanup proccdur<J; was 

performed using PcrlectPrep (Eppcnclorf, cat# 0032 007.740) according to kit 

instructions. Folding was perfornied in 0,1MN<1Cl,0,l % Triton X-100, O,l J.tM vip027, 

0, 1 1iM vip028,, in a volume of 10 fd (5 fd per pniduc( mixed with 5 µl 2x buffor/primcr 

mix). The PCR product was used in 4 different concentrations (ranging from I :2 dilution 

to I :20 dilution). In one series, the mixture was incubawcl for 2 minutes in boiling water, 

and subsequently cooled in mi ice/water bath. Jn the second series, the mixture was 

heated and cooled using the following progrnm on an ABI2720 PCR machine: 94°C:: for 

5 minutes, 80°C for 30 seconds, 65°C for 30 seconds, 50°C for 30 seconds, 35°C for 30 

seconds, 20°C for 30 seconds, I O"C rn1til next step. In the third series, no heating or 

cooling was performed. 

The products were analyzed on 20 % TBE urea gel (lnvitrogen). The gel was stained with 

SYBR green (Molecular Probes 37563, I: 1 o./Joo dilution in I x TBE buffer, according to 

instructions). 

Jn Fig. 14 the l;uies of the gd comprise the following content: 

Lm1c I: PCR product diluted l :2, quick cool 

Lane 2: PCR product diluted 1 :4, quick cool 

Lane 3: PCR product diluted 1:10, quick cool 

Lane 4: !'CR product diluted I :20, quick cool 

Lane 5: PCR product diluted I :2, step cool 

Lane (i: PCR product diluted J :4, step cool 

Lane 7: PCR product diluted I: I 0, step cool 
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Lane 8: PCR product diluted J :20, step cool 

Lam' 9: PCR product diluted 1 :2, no treatment 

Lane 10: PCR product diluted 1 :4, no tre<\tment 

Lane 11: PCR product diluted 1: 10, no treatment 

Lane 12: PCR product dih1led 1 :20, no !Teatmcnt 

Lane 13: PCR product only 

Th0 experiment shows that single stranded star structure DNA is migrating at app. lOOO 
bp, in contrast to the 201 bp dsDNA prod1ict. Jn appears that the optimal condition for 

star structure formation is heating followed by quick cooling of the reactions. 

flXf!!llPJ e 8 

Purification of re-folded srnr stnicturc. 

The ssDNA star structure was puriJfod using strnptavidin-coated magnetic beads (Dyna!, 

Cat# 650.02). 10 ft! beads were washed two times wiih 2x BWT (2 M NaCl, I() mM Tris­

I-!Cl, pH 8,0, I mM EDTA, 0,2 '%Triton X-l 00). After the final wash, the beads were 

suspended in one volume 2x BWr and added one volume refolded PCR product. The 

suspension was incubated for 15 minutes at room temperature, mixing every once in a 

while. The tube was placed in the magnet, and after the beads had been collected the 

supernatant was removed. The beads were suspended in 50°C wann wash buffer (1 M 

urea, 0, J % Triton X-l 00), and inwbatecl for 2 minutes at 50"C. The tube was placed on 

the magnet, and the wash procedure wus performed three times in total. One final wash 

was performed in l x BWT (l M NaCl, 5 mM Tris-HCl, pH 8,0, 0,5 mM EDTA, 0,l % 
Triton X-100). Following removal of the final wash buffer, the beads were suspended in 

1,5 ml NT (10 mM NaCl, 0, l % Triton X-100), and incubated at 50''C for 5 minutes. The 

t11be w;1s transferred to an icc/wat.;r bath for rapid cooling,, and this procedure resulted in 

formation of the star structvrc immobilized on the strcptaviclin-coatcd magnetic beads. 

The tube w<is after tbe rapid cooling placed in the magnet, ancl the supernatant was 
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removed. The beads wen' suspended in 50 1.d NT, ready for digest with Bsal for release 
of the ssDNA from the beads. 

17 >LI be<ids were added 2 rd I 0 x NEJ33 buffer and J 1d Bsal (I 0 U/rd; NEB R0535L). 
The reaction was incubated I ,'2 h M 50°C. The digest was analyzed by denaturing 
polyacrylamide gel ckctrophoresis (10 % TBJJ..uroa gel, Jnvitrogcn), by <Hiding 
denaturing loading buffer to the samples, and loading the whole mixture including the 
beads in the wells of the gel. The gel was stained with SYBR green (Molecular Probes 
87563, I: 10.000 dilution in l x TBE buffer, according to instructions). 

On Fig. 15 one band is observed in lane I (+Bsal) lane and no band is seen in lane 2 '" 
Bsal' lane. Thus, lhe ssDNA w,1s folded on the streptavidin"coatcd magnetic beads thus 
forming the substrate for Bs~l dcmonstrnted by the ability of the enzy1110 to cleave off the 
single stranded product. 

DX!lJ!lP.l.~ 9 

Digest Loop Format 

Two genomes were designed, both enabling digest in the loops of the star sln1ctures. 
Restriction enz,yrnes are in general not capable of digesting ssDNA. However, annealing 
of l O·mer oligonuclcotides to the loops generates substrates for the en;:.yrnes, and thereby 
the recognition sequences for the enzymes will become double-stranded. The d0sign of 
the experiment is schematically shown on Fig. 16. 

Two structures were ass~mbkd, sl29 and sl49. sl29 was composed of the following 
oligonticleotides: vip029-vipl61-vipl62-vip163-vip070. s149 was composed of the 
following oligonuclcoticks: vip029-vip 161-vip 192-vip l 93-vip070. Vip 162, vip 163, 
vip 192 and vip 193 all contain recognition sequences for two restriction enzymes (vip l 62: 
Apa! and BamHI, vi pl 63: Eco RI and Kpnl, vip 192: Pvu!J and Sacl, vip 193: Snrnl and 
Vspl) 
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DNA oligoes (prepared by TAGC, Copenhagen, Denmark) were mixed in 2 /JM 

concentrations each in lx Ligase Buffer (New England Biolabs), 50 mM NaCl. The 
mixtures were incubated as follows: 94°C for 5 minutes, 80°C for 30 seconds, 65°C for 
30 seconds, SOOC for 30 seconds, 35"C for 30 seconds, 20"C for 30 seconds, 10°C until 
next step. The annealing procedure was performed on an Applied Biosystems Al32720 
PCR nrncbi ne. 

The 5' termini of the oligonucleotides were phosphorylated by T4 DNA polynucleotide 
kinase. A mixture consisting of 1.5 1iM star structure, Ix DNA ligasc Buffer (New 
England Biolabs), 50 mM NaCl mid 0.17 U/1rl T4 DNA polynucleotidc kinase (New 
England Biolabs, cat# M0201), was prepared and incubated fr)r 30 minutes at 37°C. 

A phosphoclicster bond between juxtaposed ends of annealed oligorl\lclcotidcs was 
formed by T4 DNA ligaso (New England Biolabs, cat# M0202), in 1 x DNA ligase Buff.er 
(New El'tgland Biolabs), 50 mM NaCl, and 200 ti T4 DNA ligase (New England Biolabs, 
cat/I M0202) in a volume of JO ftl and incubated overnight at J 6°C. 

PCR amplification was performed using the following conditions: 

Reactions were performed in l x Thermol'ol buffer (NEB B9004S), with 0,2 mM. dNTPs 
(NEB 04478), 8 mM MgS04, 0,2 µM sense primer and 0,2 r1M antiscnse primer, l M 
Betainc (Sigma B0300), 1 U/100 µI of Vent (ex.o") (NEB M0257L). Primers used were 
vip027 and vip02S. Biotinylatcd versions of the primers arc vip034 and vip038, 
respectively. PCR amplification was performed using the following cycling conditions: 2 
minutes al 95''C, and 20 cycles of95°C/30 sec, 60°C/30 sec, 74°C/3(1 sec. 

The result of the experiment is shown in Fig. 17. 

In lane l and 3 it is seen t:lwt both genomes were amplified successfully. Lanes 2 and 4 
arc negative cont1'ols without ligasc added for the two genomes, 
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Purification of ssDNA structures of s 129 and $149. 

80 1.d PCR product (mwk using vip034 and vip028 primers) of each genome was purified 
using PerfectPrcp (Eppendorf, cat# 0032 007.740) according to kit instructions. Elution 
was done in 40 rt! elution buffer. For refolding of the PCR products, the following was 
performed: to 40 ft! PCR product, add 750 ftl 0,2 M NaCl, 0,2 % Triton X-100, 7,5 ftl 
vip027 and 7,5 µl vip028 and 695 fd H20. Incubate the mix in boiling water for 5 
minutes, and cool quickly in an ice-water bath. 

20 ftl Sircptaviclin beads (Dynal, 650.02) were washed two times with 2x BWT (2 M 
NaCl, 10 mM Tris-HCI, pH 8,0, l mM EDTA, 0,2 % Triton X-100). Aficr the final wash, 
the beads were suspended in one volume 2x BWT and added one volume refolded PCR 
product. The suspension w<is incubated for 15 minutes at room temperature, mixing every 
once in a whifo. The tube was placed in the magnet, and after the beads lrnd been 
collected the supernatant was removed. The beads were suspended in 50°C warm wash 
buffer (2 M urea, 0.1 % Triton X-100), and incubated for 2 minutes <1( 50"C. Tbe tube 
was placed on the magnet, and the wash procedure was performed three times in total. 
One final wash was performed in I x BWT (! M NaCl, 5 mM Tris-HCl, pH 8,0, 0,5 mM 
EDTA, 0, l % Triton X-100). AHer separation on the l11<1gnet, tho beads were suspended 
in 50 id l 0 mM NaCl, 0, I % Triton X-100. 

20 pl of the beads of each prep were separated on the magnet, and suspended in I 0 ft! 100 
mM NaCl, 0,1 % Triton X-100, E<1ch preparation was split into two tubes of5 >d each, 
and digest oligoes were added as follows: 

1: s129 ··· vipl64-Apal 

2: s 129 --· vip 165 .. Kpnl 

3: s 149 ---- vip 194 - Pvull 

4: sl49 - vipl95 --.. Vspl 

0.25 µl oligo (20 fJM stock) was addccl, resulting in a final cone. of I JJM. Annealing was 
performed on AB2720 PCR machine using the program: 50°C ... 2 minutes; 40°C -- 2 
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minutes; 35"C -- 2 minutes; 30°C -- 2 minutes; 30°C - 2 minutes; 25''C - 2 minutes; 20°c 
-- 2 minutes. 

The beads were washed in 100 µI JOO mM NuCI, 0.1 % Triton X-100. The beads were 
wbscquontly suspended in 18 ft! J, l x digest buffer. Tho reactions werti split into two 
tubes, 9 JJl each, and l µl enzyme (IO Units) were added to each tube, ros1dting in 1 x 
digest buffer for the digest. One set of digests was incubated at 30°C and the other set 
was incub<1ted at 37"C. Incubation was done for 5 h, mixing every once in a while to 
suspend the bo0a<ls from the bottom of the tubes. 

Following digest, the products were analyzed on l 0 % TBE-urea gel (Invitrogen). 
Loading buffer was added to the digests, and the whole reaction inix including the beads 
was loaded on the gel. Tbe gel was st.tined with SYBR green (Molecular Probes 87563, 
l: I 0.000 dilution in l x TBE bulfot, according to instructions). 

The result of the experiment is shown in Fig. l 8. 

Lane J shows Apal digest ofs129 at 37°C 

Lano 2 shows Kpnl digest ofsl29 at 37°C 

Lane 3 shows PvuII digest of s 149 at 37°C 

Lm1e 4 shows Vspl digest ofsl49 at 37°C 

Lane 5 shows Apa)' digest ofs129 at 30°C 

Lane 6 shows Kpnl digest of s 129 at 30°C 

Lane 7 shows Pvull digest of s J 49 at 30°C 

Lane 8 shows Vspl digest of sl49 'lt 37"C 

Expected band sizes arc as follows: 

Apa!: 163 nt, Kpnl: 80 nt, Pvull: 165 nt, Vspl: 83 nt. 

On the gel, bands of the expected sizes do appear for all four enzy1nes. Noto that the 
fragments containing biotin will not enter the gel as they are bound to the beads. Hoth 
ternperntures give a product, showing the robustness of the procedure. 
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DNA directed formation of amide bonds in various topologies, 

The oligonuclcotidc, vipO 17, w;is functionalized by crosi;-linking an amino acid (Glycine, 

Fluka cat #50052) through the alfo-amine to the primary amine on an internal modified 

dT in vipOl 7, by the homobifunti\mal linker BSOCOES ((Bis[2· 

(succinimidooxycarbonyloxy)cthyl]sulfone), Pierce cat# 21600) by treatment of the 

oligonucleotidc (5 nmol) in a 200mM pH 7.4 sodium phosphate solution (200 uL) with 

0, l volumes of a l OOmM BSOCOES solution in DMF for 10 min at 25"C, followed by 

0,3 volumes of a 300mM amino acid (Glycine) solution in 300mM NaOlJ for 2 ln-s at 

25"C The total volume of the re<iction was 200 uL, The crude linked arnino acid reagents 
were isohited by EtOH prccipirntion and used without further purification. 

DNA was precipitated by NaOAc/EtOH <iccording to (Sa.mbrook, J., Fritsch, E.F, and 

Maniatis, T (l 989) in "Mokcular Cloning: <l Laboratory Manual", Second Edition, Cold 
Spring Harbor Laboratory Press, Cold Spring, Harbor, New York). The pellet was 

resuspended in water, 

The oligonucleotides were am1ealed by preparing: 0,556 oM of each oligonuoleotide,. 111 
mM MOPS pl-l 6,5 (Fluka 69947), l,l l M NaCl (Fluka 71376), and subsequently 

incubated as follows: 94°C for 5 minutes, 80°C for 30 seconds, 65°C for 30 seconds, 

50°C for 30 seconds, 35"C for 30 seconds, 20°C for 30 seconds, IO"C until ncx.t step. The 

annealing procedure was performed on an Applied Biosystems AB2720 PCR machine, 

The DNA difectccl chemical reaction (amide bond formation) were performed by adding 

I 00 mM DMTMM (Acros, cat ti AO I 7657001) to the pr1;;.,annealed oligonucleotides. 

