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MULTIMOLECULAR DEVICES AND DRUG 
DELIVERY SYSTEMS 

FIELD OF THE INVENTION 

[0001] The instant invention relates to multimolecular 
devices for use in pharmaceuticals, medical devices, diag 
nostics, cosmetics, dentistry, nutraceuticals, agriceuticals, 
environmental remediation, industrial polymers, packaging, 
microelectronics, nanofabrication and molecular manufac 
turing. Molecular adhesives, adherents, adsorbents and mul 
timolecular sWitches, sensors, transducers and delivery sys 
tems are produced by template-directed molecular assembly 
and device integration. 

BACKGROUND OF THE INVENTION 

[0002] The development of effective and reliable multi 
molecular devices such as receptor-activated drug delivery 
systems, molecular-scale sensors, sWitches, transducers and 
actuators requires control over the relative position of mol 
ecules Within multimolecular structures. Molecules may be 
connected Within multimolecular structures by covalent 
attachment (i.e., chemical bonds) or noncovalent means, 
including self-assembly, speci?c binding, hybridiZation of 
complementary nucleic acid sequences, ionic bonding, 
hydrophobic interactions, intercalation, chelation and coor 
dination of metals. HoWever, precise, reproducible and 
scalable methods for production of useful synthetic multi 
molecular devices With positional control at the molecular 
scale have heretofore been lacking. 

[0003] Biological systems perform intricate functions 
through sophisticated molecular organiZation of complex 
molecules such as enZymes, antibodies, transmitters, recep 
tors and regulatory proteins. Such intricate functions include 
signal transduction, information processing, cellular repli 
cation, groWth and differentiation, biosynthesis, detoxi?ca 
tion and transduction of chemical energy into heat and Work. 
Wound healing, blood coagulation, muscle contraction, hor 
mone secretion and complement-mediated immunity, for 
example, all represent biological functions that depend on 
multi-tiered cascades of biochemical reactions performed by 
organiZed molecules. Transport of ions and metabolites, 
gene expression and protein assembly represent a feW of the 
many cellular functions that rely on concerted interaction of 
multiple organiZed biochemical systems. Efforts to simulate 
the productivity and efficiency of biomolecular machinery 
have been only marginally successful because of the inabil 
ity to recreate the structural organiZation of molecules and 
groups of molecules inherent in highly ordered biological 
systems. 

[0004] Biological systems have evolved tWo major capa 
bilities that enable molecular manufacturing and nanoma 
chinery far more sophisticated than chemical and biochemi 
cal methods developed by man. First, they have mastered the 
art of self-assembly, Wherein discrete molecules either spon 
taneously organiZe or are chaperoned into supramolecular 
assemblies that perform complex functions through con 
certed interaction of the constituent molecules. Second, the 
rate and direction of biological reactions is manipulated 
through compartmentaliZation of reactants, catalysts and 
products, most commonly through physical segregation by 
cellular or subcellular membranes. 

[0005] Efforts to develop self-assembling systems and 
microcompartmentaliZed biochemical reactions have esca 
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lated over the past several years. Historically, experimental 
approaches to self-assembly have been modeled after spon 
taneous association of lipids into monolayers and bilayer 
membranes. More recently, self-assembly has been 
attempted using lipid-protein mixtures, engineered proteins, 
branched DNA, and supramolecular chemistry. 

[0006] CompartmentaliZation has been attempted through 
a Wide range of approaches, including liposomes, microim 
mobiliZation techniques (e.g., photolithography) and tar 
geted delivery (e. g., therapeutic immunoconjugates). Micro 
scopic arrays of peptides and oligonucleotides have been 
achieved through light-directed combinatorial in situ syn 
thesis on silicon substrates. HoWever, the resolution of this 
technique is about a million-fold inadequate for ordered 
molecular arrays. Discrete resolution and manipulation of 
matter at the atomic level is being pursued through scanning 
tunneling microscopy and atomic force microscopy, but 
these techniques have not been developed for production 
scale preparation of molecular arrays. 

[0007] In a related area of bimolecular engineering, sev 
eral types of bifunctional or hybrid molecules have been 
developed for diagnostic imaging and targeted drug delivery. 
Some of these include: chimeric antibodies, particularly 
humaniZed antibodies designed to eliminate human anti 
mouse immune responses upon in vivo administration; 
bispeci?c antibodies, produced through enZymatic digestion 
of parent antibodies and controlled reconstitution using Fab 
fragments obtained from tWo different parents; conventional 
immunoconjugates, composed of a drug, toxin or imaging 
agent covalently attached or chelated to an antibody or 
antibody fragment through established immunochemical 
methods; and fusion proteins, most commonly immunotox 
ins for cancer therapy, generated from hybrid genes devel 
oped and expressed through recombinant methods. While 
these hybrid molecules, especially fusion proteins, provide a 
practical approach to controlled production of hybrid gene 
products, none of the above methods provides a uni?ed 
approach to directed multimolecular assembly. 

[0008] Many methods have been described for site-di 
rected attachment of effectors (e.g., enZymes, isotopes, 
drugs, ?uorophores) to antibodies, antigens, haptens and 
nucleic acid probes. HoWever, these methods represent bulk 
techniques that do not provide suf?cient speci?city for 
reproducible preparation of ordered molecular pairs, groups 
or arrays. Further, While these methods enable production of 
bifunctional conjugates, they do not provide for concerted 
interaction betWeen the constituent moieties (e.g., probe and 
reporter molecules). 

[0009] Branched DNA has been used as a carrier for 
accommodating large numbers of enZyme labels (e.g., alka 
line phosphatase), thus enabling biochemical ampli?cation 
of speci?c binding reactions in diagnostic assays. Scientists 
investigating branched DNA as a three-dimensional struc 
tural design system have speculated that natural mechanisms 
by Which drugs and particular proteins recogniZe and bind to 
speci?c sites on DNA could be applied to attach molecular 
electronic components to DNA for development of memory 
devices (Seeman (1993) Clin. Chem. 39:722). Seeman has 
also suggested attaching conducting polymers, such as trans 
polyacetylene or polyphenothiaZine, a PTL-ruthenium 
sWitch, and a redox bit into branched DNA structures. 
HoWever, he has not suggested using a single oligonucle 
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otide or hybridized pairs of oligonucleotides for coordinated 
placement of tWo or more different molecules Within a single 
DNA structure. He also has not suggested selecting or 
engineering nucleotides to achieve requisite af?nity for 
molecules that have no natural mechanism for recogniZing 
speci?c sites on DNA. 

