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APPARATUS FOR COMBINATORIAL 
SYNTHESIS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application is a divisional of, and claims prior 
ity to, U.S. patent application Ser. No. 11/008,869, filed Dec. 
9, 2004, which is incorporated by reference and to which 
priority is claimed. 

STATEMENT REGARDING GOVERNMENT 
INTERESTS 

0002 This work was supported in part by the following 
United States Government grants: AI27744 from the NIH and 
DAAD 1901 1037 from the DoD (DARPA). The Government 
may have certain rights in this invention. 

FIELD OF THE INVENTION 

0003. This invention relates generally to apparatus and 
methods for split synthesis of combinatorial oligomeric 
libraries. 

BACKGROUND OF THE INVENTION 

0004. Without limiting the scope of the invention, its back 
ground is described in connection with existing apparatus and 
methods for use in combinatorial chemistry using split Syn 
thesis. Combinatorial chemistry refers to the production of 
libraries of diverse compounds that have the same constituent 
elements but are assembled in different sequence through the 
repetitive sequential covalent addition of the constituent Sub 
units. Combinatorial chemistry is able to generate large popu 
lations of random sequence polymers, especially random 
sequence short chain polynucleotide and polypeptide poly 
mers. Gordon, E. M., et al., J. Med. Chem. 37 (1994) 1385. 
0005 Combinatorial libraries are created by one of three 
general methods—parallel synthesis, one pot synthesis, or 
split synthesis. In parallel synthesis, different compounds are 
synthesized in separate vessels either on a solid Support or in 
Solution. A commonly used format for parallel synthesis in 
fixed arrays coupled with robotics instrumentation to add 
different reagents to separate wells of the array in a predefined 
manner to produce combinatorial libraries where the molecu 
lar structure of each product is defined by its location in the 
array. Fodor et al., Science 251 (1991) 767; U.S. Pat. No. 
5,143,854; WO93/09668. For example, the BioAutomation 
MERMADE instruments (Plano, Tex.) provide a 96 well 
format that can be used for parallel synthesis with tracking 
provided by XY table addressing of individual wells. When 
each individual member of the array is tested for activity, the 
composition of positive members of the array is known by 
review of the tracking and can be resynthesized. Parallel 
synthesis of this type yields relatively large quantities of a 
relatively Small number of candidate compounds. Alterna 
tively, libraries can be synthesized in arrays on microchips 
followed by simultaneous assay for binding or activity. Using 
photolithography, AFFYMAX (Palo Alto, Calif.) has gener 
ated arrays of more than 65,000 compounds on chips of about 
1 Square centimeter in area. Development of improved paral 
lel synthesis methods and apparatus has been a primary focus 
of the combinatorial chemistry field. However, parallel syn 
thesis remains limited by the number of individual molecules 
that can be generated depending on the size of the array. 
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0006. In one pot synthesis, combinatorial libraries are 
made using mixtures of compounds added at each coupling 
step. However, in a coupling step, mixed reagents can com 
pete to become integrated at the same site resulting in unequal 
distribution of components. Because the widely different 
coupling rates of different activated amino acids leads to 
unequal representation, split synthesis using solid particulate 
Supports was developed for the generation of peptide librar 
ies. Furka et al. Int. J. Pept. Protein Res. 37 (1991) 487; Lam, 
et al. Nature 354 (1991) 82 and WO92/00091, U.S. Pat. Nos. 
5,650,489 and 5,651,943; Houghtenet al., Nature 354 (1991) 
84 and WO92/09300; Hueber and Santi, U.S. Pat. No. 5,182, 
366. In addition, Lam et al. developed methods of screening 
one-bead one-compound (OBOC) libraries of peptides where 
each bead presents a single peptide species. Lam et al. Supra. 
0007. In split synthesis, a plurality of base moieties are 
split into separate reaction vessels each for addition of a 
different further moiety. After addition, the groups are pooled 
and again split into the separate reaction vessels for addition 
of the next building block via a second round of derivatization 
and so on. Where particulate solid Supports such as deriva 
tized “beads” are used, the bound products of each cycle are 
retained on the Solid phase while excess reagents and byprod 
ucts are washed away. By successive treatment with different 
reagents and/or addition of different chemical elements, the 
bound products are elongated on the Solid Support to form a 
large library of related compounds that are tested for desired 
properties. However, the loading capacity of beaded supports 
and the resulting low yield of each product for testing pur 
poses has limited the applicability of split synthesis technolo 
gies and, consequently, pharmaceutical companies have pre 
ferred to use and further develop automated parallel synthesis 
methods for preparation of combinatorial libraries. See Lam 
et al. WOO4/085049: Furka U.S. Pat. No. 6,420,123. 
0008 Candidate libraries of random sequence oligonucle 
otides can be generated manually or by modifying the normal 
operation of sequence specific nucleic acid synthesizers. 
However, commercial nucleic acid synthesizers are specifi 
cally designed to produce defined sequence oligonucleotides 
by the sequential programmed stepwise addition and cou 
pling of single selected nucleotide bases. In order to generate 
random nucleic acid oligomers, commercially available 
nucleic acid synthesizers have been adapted to perform 
“mixed' synthesis. This essentially constitutes “one-pot' 
synthesis in which a mixture of nucleotide bases is added in 
lieu of a single defined base at each coupling step. Using 
mixed one-pot synthesis, each bead contains a number of 
different oligonucleotidespecies which are later cleaved from 
the Support. This adaptation does not permit compensation 
for differing reaction rates and may result in skewing of the 
resultant population. 
0009 Split synthesis as originally adapted to generation of 
single bead peptide libraries has been recently applied to 
generate one-bead one-oligonucleotide libraries where each 
bead presents many copies of a single oligonucleotide 
sequence or species. However, available DNA synthesizers 
are not designed for split synthesis. Thus, the products from 
each round of synthesis must be manually pooled and split for 
Subsequent rounds of synthesis, thus limiting the productivity 
of the synthesis. 
0010 From the foregoing it is apparent the there is a need 
in the art for apparatus and methods that are able to provide 
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for the generation of representational libraries by split com 
binatorial synthesis, including the efficient automation of 
Such processes. 