DMTMM was dissolved in water at a concentration of l M, Before adding DMTMM, the 
reaction mixt:ures were preheated to 50°C, Final conccntr;l!ion of each oligonuclcotido 



was 0,5 riM. The reactions were performed in 100 n1M MOPS pH 6.5, IM NaCl, 100 
mM DMTMM (final concentrations), in a volume of 20 rd, at 50°C for 3 h. 

The reactions were analyzed by PAGE; both nntive (20 % poly;icrylamide, lnvitrogcn), 
and by clem1turing PAGG (IO% polyacrylamide, 7 M urea, Invitrogcn), followed by 
staining with SYBR green (Molecular Probes S7 563, l: I 0.000 dilution in I x TBE buffer, 
according to instructions), All results are shown in Fig. 19. 

The oligonuclcoticlc, vipO 17, was fimctionalizcd by cross"linking an amino acid (Glycine) 
through the alfa-amine to the primary amino on <1 modified internal c!T in vipO 17, by the 
homobifuntional linker BSOCOES. The modified dT is positioned between the two 
hybridization segments in vip0I7. Vip008 docs not contain an acceptor amine on a 
modified dT, it contains one hybridization segment with which it will hybridize to 
VipOl 7, and thus it will not be covalently cross-linkedc to VipOI7"Gly upon the addition 
of DMTMM. Accordingly, no visible band was observed in lane I. 

Vip0l 8"NH2 has a. modified dT containing a primary amino followed by a 3' 
hybridiz<ltion segment complementary to the 5' hybridization segment in vipOl 7. 
Consequently, by annealing vip0l 7"Gly and vipOl 8-NI-12 proximity is created between 
the amino acid conjugated to vipOl 7 and the primary amine on vipO 1 S. Accordingly, a 
band corresponding to a dimer comp<lSed of cross-linked vipO 17-Gly/vipO l 8-NH2 was 
observocl in lane 2. 

Vip006 has complementary segments to both vip017·Gly and vip018"NH2, and it is thus 
capable of forming a closed trimer stur structure. ;md arranging the chcmic;1I 

fimctionalitics of vipO l 7·Gly and vipO 1 S"NH2 in the reaction chumbcr in the center of 
the star structuro. Accordingly, a band corresponding. to a dimer composed of cross· 
linlccd vipO 17 "Gly/vipO l 8"NH2 was observed in lane 3. Furthermore, lane 3 contained 
more stain tlrnn lm1c 2., indicating that tho closed trimer star structure \lrcatcs belier 
reaction conditions than mi open dimer strncture docs. 
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Vip020-NH2 has a modified dJ containing a primary amine, but it contains no 

hybridization segments to vipOl 7-Gly. Consequently, no bands appear in lane 4 because 

the reactants of vip020-NH2 and vipOl 7-Gly are not bro1lght into proximity by base 
pairing. 

Vip006 has one hybridization segment capable of hybridizing to a segment of vipO 17 • 
Gly, and another hybridization segment capable of hybridizing to vip020-NH2, which has 
a modified dT containing a primary amine between its two hybridization segments. Thus, 

vip006 brings the functional groups into proximity, and~ band is visible on in lane 5, 
constituting cross·linked vipO l?·Gly and vip020·NH2. 

Vip0()9 !ms 0110 hybridization segment capable of hybridizing to u segment of vipO 17 · 
Gly, and m10thcr hybridi;rntion segment capable of hybridizing to vip020-NH2, which lws 
a modified dT containing a primary ;1111inc belween its two hybridization segn1ents. Thus, 
vip009 brings the functional groups into proximity. Accordingly, a band was observed in 

lane 6, constit11ting cross-linked vipO 17 -Gly and vip02Q.NH2. 

VipOOG has one hybridization segment capable of hybridizing to a segment of vipO 17:· 
G!y, ancl ;mother hybridization scgmC\nt capable of hybridizing to vip020·NH2, which has 
a modified dT containing a primary amine between its two hybridization segments. 
Vip009 has one hybridization segment capable of hybridizing to a segment ofvipOl 7" 

Gly, and :mother hybridization segment capable of hybridizing to vip020·NH2, which has 
a modified dT conrnining a primary amine between it" two hybridization segments, 

Hybridizing these four oligonucleotidcs result in the formation of a tctrnmcr stm 

struct\lre. Jn lane 7 a band was obse1·ved, showing that the fonctional groups on vipO 17-

Gly and vip020 arc brought into proximity of each other by the hybridization of the four 
oligonucleotidcs. Furthermore, lm10 7 con1aincd more stain than both lane 5 and 6, 

indicating that tho cl0sccl Mrnmcric :;tar structure crei\tes better reaction conditions than 
open trimer ,tructures do. 
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Vip048··NH2 has a modified dT containing a primary amine and one hybridization 
segment capable of binding l<J vip017-Gly. Between the modified dT with the primary 
amine and the hybridi7.ation segment capable of annealing to vipOl 7-Gly is inserted 6 
nucleotides not involved in hybricliwti.011 (wobble nucleotides). A band was observed in 
lane 8, thus indicating cross-linking of the two oligonuclcotick:s. However, the 6 extni 
nucleotides introduced did lower the amount of cro~s-Jinked product obti1incd as seen by 
comp<U.'ing lane 8 and lane 2. 

Vip006 has one hybridi7.ation segment capable of hybridizing to a segment ofvip017" 
Gly, and another hybridization segment capable of hybridizing to vip048. Vip048-Nl-l2 
has a modified dT containing u primary amine and one hybridization segment capable of 
binding to vip0l 7~Gly. Between the modified dT with the primary amine and the 
hybridization segment capable of annealing to vipO 17-Gly is insorted 6 nucleotides not 
involved in hybridization (wobble nucleotides). 

The presence ofvipOOCi brings the lw<J reactive groups into proximity, and. a product is 
1,ornicd as seen in lane 9. The band intensity was stronger than that seen in lane 8, 

indicating that vip006 stabilizes the structure (trimer star structure) and the reaction 
proceeds better than tJi,1t found in the dimer format of the reaction. 

Vip048-NEl2 ln1s a modified dT containing a primary amine and one hybridization 
segment capable of binding to vipO 17-Gly. Between the modified dT with the primary 
amine and the hybridization segment capable of annealing to vipO l 7-Gly is inserted 6 
nucleotides not involved in hybridization (wobble nucleotides). Yip056 contains one 
hybridization segment capable of hybridizing to vipO J 7 .. Gly, and another hybridbiti<m 
segment capable of hybridizing to the segment of vip048 .. Nll2 containing the 6 wobble .. 
nucleotides. Thus, ltpon annealing of these three oligonucleotides, the primary uminc on 
the modified dT on vip048 is moved 6 nucleotides away for the reaction c.hamber and are 
now located in the double stranded m111. Double stranded DNA is in contrast to single 
st1·andcd DNA very rigid thus preventing tile conjugated moiety to move freely and 
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thereby decreasing its reactivity. Accordingly, only u very faint stain wus observed in 

lane 10. 

Vip018-NH2 has a modified dT containing >l primary amine followed by a 3' 

hybridization segment complementary to the 5' hybridization segment in vipOl 7-Gly. 

Vip056 contains one hybridization segment capable ofhybricli7,ing to vipOl 7-Gly, and 

another hybridization segment capable of hybridizing to the segment of vipO l 8-NH2. 

Between the two hybridization segments, vip056 contains 6 extra iwcleotidcs (wobble 

nucleotides). A dimer band is seen in lane l l .• indicating that the reactive groups are 

brought into pmximity of each other for a chemical reaction to occur, and the 6 wobble 

nucleotides in vip056 does not impair the proximity with the current architccwrc in this 

experiment. 

Example I t 

Chemic~! preparation of various oligonucleotidcs 

Example I 1.1 Acetylation of an oligomwleotide having internal modified dT (<uninc .. C6-

dT) (position n "' I) 

Acctylation with Fmoc .. AA-OH promoted by DMT-MM. 

The oligonnclcotide Vip068 having <111 internal amine-CG .. dT, was acylatecl with Fmoc­

Lou-OH promoted by DMT-MM (4-(4,6-Dimcthoxy- l ,3,5-triazin .. 2-yl)-4 .. 

methylmorpholinium chloride, Fluka 1174104) by treatment of the oligonuclcotidc (500 

prnol) dissolved inn l: l mixture of DMF and 300 mM NaCl togeth.;r with one of the 

following buffers: sodium phosphctte 400 mM, pH 7.0, MOPS 400 111M, pl! 7.5, 1-lEPES 

400 mM pH S.O, sodium phosphate 400 mM, pH 8.S, with DMT-MM 50 mM. Total 

reaction volume was 20 /~L. Reactions were incubated l 6 hrs at 25 °C. The reaction 

mixture w'\S diluted to 50 µLand purified on a spin column (Amcrsham Biosciences 1127 .. 
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5325-01) according to 1m1nufoctures protocol followed by purification by llPLC and 

mass spectrometry analysis. 

General purification rncthod: 

Functfonali7.ed oligonucleotidcs were purified by a Hewlett Packard Agilent I-I.PLC 

instrument with auto sampler and fraction collector on an XTcrra Cl 8 column (Waters 

#186000602) u~ing acetonitrilefl'EAA 100 mM pH 7.0 mixtures a8 eluent. Appropriate 

fractions were lyophilized and diluted to 20 mM with water. 

(Jenera! mass spectronwtry analysis: 

Functionalizcd oligonuclcotides were analyzed by MALDI"TOF niass spectromctTy on a 

Bruker AutoFlex iristrum<:nt in a HP A/ammonium citrate matrix using negative ion 

reflector mode. 

DNA 

vip068·LcuFmoc 

Calculated mass Found mass 

6843,340 6844,5 

Ewmple ! 1.2 Acctylation of an oligonuclcotidc h<iving internal modified dT (amine·C6" 

dT) (position n "' I) 

Acetylation with Fmoc"AA"OSu 

Th0 oligonucleotidc Vip046 was acylatccl with Fmoc-AA-OSu (AA "" Gly or Leu) by 

treatment of the oligonucleotido (125 pmol) dissolved in a 1: 1 mixture of DMF and 

sodium phosphate buffer I 00 mM, pl-I 7.4 with 25 mM Fmoc"Gly-OSu (Chemlmpex 

#02420) or Fmoc-Lou"OSl• (Cbemlmpox 1102429) for 2 hrs at 25 "C. The functionali~ed 

oligonucleotidc was precipitated by NI-140Ac/EtOH according to (SamlmJok, J., Fritsd1, 

E.F. and Maniatis, T. (1989) in "Molecular Cloning: a Laboratory Manual'', Second 

Edition, Cold Spring Harbor Laboratory Press, Cold Spring, Hurbor, New York). The 

pellet was resuspended in water and anulyscd by MALDI-TOF mass spectrometry. 
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vip046-LeuFmoc 

vip046-GlyFmoc 

Calculated mass 

6932,3642 

6876,30.16 
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Found mass 

6932, l 

6876, 1 

Example 11.3 Acetylation of oligonucleotidos having internal modified c!T (aminc-C6-

dT) (position n = I) 

Synthesis ofpeplide-oligonucleotidc conjug<itos (single ktter abbreviation used for amino 

itcid): YGGFL-Vip068, GLFYG-Vip068, YGGFL-PEG-Vip068, GLFYG-PFG-Vip068, 

GFL-Vip016 and GFL-PEG-VipOl(i: Acdylation with Fmoc-AA-OSu with subsequent 

deprotcction on Scpharosc. 

The peptides were s;o1thesi;ocd from the primary amine on an internal modified dT on the 

oligonuclcotidcs absorbed on DEAE Sepharose (Sigma liDFFIOO). Amino acids were 

coupled by rounds of acylation with Fmoc-AA-OSu (AA= Gly, Leu, Phe, T;o., C6, PEG) 

(Fllloc-L-Glycine N-hydroxysuccinimidc ester, Chcmlmpex #02420; Fmoc-L-leucinc N­

hydroxysuccinimide ester, Chenilmpex 1102429; Fmoc-L-phenylalanine N­

hydroxysuccinimide ester, Chelllln1pex 1102446: Fmoc-L-tyrosine N-hydroxysuccinimide 

ester, Chcmlmpex lil 1972; Fmoc-6-aminohexanoic acid N-hydroxysuccinimidc ester, 

Chcmlmpex 117296; Fmoc··S-amino-3,6-dioxaoctanoic acid hydroxysuccinimide ester, 

synthesized from Fmoc .. 8-amino-3,6-clioxaoctanoic acid (Chcmlmpex 117310) by EDC 

coupling with N-hydroxysuccinimide) followed by Fmoc deprntcction according to the 

procedure of Halpin and f-Iarbury (Plos Biology 2004, 2, 1-8), Aflcr elution of the DNA 

from the sepharosc the mixture was desalinated on a spin column (Amcrsham 

Biosciences //27-5325-01) according to manufactures protocol followed by purification 

by HPLC. Yields were determined by HPLC. 
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DNA Isolated yield 

YGGFL"Vip068 19%, 

YGGFL"PEG" Vip068 32'Yti 

GLFYG"Vip068 J 1% 

GLFYG"PEG" Yip068 l 8% 

GFL"Yip0!6 30% 

GFL-PEG" VipO 16 36% 

Example 11.4 Acetylation ()f<)ligomtcleotidcs having internal nt\ldificcl dT (aminc"C6" 

dT) (position n = I) 

Synthesis of acceptor o!igonucleolide with n C6"Nll2, PEG"NH2 and Gly"NIJ2 linker. 