[0010] Recognition and self-assembly are the tWo critical 
properties of chemical structures being explored in the 
rapidly advancing ?eld of supramolecular chemistry. This 
?eld focuses on the designed chemistry of intermolecular 
bonds. For example, 12-croWn-4-ether contains a central 
cavity that is highly speci?c for lithium. In fact, the com 
ponents of this ring structure Will self-assemble When 
exposed to a solution of lithium. CroWn ethers and related 
structures are being investigated for their utility as highly 
selective sensors, sieves, synthetic enZymes and energy 
transfer structures for use in arti?cial photosynthesis. Other 
emerging applications include molecular sWitches, diodes, 
transistors and molecular Wires, and it has been proposed 
that supermolecule interactions on thin ?lms may enable 
computers to be built around liquid-phase assembly reac 
tions. 

[0011] A general method is described in Cubicciotti, US. 
Pat. No. 5,656,739 Which provides for controlled placement 
of tWo or more selected molecules in appropriate spatial 
proximity to produce cooperative molecular assemblies. 
This method yields self-assembling multimolecular het 
eropolymeric complexes through use of synthetic het 
eropolymers or multivalent heteropolymeric hybrid struc 
tures comprising nucleotides having de?ned sequence 
segments With affinities for identi?ed molecules. 

[0012] Cubicciotti, US. Pat. No. 5,656,739 describes the 
advantages of synthetic oligonucleotides as assembly tem 
plates. Template-ordered molecules cooperate When brought 
into close spatial proximity, much like ordered biological 
molecules in living systems. Nucleic acids are particularly 
useful assembly templates not just because they can be 
selected to speci?cally bind nonoligonucleotide target mol 
ecules With high af?nity (e.g., Tuerk and Gold (1990) 
Science 249:505-510), nor because they can hybridiZe by 
complementary base pairing. More important, only nucleic 
acids are capable both of hybridiZing other nucleic acids and 
speci?cally binding nonoligonucleotide molecules. Both 
forms of recognition can be programmably synthesiZed into 
in a single molecule or hybridiZed into a single discrete 
structure. A single nucleic acid molecule With tWo different 
binding speci?cities (i.e., a synthetic heteropolymer) can be 
synthesiZed at the push of a button and tWo or more synthetic 
heteropolymers can be hybridiZably linked to one another. 

[0013] Nucleotide-directed molecular assembly provides 
a general solution to the problem of molecular positioning 
by exploiting several key attributes of synthetic oligonucle 
otides. First, oligonucleotides can be designed or selected, 
e.g., by combinatorial methods, to speci?cally bind mol 
ecules of nearly any siZe and shape With high af?nity, not 
simply other nucleic acids as once thought. Second, the 
informational properties of nucleotides enable reproducible 
synthesis of single oligonucleotides having tWo or more 
speci?c binding sites in de?ned spatial proximity Within a 
single molecule. Third, the base pairing properties of nucle 
otides enable the splicing of any tWo useful binding 
sequences into a single discrete structure (i.e., a bifunctional 
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hybrid structure) by programmable self-assembly (i.e., 
hybridization). Fourth, oligonucleotides comprising modi 
?ed nucleotides can be used to attach selected molecules 

(e.g., ligands, receptors, structural or effector molecules) at 
the 3‘ or 5‘ ends or at de?ned positions along the nucleotide 
sequence. Multivalent assembly structures can therefore be 
designed to speci?cally recogniZe different effector mol 
ecules and position them to perform cooperative functions 
such as energy transfer, signal transduction, multistep enZy 
matic processing, molecular sensing, molecular sWitching 
and targeted or triggered molecular delivery, release and/or 
activation, e.g., as particularly useful in drug delivery. 
Designer oligonucleotides can be cost-effectively produced 
at large scale using automated synthesiZers, and they can be 
conveniently attached to surfaces and nanostructures to 
permit self-assembly of immobiliZed devices and on-chip 
molecular arrays. 

[0014] Unnatural bases and modi?ed nucleotides compris 
ing synthetic oligonucleotides are useful as diagnostic 
reagents, molecular biology tools and probes of nucleic acid 
structure and function (e.g., Goodchild (1990) Bioconjugate 
Chemistry 1:165-187; Beaucage et al. (1993) Tetrahedron 
49:1925-1963). Prior art modi?ed nucleotides include natu 
ral bases linked by spacer arms to molecular reporters (e.g., 
spin labels, ?uorophores, quenchers, DNP, digoxigenin and 
biotin) and analogs designed to enhance duplex stability and 
chemical stability. Novel bases (i.e., analogs) include 
unnatural nucleotides designed to increase coding diversity 
(e.g., Piccirilli et al. (1990) Nature 343:33-37). Nucleic 
acids are useful materials for programmable self-assembly, 
because the bases and backbone can be extensively modi?ed 
Without compromising molecular recognition properties, 
stability or hybridiZation rates and Without destroying the 
relatively rigid structure of short duplex oligonucleotides. 
Several nucleotide positions can be modi?ed by addition of 
tethered substituents Without signi?cantly affecting duplex 
structure (e.g., the N2 and N7 positions of guanine, the N6 
and N7 positions of adenine, C5 position of cytosine, 
thymidine and uracil, and the N4 position of cytosine). 

[0015] It is Well knoWn that nucleotides can be modi?ed 
by covalent attachment of ligands (e.g., DNP, digoxigenin, 
biotin) and receptors (e.g., antibodies), but the art is silent 
With respect to use of nucleotides as positioning devices for 
attachment of multiple speci?c binding pairs in suitable 
juxtaposition to enable functional coupling betWeen, e.g., 
tWo speci?cally bound effector molecules. 