BRIEF SUMMARY OF THE INVENTION 

0011. The present invention provides novel methods to, 
and apparatus for, split synthesis combinatorial chemistry 
that provides candidate libraries where an even distribution of 
theoretical products is obtainable through even mixing during 
the pooling step, followed by controlled redistribution of the 
mixed pooled products from the prior addition step into sepa 
rate synthesis columns, one for each different specie of Sub 
unit to be added. In another embodiment, automated appara 
tus are provided for the efficient generation of 
representational libraries by split combinatorial synthesis. 
0012. In one embodiment of the invention, a reaction 
assembly is provided for synthesis of oligomers of random 
sequence subunits on fluidized solid Supports comprising a 
plurality of synthesizer columns for containing the fluidized 
Solid Supports during an addition of a monomer Subunit to the 
oligomer, a static mixer in fluid communication with each of 
the synthesizer columns via a plurality of conduits, and a 
mixing chamber in fluid communication with the static mixer. 
0013. In one embodiment of the invention, a reaction 
assembly is provided for synthesis of oligomers of random 
sequence Subunits assembled on fluidized solid Supports, the 
assembly including a plurality of synthesizer columns or 
chambers in fluid communication with a static mixer and a 
mixing chamber via a plurality offlow paths of approximately 
equal dimension. In one embodiment, the plurality of flow 
paths of approximately equal dimension is disposed in a 
splitter assembly that provides for an equal mixing fluid path 
between each synthesizer chamber and the static mixer. 
0014. In one embodiment, the mixing chamber is config 
ured to resist trapping of the Solid Supports. In a further 
embodiment, the mixing chamber is devoid of recesses and 
interior angles of less than approximately 90°. 
0.015. In one embodiment of the invention, the static mixer 
comprises a chamber intersected by fixed elements that create 
turbulence in a fluid conveying the Solid Supports through the 
chamber. The fixed elements can comprise one or more bars 
intersecting the conduit or can alternatively comprise one or 
more helical elements longitudinally fixed in the chamber. 
0016. In one embodiment of the invention, a synthesizer 
for combinatorial chemistry is provided comprising a plural 
ity of synthesizer chambers or columns adapted to retain Solid 
reaction Supports within the columns during a series of reac 
tion steps, each column comprising a reagent fluid path con 
trolled by inlet and outlet reagent valves disposed on essen 
tially opposing ends of each column, and a mixing fluid path 
controlled by first and second mixing valves disposed on 
essentially opposite ends of each column, wherein the mixing 
fluid path is able to transport a stream of fluidized solid 
Supports into the synthesizer columns for the series of reac 
tion steps as well as out of the synthesizer columns and into a 
common mixing chamber between reaction steps. In one 
embodiment the synthesizer includes a programmable inter 
face for controlling a sequence of automated valve openings 
and closings that control whether the reagent fluid path or the 
mixing fluid path is active. Automated reagent and mixing 
valves can be provided for example by solenoid valves. 
0017. In one embodiment of the synthesizer a static mixer 

is disposed in fluid communication and in-line between the 
first mixing valve and the common mixing chamber. A motive 
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force for the mixing fluid path can be provided by pressure 
controllable fluid reservoirs disposed at essentially opposite 
ends of the mixing fluid path. The mixing fluid path can be 
configured to provide an essentially equal fluid Volume and 
pressure to and from each column and the common mixing 
chamber. 

0018. In one embodiment the synthesizer utilizes fluidized 
Solid reaction Supports that can be retained in each column 
during reaction steps by at least one fritted aperture. In one 
embodiment the synthesizer further comprises at least one 
splitter box disposed in the mixing fluid path between the 
columns and at least one of the pressure controllable fluid 
reservoirs. Splitter boxes can be disposed in the mixing fluid 
path between the columns and both of the pressure control 
lable fluid reservoirs. In one embodiment the mixing chamber 
is configured to resist trapping of the fluidized solid Supports 
Such as by the absence of recesses and interior angles of less 
than approximately 90°. The static mixer of the synthesizer 
can optionally comprise a conduit intersected by fixed ele 
ments that creates turbulence in a fluid conveying the Solid 
Supports through the conduit. 
0019. In one embodiment, a synthesizer for combinatorial 
chemistry is provided that includes a plurality of synthesizer 
chambers, each chamber having a valve controlled mixing 
outlet, a valve controlled fritted upper reagent inlet aperture, 
and a valve controlled fritted lower aperture, each fitted aper 
ture able to pass a pressurized solution in and out of the 
chamber while retaining a fluidized solid Support disposed in 
the chamber; and a static mixer disposed in fluid communi 
cation and in-line between the valve controlled mixing outlet 
and a mixing chamber, the mixing chamber having a fritted 
fluid connection to a pressure controllable reagent reservoir. 
In a further embodiment, a programmable interface for con 
trolling a sequence of valve and pressurized solution move 
ment is optionally provided. 
0020. In one embodiment, the fluid communication 
between the valve controlled mixing outlet of each synthe 
sizer chamber and the static mixer is adapted or dimensioned 
to provide an essentially equal fluid Volume and pressure 
between each chamber and the static mixer. In a further 
embodiment, the valve controlled fitted lower aperture is in 
fluid communication with a reagent reservoir and a further 
outlet valve. In one embodiment, the fluid communication 
between the valve controlled mixing outlet of each synthe 
sizer chamber and the static mixer comprises a splitter box 
and the fluid communication between the valve controlled 
fitted lower aperture and the reagent reservoir is adapted or 
dimensioned to provide an essentially equal fluid path 
between each chamber and the reagent reservoir. Equal fluid 
paths are provided where the fluid path dimensions and pres 
Sure are adjusted to convey essentially the same Volume 
through each fluid path, for example, by providing fluid con 
duits of essentially equal internal diameter and of essentially 
equal length. 
0021 One embodiment of the invention provides a 
method for generating random sequence oligomers, includ 
ing the steps of establishing an individual synthesis chamber 
or column for each subunit species to be included in the 
oligomer and distributing a pool of activated or prederivitized 
fluidized solid Supports in each synthesis chamber; conduct 
ing a random position addition reaction in each synthesis 
chamber to add a random position subunit to the activated or 
prederivitized fluidized solid supports and thereby create a 
different sequence reaction product in each synthesis cham 
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ber, mixing and pooling together the different sequence reac 
tion products from each synthesis chamber by conveying the 
products in a stream from each synthesis chamber through a 
static mixer and into a mixing chamber, evenly redistributing 
the pooled products back into each synthesizer chamber; 
conducting a next addition reaction in each synthesis cham 
ber to add a next subunit to the random sequence oligomer; 
and sequentially cycle through further mixing, pooling, redis 
tributing and addition steps whereby a oligomer of a defined 
number of subunits is produced. In one embodiment of the 
method, the random sequence oligomer is an aptamer or a 
thioaptamer, and the prederivitized fluidized solid support 
comprises a defined PCR primer sequence. 
0022. In one embodiment, the defined PCR primer 
sequence is created in situ in at least one of the synthesizer 
columns following by conveyance through the static mixer 
and mixing chamber prior to being evenly distributed into 
each synthesizer chamber and prior to conducting the random 
position addition reactions. In one embodiment of the inven 
tion, one or more additions of subunits is conducted without 
a mixing and pooling step, thereby generating one or more 
regions of defined sequence in addition to one or more regions 
of random sequence. 
0023. In one embodiment, a library of random sequence 
oligomers is provided, wherein the library is characterized by 
representational populations of each theoretical product, the 
library generated according to a process comprising: estab 
lishing an individual synthesis chamber for each subunit spe 
cies to be included in the random sequence oligomers and 
distributing a pool of activated or prederivitized fluidized 
Solid Supports in each synthesis chamber, conducting a ran 
dom position addition reaction in each synthesis chamber to 
add a random position Subunit to the activated or prederiv 
itized fluidized solid supports to create a different sequence 
reaction product in each synthesis chamber, mixing and pool 
ing the different sequence reaction products from each Syn 
thesis chamber by conveying the reaction products from each 
synthesis chamber through a static mixer and into a mixing 
chamber; redistributing, substantially evenly, the pooled 
reaction products back into each synthesizer chamber, con 
ducting a next addition reaction in each synthesis chamber to 
add a next Subunit to the random sequence oligomers; and 
repeating the acts of mixing and pooling, redistributing and 
conducting to produce a library of random sequence oligo 
mers, each oligomer having a defined number of Subunits. 
The library can be a nucleic acid, peptide, oligosaccaride, or 
Small organic molecule library. In one embodiment the 
library is an aptamer or thioaptamer library. 