Oligonucleotide, vip016, absorbed on DEAE Sepharosc (Sigma llDFF!OO) was ncylatecl 

at tho primary am.inc on an int<0rnal modified c!T in vipO 16 with Fm(lcNH-C6"C02Su 

(Fmoc"6"a1ninohcMnoic ncid N-hydroxysuccinimide ester, Chcmlmpcx 117296), 

FrnocNH"PEG"OSu (Fmoc-8-amino"3,6-dioxaoctanoic acid hyclroxysuccinimide ester, 

synthesized from Fmoc-8-amino-3,6-clioxaoctanoic acid (Chemlmpex 117310) by EDC 

coupling with N-hydroxysuccinimide) or Fmoc-Gly-OSu (Fmoc-l>Glycinc N­

hyclroxysuccinimide ester, Chemlmpex 1102420) followed by cleavage of tho Fmoc 

protecting group according to the procedure ofl-Ialpin and Harbury (Plos Biology 2004, 

2, 1-8) Reactions wore performed on 1 nmol DNA. After elution of the DNA from the 

sepharose the mixture was desalted on a spin column (Amersham Biosciences #27-5325-

01) according to lllc\nufoclures protocol followed by purific;<tion by I-IPLC. Yields were 

determined by HPLC. 



DNA 

H2N-PEG-vip016 

I-l2N-C6-vip016 

H-G-vip0!6 
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foolalcd yield 

39% 

39% 

45% 

E-rnmple 11. 5 Conjugation of amino acids to oligont1clcotides having internal modified 
d"f (aminc-C6-d'T) via BSOCOES or DSS al positio11 n ;;t.:l. 

The oligonuclcotidcs, vip046, vip017, vip047 and vip048, were functionalizcd by cross­
Iinking an amino <icicl (Gly, L-Lcu, L-Phe, L-Tyr, Fluka, 1150052, 1161820, #78020, 
1/93829) through the alfrHm1inc to the primary amine on an internal modiiiecl dT in the 
oligonucleotidc, by the homobifunctional linkers BSOCOES ((Bis[2-
(succinimidooxycarbonyloxy)ethyl]sulfonc), Pierce cat/I 21600) and DSS 
(Disuccinimidyl subcrntc, Pierce #21655) by treatment of the oligonuclcotide (0,5 nmol) 
and the amino acid ( 15 mM) in a l: l mixture of DMF and 400mM pH S.4 sodium 
phosphate buffer with the linker (l () mM). Total volume of the reactions wns 20 pJ_,, The 
reactions were incubated 4 hrs at 25 °C. The reaction mixture was diluted to 50 liL and 
purified on a spin column (Amersham Biosciences #27-5325-01) according to 
manufactures protocol followed by purific;1tion by HPLC. Yields were determined by 
HPLC. Identity was determined by MALDI-TOF mass spectrometry. 

DNA Isolated yield Calculakd mass Found nrnss 
vip046-BSOCOES-Gly 32% 6878,2325 6879,3 
vi p046-B SOCO ES-Leu 48°!(, 6934,2951 6936, I 
vip046-BSOCOES-Phc 49(~{ 6968,2795 6969,0 
vip046-BSOCOES-'l'yr 51 <J{i 6984,2744 6985,5 
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}J;';.'l'TIE le 12 

Stability of acylation reaction in reaction center at different temperatures 

In this example it is demonstrated how trnnsfor of <Jne ami1w acid can be effected at 

elevated tcmperatL1res in a trimer star structure. Results are shown in Fig. 20. 

O!igos vipOOG, vipOl 8, and vipO 17,Leu (DNA Technology Arhus, Denmark, vipO 17 

derivatized as clesc1ibed in example 11 as 20 mM stock solutions were mixed in buffer 
solution containing a final composition of 111<Jrpholinopropanesulfonic acid (MOPS, 100 

mM, pH 7.0) and NaCl (IM). Solutions were subjected to an annealing program (PCR 

machine: 5 min@ 94°C, 30 sec (a_) 80°C, 30 sec@ 65°C, 30 sec@ 50°C, 30 sec@ 35°C, 

30 sec@ 20°C, 30 sec@ l O''C). Each reaction was added chemical activator (DMTMM, 

Fluka 1174104, l OOmM aq. sol, finol conccnlrnlion of 5 mM) and incubated for indicated 
time at 25°C or 70°C. 

Reaction mixtures were analyzed by denaturing ( l 0%) PAGE and bands were visualized 
by SYBR Green stain (fixation of gel in 50% EtOH for 5 min, wash in water b11th 5 min, 

then incubated for 10 min in l 0.000 fold diluted DMSO stock of SYBR Green in l xTBE 
buffor). 

For reactions run 11t 25"C, an indetectable amount of product was observed after the first 
2h (reactions l ·5). In the 4h reaction (reaction 6), a small amount was observed. 
Significant amounts wore observed after an over night incubation with highest intensity 
observed where more activator was added. 

For reactions run at 70°C, the first trace of product was observed afkr 5 min (reaction 2). 
Jncresing an1ounts were observed up to 240 min, then decreasing amounts for over night 
reactions. 

The desired cross-linked prnduct <Jf vipO 17-Lcu and vipO 18 was clearly formed at both 
25°C and 70"C, thus demonstrating that stm.· structures are able to mediate reactions run 
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at elevated temperatures. The rate of reaction is clearly different at the two temperatures 
used in this experiment. !-lowcvor, this would be expected as the initial activation of the 

amino acid carboxylic acid by DMTMM is controled by intennolccular C\lllisions only, 

n()t dirigation by DNA. 

J3.K~mp_l~ l 3 

Stability of acylati<m reaction in reaction center al different pH's 

In this example it is demonstuted how one amino acid can be transferred in a trimer star 
strucuro in a pH span of 5.2 to 8.0. At low pH, the acceptor amino group niay be partially 
protonated, thus inactivating it as a potent nuclcophile. At higher pH, reactive 

intermediates produced by activation of the amino acid carboxylic acid can be 
hydroly:ccd, tlws deactivating it and destroying the chemical activator. Both may hamper 
iormatinn of the desired amide bond. Rosul.ts arc shown. in Fig. 21. 

Oligos vipOl 6, vipOOS, and vipOJ 7,Tyr (DNA Technology Arhus, Dcnnmrk, vipO 17 
dcrivatized as described in example 11) as 20 mM stock solutions were mixed in 21\1 
NaCl and subjected to an rlnncaling program (PCR machine: 5 min@ 94°C, 30 sec@ 

80°C, 30 sec@ 65"C, 30 sec@ 50°C, 30 sec@ 35"C, 30 sec@ 20°C, 30 sec@ l0°C). 

This <mncaling mixture was diluted into buffer solutions to a final composition of 

morpholinopropanesulfonic acid (MOPS, I 00 mM, pH 5.2, .5.5, 6.0, 6.5, 7.0, 7.5, or 8.0), 

NaCl (JM) and chemical activator (DM'l'MM, Flulrn 1174104, !,OM aq. sol, final 
concentration of75 mM) <md incubated for lh at 50''C. Final DNA concenlrntion was 0.5 
mM. Reaction mixtures were am1lyzcd by denaturing PAGE (10% gel), which was 
inc11buted with SYBR green (10.000 dilution in THE-EtOH (96'%) J: l from DMSO 
stock) for 10 min. 

All seven lanes covering pH between 5.2 ,md 8.0 showed a strong band for the cross" 
linked oligos vip016 .. vipOJ7-Tyr indicating a bHMd pH window in which to operate. 
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Thus, protonation of acc,eptor amine or hydrolysis of reactive intermediates is not a 

significant problem using the above condition~. 

l~.xum12k .. H 

Stability of acylation read ion in reaction center at difforent levels of organic solvent 

To dcmonstn1tc the stability of DNA star stn1cturcs, the trnnsfor of one amino acid was 
carried our in a mixture of H.20 and an organic solvent, thus resembling conditions used 
in organic chcmic•1l synthesis. If base pairing and star structure was destroyed under th0se 
conditions, no cross linked product can be formed. The solvents dioxan, acctonitrilc, and 
tetrahydrofuran were chosen with regard fO miscibility with water and general 

applicability in organic synthesis. 

Oligos vipOl 6, vip008, and vip017-Phe (DNA Technology Arhus, Denmark, vipOJ 7 

dcrivatizcd as described in example 11) as 20 ,,M stock solutions were mixed in a bulfor 
of MOPS (200 mM, pH 6.5; Fluka 1/69947) and NaCl (2M; Flulrn #71376), and subjected 
to an mrnealing prognun (PCR machine: 5 min @ 94°C, 30 sec@ 80°(', 30 sec@ 65°C, 
30 sec@ 50°C, 30 sec@ 35"C, 30 sec@ 20°C, 30 sec@ l 0°C). This annealing mixture 
was diluted into mixtures of solvent and water to a fim1l composition of 

morpholinopropanesulfonic acid (MOPS, 100 mM, pH 6.5), NaCl (JM), solvent (0, 10, 
20, 30, or 35vol%), and chemic1il activator (DMTMM, Flulrn #74104, l,OM aq. sol, final 
concentration of75 mM), which was incubated at 50°C for lh, Final DNA concentration 
was 0.5 ftM. Re<iction mixtures were analyzed by denaturing PAGE (I O'Yi. gel), which 

was stained with SYBR green (Molecubr Probes, #S7563) according to manufactures 
instructions. The results are shown in fig. 22 

For dioxan, cross linked product was formed with up to 20% solvent On lhe other hand, 
for all reaciions containing acctonitrile or tctrahydrofman similar amounts of product was 
formed, thus indicating that the presence of at least up to 35'% of the organic wlvent was 
well tokm1ted and DNA base paring was intiict. 
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.!'xmnp l<tl~. 

Stability ofre<iction center at differcnl levels ofDMF 

To demonstrate the stability of DNA star stn"'tures, the transfer of one amino 'icid was 
carried out in a I-!20 '"- DMF mixture, thus resembling conditions used in organic 
chemical synthesis. Iflwse pairing and star stTucturc was destroyed under these 
conditions, no cross linked prod.uct can be formed. 

Oligos vipOl 6, vip008, and vipO 17-Phe (DNA Technology Arlws, Denmark, vipOl 7 
derivatized as described in example 11) as 20 f<M stock solutions were mixed in a buffer 
of MOPS (500 rnM, pl-l 6.5; Fluka 1169947) and NaCl (41\1; Fluka 1171376), and subjected 
to an annealing program (PCR machine: 5 min@ 94°C, 30 sec@ 80°C, 30 sec@ 65°C, 
30 sec@ SO"C, 30 sec@ 35"C, 30 sec@ 20°C, 30 sec@ l0°C). This annealing mixture 
was diluted into mixtures ofDMF and water to a final composition of 
morpholinoprnpanesulfonic acid (MOPS, 12.5 mM, pH 6.5), NaCl (1 OOmM), DMF (0, 
l 0, 20, 30, 40, 50, 60, or 70vol% DMF), and chemical activator (DMTMM, Flulrn 
1174104, l,OM aq. sol, fowl concentration of75 mM), which was incubated over night at 
25°C. Fin:il DNA concentration was 0.5 ftM. Reaction mixtures were analyzed by 
denaturing l'AGE (10% gel), which was stained with SYBR. green (Molecul~1r Probes, 
1187563) according to manufactures instructions. The results are shown in fig. 23 

The product band produced in the first five lanes were of similar intensity, thus indicating 
!hat the presence of :it least up to 40% of the organic solvent, DMF, was well toler>lted 
and DNA b;1se paring was intact. At 50% DMF, a weak band was still observed, but frorn 
60'Yo rmd above no cross linked pnJduct was detected. 

J\{:<•_®J I e I.G 

Different i!ctivators for mediating chemical reaction. 
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This example serves to illustrate how vario11s chemical activators and auxiliary 

nucleophiles can be used to mediate the acylation of an acceptor amine with an amino 

acid. It is known from peptide chcinistTy that addition of an axiliary nuclephilc can 
greatly enlmncc the rate of acylation and/or change the final outcome of the reaction. In 
this example reitctions were nm using no axiliary nuclcophile, N"hydroxysuccinirnidc 

(NHS, e.g. Fluka 1156480), N"hydroxysulfosuccinimide sodium salt (s"NHS, Fluka 
1156485), or N"hydroxybcnzotrinzolc hydrate (e.g. Fluka 1154804) were used with 

DMTMM (Fluka #74104) or EDC (e.g. Fluka #03449) as activators. 

Oligos vipOl 6, vip008, and vipO 17-Tyr (DNA Technology Arhus, Denmark, vipOl 7 

derivatizcd as described in example 11) as 20 mM stock solutions were mixed in a buffer 
of MOPS (200 mM, pH 6.5) ancl NaCl (2M), and subjected to an anne;lling program 
(PCR machine: 5 min@ <)4°C, 30 sec@ 80°C, 30 sec@ 65°C, 30 sec@ 50°C, 30 sec@ 

35°C, 30 sec @20''C, 30 sec@ 10°C). This annealing mixture was diluted with water 
and solutions of additives to a final composition of morpholinopropancsulfonic acid 
(MOPS. 100 mM., pH 6.5), NaCl (JM), auxiliary nuckophilc (final cone. 25 mM), and 
che111ic<1l activator (DMTMM or EDC, 0.5M aq. sol, final concentration of75 mM). Final 
DNA concentration was 0.5 mM, Reactions were incubated for 1 h at 50"C. 

Reaction mixtures were analyzed by denaturing PAGE (10% gel), which was incubated 
with SYBR green (I 0.000 dilution in TBE"EtOH (96%) J: l from DMSO stock) for I 0 
min. Results are shown on Fig. 24. 