[0016] The instant invention describes nucleotide-based 
and nonnucleotide multimolecular structures and multimo 
lecular devices capable of positioning at least tWo speci?c 
recognition pairs (e.g., a pair of speci?c binding pairs, 
optionally including at least one shape recognition pair) 
Within close spatial proximity (i.e., Within functional cou 
pling distance). Disclosed herein are molecular templates 
comprising, imprinted from and/or mimicking multivalent 
nucleotides capable of positioning and functionally coupling 
multiple nucleotide or nonnucleotide molecules, at least one 
being a selected nonoligonucleotide molecule, to provide 
nucleotide-based and nonnucleotide multimolecular 
sWitches, multimolecular transducers, multimolecular sen 
sors, molecular delivery systems, drug delivery systems, 
tethered recognition devices, molecular adsorbents, molecu 
lar adhesives and molecular adherents. 
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[0017] Commercial applications include, e.g., therapeu 
tics, diagnostics, cosmetics, agriceuticals, nutraceuticals, 
industrial materials, consumer electronics, molecular-scale 
batteries, packaging, environmental remediation, sensors, 
transducers and actuators for aeronautic and military use, 
smart polymers, adsorbents, adhesives, adherents, lubri 
cants, biomimetically functionaliZed organic and inorganic 
semiconductors and carbon-based, silicon-based and gal 
lium arsenide-based membranes, devices and systems. 
Nucleotide-based templates can be designed to recogniZe 
structural molecules comprising, e.g., surfaces, parts, prod 
ucts and packaging materials for use as Willfully reversible 
and reusable molecular adhesives, adherents and adsorbents, 
and even biological surfaces. For example, template-di 
rected delivery of selected molecules to keratin comprising 
hair and nails enables precise and speci?c, Willfully revers 
ible, application of safe, lasting, yet reversible cosmetic 
dyes, pigments, liners and structural elements. Selection of 
ligands, receptors, aptamers and shape recognition partners 
from diverse sequence, chemical and shape recognition 
libraries enables novel cosmeceutical formulations capable 
of speci?cally decorating, strengthening, protecting, length 
ening and thickening hair, nails, eyebroWs and eyelashes. 
[0018] Templates comprising, e.g., synthetic heteropoly 
mers and multimolecular devices may also be used as 
dopants, additives, active ingredients or smart polymers 
comprising commercial chemicals, materials, products and 
packages, particularly polymers, gels, foams, Woven and 
nonWoven ?bers, plastics, papers, rubbers, coatings, cover 
ings, paints, poWders, sealants, adhesives and even recycled 
materials, particularly as smart polymers capable of per 
forming useful functions. Useful functions include, for 
example, stimulus-responsive molecular delivery, sWitch 
ing, sensing, transducing, and actuating changes in the 
internal or external environment or, alternatively, in the 
properties of the host material (e.g., shape, color, tempera 
ture, conductivity, porosity, rigidity, adhesiveness, odor). 
[0019] The ability to intimately combine Within a single 
multimolecular structure at least tWo speci?c recognition 
pairs With different speci?cities (i.e., With control over the 
relative positions of or distance betWeen constituent mol 
ecules) enables the design and construction of molecular 
scale devices including multimolecular sWitches, sensors, 
transducers, molecular delivery systems, adsorbents, adher 
ents, adhesives and lubricants. Multivalent molecular struc 
tures of the instant invention enable controlled positioning 
and optionally covalent crosslinking of multiple speci?c 
recognition pairs Within suitable intermolecular proximity to 
provide functional coupling betWeen members of the rec 
ognition pairs. Selected effector molecules can be conju 
gated to de?ned positions of nucleotide or nonnucleotide 
scaffolds to enable both controlled intermolecular position 
ing and functional coupling of conjugated effector molecules 
and recognition pairs. Selected molecules positioned by 
speci?c recognition using affinity-based templates can sub 
sequently be permanently or pseudoirreversibly attached to 
one another or to the template using Well knoWn chemical 
and enZymatic methods, e. g., covalent crosslinking reagents, 
ligases and synthetases. Alternatively, template-ordered 
molecules can be used as imprintable hosts for cast-and 
mold printing of nonnucleotide (e.g., plastic) templates and 
assemblies shaped by templated guest molecules. TWo mem 
bers of a speci?c binding or shape recognition pair or even 
tWo different speci?c recognition pairs can be tethered by 
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pseudoirreversible (e.g., covalent, avidin/biotin-based, or 
hybridiZation-based) incorporation Within a nucleotide 
based, aptameric, heteropolymeric or nonnucleotide device 
in such manner that speci?c binding and unbinding betWeen 
covalently connected molecules provides a useful, poten 
tially reversible function (e.g., stimulus-responsive binary 
sWitching) Without dissociative or diffusional loss or dilution 
of participating binding partners. The same tethering prin 
ciple is applied in hybridiZation-based multimolecular 
sWitches comprising tWo (or more) pairs of complementary 
de?ned sequence segments, all four constituent de?ned 
sequence segments being covalently attached to one another 
Within a single discrete structure, Wherein either one pair or 
the other is hybridiZed at any given time. Such tethered 
speci?c recognition devices may be nucleotide-based (i.e., 
relying on nucleotides for molecular positioning), or they 
may be constructed using a nonnucleotide scaffold, prefer 
ably a copolymer or heteropolymer or ?exible polymer 
comprising folds, bends, joints, hinges or branchpoints. 
Nucleotide-directed functional coupling betWeen selected 
molecules or speci?c recognition pairs can be used as a 
screening and selection criterion for identi?cation of de?ned 
sequence segments With desired recognition properties. 

OBJECTS OF THE INVENTION 

[0020] An object of the present invention is to provide 
synthetic heteropolymers that comprise a ?rst synthetic 
de?ned sequence segment capable of speci?cally recogniZ 
ing and covalently attaching a ?rst selected nonoligonucle 
otide molecule and a second de?ned sequence segment 
attached to the ?rst synthetic de?ned sequence segment With 
the proviso that the second de?ned sequence segment is not 
a ?xed, unconjugated primer-annealing sequence. The ?rst 
and second de?ned sequence segments may be attached 
directly or via a nucleotide spacer. The ?rst selected nono 
ligonucleotide molecule recogniZed by the ?rst synthetic 
de?ned sequence segment may comprise a speci?c binding 
partner of the ?rst synthetic de?ned sequence segment or a 
speci?cally attractive surface feature. The second de?ned 
sequence segment is capable of speci?cally recogniZing a 
second selected nonoligonucleotide molecule such as a 
speci?c binding partner or speci?cally attractive surface 
feature or speci?cally recogniZing a selected nucleic acid 
sequence. In this structure, the second de?ned sequence 
segment may also be capable of hybridiZing to a selected 
nucleic acid sequence or may comprise a conjugated de?ned 
sequence segment. 