BRIEF DESCRIPTION THE DRAWINGS 

0024 For a more complete understanding of the present 
invention, including features and advantages, reference is 
now made to the detailed description of the invention along 
with the accompanying figures: 
0025 FIG. 1 illustrates a flow chart of oligomer synthesis 
according to one embodiment of the present invention. 
0026 FIG. 2 represents an example of the diversity of 
products arising by three addition steps in an oligonucleotide 
synthesis using split synthesis. 
0027 FIG. 3 presents a diagram of synthesizer according 

to one embodiment of the present invention. 
0028 FIG. 4 presents fluid paths through the synthesizer 
according to one embodiment of the present invention. 
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0029 FIG. 5 illustrates a diagram of a portion of the syn 
thesizer of FIG.3 that provides efficient mixing and pooling. 
0030 FIG. 6 is a graphic depiction of one type of static 
mixer that may be used to provide adequate mixing. 
0031 FIG. 7 is a graphic depiction of a helical type static 
mixer that may be used to provide adequate mixing. 
0032 FIG. 8 depicts top and schematic views of a splitter 
in accordance with one embodiment. 
0033 FIG. 9 is a graphic depiction of one embodiment of 
a mixing chamber that may be used to avoid trapping of solid 
phase Supports. 
0034 FIG. 10 is a three dimensional representation of one 
embodiment of a mixing chamber that may be used to avoid 
trapping of Solid phase Supports. 
0035 FIG. 11 is a process flow chart for set-up of an 
oligomer synthesizer according to one embodiment of the 
present invention. 
0036 FIG. 12 is a process flow chart for random oligomer 
synthesis using an oligomer synthesizer according to one 
embodiment of the present invention. 
0037 FIG. 13 depicts a diagram of a synthesizer adapted 
for use with a two column automated synthesizer according to 
one embodiment of the present invention. 
0038 FIG. 14 is a process flow chart for setting up an 
automated oligomer synthesizer according to one embodi 
ment of the present invention. 
0039 FIG. 15 is a process flow chart for random oligomer 
synthesis using an automated oligomer synthesizer according 
to one embodiment of the present invention. 
0040 FIG. 16 is one embodiment of an electronic control 
schematic suitable for use with the automated synthesizer of 
FIG. 13. 

DETAILED DESCRIPTION OF THE INVENTION 

0041 While the making and using of various embodi 
ments of the present invention are discussed in detail below, it 
should be appreciated that the present invention provides 
many applicable inventive concepts which can be employed 
in a wide variety of specific contexts. The specific embodi 
ments discussed herein are merely illustrative of specific 
ways to make and use the invention and do not delimit the 
Scope of the invention. 
0042. To facilitate the understanding of this invention, 
certain terms are defined below. Terms defined herein have 
meanings as commonly understood by a person of ordinary 
skill in the relevant arts. The terminology herein is used to 
describe specific embodiments of the invention, but their 
usage does not delimit the invention, except as outlined in the 
claims. 
0043 Combinatorial chemistry involves linking together, 
in an essentially step-wise fashion, identical or non-identical 
building blocks such as monomeric Subunits, chemical 
groups, and the like, to form libraries of new compounds. The 
term “library” as used herein refers to a collection of different 
individual molecules that have a common generic structure 
and are produced by combinatorial chemistry. Preferably, the 
library is designed to contain significant if not nearly equal 
representation of all possible different individual molecules 
that can be theoretically generated given the chemistry and 
added constituents, and, as used herein, the phrase “represen 
tational library” refers to such libraries. The present invention 
is applicable to the generation of representational libraries of 
compounds in various chemical classes including for 
example nucleic acids, peptides, oligosaccarides, and Small 
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organic molecules, such as for example pharmacophores Such 
as benzodiazepines and hydantoins, etc. 
0044) The term library in the context of the present inven 
tion also refers to the products of split combinatorial synthe 
sis of organic molecules having a common core structure or 
template which has a discrete number of independently vari 
able substituents, each of which can have one of a defined 
range of values. Such templates may have a number of dif 
ferent functional sites, including those where each site is 
amenable to a different coupling chemistry and where a plu 
rality of different substituents are introduced for binding to a 
different site at Succeeding coupling steps. Preferably prod 
ucts having significant if not nearly equal representation of 
each of these substituents will be present in the library. For a 
template containing three independently variable functional 
sites, X,Y and Z, and if X can be one of (m) different chemical 
moieties, Y can be one of (n) different chemical moieties and 
Z can be one of (p) different chemical moieties, then m, n and 
pare integers that define the size of the library, which would 
contain mxnxp different chemical compounds and all pos 
sible combinations of X, Y and Z would be present on the 
template within the library. See e.g. U.S. Pat. No. 6,004,823 
where a library of compounds based on N-(4-alkoxyphenyl)- 
N-acyl-benzylamine, N-(4-alkoxyphenylmethyl)-N-acyl 
benzylamine and N-2-(4-alkoxyphenyl)ethyl-N-acyl-ben 
Zylamine templates is disclosed in which the core compound 
is first split into three aliquots and reacted with 3 different 
phenol-amine compounds, pooled and split into 20 aliquots 
for reacting with 20 different carboxylic compounds, and 
finally pooled and split into 20 aliquots for reacting with 20 
different alcohols. The predicted size of the library is 1200 
different compounds. 
0045. Where the same group of monomers (for example 4 
different monomers) is added at each step, the calculation of 
numbers of different compounds is Xn, where X is the num 
ber of different monomers and n is the length of the polymer. 
The present invention provides for representational libraries 
of Such compounds through efficient mixing and redistribu 
tion as well as automated apparatus for Such synthesis. 
0046. The library of compounds may be disposed on par 