Reactions l-4 using DMTMM as activator, no difference was observed by using additive 
or none. Most clearly was observed for EDC only, in which case no, or only faintly, 
product was observed. However, addition of either auxiliary nucleophile gave a 

comp<trablc amount of cross linked product again. This demonstrates that auxiliary 

nucleophile us needed when using EDC as activ,1tor and otherwise it is well tolen1ted in 
the reaction mixture. 
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ExarrmJ.>'.JZ 

Transfer of amino add to other acceptors 

This example demonstrates how an amino acid can effectively be transferred to a number 
of acceptor amine linked in various ways. VipO 16 carrying a C6-NH2 served as control as 
before. Other acceptors were tripcpticle GFL-vip016, PEG linked tripcptide GFL-PEG­
vipO 16, amino fonctionalir.ed Nl-12-PEG-vipO 16, amino functionaliz.ecl NH2-C6-vip016, 
and glycine in G-vip016 (1111 prepared >is described in example XX) 

Oligos vipO l 6-X-NH2, vip008, and vipO l 7-Gly (DNA Technology Arbus, Denmark, 
vipOl 7 derivatized as described in exalllple XX) as 20 mlv! stock solutions were mixed in 
a buffer of MOPS (200 mM, pH 6.5) and Nt1Cl (2M), and subjected to an annealing 
program (PCR machine: 5 min@ 94°C, 30 sec@ 80°C, 30 sec@ 65''C, 30 sec (i_S( 50°C, 
30 sec@ 35"C, 30 sec@ 20°C, 30 sec@ 10°C). This annealing mixture was di!ut~d with 
water and solution of activator toll final composition ofmorpholinopropanesulfonk acid 
(MOPS, 100 ml\'!, pll 6.5), NaCl (JM), and chemical activator (Dl'vlTMM, Fluka #74104 .. 
!.OM aq. sol, final concentration of 75 rnM). Final DNA concentration was 0.5 rnM. 
Reactions were incubated for lh at 50°C. 

Reaction mixtures were analyzed by denaturing PAGE (10% gel), which was incubated 
with SYBR green (10.000 dilution in TBE-EtOH (96%) l: I from DMSO stock) for l 0 
min. Results arc shown in Fig. 25. 

All six reacti.ons shc)w a strong band from cross linked product. Lane 4 and 5 were 

observed to run margimdly slower com pa reel to others because of larger peptide 
(tclrnpcptide). Thus, transfer of one glycine to amino group linked Viti tripcptidc +/ .. PEG 
linker, PEG linker itself; C6 linker, or glycine directly gives consistent results. This 
demonstrates robusrncss in the reactor fi:mned by s(nr structures. Incrcasing size of 
acceptor has little or no effect of the outcome of the crosslinking. 
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fxa111Jl)_~J.li 

Assembly and subsequent binding of two Structun1J DNA display products. 

Two Structural DNA display prodLtcts were formed: Le~1-enkephalin (Tyi--GJy-Gly-l'lu:­

Leu-DNA) and scrambled Leu-cnkephalin (Gly-Lcu-Phc-Tyr-Gly-DNA). The latter was 

included as a negative control for the partitioning assay using the Lcu-cnkephalin specific 

monoclonal antibody 3E7. Key steps of the process arc illustrated in Figure '.26. 

DNA oligonucleotidcs were pLtrchascd by DNA Technology (Aarhus, Demnurk) and 

functio1i<1lized as described in Example 11. 

First step of the process involved annealing of the following oligocs, in two separate 

reactions re<lctions to form Lcu-Enkcph<llin·DNA and scramble Lell·Eukephalin 

respectively. ln reaction 1 (RI); Gly-Phe·LeLt·PEG-vip23 l, Gly-BSOCOES-vip262 and 

vip088 (positi(ln 1, 2 ~nd 3 in a 3-way DNA Star Structure, respectively) and in reaction 

2 (R2): Gly-Tyr-Phc-PEG-vip238, Lcu-BSOCOES-vip269 and vipOSS (position l, 2 and 

3 in a 3-way DNA Star Structure, respectively). The three oligocs in the reactions will 

hybridize to each other, thus forming a thre~-way junction, where the attached amino 

acids are located in tho centre of th(' structure. Note that vip088 docs not have a chemical 

functionality attached. Vip088's fonction is simply to hybridize to the two other oligoos 

t.o form the closed three-way junction. 

200 pm oles of each qJigo were mixed in 100 mM morpholinopropancsulfrmic acid 

(MOPS, Ftuka #G9947) pII 6,5 and J M NaCl in a tNal volume of 370 1.tl. The anne<1ling 

of the oligoes was performed by incubation for five minutes ut. 9.5"C, before c:ooling to 

room tompm:ature over approximately 30 minutes. The activator DMT-MM (Fluku 

1174104) was dissolved in water and added to a final conoentration of 75 1111\1. The final 

reaction volume was 400 i.t!. The chemical reaction was incubated for 1 hour at 50°C. 

Then, the prodLtcl was ethanol prc:cipitatccl by adding 2.5 volumes ethanol and I rt! 
GenElute (Sigma 56575) to each reaction, and centrifuging the tubes 30 minutes, 20000 x 
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g at 4"C. The pellets were washed with 70 % othanol, before they were air"dried, and re­
suspended in water. 

Then, the samples were subjected to preparative 1101H1ative polyacrylamide gel 
electrophoresis (PAGE); 10 % TBE-urea gel (lnvitrogcn) according to manufactures 
instrnctions. The band corresponding to the cross-linked product was cut out and the 
product extracted by the "crush and soak" method (Smnbrook, J., Fritsch, EF, and 
Maniatis, T. (1989) in: Molecular Cloning: A Laboratory Manual, Cold Springs Harbor 
Laboratory); the gel piece was crnshed and soaked overnight in 400 TBE Buffer. 
The samples we.re ethanol. precipitated as des1oribcd above. The precipitates wore 
dissolved in 1 x Ligase buffer (New Enghind Bio labs), 50 mM NaCl. Then, tho 5' ends 
were phosphorylated by l'olynticlcolide Kinase; 50 units Polynuclcotide Kinase (NEB 

1\10201) were include in a total of 200 µI re<Ktion volume. The reactions were incubated 
for 30 min at 3 7°C. 

Then, the two cross-linked oligocs were transformed into<\ continuous DNA strand by a 
DNA ligasc, which formed a phosphordicsther bond between the juxtaposed 3' end of 
vip23 land 5' end ofvip262 for Rl rmd the juxtaposed 3' end ofvip238 ;md 5' end of 
vip269 for .R2. T4 DNA ligase (NEB M0202L) was added in lx Ligase buffer, 50 mM 
NaCl, and 5 units/>t! enzyme was acldcd, giving a final reaction volume of 300 >d. The 
ligation was incubated overnight al J 6°C. 

Then, the ckavable BSOCOES linker wa~ eliminated. 3-(Cyclohcxylamino)-1-
propanesulfonic acid (CAPS, Flulrnll 29338) (pll 11.8) buffer and 2-mcrcaptoethanol 
(Fluka# 63689) were added giving final conccntn1tions of 100 and 60 mM, respectively, 
in a final reaction volume of 600 fl!. The reactions were incubated for 2 hours at 37°C. 
The reactions were then neutnili0ecl by adding 200 fd J M MOPS buffer, pl-! 6.5. 

Then, tll(' DNA was dhanol precipibted according to the standard procedure. 

After ;1ir drying of the pellets, the DNA w<1s ready for the next step, which was 
introduc!ion of functionalizod oligonucleotidcs on the position 3. Note that: by the 
elimination of the BSOCOES linker two primary amines are formed: one is at the 
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terminus of the growing peptide chain on the original position I oligom1clcotidc and the 

other is located on the original position 2 oligonuclcotidc. Tho so called "wobbling" 

strategy was \lsed to favour a subsequent reaction between the growing peptide chain and 

the incoming amino acid on position 3 in the next step: tho oligoes on position 2 contain 

upstream of the modified base a stretch of bases (wobbling bases), which are unpaired 

during the first chemical transfer, however in the second transfer process they are base 

paired with the position 3 oligo. Consequently, the primary amine on the original position 

2 oligonucleotide is now separated from tho centre of structure by n stretch ofdsDNA 

which will decrease its rc;1ctivity with moieties in the centre of the St;1r Structure because 

dsDNA is rigid. 

Rl product was annealed to Tyr-BSOCOES-vip263 ;md R2 product was annealed to Gly­

BSOCOES-vip270 under the following conditions: 200 pmoles oligo, in I 00 mM MOPS, 

pl-I 6.5, I M NaCl in a total volume of240 1.11. The mixture w;ts inc.ubated 5 minutes at 

95"C, before cooling to room temperature over a period of approximately 30 minutes. 

Then, the activator DMT-MM (Fluka 1174104) was added to a final concentration of75 

mM, for promoting the chemicnl reaction between the amino acids. The chemi.cal 

reaction was incubated for l hour at 50°C, The samples were precipitated by ethanol and 

subsequently subjected to preparative non·native PAGE (as described above) where the 

band corresponding to the cross-linked product W<is excised from the gel. Then, each 

cross-linked product were tmnsformecl into a continuous DNA strands by a DNA ligase, 

which formed a phosphordiesthcr bond between the juxtaposed 3' end of the original 

vip232 und 5' encl of vip263 for Rl and the juxtaposed J' encl of the original vip269 and 

5' end ofvip270 for R2, respectively. 

Furthermore terminal PCR priming sites were introduced in the same reklction by the 

DNA ligase. Tho DNA oligocs having the PCR priming sites vip029/vip070 <md 

vip029/vip030 for Rl and R2, respectively, were pre·ann<::aled under the following 

conditions: 200 pmo!es of each o!igo in l x Ligase buffer and 50 mM NaCl in total 

volume of 40 !LI and incubuted in a PCR machine for 5 minutes at 95°C and for 30 

seconds steps at the following temperatures: 80°C, 65°C, 50°C, 45°C, 30°C .. 20°C. 
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When vipO?O is annealed to vip029 the four most 5' terminal nucleotides ofvipO?O arc 
protruding. These J:i.1\1t' are reverse complementary to the four most 5' terminal 
nuclootidcs in vip23 l which also are protruding when vip23 l is annealed to vip263. 
Consequently, the protrnding ends can m1neal and form a substi·atc for a DNA ligaso. 
Likewise, when vip030 is anne<1lcd to vip029 the four most 5' terminal nucleotides of 
vip070 are protruding. These four nudcotides are reverse complenientary to the four 
nucleotides most 5' in vip238 which also are protruding when vip238 is anne<1kd to 
vip270. The cross .. Jinlrnd .• gel-purified products were re"wspcnclcd in l x Ligase buffer, 
50 mM NaCl, and mixed with the pre-annealed PCR sites containing DNA oligoes; 
vip029/vip070 and vip029/vip030 for RI and 1<2, respectively. The DNA 5' ends were 
first phosphorylatcd by 50 units Polynuckotido Kinase (NEB 020lL) in a final volume of 
200 µI. The reaction was allowed to incubate for 30 minutes at 37°C. 

Then, the DNA was by a T4 DNA ligase transformed in(() <1 continuous DNA strand 
consisting of vip029-vip23 l -vip262-vip263-vip070 and vip029-vip238-vip269-vip270-
vip030 in Rl and R2 respectively. 1500 units T4 DNA Ligase (NEB 0201L) in l x 
Ligasc buffer, 50 mM NaCl were added to the rrn1ctions giving a final reaction volume of 
300 ~d. The ligation reactions wern incubated at 16"C overnight. Then, the BSOCOES 
linker was eliminated as described above. The samples were precipitated by ethanol Md 
subsequently subjected to preparntive non·native PAGE, ethanol precipitated again and 
dissolved in 20 JJl water as described above. The assembled products were now ready for 
primer extension. 

Throughout the above described procedure, snrnll samples were removed for analysis by 
none .. native PAGE as described above. The gel picture is shown in Figure 27. Lmc 1 and 
2 show the successfol formed cross-linked fllnctionalised oligoes vip-231 (35 nt)/vip262 
(68 nt) and cross·linkcd vip·238 (35 nt)/vip-269 (68 nt) for Rl and R2, respectively. The 

cros0-linkcd products migrilte with an app<1rcnt siz0 of approximately 200 bp. The 
observed difference between actuully size and apparent si7.e is not unexpected due to the 
strong secondary structures in the formed products which are present even in a non-m\tive 
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gel due to the reverse complemontury sequences. Furthermore, bands of smaller size were 

observed which most likely originate from degradation of the foll length specie. 

Lanes 3 and 4 show the prochtcts after both lig,1tion of the two oligoes and elimination of 

the BSOCOES linker for Rl and R2 respectively. The main products migrate with m1 

apparent size of J 50 bp. Furthermore,, bands of smaller siz.e were also observed most 

likely generated by degradation of the foll length species. Note that the species in both 

lane 1 and 3 (and in lane 2 and 4) are of almost C<Jll<ll in size but 111ign1te significantly 

differently in the gel. This is not unexpected because the species in lane 1 and 2 

essentially arc branched DNA molecules, whereas the species in lane 3 and lane 4 are 

linear DNA molecules. 

Lane 5 and 6 show the product after cross-linking of the position 3 oligoes for Rl and R2 

respectivoly. In both reactions, the position 3 oligo is 74 nt. Thus, the expected products 

are 177 nt. However, the apparent siz,e in the gel of cross-linked species is around 600 bp. 

This is not unexpected because the species consist of cross-linked linear DNA molecules 

with very strong secondary structures due to tho reverse complementary sequences in the 

arms of the DNA Star Structur", Even a urea containing PAGE arc not cnpable of 

denature lhe structure. 

Lane 7 and 8, contain the products after both ligation of the position 3 oligocs and !'CR 

sites containing oligoes and elimination of the BSOCOES linker for R l and R2 

respectively. The PCR priming sites containing oligoes add a total of 64 nt, thus the 

desired products m:c 241 nt. Two prominent bands of an apparent size in excess of 100() 

bp were observed. The upper band most likely contains the f\lll lcngth produc!s, whereas 

the lower band most likely cont<lins molecules missing one of the two PCR sites 

conbining oligoc,s. Furth~nnore, in hmc 8, a band migrating with unapparent siz,e of 600 

bp was seen, The band mo~t likely represents a specie with no PCR sites cont:1ining 

oligocs ligated (compare lane 8 and 6). 

Lane 9 contains the l 00 bp DNA ladder (Fermentas, SM0248). 
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The assembled products were subjected to primer extension, which transforms the DNA 

folded in a s(tw structure with the chcmic<il product in the centre into linem double 

stranded molecules with the chemical product displayed on the surface. T'hc reaction was 

primed by vip038 which is reverse complementary to the 3' of the assembled molecules. 