[0021] Another object of the present invention is to pro 
vide heteropolymeric discrete structures that comprise a 
synthetic aptamer and a de?ned sequence segment attached 
to the synthetic aptamer. The de?ned sequence segment may 
comprise an aptamer, a nucleotide sequence that speci?cally 
binds or hybridiZes to a selected nucleic acid sequence, or a 
conjugated de?ned sequence segment. The de?ned sequence 
segment can be attached to the synthetic aptamer directly or 
via a nucleotide spacer. 

[0022] Another object of the present invention is to pro 
vide molecular adsorbents that comprise a solid phase and a 
multivalent template having a ?rst speci?c recognition ele 
ment speci?cally attached via the ?rst speci?c recognition 
element to the solid phase. The solid phase comprises an 
amphibious or speci?cally attractive surface. It is preferred 
that the multivalent template of the molecular adsorbent 
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have at least one other second speci?c recognition element 
capable of speci?cally recognizing a selected rionoligo 
nucleotide molecule or of speci?cally hybridizing a selected 
nucleic acid sequence. 

[0023] Another object of the present invention is to pro 
vide multimolecular adherents that comprise a speci?c rec 
ognition element and a ?rst selected molecule attached to the 
speci?c recognition element. The speci?c recognition ele 
ment speci?cally attaches, via speci?c binding or shape 
speci?c recognition, the ?rst selected molecule to a second 
selected molecule of an amphibious or speci?cally attractive 
surface. Thus, in one embodiment the second selected mol 
ecule comprises a speci?c binding partner of the speci?c 
recognition element While in a second embodiment, the 
second selected molecule comprises a speci?cally attractive 
surface feature. 

[0024] Another object of the present invention is to pro 
vide multimolecular adhesives that comprise at least tWo 
speci?c recognition elements capable of speci?cally attach 
ing and joining at least tWo surfaces. At least one of the 
speci?c recognition elements of the molecular adhesive 
speci?cally recogniZes an amphibious or speci?cally attrac 
tive surface. Speci?c recognition by the speci?c recognition 
element may result from speci?c binding of the recognition 
element to a selected molecule of an amphibious surface, 
speci?c recognition of a surface feature of a speci?cally 
attractive surface or hybridiZation to a nucleic acid sequence 
immobilized to the amphibious or speci?cally attractive 
surface. 

[0025] Another object of the present invention is to pro 
vide multivalent heteropolymeric hybrid structures that 
comprise a ?rst synthetic heteropolymer hybridiZably linked 
to a second synthetic heteropolymer. Each synthetic het 
eropolymer of this structure comprises at least tWo de?ned 
sequence segments. At least one de?ned sequence segment 
of the ?rst synthetic heteropolymer speci?cally recogniZes a 
selected nonoligonucleotide molecule, Which may be a 
speci?c binding partner of this de?ned sequence segment or 
a speci?cally attractive surface feature speci?cally recog 
niZed by this de?ned sequence segment. In one embodiment 
of this structure, at least one de?ned sequence segment of 
the second synthetic heteropolymer either speci?cally rec 
ogniZes a selected nonoligonucleotide molecule such as a 
speci?c binding partner of this de?ned sequence segment or 
a speci?cally attractive surface feature speci?cally recog 
niZed by this de?ned sequence segment or speci?cally binds 
a selected nucleic acid sequence. In another embodiment of 
this structure, at least tWo de?ned sequence segments of the 
second synthetic heteropolymer hybridiZe to selected 
nucleic acid sequences. At least one de?ned sequence seg 
ment of the second synthetic heteropolymer may also com 
prise a conjugated de?ned sequence segment. 

[0026] Another object of the present invention is to pro 
vide aptameric multimolecular devices that comprise a non 
aptameric speci?c recognition pair and a synthetic aptamer 
that speci?cally binds or shape-speci?cally recogniZes an 
aptamer target Wherein a member of the nonaptameric 
speci?c recognition pair is conjugated to the aptamer to form 
a conjugated aptamer. In a preferred mode of operation, the 
conjugated aptamer positions the aptamer target for func 
tional coupling With a member of the nonaptameric speci?c 
recognition pair. It is preferred that the conjugated aptamer 
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or the aptamer target comprises an effector molecule. In one 
embodiment, the nonaptameric speci?c recognition pair 
comprises a nucleotide ligand or a nucleotide receptor. The 
aptamer target may comprise a speci?c binding partner of 
the synthetic aptamer or a surface feature of a speci?cally 
attractive surface. 

[0027] Another object of the present invention is to pro 
vide tethered speci?c recognition devices that comprise a 
molecular scaffold and at least tWo members of a speci?c 
binding pair or shape-speci?c recognition pair. The mem 
bers of the speci?c binding pair or shape-speci?c recogni 
tion pair are covalently or pseudoirreversibly attached to the 
molecular scaffold. The members of the speci?c binding pair 
or shape-speci?c recognition pair may also be speci?cally 
and directly attached to each other. It is preferred that at least 
one member of the speci?c binding pair or shape-speci?c 
recognition pair comprise an effector molecule. The molecu 
lar scaffold of the tethered speci?c recognition device may 
comprise a nonnucleotide molecule or a replicatable nucle 
otide. One or more members of the speci?c binding pair or 
shape-speci?c recognition pair of this device may comprise 
an aptamer. 

[0028] Another object of the present invention is to pro 
vide tethered speci?c recognition devices that comprise a 
molecular scaffold and at least four members of tWo speci?c 
recognition pairs. Each member of the speci?c recognition 
pairs is covalently or pseudoirreversibly attached to the 
molecular scaffold of the device. In this device at least one 
of the tWo speci?c recognition pairs comprises a speci?c 
binding pair, a shape-speci?c recognition pair or hybridiZ 
able selected nucleic acid sequences. Further, speci?c 
attachment of the tWo members of one speci?c recognition 
pair precludes speci?c attachment of the tWo members of 
another pair. 