ticulate Supports in which each separate Supportbears a single 
structural species of the synthetic compound. Each Support in 
the library can contain one to many copies of the single 
structural species. If still bound to the support, the library may 
be referred to as a single bead library and the constituent 
species may be tested while bound to the Supports. Alterna 
tively, the structural species can be removed from the particu 
late Supports for further screening. 
0047. As used herein, the term "oligomer refers to a 
covalently associated chain consisting of 2 or more mono 
mers. A library of oligomers as used herein refers to a collec 
tion of oligomeric molecules each having constituent build 
ing blocks or monomers assembled in a different unique order 
(structural species). 
0048 Aptamers constitute one class of oligonucleotide 
molecules derived from combinatorial chemistry. Aptamers 
are oligonucleotides (double or single stranded DNA or RNA 
molecules) that fold into sequence dependant three dimen 
sional structures and are biologically active on the basis of 
resulting structure based interactions (such as decoys) or 
catalytic properties (such as antisense, ribozymes or siRNA). 
Identifying useful aptamers, or oligonucleotides having bio 
logic activity on the basis of tertiary structure, requires the 
generation of very large candidate libraries of random 
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sequence or backbone modification oligonucleotides as well 
as selection and amplification of the rare structures that are 
able to interact with a given template. Identification of 
aptamer structures in libraries of oligonucleotides having 
regions of defined sequence as well as randomized sequence 
and backbone modifications such as thioaptamers can be 
performed by in vitro selection and amplification by the poly 
merase chain reaction (PCR). As originally described, selec 
tion begins with a library of soluble oligonucleotides that is 
contacted with target compounds followed by partitioning of 
those nucleic acids having an increased affinity to the target 
from the candidate mixture. The partitioned nucleic acids are 
amplified by PCR and, in an iterative series of selection and 
amplification steps, enrichment and isolation of specific high 
affinity aptamers is obtained. See, e.g. Gold and Tuerk, U.S. 
Pat. No. 5,270,163, describing an in vitro combinatorial 
method for the identification of nucleic acid ligands. 
0049 Candidate libraries of random sequence oligonucle 
otides can be generated manually or by modifying the normal 
operation of sequence specific nucleic acid synthesizers. 
However, commercial nucleic acid synthesizers are specifi 
cally designed to produce defined sequence oligonucleotides 
by the sequential programmed stepwise addition and cou 
pling of single selected nucleotide bases. In order to generate 
random nucleic acid oligomers such as aptamers, commer 
cially available nucleic acid synthesizers have been adapted 
to perform “mixed' synthesis. This essentially constitutes 
“one-pot' synthesis in which a mixture of nucleotide bases is 
added in lieu of a single defined base at each coupling step. 
Using mixed one-pot synthesis, each bead contains a number 
of different oligonucleotide species which are later cleaved 
from the Support. 
0050 Split synthesis as originally adapted to generation of 
single bead peptide libraries has been recently applied to 
generate one-bead one-oligonucleotide libraries where each 
bead presents many copies of a single oligonucleotide 
sequence or species. (Yang X, Bassett SE, Li X, Luxon BA, 
Herzog NK, Shope R E. Aronson J. Prow T. W. Leary J. F. 
Kirby R. Ellington A D, Gorenstein D G. Construction and 
selection of bead bound combinatorial oligonucleoside phos 
phorothioate and phosphorodithioate aptamer libraries 
designed for rapid PCR-based sequencing. Nucleic Acids 
Research 30, e123 (2002) 8 pages: Yang X, Li X, Prow TW, 
Reece L. M. Bassett SE, Luxon BA, Herzog NK, Aronson J, 
Shope R E. Leary J.F. and Gorenstein DG. Immunofluores 
cence assay and flow-cytometry selection of bead-bound 
aptamers. Nucleic Acids Research 31 (10)(2003) e54. Goren 
stein DG, Luxon B. Herzog N and Yang XB, “Bead Bound 
Combinatorial Oligonucleoside Phosphorothioate and Phos 
phorodithioate Aptamer Libraries” (U.S. Ser. No. 10/272, 
509, filed 10-26-02: WO05/003291A2). 
0051. By incubating targets with the bead library, positive 
beads can be identified by staining and imaging. Although 
oligonucleotides are relatively chemically stable, they are 
particularly Susceptible to enzymatic degradation by 
nucleases. Controlled inclusion of modified residues such as 
thiophosphate (S-ODN) and dithiophosphate (S-ODN) resi 
dues is able to confer nuclease resistance and improve the 
binding properties of aptamers. See Gorenstein et al., U.S. 
Pat. No. 6,423,493. Currently it is not possible to produce 
S-ODN thioaptamers by the iterative in vitro solution-based 
combinatorial selection method because no polymerases are 
able to introduce the dithioate linkage during the required 
amplification step. Thus a split synthesis method is required 
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for these thioaptamers since a template containing dithioate 
linkages is able to serve as a template for polymerases (such 
as Taq polymerase) required to amplify the sequences on the 
single bead, allowing for identification of the thioaptamer on 
a single bead. 
0052 Application of split synthesis to the production of 
S-ODN and S-ODN modified one-bead random thioaptamer 
libraries is important, if not critical, to the co-selection of both 
nucleotide sequence and site of backbone modification. Yang 
etal. Nucleic Acids Research 30 (2002) e132. However, avail 
able DNA synthesizers are not designed for split synthesis. 
Thus, the products from each round of synthesis must be 
manually pooled and split for Subsequent rounds of synthesis. 
Such manual pooling is cumbersome, limits the applicability 
of the technique, and, where the products of each step are not 
adequately mixed, may result in unequal representation of all 
possible different individual molecules that can be theoreti 
cally generated given the chemistry and added constituents. 
0053. The number of different individual molecules con 
ceivably present in a combinatorial oligonucleotide library is 
calculated by the number of different potential nucleotides for 
each position in the oligonucleotide sequence. Thus, if any 
one of 4 different nucleotide bases A, T, G, and C could be 
present at each of five Successive positions in the oligonucle 
otide chain, the number of possible different sequences of 5 
bases in length is 4 or 1024. In an analogous sequence of 24 
bases, the possible different sequences is 4 or approxi 
mately 2.8x10". FIG. 2 depicts an example of the variety of 
sequences produced by 3 cycles using 4 different nucleotides. 
0054 The present invention provides a significant 
improvement to the generation of representational combina 
torial libraries by automated synthesis. Referring to FIG. 1, in 
one embodiment of the invention, a process for oligomer 
synthesis includes the following series of steps: 

0055 1) Establish synthesizer chambers or columns in 
the synthesizer, each one optionally dedicated to the 
addition of a single different subunit species at each 
cycle; 

0056 2) activated or reactive fluidized supports are 
evenly distributed into each column or chamber; 

0057 3) a first cycle reaction is initiated by establishing 
appropriate reaction conditions through addition, if 
needed, of Successive chemical reagents, followed by 
addition of individual subunits, each to its respective 
synthesizer chamber, and allowing covalent addition of 
the added subunit to the Supports according to the appro 
priate chemistry, or alternatively, by adding a second 
Subunit in the case where the Supports are Supplied with 
a first subunit or oligomeric chain already attached; 

0.058 4) treat the support with newly added subunit in 
accordance with appropriate chemistry as required, 
including if required, washing to remove excess 
reagents, then evenly flush Supports into common mix 
ing chamber through static mixer to thoroughly mix and 
pool together the products of the first random subunit 
reaction cycle; 

0059 5) evenly redistribute the pooled supports into 
each synthesizer chamber Such that each synthesizer 
chamber receives an equal distribution of pooled Sup 
ports; 

0060 6) initiate a next cycle by establishing the appro 
priate reaction conditions through the addition, if 
needed, of Successive chemical reagents, followed by 
adding the individual Subunits, each to its respective 
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synthesizer chamber, and allowing covalent addition of 
the added subunit to the Solid Support according to the 
appropriate chemistry; 

0061 7) repeat cycle until random oligomers of desired 
length are obtained. 