The reactions were conducted in l x Thermopol buffer, 0.2 mM dNTPs, 8 n1M MgS04, l 

M betainc (Sigma, B-0300), 0.4 µM vip038, 0.2 U/10 rd Vent (exo·) (NEB M0259L), 

and 5 rt! assemble molecule as template in a l 0 µI primer cxtensi(ln reaction. The reaction 

mix was incubated al 95c:JC for 2 minutes, 60°C for 30 seconds and at 74°C for 5 

minutes. 

!Ji11ding assay. 

The DNA di8playing the synthesized peptides was analyzed in a dectrophoresis mobility 

shill assay (EMSA). A dcu1onstrntion of binding will confirm the c:apabilit:y of correctly 

synthesize~ compound from carrier modules directed by Structural DNA. 

This assay is adapted fr\lm the litcra!uro (Halpin and I-Iarbury, PLoS Biol, 2, El 74, 2004). 

J 0 f'L primer extension product of RI (Leu"enkqJhalin"DNA) or R2 (scramblccl Leu" 

enkephalin-DNA) were each placed into 4 tubes. To tubes Rl-1 and R2-1 I ftL 0.5 mg/ml 

3E7 anti Leu-enkephalin monoclonal antibody (Chemicon, cat/I MAB5276), I µ.L IM 

Tris-I-IC! pl-I 7.2 and 1flL0.1% Triton-X/PBS wore added. To tubes RI-2 and R2 .. 2 1 

J,lL 0.5 mg/ml W6/32 monoclonal antibody (Sigllla, I-I1650), 1 flL JM Tris"l'lCI pH 7,2 
and l p.L 0. l % Triton-X/PJ3S were added. To tub"s R 1-3 ,md R2-3 1 pL 0.5 mg/ml 3E7 

anti Lcu-cnkcphalin monoclonal antibody, l fLL 20 1.tM Leu .. enkeplwlin (Tyr-Gty .. Gly­
Phc·Lcu) (Schafcr-N, Denmark) and 1 ftL !M Tri~-HCl pH 7.2 were added. To tubes 

Rl -4 ancl R2-4 l FL 0.5 mg/mi 3E7 anti Leu-cnkephalin monoclonal antibody, 1 ftL 20 

J,tM scrambled Leu-cnkephalin (G!y"Lctt-Phe-Tyr-Gly) (Sclmfer .. N, Denmark) mid I 11L 
IM Tris-HCl pH 7.2 were added. All samples were incubated with agitation for one 
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hour at room tompentture, 1.4 i'L of 1 OX loading dye. (lnvitrogen, Cat# I 0816-015) was 

added to each sample mid the entire amount was loaded onto the gel. 1 r1L of both I 00 bp 

and I kb ladders were also loaded (Fermentas #SM024S and llSM0318). The 10% PAGE 

TBE gel (Invitrogen) was run cold at 220 mV and 15 mA for 45 minutes. The gel was 

developed for 20 minutes in SYBR Grcen1"" nucleic acid stain (Molecular Probes) 

according tn manufactures instrnetions. Tho picture of the gel is shown in figure 23. 

Results: in all lanes two prominent bands having apparent sizes of200-250 bp arc 

observed, The bands 1nost likely ccmtain species having double stranded DNA (forther 

evidence can he found in e.g. Example 21 ). The upper band corresponds well with the 

intended 241 hp full length product, whereas tho lower band most likely contains a 

species missing the vip029 which will give a 30 bp smaller product. Two prominent 

bands with apparent sizes of around 1000 bp are observed in all lanes. Most likely the 

bands contain species having star s!ructure folded DNA: tho upper band most likely 

contains the Cull kngth products, whereas the lower band most likely contains molecules 

missing one of the two PCR sites containing oligoes, 

In lane 1 containing Rl-1 a band of apparent size of around 1500 bp is observed. This 

band mosl contain the Leu-enkcphalin·DNA product binding to 3E7 antibody which 

slows the clcc!rophorctic migration of the entire complex. This ba.nd is absent when the 

Rl product is incubated with the IgG2A isotype matched negative contn)I antibody as 

shown in lane 2 (R J -2), The specificity of the interaclion is further enforced by the 

competition of the binding by free-soluble Leu-enkephalin: In lane 3 the geJ .. shit1ed band 

is absent when the Rl product, 3E7 and the free Leu-enkephalin peptide are co-incubated, 

The competition is not seen in lane 4containingR1-4 when the free soluble scrambled 

Lcu-0nkephalin is present. Lanes 5-8 containing R2-l, R2-2, R2-3 and R2-4, respectively 

show that the negative control R2 product (scrambled Lcu-cnkephalin-DNA) docs not 

bind to 3E7, as expected. 
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Amplification 

To demonstrate that the DNA of the gel .. shifted band and other bands ;\re intact gel pieces 

were excised and DNA was extracted for use as templates for PC!t 

The gel pieces boxed in figure 29 were cut out and the product extracted by the "crush 

and soak" method (S;unbrook, J ., FritBch, EF, and Maniatis, T. (1989) in: Molecular 

Cloning: A Laboratory Manual, Cold Springs Harbor Laboratory); the gel piece was 

crushed and soaked overnight in 400 µl TE Buffer. The tubes were spun for 10 minutes at 

20 000 x g and the supernatant tnnsforrcd to a fresh tube. PCR [Ix Polymerase Buffor, 

0.2 mM c!NTP, 6 mlVl MgS04, 0.2 µM vip027, 0.2 ftM vip028, 0.5 M betain (Sigmt1, B· 

0300), 0. l 1Ug/ml BSA 0.08 units/rt! Vent(exo-)(NEB M0259L)] was then performed 

using 5 >" of the supernatant diluted 200 fold in a 20 rd reaction. 20 cycles of 30" <1t 

95°C, 30" at GO'C and 30" ;it 74''C in a thonnocycler wore perfonn<!d "nd 2 >ti ()fthe 

samples were analysed on a native l O'Yi, PAGE (Jnvitrogcn) ancl stained with SYBR 

Green (Molecl1Iur Probes) according to manufactures instructions and a picture was 

taken. The result is shown in figure 29, Lane M contains the l 00 bp DNA ladder 

(Fcnncntas, SM0248). L;mes 1-5 contain the reactions having the gel purified templates: 

in all lanes a prominent band armmcl 250 bp is observed corresponding to the expected 

size of the full length product. Jn contrast in lane 6 which contain the. negative control 

without template add~d the band is not observed. Consequently, it i~ hereby demonstrated 

that a Structural DNA Display product can be formed, partiti\lned and amplified. 

In conclusion, the >pccific binding of the RI product to the 3E7 anti·Lcu-enkcphalin 

antibody demonstrates conclusively that the Leu .. onkephalin peptide h<rs been correctly 

assembled by the proccs5. Furthermore, it has been shown that partitioning ofa product 

displaying a ligand from a product not displaying a ligand indeed is doable. For example 

as illustrated here simply by isolating the gel shifted band. Furthermore, the partitioned 

product can b<o amplified for subsequently identification by e.g. DNA sequencing or used 

as a template in a trardation proc0ss, thus allowing cycles of selection and amplification 

to be performed. 
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Exarnn.!1'_12 

DNA Star Structure direction of Reductive Amination 

The present example serves to illustrate that Structurnl DNA can direct reductive 

amination. Reductive amination was chosen as an example of an important and widely 
applicable chcmoselectivc reaction. 

Oligos were obtained from DNA Technology (Arhus, Denmark). The oligonucleotidc 
vip046 was acetylatcd with DST (disuccinimidyl tartrate, Pierce #20589) at the primary 
amine on an internal modified dT in the oligonucleotidc followed by oxidative cleavage 
with Na!C),1 (Aldrich /131, 144-8) to yield the glyoxylate fonctionalizcd oligo. The 
oligonuclcotidc (2.5 nrnol) was treated with DST (10 mlvl) in a 40%, DlvlF/water mix.lure 
containing and 400mM pH 8.8 sodium phosphate buffer. Total volume of the reaction 
was 100 ftL. The reactions were incub'1ted 2 hrs ill 25 "C. Na!04 (50 f'L of a 150 mM 
solution) was then added and incubated for an additional 2 hrs at 25 "C. The reaction 
mixture was diluted to 200 flL and purified on il spin column (Amersham Biosciences 
/127-5325-01) according to manufactures protocol followed by purification by HPLC and 
mass spectrometry analysis according to Example I I. Yield: 36%. 

DNA Cilculated mass 

vip046-NHCOCHO 6653,202 

Found mass 

6656, l 

·~)I/I thesis of a be11zaldehyde:fi111ctio11a!ized o!igo having i11tem11/ modified dT (iz111i11e­

C6-dl} (position 11 = I) (Vip046-N!JCYJC0H1CHO) 

The oligonuckotidc vip046 was acylatecl with 4"carboxybcnzaldehyde (Lancaster 118192) 

promoted by DMT"MM ('H4,6"Dimethoxy- l ,3,5-triazi n-2-yl)"4-methylmorpholinium 
chloriclc, Fluka 1174104) by treatment of the oligonucleotide (2.5 nmol) dissolved in a 
40% DMF!wat~r mixture containing 150 mM NaCl, 200 mJvl sodium phosphate buffer 
pl-I 8.S with DMT-MM 50 mM. Total reaction volume was 100 vL. The reaction was 
incubated 4 hrs at 25 "C. Tho reaction mixture was purified on a spin column (Amcrsham 
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Biosciences 1127-5325-01) <Kcording to manufactures protocol followed by pudfirntion 
by HJ'LC and mass spectrometry analysis according to Example 1 J. Yield: 53% 

DNA 

vip046-NHCOC(,l'I1CHO 

Calculated mass 

6729,233 

Structural DNA direcled reductive aminalion, 

Found mass 

6729,9 

In reaction l and 5 the two derivatives ofvip046 c;irrying an amide of glyoxylic acid and 
+fonnylbcnzoic acid, respectively, wore mixed with equimolar amounts (J 0 pmoles 
each) of vipO 17 and vip008 in a buffer solution containing a final composition of 
morpholinopropm1csulfonic acid (Flub #69947; MOPS, I 00 mM, pH 5.2) and NaCl 
(Fluka #713 76, 1 M). Solutions were subjected to an annealing program (PCR machine: 5 
min @ 94°C, 30 sec@ 80°C, 30 sec@ 65°C, 30 sec@ 50°C, 30 sec@ 35°C, 30 sec@ 
20°C, 30 sec@ l0°C). The annealing; mixture w<1s added the rcductant (NaCNBih; 
Sigma 11156159, l M aq. sol, final concentration of JOO mM; total reaction volume 20 ftL) 
and incubated for 2h at 30°C. 

Controls run in parallel for both aldehydcs: 

• VipOl 7 was exchanged for vip007, which does not carry an amine (reactions 

2+6)' 

VipOOS was omitted in order to test the efficiency of tho dimer compared to trimer 
(reactions 3+7). 

Vip046·CI-!O was attempted cross-linked to vip019, thus performing the reaction 
between oligocs, which cannot base pair (reactions 4+8). 

All eight rc<\Ction mixtures wore diluted to 50 fd and ElOH precipitated (added GcnElute 
0.5 ftL; Sigma 56575) and 96'% EiOH (Biochomikn grade; 250 fd). Incubated 15 l1lin on 
ice, then spun <it 14000 rplJ\ for 30 min at 4°C. Supernatant was decanted, tubes spun 
briefly, remaining liquid removed by pipette, and tho pellet was allowed to dry in a 
stream of air). 
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Crude DNA was dissolved in water and analyz.ed by denatming l 0'% I' AGE (lnvitrogen) 

and subsequently stained by SYBR Green (Molecular Probes) according lo manufactures 

instructions. A picture of the gel is shown in figure 30. The formation of a new band with 

a mobility corresponding to 60-70 nt confirms the expected cross-linking of vip046 (21 

nt) and vipOl 7 (42 nt) (lanes 5 and 9). No cross-linking was observed in the control 

experiments with vip007, which is identical to vipOl 7 except that it's without an im1ine 

on tho internal c!T) indicating a sdectiYc reaction (lanes 6 and I 0). Same product was 

frirmecl in the dimer, but slightly less intense bands were observed (lanes 7+ J 1 ). No 

product was observed for oligoes that cannot base 1n1ir indicating that matched sequences 

arc required for product formation (lanes 8+ 12). 

Consequently, Structm.'Oil DNA is capable of directing reductive a mi nation in a highly 

specific nmnner. 

Exarnfilc .. :rn 
Structural DNA direction of urea formation 

The present example serves to illustn1te that Strnctural DNA can direct urea fornrntion. 

Urea formation between two amines was chosen as an example of an importm1t., widely 

applicable reaction. Ureas <ire known isosters in medicial chemistry. 

Oligos were obtained from DNA Technology Arhus, Denmark. 

A DNA Star Strnctme consisting of a three-way DNA junction was assernbled 

comprising two amino functionalizcd oligocs and one auxiliary oligo. Oligoes vip046, 

vipO 17, and vipOOS wore mixed in cquimolar <1m(nlllts (I 0 pmol each) in a buffer solution 

containing a fowl composition of morpholinopropanesu!fonic add (Fluka 116994 7; 

MOPS, 100 mM, pH 8.0) and NaCl (Fluka 1171376, IM). Solutions were subjected to an 

annealing prognm1 (PCR machine: 5 min@ 94°C, 30 sec@ 80°C, 30 sec@ 65°C, 30 sec 
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@50°C, 30 scc@35°C, 30 sec @20°C, 30 sec@ lO''C). The annealing mixture was 
\lrea forming reagents (N,N'-Disuccinimidyl carbonate, Aldrich lf225827 (0.45M in 
DMF) or bis(4-nitrophenyl) carbonate .. Aldrich 11161691 (l ,OM in DMF)) to a final 
concentration of l 0, 50, or l 00 mM (total reaction volume 20 ~tL) and incubated for 90 
min at 37°C. 