[0029] Another object of the present invention is to pro 
vide paired speci?c recognition devices that comprise a 
molecular scaffold and at least tWo different speci?c recog 
nition pairs conjugated to the molecular scaffold. At least 
one speci?c recognition pair of this device is capable of 
speci?c binding or shape-speci?c recognition, and it is 
preferred that at least one member of one of the tWo speci?c 
recognition pairs comprises an effector molecule. The 
molecular scaffold may comprise a nonnucleotide molecule 
or a replicatable nucleotide. The molecular scaffold of this 
device is preferably capable of positioning the speci?c 
recognition pairs for functional coupling betWeen at least 
tWo members of the at least tWo speci?c recognition pairs. 
At least one member of the tWo speci?c recognition pairs 
may comprise an aptamer. In one embodiment of the paired 
speci?c recognition device at least one member of the at 
least tWo speci?c recognition pairs is speci?cally and 
directly attached to its speci?c recognition partner. 

[0030] Another object of the present invention is to pro 
vide a nonaptameric multimolecular device that comprises a 
conjugated de?ned sequence segment and at least tWo 
different speci?c binding pairs or shape-speci?c recognition 
pairs. In this device, one member of each pair is conjugated 
to the conjugated de?ned sequence segment. The conjugated 
member of at least one of the pairs may comprise a modi?ed 
nucleotide, a nucleotide ligand or nucleotide receptor. The 
conjugated de?ned sequence segment of this device is 
capable of positioning the speci?c binding pairs or shape 
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speci?c recognition pairs for functional coupling between at 
least tWo members of the pairs. 

[0031] Another object of the present invention is to pro 
vide multimolecular drug delivery systems that comprise a 
multimolecular structure selected from a group consisting of 
aptameric multimolecular devices, heteropolymeric discrete 
structures, multivalent heteropolymeric hybrid structures, 
synthetic heteropolymers, tethered speci?c recognition 
devices, paired speci?c recognition devices, nonaptameric 
multimolecular devices, multivalent imprints, and immobi 
liZed multimolecular delivery systems Wherein the multi 
molecular structure contains a synthetic receptor that spe 
ci?cally recogniZes a drug or a selected target. 

[0032] Another object of the present invention is to pro 
vide immobilized multimolecular structures that comprise a 
solid support and a multimolecular structure immobiliZed to 
the solid support Wherein the multimolecular structure is 
selected from the group consisting of aptameric multimo 
lecular devices, heteropolymeric discrete structures, multi 
valent heteropolymeric hybrid structures, synthetic het 
eropolymers, tethered speci?c recognition devices, paired 
speci?c recognition devices, nonaptameric multimolecular 
devices, multivalent molecular structures, multivalent 
imprints, and multimolecular drug delivery systems. 

[0033] Another object of the present invention is to pro 
vide shape-speci?c probes that comprise a nucleotide-based 
or nonnucleotide recognition element capable of recogniZ 
ing a speci?cally attractive surface feature. Preferably, the 
recognition element comprises an aptamer, a nucleotide 
ligand or nucleotide receptor, or a selectable nonoligonucle 
otide molecule. 

[0034] Another object of the present invention is to pro 
vide multivalent imprints of multimolecular structures, 
Which comprise at least tWo speci?c recognition elements 
imprinted from the multimolecular structure. Multimolecu 
lar structures for preparation of these imprints may comprise 
aptameric multimolecular devices, heteropolymeric discrete 
structures, multivalent heteropolymeric hybrid structures, 
synthetic heteropolymers, or nonaptameric multimolecular 
devices. In one embodiment of the multivalent imprint, the 
imprinted speci?c recognition elements from the multimo 
lecular structure mimic the speci?c recognition elements of 
the multimolecular structure. In another embodiment, the 
imprinted speci?c recognition elements from the multimo 
lecular structure are capable of speci?cally recogniZing the 
speci?c recognition elements of the multimolecular struc 
ture. 

[0035] Another object of the present invention is to pro 
vide paired nucleotide-nonnucleotide mapping libraries that 
comprise a plurality of selected speci?c recognition partners 
capable of transposing a selected population of selected 
nonoligonucleotide molecules into replicatable nucleotide 
sequences. 

[0036] Another object of the present invention is to pro 
vide methods for selecting a single synthetic nucleotide 
molecule capable of recogniZing a selected target molecule 
comprising detecting a signal resulting from the proximity 
or functional coupling betWeen the single synthetic nucle 
otide and the selected target molecule. In this method, it is 
preferred that the single synthetic nucleotide be selected 
from a nucleotide library. The single synthetic nucleotide 
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molecule may comprise an aptamer that speci?cally recog 
niZes the selected target molecule and is capable of forming 
a single discrete structure comprising the aptamer and the 
selected target molecule or an aptamer-effector conjugate 
that speci?cally recogniZes the selected target molecule and 
is capable of forming a single discrete structure comprising 
the aptamer-effector conjugate and the selected target mol 
ecule, While the selected target molecule may comprise an 
effector molecule. In one embodiment, the single synthetic 
nucleotide molecule comprises a catalytic nucleotide such as 
a riboZyme, a catalytic DNA molecule or a nucleotide 
catalyst. In another embodiment, the single synthetic nucle 
otide molecule comprises a shape-speci?c probe that spe 
ci?cally recogniZes a surface feature of a speci?cally attrac 
tive surface. In this method the signal may be detected by a 
variety of techniques including, but not limited to, optical 
microscopy, ?oW cytometry or detection of a photon emitted 
by a signal-generating species. In a preferred embodiment, 
the signal is detected by single-molecule detection via 
scanning probe microscopy. These methods may further 
comprise ampli?cation of the selected single synthetic 
nucleotide molecule and nucleotide sequence determination 
of the selected single synthetic nucleotide molecule. 

[0037] Another object of the present invention is to pro 
vide methods for identifying a speci?cally attractive surface 
feature Which comprise contacting a surface library With a 
selected shape-speci?c recognition partner and detecting 
attachment of the selected shape-speci?c recognition partner 
to a speci?cally attractive surface feature of the surface 
library. In a preferred embodiment, the shape-speci?c rec 
ognition partner is detectably labeled and attachment is 
detected by single-molecule detection. 