0062 Alternatively, the oligomeric chain may have sec 
tions that are non-random. For example, in a typical aptamer, 
at least the 5' and 3' terminus constitute preselected sequences 
of PCR primers and may be generated by first nonrandom 
programmed stepwise addition to Supports in one or more of 
the synthesis chambers. In addition a mixture of appropriate 
Subunits could be added at each step so as to produce a library 
of random libraries. 
0063 FIG. 2 depicts an example for oligonucleotide syn 
thesis wherein the variety of sequences produced by only 3 
cycles using 4 different nucleotides is presented in accor 
dance with the present invention where the numbers of solid 
Supports modified and thus the resultant random sequence 
population is representational at each position. In accordance 
with FIG. 2, each different species is added at each cycle in its 
own synthesizer column. The representational populations of 
FIG. 2 are obtainable because the present method and appa 
ratus provides complete mixing of the fluidized solid Supports 
during each pooling step followed by even distribution of the 
pool into each synthesizer column. Thus, as in the example of 
FIG. 2, an equal number of solid Supports evenly representing 
the pooled population will be distributed into each of 4 dif 
ferent synthesizer columns for addition of the next subunit. 
So, for example at cycle 1, 25% of the supports will bear an A 
at position 1, 25% will bear a Gat position 1, 25% will bear 
a T at position 1, and 25% of the supports will bear a C at 
position 1. After complete mixing and pooling, the Supports 
are redistributed to provide an equal number of beads into 
each column for the next cycle in which 25% of the popula 
tion will have an A added at position 2, 25% will have a G 
added at position 2 and so on. The result is that each position 
in the growing oligomer chains has an even distribution of 
Subunit species at that position. In accordance with the 
present invention, differences in reaction conditions and time 
of reaction can be accommodated Such that the relative per 
centage population at each cycle remains representational. 
0064. In contrast, for example, in the absence of complete 
mixing and redistribution, each subunit position can have an 
unequal distribution of representative species. Thus, only 
10% of the population might have an A at position 2, while 
40% might have a G at position 2. The effect of dispropor 
tionate addition can be amplified at each cycle, resulting in 
profoundly skewed subunit representation at one or more 
positions. 
0065 Referring to FIG.3, an embodiment of the invention 

is depicted. Individual synthesizer chambers, in this example 
columns 10, 20, 30 and 40 are provided, one for each different 
type of Subunit species to be included in the oligomer. Thus, 
for example, for an oligodeoxynucleotide oligomer having 
the subunit or monomer species of deoxyadenosine (dA), 
deoxythymidine (T), deoxyquanosine (dG), and deoxycyti 
dine (dC), four synthesizer columns can be used, one for each 
monomer species. If, for example further subunit species, 
such as phosphorothioate oligonucleotides (S-ODNs) and/or 
phosphorodithioate oligonucleotides (S-ODNs) or other 
base and backbone modifications are desired, these subunits 
can be added into one or more of the columns at a particular 
step or can be provided in further additional columns. 
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0066. In the depicted embodiment, taking a synthesizer 
chamber or column assembly 110 for reference (each of the 
plurality of chambers having similar basic components), the 
lower end of chamber 10 includes fritted lower aperture 11, 
wherein the porosity of the frit retains the fluidized solid 
Supports in chamber 10 during reaction steps while permit 
ting pressurized passage of reactants, reagents and flushing 
solutions in and out of the chamber through the fritted aper 
ture. Alternatively, in lieu of a singe bottom support frit, frits 
can be provided prior to the mixing valve 5 and the outlet 
reagent valve 3. The lower frit 11 is in fluid communication 
with an output assembly 17 including, in this embodiment, a 
mixing valve 5 and an outlet reagent valve 3. Although the 
diagram depicts the columns in a vertical position having 
valves on upper and lower ends, it is understood that the 
assembly can be driven by pressure driven fluids and could be 
in a number of orientations including a horizontal orientation. 
In the depicted embodiment, mixing valve 5 is in fluid com 
munication with conduit 51 for fluid communication, such as 
via conduit 52, with a reagent reservoir 54. Pressure actuation 
for moving fluid into and out of reservoir 54 is provided by a 
motive force Such as a pump, air cylinder or Syringe pump 56. 
In an alternative embodiment, fluid entering or leaving the 
chambers 10-40 is conveyed through a splitter box 50 prior to 
entering the reservoir 54 through conduit 52. In one preferred 
embodiment, the individual fluid paths between each cham 
ber 10-40 and reservoir 54 are essentially equivalent, so that 
the same Volume and pressure is deliverable to each column. 
As depicted in FIG. 4, outlet reagent valve 3 together with 
inlet reagent 12 together control a reagent fluid path for entry 
or exit of reactants or wash Solutions, or alternatively, for 
harvesting of oligomers cleaved from fluidized solid Supports 
at the completion of synthesis. 
0067. The upper portions of each chamber 10-40 include a 