An aliquot of each reaction mixture was and analyzed by denaturing 10% PAGE 
(Invitrogen). Bands were visualized by SYBR Green stain (Molecular Probes, llS7563) 
according to manufocturc:s instructions. 

A picture of!hc PAGE is shown in Figure 3 J, The formation of a now band with a 
mobility corresponding to 60-70 nt confirms the expected cross"linking of vip046 (2 l nt) 
and vipO 17 (42 ni) in lanes 5" 10. Interestingly, a decreasing amount of product was 
formed with increasing arnounts of coupling reagent. This observation, however, can be 
explained by reactions of reilgcnt molecules with both amino groups, thus transforming 
both amines into m1cleophilcs, Thus, a lower concentration of reagent may <1llow for just 
one of the amines to form an intermediate carb<nmitc, which rapidly reacts with the other 
amine to form the expected urea. 

Consequently, Stnictural Star DNA is capable of directing urea formation, 

I;ix.a rnp le 11 

DNA Star Structure Elcctromobility 

This exampk demonstrates Structural DNA's ekctmmobility in native poly<1crylamicle 
gels. 

Structural DNA has a distinct different confonnation than double stranded DNA. The 
!11tter is a linear elongated molecule, whereas Structunll DNA has a more globular 
structure. Consequently, d.iffcrcnt migration patterns of the two conformations arc 
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expected in gels: Stwctural DNA has an apparent size far exceeding that of the double 

stranded linear DNA count0111art. To demonstrate this phenomenon the following 

experiment was performed: 

A ilimcric DNA Star Structure with terminal PCR priming sites was formed by ligation 

of five oligoes vip029, vip 161, vip 192, vip 193 il11d vip207, A schematic drawing of the 

organiz.ation is shown in Figure 32. 

DNA oligocs (prepared by DNA Technology Arhus, Denmark) were mixed in 2 )tM 

c.cmccntrntions each in Jx Ligas.:; Buffor (New England Biolabs), 50 mM NaCl. The 

mixtlu·es were incubated as follows: 94µC for 5 minutes, 80)tC for 30 seconds, 65)tC for 

30 seconds, 50rtC for 30 seconds, 35ftC for 30 seconds, 20ftC for 30 seconds, lO"C: until 

next step. The annealing procedure was performed on an Applied Biosystems AB2720 

!'CR machine.The 5' termini of the oligonuoleotidcs were phosphorylatcd by 1"4 DNA 

polynuclcotidc ki11asc. A mixtlll'e consisting of 1.5 ftM star structure, lx DNA ligasc 

Buffer (New England Biohibs), 50 mM NaCl and 0. 17 uiftl T4 DNA polynucleotide 

kinase (New England Biolabs, calf! M020l), was prepared and incubated for 30 mim1(es 

at 37"C. A phosphodiester bond between juxtaposed ends of annealed oligonucleotid~s 

was formed by T4 DNA ligase (New England Biolabs, cat# M0202), in Ix DNA ligase 

Buffer (New England Biolabs), 50 mM NaCl, and 200 U T4 DNA ligase (New England 

Biolabs, catN M0202) in a volume of 10 rd and incubated overnight at !6°C. 

PC/1 a111pl/ficatio11: 

0.04 )ti of the ligation reaction was \1sed as template in 400 ftl PCR reaction mix [! x 

ThennoPol buffer (New England Biolabs B9004S), 0.2 mM dNTPs (New England 

Biolabs 04478), 8 mM MgS04, 0.2 pM vip202 and vip224 flM, 0.5 M Betainc (Sigm(I 

B0300), l U/100 >LI of Vent (cxo") (New EngJand Biolabs M0257L). PCR amplification 

was pcrfonncd in 50 rt! aliquots using the f.lJllowing cycling conditions: 30 seconds at 

92°C, and 25 cycles of92"C/J5 sec, 50"C/15 sec, 70"C/30 sec. 
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The sample W<1s ethanol precipitated by adding 1 ml ethanol and 1/10th 3 M sodium 
acet~te (pH 5.2), incubated 30 minutes on ice and centrifuged 30 minutes at 20 000 x g, 
the supernatant was discarded and the pellet was resuspended in 1 x loading buffer 
(lnvitrogen) and subjected to a prcpan1tivc native 10% PAGE (lnvitrogcn), and stHined 
with SYER Green (Molecular Probes, 57563) following manufactures instruction. A 
picture of the gel is shown in Figuro 32. Lane M contains the JOO bp DNA ladder 
(Fermenlas, SM0248). Two hands were isobtcd: the band around 250 bp (A) and the 
band with an apparent size in excess of 1000 bp. The gel pieces boxed in figlll'e 32 were 
cut out and tho product extrnctcd by the "crush and soak" method (Sambrook, J., Fritsch, 
EF, and Maniatis, T. (I 989) in; Molecular: Cloning·. A Laboratory Manual, Cold Springs 
Harbor Laboratory); the gel piece was crushed and soaked overnighl in 400 IJ] TE Buffer, 
The tubes were spun for 10 minutes at 20 000 x g mid the supernatant transferred to a 
fresh tube and ethanol precipitated as clcsc1ibed above nnd resuspended in l 00 JJI water. 

Primer EYtesio11 

Primer extensions using the isolated DNA as templates was !hen performed. 2 etl template 
mis used in 11 20 >tl n'action containing [I x 'fhermoPol buffer (New Englm1d Biobbs 
B9004S), 0.2 mM clNTPs (New England Biolabs 0447S), 8 mM MgS04, 0.5 M Bctaine 
(Sigma B0300), 1 ll/100 >li of Vent (exo") (New England Biohlbs M0257Ll]. To 

reactions I and 5 no primer was incl\lded, in reactions 2 and 6 0.2 µM vip202 were 
included, in reaction 3 and 7 0.2 µM vip'.224 were included and in reactions 4 and 8 0.2 
ilM vip202 and 224 were lnclucled, The primer extensions were performed by incubating 
the samples at 95 lJC for one minute, at 500C for l 5 seconds and at 700C for 30 
seconds. l 0 /ti of the reactions were analyzed by l 0% PAGE as described above. 

Discussion and C'o11clusio11 

First, PCR was performed using a trimeric DNA Star Structure with terminal PCR 
priming sites as template. Secondly, the sample was subjected to preparative PAGE 
where two bands were isol<l!ed: 11 band (A) with an apparent size of around 250 bp (t:lw 
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expected sh~c of the double stranded PCR product is 241 bp) and a band (B) with an 

apparent size in excess of I 000 bp. Finally, the: isolated I>NA was used as templates in 

primer extension rnactions and analy%.ed by PAGE. As shown in fig11re 32, both templates 

give rise to a double stranded product with a size of around 250 bp, with both the forward 

(lanes 2 and 6) lln.d the backward primer (lanes 3 and 7). Furthermore, when both primers 

<Ire present more product is formed (lanes 4 and 8). This is illustrating that both band A 

and B cont<1in the intended 241 bp product and the difference in mobility in the gel arc 

consequently due to folding: A is prcsu111ubly tho double stranded linear product, whereas 

the B is Star Structure folded DNA. 

Interestingly, without m1y primers present in the primer extension reaction only a limited 

double stranded band around 250 bp is observed not even when the starting was double 

stranded DNA as shown in lane I. This is properly due to the thermal de·naturation and 

renaturation cycle the sample has undergone, which will lead to tho formation of a mixed 

product of double strnnded DNA and St<ll' Structure folded DNA. The same phenomenon 

is observed in bne 5 where the stcuting materi<il is band B. 

Consequently, it is hereby ckmonstratcd that the 241 nucleotide long DNA molecule can 

fold into a conformation (Star Strudurc), which leads to a app~rent size in a native gel in 

the excess of 1000 bp. 

f!xampl e _22 

Translation nf DNA Star Structures 

This example clemonstratos the principk of the transbtion process of DNA Star 

Stn1ctures. In this context the translation process is the process where the individual 

modules on various positions arc substituted by fresh modules and the substitution 

process is directed by codon/anticodon recognition. The fresh modules may have :i 

chemical reactant attached in such a way that it wi II be located in the centre or in the 

vicinity of the centre upon proper folding of the new DNA Star Strncture which tha fresh 
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modulos will be a part of. Consequently, translation allows the chemical compound 

encoded by the DNA Star Structure to be synthesized, 

The start.ing nrntetial for the translation process may be a PCR product using the output 

from a selection process as,; template for example as shown in Example 18. This will 

allow iterative cycles of sdection and amplification, which in turn will allow a diverse 

Jibnl!'y to convert towards solutions for the applied selection pressure. 

Outline of the lhms/ation Pmcess 

A schematic dniwing of the major steps of a lTanslation process using a PCR product as 

starting material are $hown in Figure 33. 

First, a DNA Star Structure was umplificd by PCR using a biotinylal0d backward primer, 

which allowed the separation of the two strands. The separation was porfornwd by using 

magnetic slrcptavidin beads. The strand of interest (upper shwid) was eluted from the 

beads and folded into th<'> DNA Star Structure having two stcm"loops and stem. 

Then, the position l stem (without a loop) was digested by the restriction enzyme Bsa l, 

which digest outside its recognition sequence and f:\mned a 5' overhang. This overhang 

was the codon for position l. 

Then a fresh carrier module for position 1 having a suitable 5' anticodon sequence was 

lig<ite<l to the Star Structure. To aid the ligation and downstream purification" 

biotinylatcd helper oligo was included. The helper oligo hybridize to the fresh positi<m l 

carrier module in such a way that it created "5' overhung, which w<ts the anticodon. 

Consequently, the subsequent ligation (helper oligo/Star Structure/module l was guickd 

by the coclon/an!icodon hybridization. 

Then, the original module on position l wus liberated from the Star Structure by first 

performing a denaturntion step where the fresh carrier module was replacing the original 

position l module in the Star Structure ancl then a restriction enzyme digest was 



102 

performed in the sequence which was originally located in the distal loop in the second 

stem, By this exercise the covalent bond between the originnl position I module as well 

as the base pairing to the Star St1'ucture were removed, The restriction enzyme digest was 

pcrft1m1ed on Star Structure captured on streptavidin coated magnetic beads. 

Consequently, Star Structures liberated from the beads were successfolly trnnslatcd for 

postion I . 

Note that llpon folding to the Star Structure, the 3' end of the fresh position I module was 

participating in forming the second stem and the stem ends immediately before the codon 

011 position 2. Consequently the 3' end of the fresh module 1 was lined up for accepting a 

fresh carrier module for position 2 directed by codon/<111licodon interactions for position 

2. Consequently, the Structure was rnady for the second codon/anticodon directed module 

substitution. Consequently, by repeating the described substitution process for all 

positions in the Star Strncturo <1 complete translation is accomplished. 

Star Structure Formalio11 

The first step involved annealing of five oligoes: vip206, vipl61, vip192 and vipl93 

vip207. A schematic drawing of the organization is shown in Figure 34A. The five 

oligoes in the reaction will hybridize to each other, thus forming a three-way junction, 

consisting of two stem-loops and one stem with both 5' and 3 'un-hybridized sequences a! 

the end distal to the centre of the three-way junction, The 1.111-hybridized sequences 

represent PCR priming sequences (5' segment of vip206 nnd 3' segment of vip207). The 

oligocs were mixed in l x Ligasc buffer (NEB B0202S), 50 1nM NaCl, with 20 pmol of 
each oligom1clcotide in a volume of lO rd. The annealing was performed by incubation in 

a PCR machine for 5 minutes <lt 95°C and for 30 seconds steps at the following: 

te111pcn1tmes: 80°C, 65"C, 50°C, 45"C, 30°C, 20°C 

Then, the 5' ends were phosphorylated by Polynuclcotidc Kinase; 2,5 units 

Polynucleotide Kinase (NEB M0201) were included in a 15 rd reaction volume, in Ix 

Ligase Buffer, 50 mM NaCl. The reaction was incubated for 30 minutes at 37"C. 
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The anneakd oligoes were transformed into a continuous DNA stnmd by a DNA ligase, 
which formed phosphordiesther bonds between the juxtaposed 3' end of vip206 and the 5' 
end of vip l 61, and between the juxtap<lscd 3' end of vip 161 and the 5' end of vip 19'.l, and 
between the juxtaposed 3' end ofvipl92 and the 5' end ofvip193, and between the 3' end 
ofvipl93 and the 5' end ofvip207, respectively. T4 DNA ligase (NEB M0202L) was 
added in Ix Ligase Buffer, 50 rnM NaCl, and 20 unitS/fd enzyme were added, giving a 
final reaction volume of 20 ft!. The ligation was incubated overnight at l 6°C. 
The DNA Star Structure was PCR amplified in a tow! reaction volume of 400 fii, in l x 
Thermopol Buffer (NEB M0257L), 8 mM MgCli,, 0,2 mM dNTPs, 0.5 M l3etain0 (Sigma 
130300), 1 vg/ml BSA (NEB B900l S), 0.1 >tM primers (vip202 and vip224) and 32 units 
Vent(cxo·) (NEB M257L). Vip224 had a biotin moiety at the 5' end, onabling capture of 
the PCR product on strcptavidin coated magnetic beads. Amplification was performed 
with an initi11l dcnaturntion step for 30 seconds at 92"C, followed by 25 cycles with 
iJic.ubations at 92°C for 30 seconds, "t 60°C for 15 seconds and at 70°C for 30 seconds. A 
final extension at 70"C for l minute was done. 