SUMMARY OF THE INVENTION 

[0038] The present invention eXtends the teachings of 
Cubicciotti, US. Pat. No. 5,656,739 by providing speci? 
cally and optionally covalently assembled multimolecular 
structures and multimolecular devices comprising molecular 
machines. The term molecular machines is used herein to 
describe claimed compositions and methods of the instant 
invention, including aptameric multimolecular devices, het 
eropolymeric discrete structures, multimolecular delivery 
systems, multivalent molecular structures, molecular adsor 
bents, multimolecular adherents, multimolecular adhesives, 
multivalent heteropolymeric hybrid structures, synthetic 
heteropolymers, tethered speci?c recognition devices, 
paired speci?c recognition devices, nonaptameric multimo 
lecular devices, multivalent imprints, multimolecular drug 
delivery systems, shape-speci?c probes, paired nucleotide 
nonnucleotide mapping libraries, paired nucleotide-non 
nucleotide library-selected single synthetic nucleotides, 
paired nucleotide-nonnucleotide library-selected single syn 
thetic nucleotide imprints, immobiliZed multimolecular 
structures, speci?cally attractive surface features, multimo 
lecular sWitches, multimolecular sensors, multimolecular 
transducers, paired templates and paired molecular 
machines. 

[0039] Importantly, the instant invention discloses meth 
ods and devices that transpose the useful products and 
properties described by Cubicciotti, U.S. Pat. No. 5,656,739 
into nonnucleotide multimolecular devices, including mul 
tivalent imprints of nucleotide-based multimolecular struc 
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tures and speci?cally recognizable surface features compris 
ing chemically bland, optionally inorganic substrates, e.g., 
silicon and gallium arsenide. 

[0040] A variety of molecular-scale sWitches, sensors, 
transducers, molecular delivery systems and speci?c, Will 
fully reversible, adsorbents, adhesives and adherents are 
assembled from multivalent templates and scaffolds. The 
multivalent property of the templates provides control over 
the relative positions of molecules Within cooperative 
molecular assemblies comprising useful multimolecular 
devices. Innovative properties and products are achieved by 
template-directed assembly of cooperative pairs and groups 
of molecules. Synthetic heteropolymers are particularly 
Well-suited template materials. This invention is not speci? 
cally draWn to the properties of the template material, itself, 
but to the Wealth of useful devices that can be assembled by 
combining selected molecules Within a single multimolecu 
lar structure. A central inventive step of this disclosure is 
demonstration of the variety of different devices that can be 
prepared by either 1) tethering tWo members of at least one 
speci?c binding or shape-speci?c recognition pair to a 
common molecular scaffold, so the recognition partners may 
eXist in either of tWo states (e.g., speci?cally bound or 
dissociated) or 2) combining at least tWo different speci?c 
recognition pairs Within a single multimolecular structure, 
i.e., a pair of speci?c recognition pairs, each pair having tWo 
members. 

[0041] Combining a selected pair of selected speci?c 
recognition pairs Within a single multimolecular structure 
provides a vast array of useful molecular machines. What is 
truly surprising is the diversity of novel designs, functions 
and properties that can be achieved by applying this single 
unifying principle. Disclosed herein are multimolecular 
sWitches, multimolecular sensors, multimolecular transduc 
ers and multimolecular drug delivery systems prepared from 
paired speci?c recognition pairs. Multimolecular devices 
preferably comprise or mimic synthetic heteropolymers dis 
closed in Cubicciotti, U.S. Pat. No. 5,656,739. Nonnucle 
otide molecular scaffolds and templates are preferably biva 
lent, multivalent or heterofunctional molecules or polymers 
prepared by chemical, enZymatic and/or biological methods 
or mechanochemical synthesis, e.g., by nanomanipulation 
using proximal probes (e.g., SPM). Precursors may be 
biological, nonbiological, natural or synthetic monomers, 
polymers and/or selected molecules. 

[0042] Multimolecular sWitches, sensors, transducers, 
adhesives, adherents, adsorbents and delivery systems are 
prepared from multimolecular structures that can be 
imprinted or transposed betWeen nucleotide and nonnucle 
otide molecular media via paired nucleotide-nonnucleotide 
libraries. 

[0043] Multimolecular drug delivery systems comprising 
receptor-targeted prodrugs and tethered prodrug delivery 
con?gurations, provide the art With highly speci?c control 
over drug action by combining prodrug compositions With 
receptor targeting, triggered release and localiZed activation 
mechanisms. They are particularly useful, e.g., for improv 
ing safety, targeting ef?ciency, compliance and ef?cacy for 
indications bene?ting from single-dose, prolonged action or 
tissue-speci?c formulations, e.g., allergy, asthma, cancer, 
infection, vascular occlusion, psoriasis, arthritis and ?brosis. 
[0044] Tethered speci?c recognition devices provide the 
bene?ts of speci?c recognition Without the variability and 
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limitations of diffusible binding partners. They are particu 
larly useful, e.g., for molecular counting, search-and-destroy 
and sense-and-actuate applications, e.g., drug delivery and 
environmental remediation. 

[0045] Multimolecular adhesives provide the art With sur 
face bonding products relying on speci?c binding, comple 
mentary base pairing and speci?c surface attractivity. They 
are particularly useful, e.g., for precise bonding of micro 
machined and/or nanofabricated surfaces in proper register 
and for Willfully reversible assembly of products and pack 
ages. 

[0046] Multimolecular adherents provide the art With 
products that speci?cally attach a selected molecule or 
molecular function to a selected structure or surface, advan 
tageously in a Willfully reversible manner. They are particu 
larly useful, e.g., for feature-directed patterning of electro 
active and photoactive molecules on semiconductors, CDs 
and DVDs; safe and reversible targeting of cosmetics to hair 
and nails; and site-speci?c repair of skin irregularities, scars, 
Wrinkles and discolorations using target-directed cosmeceu 
ticals, structural molecules and pigments. 
[0047] Molecular adsorbents provide the art With materi 
als and surfaces having speci?cally attractive surface fea 
tures, i.e., structural shapes capable of speci?cally recog 
niZing and attaching selected molecules (i.e., ligands, 
receptors, structural molecules and effector molecules). 
They are particularly useful, e.g., as semiconductor sub 
strates and separation media for industrial puri?cation and 
processing. 
[0048] The invention also provides the art With single 
molecule selection methods that enable a heretofore-un 
knoWn recognition property to be identi?ed With single 
molecule resolution from a highly diverse nucleic acid 
library, including isolation, characteriZation and sequencing 
of the individual selected nucleotide. Single-molecule selec 
tion methods are particularly useful, e.g., for selecting 
aptameric and catalytic nucleotides for assembly of func 
tionally coupled multimolecular devices and molecular 
machines of the invention. 