fitted upper reagent inlet aperture 13 for the entry of reactants 
into the synthesis chambers. Entry into the fitted upper 
reagent inlet aperture 13 is controlled through input reagent 
valve 12. The top portion of each chamber 10 includes a valve 
controlled top column valve 14. A fluid communication is 
provided between each top column valve 14 and static mixer 
66 through fluid conduits leading from each column Such as 
conduits 15, 25, 35 and 45. In a preferred embodiment, the 
individual fluid conduits 15, 25, 35 and 45 between each 
column 10-40 and static mixer 66 are essentially equivalent 
relative to the volume and pressure that is deliverable to and 
from each chamber such that each chamber can be provided 
with essentially the same number offluidized supports during 
redistribution of the Supports after each pooling step. 
0068. In the depicted embodiment, conduits 15, 25.35 and 
45 are provided by tubing that leads from each column or 
chamber 10-40 to a plurality of fluid paths 62 disposed in 
splitter box 60 and leading to a single outlet 64 and further 
conveyed through static mixer 66 and on to mixing chamber 
68. As used herein, the term “splitter box” refers to a common 
fluid connection or port for combining fluid conveyed by 
multiple inputs. 
0069. The splitter box is disposed in fluid communication 
and in-line between the valve controlled mixing outlets 14 of 
each chamber and static mixer 66, which is in turn in-line and 
in fluid communication with mixing chamber 68. Mixing 
chamber 68 is in fluid communication with a reagent reservoir 
70 through valvable conduit 71. Pressure actuation for mov 
ing fluid into and out of reservoir 70 is provided by a motive 
force Such as a pump, air cylinder or syringe pump 72. 
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0070. One embodiment of the mixing assembly aspect of 
the synthesizer is depicted in FIG. 5, with individual aspects 
depicted in more detail in FIGS. 6-10. Referring to FIG. 8, in 
one embodiment, the splitter box is a block having equally 
dimensioned channels 62, one for each synthesizer chamber, 
and leading to common conduit or outlet 64. A variety of 
splitter box configurations can be generated, each having a 
number of inlet channels 62 that corresponds to the number of 
synthesizer chambers desired. 
0071 Referring to FIG. 6, an embodiment of static mixer 
66 is provided. As used herein, the term “static mixing 
means mixing by flowing through a conduit, channel, or pipe 
that has fixed internal elements. The internal elements create 
turbulent flow in fluids passing through the conduit. 
Examples of static mixers include cylindrical conduits having 
a pattern of protrusions into the interior of the conduit, such as 
for example a series of one or more bars 67 placed across the 
conduit, perpendicular to the flow path and in pattern pro 
vided by placing Successive bars differing longitudinal angles 
relative to the prior bar. Other static mixers that may be 
employed have internal helical elements such as a series of 
left and right twisting helical elements, typically placed at an 
angle of 90° to each other. 
0072. In one embodiment, the static mixer 66 comprises a 
conduit having a plurality of fixed bars 67 extending across 
the conduit and perpendicular to a fluid path. In an alternative 
embodiment as depicted in FIG. 7, static mixer 66 comprises 
a conduit having one or more fixed helical elements 65 within 
the conduit. The fixed elements induce turbulence in fluids 
flowing along the fluid path, thereby thoroughly and evenly 
mixing any constituents such as the fluidized supports leaving 
each synthesizer chamber for pooling in mixing chamber 68. 
As used herein, the term “even mixing refers to combining 
individual elements such that they cannot be easily distin 
guished or separated and Such that a given Volume will con 
tain an evenly distributed representation of each member of 
the population. 
0073 Referring to FIG. 9, mixing chamber 68 is config 
ured to limit trapping of the fluidized Supports. Thus as 
depicted in FIGS. 9 and 10, trapping can be avoided by the 
elimination of sharp angles such as relative adjoining wall 
angles of less than 90° in the interior 69 of the chamber. 
Alternatively, mixing chamber 68 can have rounded interior 
Surfaces such as with an oval or spherical configuration. 
Reagent reservoir 70 is in fluid communication with mixing 
chamber 68 through valve 71. 
(0074 As depicted in FIG. 3, valve 71 and frit 100 prevent 
fluidized Supports from entering the top reagent reservoir. In 
one depicted embodiment of FIGS. 3 and 4, solid reaction 
Supports Such as derivatized beads are added to the system 
through valve 71 through syringe 75. Many types and suppli 
ers of Suitable syringes are known in the art. For example, 
syringes such as SGE Jumbo syringes (ALLTECH Associ 
ates, Deerfield, Ill.) can be employed. Where the system is 
used to generate single bead oligomer libraries, the completed 
beads can be removed from the system through valve 71 as 
well. In one embodiment of the present invention, valve 71 is 
a manually operated three-way valve. Many types and Sup 
pliers of suitable three way manual valves are known in the 
art. For example, three way stopcock valves such as SELEC 
3+SC (stopcock) available from ALLIANCE MEDICAL 
(ALLMED, Independence, Mo.) can be employed. 
0075 Pressure actuation for moving fluid into and out of 
the reservoir is provided by a motive force Such as a pump, air 
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cylinder or syringe pump 56 and 72 as depicted in FIG. 3. For 
example, suitable air cylinders include the F-Series Air Cyl 
inders supplied by FABCO-AIR (Gainesville, Fla. 32609). As 
depicted in FIG.4, the concerted action of the various valves, 
Such as for example mixing valves 14 and 5 placed essentially 
at opposite ends of the column, together with pressure pro 
vided to either reservoir 70 or 54 create the mixing fluid path 
drives the direction of mixing fluid flow through the synthesis 
assembly 110. The pressure flow driven conveyance of the 
fluidized solid supports through the static mixer 66 provide 
thorough mixing by turbulent flow while avoiding shearing or 
damage to the Supports. 
0076. As shown in the embodiment of FIG. 4, a reagent 
fluid path through the column is controlled by the concerted 
action of reagent inlet valve 12 and reagent outlet valve 3, 
together with pressure provided by external reservoirs and 
pumps. For example, reagent reservoirs, pumps and program 
ming interface Supplying the reaction assembly of the present 
invention can be provided by a standard synthesizer that is 
designed to provide single or multiple column synthesis of 
oligomers of defined sequence. 
0077. In one embodiment of the present invention, the 
synthesis system is automated and is run by a programmable 
controller. The controller can have a graphical user interface 
(GUI). Two and three-way electromechanical valves are uti 
lized. Many types and Suppliers of Suitable electromechanical 
valves are known in the art. For example, two and three-way 
solenoid valves supplied by the PNEUTRONICS Division of 
Parker Hannifin (Fairfield, N.J.) can be suitably employed. 
The valves can be operated by many types of suitable con 
trollers known in the art. For example, ACR 2000 Controllers 
supplied by Parker Automation (Parker Hannifin, Rohnert 
Park, Calif.) have been suitably employed. 
0078 FIG. 11 depicts a sequence that can be run manually 
or can be automated for prepping a synthesizer in accordance 
with one embodiment of the invention. In an automated 
embodiment, the graphic user interface (GUI) queries 
whether the system is set up. If the answer is 'no', a further 
query as to whether the system is flushed is generated. If the 
answer is 'no', a flushing sequence is initiated, such as for 
example the sequence of FIG. 11. A desired number of col 
umns or synthesizers is set up in the system and fluid reser 
voirs are filled such as fluid reservoir 54 of FIG.3. Through a 
series of automated flushing steps and synchronous valve 
movement, all air is removed from the system, finally result 
ing in a signal that the system is fully flushed. In one embodi 
ment, a holding Syringe is then used to add the fluidized 
Supports to the system, such as through a manual stopcock 71 
of FIG. 3. FIG. 12 depicts one sequence of events for con 
ducting synthesis after the set up depicted in FIG. 11. As 
shown in FIG. 12, mixing valves are open when reagent 
valves are closed and visa versa depending on whether a 
reagent fluid path is engaged during a synthesis step or 
whether a mixing fluid path is engaged during a mixing and 
redistribution step. 
0079. In one embodiment of the invention, the reaction 
assembly for synthesis of oligomers of random sequence 
Subunits on fluidized solid Supports is a stand alone synthe 
sizer including pumps and bulk reactant containers. Alterna 
tively the reaction assembly can be an accessory or add-on 
equipment module to an existing synthesizer for the purpose 
of adapting the synthesizer to perform split combinatorial 
synthesis. 
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0080 For example, and in reference to FIG. 13, a standard 
two column DNA synthesizer for individual column synthe 
sis of oligonucleotides of defined sequence, such as, for 
example, the Applied Biosystems ABI 8908, can be adapted 
to essentially provide the reagent reservoirs, pumps and pro 
gramming interface Supplying the reaction assembly of the 
present invention which substitutes essentially for the reac 
tion columns of the existing synthesizer. The programming 
and fluid conduit arrangement depends on the characteristics 
of the commercial synthesizer. 
I0081 For example, with a two column synthesizer as the 
reagent input, the two input conduits can be optionally 
attached to four (or more) columns through Valves such as 
automated three way input valves 132 and 134 as shown in 
FIG. 13. In the embodiment depicted in FIG. 13, three way 
input valve 132 Supplies reactants from the commercial Syn 
thesizer to columns 10 and 30 through input or inlet reagent 
valve 12 (reagent valves are shown as RV in a corre 
sponding electronic schematic depicted in FIG. 16. Thus, 
inlet reagent valve 12 in FIG. 13 corresponds to RV12 in FIG. 
16 and input reagent valve 32 to RV32. Three way input valve 
134 supplies reactants to columns 20 and 40 through input 
reagent valve 22 (in corresponding FIG.16=RV22) and input 
reagent valve 42 (in corresponding FIG. 16=RV42). 
I0082 Also in reference to FIG. 13, and in the example of 
attachment to a two column synthesizer, the four outlet con 
duits return to the synthesizerthrough automated valves Such 
as three way outlet valves 136 and 138. In the embodiment 
depicted in FIG. 13, three way outlet valve 136 returns solu 
tions to the commercial synthesizer from columns 10 and 30 
through outlet reagent valve 3 (RV3) and outlet reagent valve 
33 (RV33). Three way outlet valve 138 returns solutions from 
columns 20 and 40 through outlet reagent valve 23 (RV23) 
and outlet reagent valve 43 (RV43). 
I0083. Using this example of a two column synthesizer 
such as, for example, the Applied Biosystems ABI 8908, to 
essentially provide the reagent reservoirs, pumps and pro 
gramming interface Supplying the reaction assembly of the 
present invention, all four columns are first loaded with the 
Solid reaction Supports such as derivatized beads from Syringe 
75 attached at valve 71 and through to each column 10, 20, 30 
and 40 via conduits 15, 25, 35 and 45 and the respective 
automated top two-way mixing valves 14, 24, 34, and 44. 
I0084. Afterwashing and prepping the system, the top mix 
ing valves 14, 24, 34, and 44 and the bottom mixing valves 5, 
125, 135, and 145 are closed and the ABI synthesizer is first 
asked to emulate a synthesizer run #1a by delivering different 
reactants through automated three-way valves 132 and 134 
and further through automated two-way inlet reagent valves 
12 and 22 respectively to columns 10 and 20. Frit 13 posi 
tioned in each of inlet valves 12, 22.32 and 42, can prevent 
loss of the Solid Supports through the inlet valves, just as 
bottom frit 11 in each column prevents loss of supports 
through either the bottom mixing valves 5,125, 135, and 145 
or the outlet reagent valves 3, 23, 33, and 43. Next, the ABI 
synthesizer is asked to emulate a synthesizer run #1b by 
delivering two further different reactants to columns 30 and 
40 also through automated three-way inlet valves 132 and 134 
and further through automated two-way inlet reagent valves 
32 and 42. The system can be adapted to control the reaction 
times and conditions on the columns either in sets or indi 
vidually prior to mixing at the end of each monomer addition. 
0085 Removal of reactants, and/or addition and removal 
of further chemical reactants is accomplished through coor 