Aller the PCR amplification, the PCR products were cleaned up \ising the Eppcnclorf kit 
(0032 007. 740) according to the instructions. Two columns were used, Elution wiis done 
with 150 fd TE for each column. Then, the cleaned up PCR product was added to 
Stroptavidin co;1tcd magnetic beads (Dyna! MyOne, 605.02). 100 fd beads were washed 
two times in 2 x BWT Buffer(! O mM Tris .. Ji Cl, pl! 8.0, J rnM EDTA, 2 M NaCl, 0.1 % 
Triton x .. JOO). The beads were suspended in 300 J.tl 2 x BWT, and 3001d cleaned up 
PCR product was added to the beads. The beads were inc\ibatcd for 15 minutes at RT, 
shaking slowly. The beads were captured on a magnet, and the supernatant was removed. 
The beads were washed 3 times with l x BWT (half strength of2 x BWT). The ONA was 
eluted from the complementary biotinylatccl DNA strand captured on the magnetic heads 
by adding 50 pl 10 mM NaOI-I, mid incubated for 5 minutes at room temperature. The 
beads were captured on the magn<0t, the supernatant containing the upper DNA strand 
was removed and immediately neutralized with 20 fd l M Tris·flCI, pl-I 7.2. 
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The purity oftlw eluted DNA was tested by primer extension reactions with the forward 

and reverse primers in separate reaction. The primer extension reactions was performed 

using Vent(exo") (NEB), in reactions of' 10 fd, in Ix Thcrmopol Buffer, 8 mM MgCl2, 

0.2 mM dNTPs .. l M Betaine und 0.2 units Vcnt(cxo") and 0.2 ftl template <1nd 0.4 µM 

vip202 or 0.4 ~iM vip203 per reaction. The primer extension reaction was as follows: 

95'C for 2 minutes, 60°C fi._)I' 30 seconds, and 74"C for 5 minutes. 

An outline of the procedure is shown in figure 34A. Through out the procedure samples 

were removed for analysis by PAGE. A picture of the gel is shown in figure 34B. The gel 

'llso contains the quality control primer extension reactions. In lane 2 is observed u band 

of the expected size of 241 bp, which is not present in the negative control without added 

template (lane J ). Consequently, the DNA S!iir Structure has been successfully assembled 

and amplified. Furthermore, two bands with an apparent size in the excess of I 000 bp are 

observed in Ian<: 2, which represents folded DNA Star Structure (for reference see 

Example 21). Lane. 3 shows the product after PCR clean up. 

The product was captured via the biotin moiety on tho lower strand of the PCR produ,,t. 

The flow through is shown in lane 4. The lower of the two bands with an apparent size in 

the excess of I 000 bp was found here, which consequently did neither contain biotin nor 

was hybridized to the biotinylated strand. After washing of the bct1ds, the unbiotinylatcd 

strand was eluted by high pH which abolished base pairing. The elution produ<:t is shown 

in Jane .5. A single band equivalent to the low0r of the two b.rnds with an apparent size in 

the excess of l 000 bp was observed indication success fol isolation of the un"biotinylatccl 

upper strand of the PCR product. Interestingly, tho upper band of the two bands with an 

apparent siz,c in the excess of 1000 hp was only observed when both strands of the PCR 

were present (Lanes I and 2). Consequently, the upper band most likely represents two 

hybridized DNA Star Structure mokcules ... hybridized via the terminal PCR priming 

sites. 

As a quality control of the purified DNA two primer extensions were performed. In one 

reaction the forward primer (vip202) w11s used and in the second reaction the backward 
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primer (vip203) was used, which prime on the lower and upper PCR strands, 

respectively. ConseqLJenlly, if the isolated DNA is pure only tho second reaction sh(Hild 

give rise to a primer extension prodLJct. Acc()l'dingly, only a b•md corresponding to the 

;;:xpectcd size of 241 bp was observed in lane 7 whereas no primer extension product was 

observed in Jane 6. Consequently, the successful purifica!ion of the desired strnnd of the 

PCR product in n highly pure prepanition was :{chieved. 

Exposure of the codon 011 position I 

·rhe DNA Star Structure contain~d two stem-loops and one stem. The stem without a loop 

contained tho codon for position I. The codon was exposed by rcstrivtion enz.yme digest 

by Bsa I, which cut outside its recognition sequences and formed u 4 nucleotide 5' 

overhang, which sequence can be chosen without reshictions, thus ideal for encoding 

purposes. In this context the overhang is C<llkd the codon for position l. 

The Siar Structure DNA was subjected to digest with Bsa I. The double stranded 

substrate for Bsa l was found in the first stern (the stern without a loop) generated by 

hybridization of the 5' segment ofvipl6J and the 3' segments ofvipl93. Note that the 

product obtuinccl after the Bsal digest corresponds to the sequence of vip 161"vip192" 

vip 193 described at the start of this example. 

110 rt! pmificcl Star Structure DNA were mixed with 20 fd l 0 x NEB3 bufTer and 200 

units ofBsa l (NEB R0535L) in a tot<tl volu1J1e of200 fll. The digest was incubated at 

50"C for 2.5 hours. The DNA was subjected to a standard ethanol precipitation, before it 

was applied to a l 0 '% TBE-urea gel (lnvitrogcn) for gel purification. 

Jn figure 35 is shown a picture of the gel after SYBR green staining. Uncut DNA w11s 

loaded in lane 1 as a reference. A prominent band migrating with un <tpparent size in the 

excess of 1000 bp is observed (Noto the "spil over" from the marker loaded in lane 1\1). 

Multible bands were observed in lanes 2"7 where the Bsa I digest W<tS loaclcd, thus 

indicating that tbc Bsal digest was not: complete. However, the band of interest W<\S 

excised i:\:om the gel (boxed on the figure), and the DNA was extracted from the gel piece 



106 

by the "crush mid soak" method, ethanol precipitated 'md redis:;olwd in 40 ftl lhO t\O 

described pr\lviously. 

Ligation offiTsh position 1 module directed by codon/anticodon intemction. 

Fresh position ! module, vip27 I, was ligated onto the Bs>\ I digested and purified DNA 

Star Structure. Vip066 was included in the ligation reaction <is a ligation aid, mid to 

introduce :1 biotin molecule into the ligation product, thus facilitation downstrcm11 

pmification. Annealing of vip27 l and vip066 will genenite a product with a 4 nucleotide 

5' overhang (vip27 l) which in this context is called the anti codon. The sequence was 

thcrcforn chosen in such a way thM it was reverse complement to the codon on position I 

in the DNA Star Structure, Consequently codon/anticodon hybridization is capable of 

gtliding the ligation of the two incoming oligoos with the DNA Star Strncturc. 

Vip271 and vip066 were mixed in I x Ligase buffer (NEB B0202S), 50 111M NaCl, with 

50 pmoles of each oligonticleotide in a volume of 10 \Al. The annealing was performed on 

a PCR machine using the mmealing program described above. 

Then, the <inncaled vip27 l/vip066 were mixed with the Bsa I digested and purified DNA 

Star Structure (30 1.d), mid the 5' ends were phosphorylatccl by l'olynuclcotide Kinase; 

12.5 units Polynuclcotidc Kinase (NEB M0201) were included in a 50 1tl reaction 

volume in 1 x Ligase Buffor, 50 mM NaCl. The reaction waB incubated frir 30 mimites at 

37"C. 

Then, the cognate ends of the molecules were joined by a DNA ligaBe, which formed a 

phoBphordiesthcr bond between the juxtaposed 3' end of vip066 and 5' end of the Bsa I 

digested DNA, and between the juxtaposed 3' end of the Bsal digested DNA 5' end of 

vip27l. T4 DNA ligasc (NEB M0202L) was added in Ix Ligasc Buffer, 50 mM NaCl., 

and 20 unitslµI enzyme were added, giving a final reaction volume of 60 1d. The ligMion 

was incubated overnight <lt l 6°C. 
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S11bsrilutio11 

The noxt step wi>s lo o!imirnite the original position 1 module from the Star Structure. The 

molecule was re· folded allowing the fresh position J module to be part of the three· way 

junction and" covalent bond between the original position I and the DNA Star Structure 

was eliminated. Furthermore, a helper oligo (vipl94) was introduced, which did anneal to 

the Pvu II site in the original loop in the distal encl of the 2"d stem (see figure 36) thus 

forming a double stranded substrate for Pvu IL Consequently, both the covalent bond and 

the base pairing were destroyed between the original position J module and the Star 

Structure. Flllthermore tho fresh position J module was introduced as a part of the thrcc­

way junction. 

43 fd of the ligation reaction was mixed with 200 plllolcs ofvipl94 in 10 mM Tris-lTCI 

pH 8, I mM EDTA, l 00 mM NaCl, 0. 1 % Triton x.100 in a total volume of 60 ftl. The 

denaturation and annealing was performed in tho PCR machine for 5 minute' at 95"C and 

for 30 s0conds steps at the following temperatures: 80°C, 65''C, 50°C, 45°C, 30"C, 20''C. 

The DNA was then captured on Streptavidin.coated magnetic beads (Dyna!). 30 fli beads 

were washed 2 x in 2 x BWT (2 M NaCl, 10 mM Tris-I-I Cl, pl! 8, J mM EDTA, O. 1 % 

Triton X-100). AJ\er the final wash, the beads were suspended in 60 ftl 2 x BWT, and 60 

p.J vip 194/Star Structure annealing reaction was added. Incubation was clone for 15 

minutes at room temperature with gentle shaking. The beads now with the DNA aUachcd 

to thein, were captured on a mngnet <md subsequently suspended in Pvu ll digest Buffer: 

22 fll I-120 ;111d 3 µ! 10 x Pvu II digest Bufl'cr was added to the beads, and 5 fd Pvu II (I 0 

units/ft!; Fermontas EROCi37) were added. The digest was incubated for 6 hat 37°C. 

After the digest, the beads were separated from the supernatant on the magnet. 

Tbroitghout the procedure aliquots was saved for analysis by 10 % TBE-11rca gel 

(Jnvitmgcn) stained with SYBR green (Molecular Probes) according to the manufactures 

protocol. A picture of the gel is shown in Figure 36. 
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The purified Bsa I digested Star Structure W•1s loaded in lane I; a prominent band of the 

expected apparent size or around 600 nt was observed. The lig<llion product of the Bsa I 

digested Star Structiire with fresh modiile fbr position lfhelper oligo (vip066) was loaded 

in lane 2. A prominent band with an apparent size in the excess of 1000 nt was observed, 

thus indicating a successfol ligation. The beads after the Pw JI digest were loaded in lane 

4. A band with an apparent size in the excess of I 000 nt was observed. This band 

corresponds to undigested DNA which is seen by compiirison to lane 2. However, in the 

supernatant: from the Pvu U digest (lane 5) a band with an apparent size of around 600 nt 

was observed. This band CO!Tesponds to the expected apparent size of around 600 nl of a 

successful substitution product. The fact that it was found in the supernatant show that the 

fresh module on position l has substituted the original module on position l in the star 

struc!ure. 

Consequcnlly, successful translation, i.e. codon/anticodon directed modulo substitution 

has been demonstrated. 
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List of oligonuclotides used in the examples 

vip006 CTCGTTTTCGAGACCGACTCTGGAAGTGTCACCGGA TCTGG 

vip007 TTGGAAAAACCAACCAGATCCGGTGACTGTCAAGGCTGAGGT 

vip008 GAGGGAGAGCCTCACCTC:AGC:C:TTGACTCT1'CCAGAGTCGGT 

vip009 GAGGGAGAGCCTCAC:CTCAGCCTTGACTGGAGAACGCA TTCT 

vipO I 0 ACACAAGAAGTGTAGAA TGCGTTCTCCTC:TTCCA GAGTCGGT 

vip0!6 CTCGT!'TTCGAGAC:CGACTC:TGGAAGXGTCAC:CGGATCTGG 

vip0! 7 TTGGAAAAAC:CAACCAGATCCGGTGACXGTCAAGCiC'!'GAGOT 

vipO 18 GAGGGAGAGCCTCACCTCAGCCTTGACXCTI'CCAGAGTCGGT 

vipOl 9 GA OGG A GA GCCTCACCTCAGCCTTGACXGGAGAACGCATTCT 

vip020 ACACAAGAAGTGTAGAATGCG"ITCTCCXCT'l'CCAGAGTCGGT 

vip027 ACTA TGAGGGCTGTCTGTGG 

vip028 TAGCAAGCCCAATAGGAACC 

vip029 AC:TA'l'GAGGGCTGTCTGTGOCAGTCACGAG 

vip030 AAAACTCGTGACTGGGTTCCTA TTGGGC'fTGCTA 

vip03 ! TTTTCGAGACCGAC'l'CTGGAAGTGTCACCGGATCTGG 

vip034 ACTATGAOGGCTGTCTGTGG 

vip038 TAGCAAGCCCAA'l'AGGAACC 

vip046 ACTCTGGAAGXGTCACCGGAT 

vip048 GAGGGAGAGCCTCACCTCAGCCTTGACACACACXCTTCCAGA 

GTCGOT 

vip056 CTCGTlTTCGAGACCGACTCTGOAAGAGTGTGTffrl'CACCGGA 

1'C1"C]G 

vip068 CAGCCTTGACXCITCCAGAClT 

vip070 CTCTCTCGTGACTGOG'n"CCTATTGGGCTTGCTA 

vip076 ACTC'J'GGAAGXGTCACCGGATCTGG 

vip078 GAGGGAGAGCCTCACCTCAGCCTTGACTCTTCCAGAGTGGTT 

CCTA TI'GGGC'l"TGCTA 

vi pl 32 TTGGAAAAACCAACC:AGATCCGGTGACTGTGTCJTGTCAAGG 

CTGAGGT 

vip !33 GAGGGAGACJCCTCACCTCAGCCTTGACACACACTCTTCCAG 

AGTCGGTCTCG 

vipl GI AGAGCGAGACCGACTCTGGAAGTGTCACCGCiATCT 

vip I 62 GGHGGCA CiGGCCCA CTAGCTCA CJGA TCCACCCAACCA GA TCC 

GGTGACTGrGTGTGTCAAOGCT(lA(J 

)V_l,Q!jilj_<;jl ti OJl 

5'P 

5'1' 

5'l' 

5'P 

5'P 

X~ominc·C6-dT 

X1:·.:an1inc-C6-d'f 

X;•~-a~ni ne-C~6~d'f 

X=aminc-C6-dT 

X~amine-C6-dT 

None 

Nono 

None 

51p 

5')' 

5' biotin 

51 biotin 

X•"amine-C6-dT 

X~··aminc-C6-JT 
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vip J 63 GTGAGGCTGAATTCTCTGTACCTGGTACCTCCCTCACCTCA 

GCCTTGACACACACTCTJ'CCAGAGTCGGTCTCG 

vip164 GTGGGCCCTG 

vipl6S GTGGATCC:TG 

vip 192 0(l1TGGCACA GC:TGACTAGCTCAGAGCTCA CCCi\A CCA GA T 

CCGGTGACTGTG'rG'rarCA.AGGCTGAG 

vip 193 GTOA GGCTCCCGGGTCTGTACCTATT AA 1TCCCTCACCTCA G 

CCTTGACACACACTCTTCCAGA.Gl'CGGTCTCG 

vip194 GTCAGCTGTG 

vip195 GTGAOCTCTG 

vip066 XCTTCCAGAGTCGGTCTCG 

vip088 XCAGCCTTGACTClTCCA.GAGT 

vip202 C:AGGTCGCTGAGAGGTI'GAC 

vip203 ACGTCCOAGTCAGAAGTGTG 

vip206 CAGGTCGCTGAGAGGTJ'GACCAGJ'CACGAG 

vip207 CTCTcTCGTGACTGCACACTl'CTGAC'l'CGGACGT 

vip224 XACGTCC:GAGTCAGAAGTGTG 

vip23I AGAGCGAGACCGA.CTCTGGA.AGXGTCACCGGATCT 

vip238 TnTCGAGACCGA.CTCTGGAAGXGTCA.C:CGGATCT 

vip262 GGTTGGCACAGCTGACTAGCTCAGA GC:TCACCCAACCAGA T­

CCGG'l'GACTGTGTGXGTCAAGOCTGAG 

vip263 GTOAGGCTCCC:GGGTCTGTACCTATl'A.ATTCCCTCACCTCAG-

CCTTGACACACAC:XCTTCCAGA.GTC:GGTCTCG 

vip269 GG"lvl'GGCA.CAGCTGACAAAAA.CAGAGCTCAC:CCA.AC:CAGA1'. 