[0049] The invention also provides the art With a method 
for screening and selecting diverse nucleotide libraries for 
functional coupling betWeen a donor and an acceptor spe 
cies. Selection based upon functional coupling is particu 
larly useful, e.g., for identifying cooperative molecular 
interactions (i.e., energy transfer, enZyme channeling) that 
cannot be resolved With prior art screening and selection 
methods. 

[0050] The invention also provides the art With methods 
for transposing or imprinting nucleotide-based molecular 
machines into diverse (e.g., plastic) nonnucleotide molecu 
lar media. Nucleotide-nonnucleotide imprinting and trans 
position are particularly useful, e.g., for development of 
molecular machines for industrial use, i.e., nonbiomedical 
applications. 
[0051] The invention also provides the art With a method 
to select a nucleotide-based mapping library capable of 
encoding the recognition properties of a selected population 
of selected nonnucleotide molecules in the form of a library 
of ampli?able nucleotide sequences. Mapping libraries are 
particularly useful, e.g., for amplifying, archiving and moni 
toring the recognition properties of a clinically relevant 
population of selected nonnucleotide molecules, e.g., anti 
bodies, disease markers or T cell antigens. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0052] Following is a glossary of terms used to describe 
the instant invention. Where the speci?cation is unclear or 
incomplete, the de?nitions set forth in the glossary are 
intended to prevail. 

Glossary 

[0053] The term “actuator” means a device or process 
capable of providing or performing useful Work (i.e., a 
desirable result) in response to a stimulus, e. g., an input from 
a user, operator, system, environment, sensor or transducer, 
including, but not limited to, useful Work resulting from, 
accompanying or mediated by the binding or activity of a 
nucleotide or nonnucleotide molecule comprising or capable 
of attaching to a nucleotide-based or nonnucleotide multi 
molecular device. Actuators of the present invention include 
devices that comprise, attach, are functionally coupled to or 
are capable of functionally coupling to multimolecular struc 
tures, molecular machines, paired molecular machines and 
systems comprising pairs, groups or netWorks of paired 
molecular machines. 

[0054] “AFM” is an abbreviation for “atomic force 
microscopy.” 

[0055] The term “amphibious surface” means a nonnucle 
otide surface that is able to operate in or on land, air, Water, 
in a vacuum, or in a gaseous, liquid, aqueous or organic 
?uid, solution, glass or suspension, or in any combination of 
these environments, so long as the surface is not a reagent 
binding or analyte-binding separation matrix of a speci?c 
binding or nucleic acid hybridiZation assay or a molecular 
recognition site capable of speci?cally binding or hybridiZ 
ing a drug or hormone (i.e., a drug or hormone receptor or 
pathophysiological target). “Nonnucleotide surface,” When 
used in reference to an amphibious surface, means a surface 
that does not comprise a heretofore-knoWn nucleotide-based 
molecular recognition partner unless and until modi?ed by 
a multimolecular device of the instant invention. A non 
nucleotide amphibious surface modi?ed by attachment of a 
nucleotide-based multimolecular device of the instant inven 
tion remains an amphibious surface despite the attachment 
of nucleotides comprising the multimolecular device. 
Amphibious surfaces are limited to nonnucleotide surfaces 
to distinguish molecular adherent-modi?ed and molecular 
adhesive-modi?ed surfaces of the instant invention from 
biological and nonbiological hybridiZable surfaces (e.g., 
immobiliZed nucleic acid probes and targets, in situ biologi 
cal nucleic acids, and biological recognition sites compris 
ing immobiliZed nucleic acids). Amphibious surfaces 
include, for example, surfaces of materials, parts, packaging, 
packing materials, people, products, vehicles, airports, train 
and bus stations, Wholesale and retail establishments and 
media and communication systems used for research, devel 
opment, manufacture, packaging, marketing, distribution, 
sales and support of commercial goods and services. Also 
included are surfaces comprising the homes, gardens, house 
holds, families and pets of consumers of commercial goods 
and services, excluding any home or of?ce testing product 
surfaces to Which molecular recognition reagents are immo 
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biliZed for use in speci?c binding or hybridiZation assays 
and further excluding immobiliZed or membrane-associated 
drug and hormone receptors that speci?cally bind or hybrid 
iZe to drugs or hormones. Docking surfaces of membrane 
associated receptors for drugs and hormones that speci?cally 
bind or hybridiZe to pathophysiological targets are not 
amphibious surfaces, nor are solid supports comprising 
diagnostic or analytical antibodies, antigens, DNA probes, 
drugs, hormones or hormone receptors immobiliZed on latex 
particles, ELISA plates, chromatography supports, electro 
phoretic gels, polystyrene beads or immunochromato 
graphic membranes (e.g., in home pregnancy tests). By 
contrast, the reagent surface of a home glucose test is an 
amphibious surface, as heretofore-knoWn home glucose 
tests do not comprise immobiliZed speci?c binding or 
hybridiZation reagents. A speci?cally attractive biological 
surface or structural shape is also an amphibious surface, so 
long as it is not a docking surface of a pathophysiological 
receptor that hybridiZes or speci?cally binds a drug or 
hormone. 

[0056] The terms “amplify” and “ampli?cation,” When 
used in reference to a molecule, nucleotide, target, popula 
tion or library, refer to methods, processes, reagents or 
devices for increasing the amount, mass, concentration, 
detectability or number of copies of at least one molecule, 
group, sequence, member, subset or structure comprising the 
molecule, nucleotide, target, population or library. 