US 2012/01 08469 A1 

dinated flow through open inlet reagent valves 12, 22.32 and 
42 and open outlet reagent valves 3, 23, 33, and 43. At the 
completion of each reaction, and withinlet and outlet reagent 
valves closed, automated top mixing valves 14, 24, 34, and 
44, as well as bottom mixing valves 5, 125, 135, and 145, are 
opened and a motive force is applied to flush the Supports up 
out of the columns and ultimately through static mixer 66 into 
mixing chamber 68. In one embodiment, the motive force is 
provided by such as by air pressure from air cylinder 56 which 
drives fluid from reservoir 54 up into each column. After 
mixing, the Solid phase Supports are evenly redistributed to 
the columns for the next monomer addition step. 
I0086 For one embodiment where the reaction assembly of 
the present invention is set up to run four columns and relies 
on a two column commercial synthesizer Such as, for 
example, the Applied Biosystems ABI 8908, to essentially 
provide the reagent reservoirs, pumps and programming 
interface for Supplying the reaction assembly, one possible 
relationship between reaction columns as depicted in the 
example of FIG. 13 and the columns and run cycles of a 
commercial two column synthesizer is shown below with one 
example of a corresponding process schematic depicted in 
FIGS. 14 and 15. FIG. 16 presents one example of a wiring 
schematic that can be used to operate the automated synthe 
sizer of FIG. 13. 

Column Commercial Synthesizer column Commercial Synthesizer Run 

10 1 1 
2O 2 1 
30 1 2 
40 2 2 

0087. In one working embodiment, Series 1 diaphragm 
type 3-way solenoid valves from the PNEUTRONICS Divi 
sion of Parker Instrumentation were found to be suitable 
although many types of controllable three way valves, and 
manufacturers thereof, are known to those of skill in the art 
and may be equally suitable. When used in conjunction with 
a commercial automated synthesizer, a relay circuit Such as 
that depicted in FIG. 16 has been used to run the automated 
sequence depicted in FIGS. 14 and 15 using the synthesizer 
depicted in FIG. 13. As previously discussed, the Input and 
Output Reagent Valves of FIG. 13 are designed for conve 
nience in the exemplified wiring schematic of FIG. 16 as 
“RV ”. The mixing valves of FIG. 13, such as auto 
mated top mixing valves 14, 24, 34, and 44, as well as bottom 
mixing valves 5, 125, 135, and 145, are depicted on FIG. 16 
as MV ''. Thus, for example, input reagent valve 12 in 
FIG. 13 corresponds to RV12 in FIG.16 just as input reagent 
valve 32 corresponds to RV32 and so forth. Mixing valve 14 
of FIG. 13 corresponds to MV14 of FIG. 16 and so forth. 
0088 For purposes of the present invention, the phrase 
“solid support’ means an insoluble material to which com 
pounds can be attached during a synthesis sequence and that 
can be transported entrained in a fluidized or phase Support 
Stream. 

0089 Suitable solid support materials include, but are not 
limited to inorganic or organic materials including controlled 
pore glass (CPG), glass, silica or silica containing materials, 
carbon, metals, polymers, plastics, and resins including poly 
styrene, polyacryloylmorpholide, polystyrene/latex, poly 
acrylate, polyacrylamide, agar, agarose, chemically modified 
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agars and agaroses, carboxyl modified teflon, nylon, nitrocel 
lulose, polysaccharides, and the like. The surfaces of the solid 
substrate may be composed of the same or different material 
as the interior of the support. 
0090 The surface of the solid supports can be or is chemi 
cally modified, functionalized or derivatized to present reac 
tive groups. Such as, for example, amino, carboxyl, hydroxyl, 
thiol groups etc., including linkers, for the attachment of 
nucleic acids, proteins, carbohydrate, Small organic mol 
ecules, etc. Other suitable solid support materials and the 
derivatization thereof are well known to those of skill in the 
art. 