CCGGTGA CTGTGTGXG'l'CAAGGCTGAG 

vip2'/0 GTGAGGCTCCCGOGTCGAGAGCTA TTAATTCCCTC:ACCTCA.GC­

C"ITGACACACACXCTl'CCAGAO'rCGGTCTCG 

vip27 I CTCTCGAGA.CCGAC'fCTGGAA.GXGTCACCGGATCTGGTTGGGT· 

GAGCTCTG 

X="51 bi<) 

X=· 51 hi<) 

x~ 5' hio 

X"•NI-l2-C6-dT 

X~Nl-12-C6-dT 

X•····NH2-C6-dT 
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Claims 

1. A composition comprising a nucleic acid and a chemical compound, said composition 

fonning a star structure defining 3 or more stems ext.ending from a reaction center, 

wherein at least one stems extent radially from the 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 morn chemical groups. 

2. The composition of claim 1, wherein the 3 or more stems extent radially outwards from 

the reaction center. 

3. The composition of claims 1 or 2, wherein 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. 

4. The composition according to claim 3, wherein a codon is situated at the extremity of a 

stem. 

5. The composition according to any one of the claims 1 to 4, wherein a loop is formed at 

the end of' the stem. 

6. The composition according to any of the claim l to 5, wherein a codon is situated in the 

non··base pairing part of the stem-loop strncture. 

7. The composition according to any one of' the claims I to 6, wherein an enzymatic 

restriction site is present in the stem-loop strncturc. 

8. The composition according to any of the clairns J to 7, wherein the loop is capable of 

hybridizing to a helper oligonucleotide, thereby forming a substrate ii.>r a restriction 

enzyme. 
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9. The composition <iCcording to any one of the chiims 1 to S, wherein a loop is present <1t 

a.ll extremes of the stems except one, so as to form il contiguous nuc.Jeic acid sequence, 

J 0. The composition according to any of the claims l to 9, wherein the contiguous 

nucleic acid sequence is enzymatically extentablc. 

11. The composition according to claim 10, wherein the nucleic acid comprises a priming 

site for a DNA polymerase, RNA polymerase or reverse trnnscriptase. 

12. The composition according to any one of claims 9 to 11, wherein the priming site is 

present at tho stem not having a loop. 

13. The composition <iccording to any one of the ch\im~ l to 12, wherein a stem 

comprises two hybridisation segments having at loast 80% cornpkrnontarity and each 

hybridisation segment consists of 12 or more nucleotides. 

14. The composition according to claim J 3 wherein each hybridisation segment 

comprises 18 or more nucleotides. 

15. Tho composition according to claim I, wherein the chemical compound is covalently 

attached to the nucleic acid. 

16. The composition according to ;my one of the claims 1to15, wherein the chemical 

groups prior to reaction arc cowkntly attached to the nucleic acid. 

17. The composition according to claim 16, wherein one or more of the covalent 

attachments are cle<ivcd simultaneously with or subsequent to reaction. 

18. The composition according to any one of the claim I to 17, wherein all but one of the 

covulent at:t:achmcnts are cleaved simultaneously with or subsequent to reaction. 
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19, The composition according to any one of the cl><ims 1 lo 18, wherein the chemical 

compound is fanned by reaction of the chemical groups attached to the nucleic acid and 

option'llly one or more further reactants. 

20. The composition according to any one of lhe claims I lo I 9, wherein the one or more 

reactants are free reactants nol associated with a nucleic acid, 

21. A library of compositions comprising a plurality of di fferont compositions according 

to any of the claims 1 to 20. 

22. A method for creating one or more chemical structures comprising the steps of: 

(i) providing N (N = 3· 100) c.m1for mocluks comprising: 

(!)a first position carrier modulo having 

i) a nuckic acid segment capable of hybridizing to a nucleic acid segment of the 

N position carrier module, and 

ii) a nucleic acid segment c<1pable of hybridizing to a segment of a second 

position carrier module, 

(2) n position carrier moduk(s) (11 = from 2 to N. J) having a nucleic acid segment 

capable of hybridizing to .suid nucleic acids segmrn1u1f then" 1 cal1'icr module, 

and a nucleic acid segment capable of hybridizing to a segment of the n+ l carrier 

module, and 

(3) n N position carrier module having a nucleic acid segment capable of 

hybridizing to said nucleic acid segment of said N· I carrier m()dule, and a nucl0ic 

acid segment ca pub le of hybridizing to a segment of said first carrier module, 

wherein 

at least three of.said carrier 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 carrier modules under conditions allowing hybridization of said 

hybridization segrncnts, thus bringing said chemical groups into proximity, where the 
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formed chemic<d compound is associntcd with at least one of said carrier module. 

23. A method according to claim 22 fi.1rther comprising the step of providing conditions 
allowing ligation of the termini of module n-l to module n <llld module N-l to module N, 
thereby forming a continuous nucleic acid molecule with stern-loop structures and a 
chemical compound associated. 

24. The method of clai1n 22 or 23, wherein the formed chemical compound is covalently 
associated with at least one of said cwrier molecules or the continuou' nucleic acid 
molecule. 

25. The method according to any of the claims 22 to 24, which comprises contacting 
carrier modules under conditions allowing hybridization of hybridization segments .. thus 
bringing reactive 1p·tn1ps into reactive proximity; and 

providing conditions allowing re~ction of reactive groups, where the formed chemical 
compound is associated with at least one earlier niodiile; and 

conditions allowing ligation of the termini ofmoduk n-l to module n and module N-l to 
module N and thereby fonning continuous nucleic acid molecule with stem-loop 
structures and a chemical compou11d <lSsociated. 

26. The method according to claim 22, wherein the contacting of the: carrier modules is 
performed sequentially or simultaneously, 

27. The method according to claims 22 and 26, wherein the chcmic'1l reactions are 
performed sequentially or simultaneously <111d/or wherein said ligations arc performed 
cm:ynrntically or chemically; and sequentially, or simult<Jneously. 

28. The method according to uny of claims 22 to 27, further comprising 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. 
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29. The method according to any one of the clnims 22 to 28, comprising the further step 
of performing an cnzym,1t:ic e~xtension reaction to display the formed chemical 

compound. 

30. The method according to any of claims 22 to 29, wherein N is 3, 4, 5, 6 or 7 and in 

particular wherein 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 sit11<1tcd external to one of the hybridization segments. 

3 l. Tlio method according to any one of claims 22 to 30, wherein a library of more than 

one compound is synthesized by having 'l repertoire of carrier modules on one or more 
positions. 

32. The method according to claim 31, wherein the rep0rtoire on al kast one position 

comprises at least lO different currier modules. 

33. The nicthod according to any one of the claims 31 or 32, wherein the repertoire on at 

least two positions comprises ltt least IO different carrier modules. 

34. The method according to any of the claims 22 to 24, wherein the mid section 

comprises a chemical bond or I to 20 nucleotides. 

35. The method according to any of the preceding claims, wherein the chemical group is 

associated with a nucleobase of the mid section. 

36. The motlwd according to any of the claims 22 ro 34, wherein the chemical group is 

associated with ;i phosphodiestcr linkage of the midsection. 

37. The method according to any of the claim 22 to 36, wherein the chemical group is 

a:;sociatcd to the midsection through one or more covalent: bonds. 
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38. A method of performing module substitution, comprising the steps of: 

a) providing a single stranded contiguous nucleic acid sequence comprising N (N =3 or 

more) hybridisation segments and complementing hybridisation segments as well as N-l 

non· hybridising segments between the hybridisation segments and complementing 

hybridisation segments, 

b) hybridizing the nucleic acid under conditions favoring intrnmolecular hybridization, 

thereby forming a continuous nucleic acid, at least containing N-1 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 .. Joop, optionally an associated reactive group, 

and an anti-codon segment; 

d) providing conditions allowing hybridization of codon and anti-codon segments; and 

c) providing conditions allowing enzyrnatical or chemical ligation of said hybridized carrier 

module to the rec(,SSivc termini of said overhang; ancl 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) dcnaturnte the nucleic acids; and 

iii) hybridize under conditions favoring intramo!ecular 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 assocbted with Ht Jenst 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.,hiop, and 

optionally having a reactive group associated, and having an unt.i-codon segment; 
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and vi) provide conditions allowing enzymatically or chemical ligation of 

hybridized C<lrrier module to the r~ccssivc termini of said overhang; and 

repeat steps i) through vi) N· 1 times; and 

[) intrnducing a break in said stem· loop strncturc consisting partial of said first g;roup of 

carrier modules at least leaving said ~rnti-codon segment connected to said first carrier 

module; and 

g) denat11rating the nucleic acids; and 

h) hybridizing under conditions favoring inlramolecular hybridizaiion thereby forming N-

1 stem-loops and one stem; and 

i) optionally, providing conditions allowing reaction of said reactive groups, where the 

formed chemical compounds are associated with at least one of said carrier module. 

39. The method according to cbirn 38, wherein the contiguous nucleic acid sequence of 

step a) is obtainable by a method of claims 22 to 37, but without including the chemic<1l 

groups (a dummy library). 

40. The method according to claim 38, wherein the contiguous nucleic acid sequence of 

step a) is obtainable by a method of claim 29. 

41. The method according to claim 40, wherein the extension product of chtiin 29 is 

amplified by PCR. 

42. The m<Jlhod according to any of the claims 38 to 41 , wherein the contiguous nucleic 

acid sequence in step a), b), or c) is obtained by immobilizing tho 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 tho 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. 

43. The method according t<J claim 42, wherein the seJt:hybtidiZ<ttion is performed by 

instant cooling. 
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44. The method according to claim 42 or 43, wherein the breaking of tbc stern attaching 

the solid support und the re-folded star structure is performed with a restriction enzyme. 

45. The method according to any of the claims 38 to 44, further comprising the step of 

adding <l helper oligonucleotidc complementary to a sequence of a loop, prior to a 

digesting step, to create a double stranded substrate for the rn,;triction enzyme in the loop. 

46. A composition comprising a structure of nucleic acid and associated chemical 

compound or a library of more than one of such stmcturcs obtainable by >i method of any 

of the claims 22 to 3 7. 

47. A method for screening a library of more than one chemical compound prepared as 

clisclosod in claim 29, comprising the steps of: 

probing the libn\ry for library members having a chemical compound of desired property; 

pm·titioning 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. 

48. The method according to claim 47, wherein the method forther coniprises amplifying 

the nucleic ucid of the members of the enriched pool, said nucleic acid being indicative of 

the history of the chemical reactions. 

49. The method according to claim 38, forther comprising reassembly of chemical 

compounds encoded by the enriched library members according to claims 47 or 48. 

50. The method according to claim 38, wherein the breaks in stems or loops arc 

introduced by restriction enz,ymos, RNasc, Endonuclcase lll, endonucleasc Vlll, APE 1, 

Fpg, chemical cleavage or photo cleavage. 
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51. The method according to claims 49 or 50, further comprising that the chemical 

reactions arc performed sequentially or simultaneously. 

52. The method according to any of cbims 49 to 51, further comp1ising a pdming site for 

a DNA polymcrnsc, RNA polyincrase, or reverse transcriptasc at loast in the first carrier 

module or the N carrier module. 

53. The method according to any ofobims 38 to 52, wherein the contiguous nucleic acid 

sequences of step a) includes nucl<.0ic acid sequences prepared by the steps of: 

digesting intermolecular hybridized nucleic acid stn1ctures derived from an enriched 

library with two consecutive restriction 0111.ymcs, which oliminat<.0 the covalent linkages 

between the module in qiiestion and the remaining structure, 

denaturing the digested structures, 

allowing rehybridization oftl10 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. 

5.4._.Thc method of claim 53, wherein nucleic acid fragm~nts representing carrier 

modules, not present in the formation of the first generntion library is <1ddcd before 

allowing rehybridisation. 

55. The nwthod of claim 53, wherein a repertoire of carrier modules not used in the 

formation of the first generation librnry is adckd before allowing rchybridisation. 

56. The method of claim 53, wherein a fraction of an enriched library is subjected to the 

steps of claim 53and the brecdcd result is pooled with tho rnmaining part of the enriched 

library. 