0091. The term “bead' means any solid support that is 
generally spherical in overall dimension. Such beads may 
include, without limitation, beads that are oval, globular, 
fenestrated, etc. 
0092. In one embodiment of the present invention, meth 
ods and apparatus are provided for the generation of random 
oligonucleotide polymers. In the most typical oligonucle 
otide synthesis, synthesis is done on Solid Supports, often a 
Controlled Pore Glass (CPG) or polystyrene. Often the Sup 
port is supplied already derivatized with a first nucleotide 
base that is attached to a spacer arm via an ester linkage at the 
3'-hydroxyl. The support is loaded into a small chamber such 
as a column terminated with a porous frit which serves as the 
reaction chamber. The Support allows reactions to take place 
in the chamber, while allowing the removal of excess and 
spent reagents by filtration, thus eliminating the need for 
purification steps between base additions. The loaded column 
is attached to reagent delivery lines on the synthesizer and the 
chemical reactions proceed under computer control. Bases 
are added to the growing chain in a 3' to 5' direction, which is 
opposite to enzymatic synthesis by DNA polymerases. 
0093. In one phosphoramidite chemistry for oligonucle 
otide synthesis suitable for use in the present method and 
apparatus, the synthesis may be initiated by using dichloro 
acetic acid (DCA) or trichloroacetic acid (TCA) to cleave of 
the protecting 5'-dimethoxytrityl (DMT) group and thus mak 
ing available the 5'-hydroxyl. The next activation step 
involves the simultaneous addition to the reaction of a phos 
phoramidite derivative of the next nucleotide and tetrazole, a 
weak acid. The tetrazole protonates the nitrogen of the phos 
phoramidite thus creating a very reactive intermediate that 
couples rapidly with the added phosphoramidite. The 5'-OH 
group of the resulting terminal phosphoramidite is blocked 
with its DMT group. 
0094. A capping step can be used to terminate any unre 
acted chains that have free 5'-OH groups to become “failure 
products” by addition of acetic anhydride and 1-methylimi 
dazole. The DMT group of the successfully coupled products 
protects the 5'-OH end from being capped. The internucle 
otide linkage is then converted from a less stable phosphite to 
a phosphotriester by oxidation with iodine in a solution of 
THF, pyridine and water. After oxidation, the DMT group is 
removed with trichloroacetic acid and the cycle is repeated 
until the desired oligonucleotide chain is complete. 
0095. In one embodiment, random oligonucleotides are 
generated that include modified nucleotides such as phospho 
rothioate oligonucleotides (S-ODNs) or phosphorodithioate 
oligonucleotides (S-ODNs) in which sulfurs replacing one 
or both of the non-bridging phosphate oxygens bind to pro 
teins more tightly than unmodified oligonucleotides and have 
the potential to be used as diagnostic reagents and therapeu 
tics. 
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0096 All publications, patents and patent applications 
cited herein are hereby incorporated by reference as if set 
forth in their entirety herein. While this invention has been 
described with reference to illustrative embodiments, this 
description is not intended to be construed in a limiting sense. 
Various modifications and combinations of illustrative 
embodiments, as well as other embodiments of the invention, 
will be apparent to persons skilled in the art upon reference to 
the description. It is therefore intended that the appended 
claims encompass Such modifications and enhancements. 
We claim: 
1: A method for generating a library of random sequence 

oligomers, comprising the acts of: 
evenly distributing a pool of activated or prederivitized 

fluidized solid supports into each of a plurality of syn 
thesis chambers wherein at least one individual chamber 
is established for each different monomer subunit spe 
cies to be included in the random sequence oligomers, 

simultaneously conducting a random position addition 
reaction in each synthesis chamber whereby a random 
position monomer Subunit is added to the activated or 
prederivitized fluidized solid supports to create a differ 
ent sequence reaction product in each synthesis cham 
ber; 

mixing and pooling the different sequence reaction prod 
ucts by conveying the different sequence reaction prod 
ucts from each synthesis chamber through a static mixer 
and into a mixing chamber, 

redistributing, Substantially evenly, the pooled products 
back into each synthesizer chamber; 

conducting a next addition reaction in each synthesis 
chamber to add a next Subunit to the random sequence 
oligomer, and 

repeating the acts of mixing and pooling, redistributing and 
conducting to produce an oligomer of a defined number 
of subunits. 

2: The method of claim 1, wherein the random sequence 
oligomer is an aptamer and the prederivitized fluidized solid 
Support comprises a defined PCR primer sequence. 

3: The method of claim 2, wherein the aptamer is a thio 
aptamer. 

4: The method of claim 1, wherein the addition reaction is 
conducted by phosphoramidite chemistry. 

5: The method of claim 1, wherein the monomer subunits 
are phosphorothioate oligonucleotides (S-ODNs) or phos 
phorodithioate oligonucleotides (S-ODNs). 

6: The method of claim 2, wherein the defined PCR primer 
sequence is created in situ in at least one of the synthesizer 
columns following by conveyance through the static mixer 
and mixing chamber prior to being evenly distributed into 
each synthesizer chamber prior to conducting the random 
position addition reactions. 

7: The method of claim 2, wherein the defined PCR primer 
sequence is created in situ in a separate synthesizer column 
followed by even distribution into each synthesizer chamber 
prior to conducting the random position addition reactions. 

8: The method of claim 1, further comprising one or more 
additions of subunits without a mixing and pooling step, 
thereby generating one or more regions of defined sequence 
in addition to one or more regions of random sequence. 

9: The method of claim 1, wherein each chamber includes 
fritted reagent inlet and outlet apertures that are adapted to 
contain fluidized solid Supports within the columns during 
synthesis and wherein each chamber further includes at least 
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on non-fritted mixing aperture through which the fluidized 
Supports are conveyed out of the chambers for pooling and 
mixing. 

11: The method of claim 1 wherein the steps of the method 
are automated and controlled by a programmable controller. 

12: The method of claim 1, wherein the static mixer com 
prises a conduit intersected by fixed elements that create 
turbulence in the pressurized stream conveying the Solid Sup 
ports through the conduit. 

13: The method of claim 12, wherein the fixed elements 
comprise one or more bars intersecting the conduit. 

14: The method of claim 12, wherein the fixed elements 
comprise one or more helical elements longitudinally fixed in 
the conduit. 

15: The method of claim 1, wherein the mixing chamber is 
configured by elimination of sharp interior angles to limit 
trapping of the fluidized solid Supports. 

16: The method of claim 1, wherein a path of fluid flow 
through the synthesis chambers is established by action of at 
least one pressure controllable fluid reservoirs. 

17: The method of claim 11, wherein the path of fluid flow 
through the synthesis chambers is established by action of at 
least two pressure controllable fluid reservoirs which are dis 
posed at essentially opposite ends of the fluid flow path. 

18: The method of claim 1 wherein the solid support is 
selected from the group consisting of inorganic or organic 
materials including: controlled pore glass (CPG), glass, silica 
or silica containing materials, carbon, metals, polymers, plas 
tics, and resins. 

19: A method of generating a beadbound library of random 
sequence thioaptamers, wherein the library is generated by a 
process comprising the acts of 

establishing a plurality of individual synthesis chambers, 
wherein at least one synthesis chamber is established for 
each subunit monomer species to be included in the 
random sequence aptamers; 

distributing a pool of activated or prederivitized fluidized 
beads into each synthesis chamber, each bead having a 
plurality of sites for synthesis of an oligonucleotide; 

simultaneously conducting an addition reaction in each 
synthesis chamber to add an oligonucleotide Subunit to 
the activated or prederivitized fluidized beads: 

mixing and pooling the reaction products from each syn 
thesis chamber by conveying the reaction products from 
each synthesis chamber through a static mixer and into a 
common mixing chamber, 

redistributing, Substantially evenly, the pooled reaction 
products back into each synthesizer chamber, 

repeating the acts of mixing and pooling, redistributing and 
conducting to produce a bead bound library of random 
sequence thioaptamers, wherein the thioaptamer is gen 
erated by programmed addition of phosphorothioate oli 
gonucleotide (S-ODN) or phosphorodithioate oligo 
nucleotide (S-ODN) subunits at defined positions 
during the synthesis; and 

obtaining the bead bound library of thioaptamer from the 
synthesizer chambers. 

20: The method of claim 19, wherein each synthesizer 
chamber comprises a reagent fluid path selectively controlled 
by individual inlet and outlet reagent valves disposed on 
opposite ends of each chamber, and a mixing fluid path selec 
tively controlled by individual first and second mixing valves 
disposed on opposite ends of each chamber. 
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