[0057] The term “aptamer” means a single-stranded, par 
tially single-stranded, partially double-stranded or double 
stranded nucleotide sequence, advantageously a replicatable 
nucleotide sequence, capable of speci?cally recogniZing a 
selected nonoligonucleotide molecule or group of molecules 
by a mechanism other than Watson-Crick base pairing or 
triplex formation. Aptamers disclosed herein include, With 
out limitation, de?ned sequence segments and sequences 
comprising nucleotides, ribonucleotides, deoxyribonucle 
otides, nucleotide analogs, modi?ed nucleotides and nucle 
otides comprising backbone modi?cations, branchpoints 
and nonnucleotide residues, groups or bridges. Aptamers of 
the invention include partially and fully single-stranded and 
double-stranded nucleotide molecules and sequences, syn 
thetic RNA, DNA and chimeric nucleotides, hybrids, 
duplexes, heteroduplexes, and any ribonucleotide, deoxyri 
bonucleotide or chimeric counterpart thereof and/or corre 
sponding complementary sequence, promoter or primer 
annealing sequence needed to amplify, transcribe or 
replicate all or part of the aptamer molecule or sequence. 
Unlike prior art aptamers that speci?cally bind to soluble, 
insoluble or immobiliZed selected molecules (e.g., ligands, 
receptors and effector molecules), the instant term 
“aptamer” includes nucleotides capable of shape-speci?c 
recognition of chemically bland surfaces by a mechanism 
distinctly different from speci?c binding. Aptamers of the 
instant invention may be selected to speci?cally recogniZe a 
structural shape or surface feature comprising a chemically 
bland surface (e.g., a silicon chip or carbon nanostructure) 
rather than the chemical identity of a selected target mol 
ecule (e.g., a ligand or receptor). An aptamer may be a 
molecule unto itself or a sequence segment comprising a 
nucleotide molecule or group of molecules, e.g., a de?ned 
sequence segment or aptameric sequence comprising a syn 
thetic heteropolymer, multivalent heteropolymeric hybrid 
structure or aptameric multimolecular device. 
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[0058] The terms “aptamer-based” and “aptameric” mean 
comprising at least one synthetic aptamer. 

[0059] The term “aptamer conjugate” means a conjugate 
comprising an aptamer and a second molecule and includes 
aptamers comprising nonnucleotide molecules or moieties 
introduced during as Well as after nucleotide synthesis, e.g., 
by incorporation of derivatiZed nucleotides, nucleosides or 
nucleoside phosphates, labeled nucleotides, modi?ed nucle 
otides, biotinylated nucleotides, nucleotide ligands, nucle 
otide receptors, conjugated nucleotides, nucleotides deriva 
tiZed With nonnucleotide ligands or receptors, nonnucleotide 
molecules and the like. An aptamer conjugate is referred to 
herein as a synthetic aptamer if the conjugate is not here 
tofore knoWn to occur in nature, regardless of the nucleotide 
sequence comprising the aptamer. 

[0060] The terms “aptamer target,”“target,” and “selected 
target,” When used in reference to aptamer-target binding, 
mean a selected molecule, group of molecules or surface 
feature speci?cally recogniZed by an aptamer. The terms 
“aptamer” and “aptamer target” as used herein are distin 
guished from “ligands” and “receptors.” Although an 
aptamer and its target are speci?c binding partners and 
members of a speci?c binding pair, they are not referred to 
herein as ligands and receptors. The inventor’s leXicography 
in this regard is intended to avoid con?ict and contradiction 
arising from inconsistency and/or ambiguity in prior art 
usage of the terms ligand and receptor With respect to 
nucleic acids and aptamers. For eXample, the terms “nucleic 
acid ligand”“nucleic acid receptor,”“nucleic acid antibody” 
and “aptamer” are sometimes used interchangeably or inclu 
sively in the art, often Without explicit, precise or commonly 
accepted de?nitions. The terms “aptamer,”“ligand,”“recep 
tor” and “bispeci?c nucleic acid antibody” are indepen 
dently and autonomously de?ned herein to avoid misinter 
pretation of the instant speci?cation vis-a-vis prior art 
terminology. 

[0061] The term “aptameric device” means a discrete 
aptameric structure capable of providing functional coupling 
betWeen a selected molecule that is not an aptamer target, 
preferably a ligand or receptor or a molecule conjugated to 
a ligand or receptor, and a selected molecule that is an 
aptamer target, preferably an effector molecule and more 
preferably a signal-generating species or a drug. Aptameric 
devices of the instant invention include multimolecular 
sWitches, multimolecular transducers, multimolecular sen 
sors and multimolecular delivery systems comprising syn 
thetic aptamers or aptamer conjugates. 

[0062] The term “aptameric discrete structure” means a 
discrete structure comprising at least one aptamer. 

[0063] The term “aptameric multimolecular complex” 
refers to a synthetic heteropolymer comprising tWo different 
aptamer molecules directly attached or conjugated to one 
another or indirectly attached via a linker (i.e., a nucleotide 
spacer, spacer molecule, oligonucleotide linker or nonnucle 
otide linker) that joins the aptamers to form a discrete 
heteropolymeric structure capable of speci?cally recogniZ 
ing tWo different nonoligonucleotide molecules. 

[0064] The term “aptameric multimolecular device” 
means a multimolecular device comprising at least one 
synthetic aptamer comprising a conjugated selected mol 
ecule that is not the aptamer target, preferably a conjugated 
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nonaptameric speci?c recognition pair comprising a selected 
molecule capable of functional coupling With the aptamer 
target, preferably an effector molecule comprising the 
aptamer target. The synthetic aptamer is capable of speci? 
cally recogniZing the aptamer target, Which preferably com 
prises an effector molecule so as to provide functional 
coupling betWeen a selected molecule comprising the con 
jugated nonaptameric speci?c recognition pair and the 
aptamer target. The conjugated selected molecule may com 
prise a modi?ed nucleotide, or it may be attached to a 
nucleotide comprising the aptamer, preferably by direct and 
site-speci?c attachment. In a preferred embodiment, the 
conjugated selected molecule comprises a nucleotide ligand 
or nucleotide receptor, i.e., a nucleotide library-selected 
modi?ed nucleotide capable of speci?cally binding or 
shape-speci?cally recogniZing a selected target that is not 
the aptamer target. In this Way, the aptameric multimolecular 
device comprises at least tWo nucleotide library-selected 
recognition elements that speci?cally recogniZe tWo differ 
ent selected molecules, i.e., an aptamer that speci?cally 
recogniZes an aptamer target and a nucleotide ligand or 
receptor that speci?cally recogniZes a selected molecule or 
a surface feature of a speci?cally attractive surface. Advan 
tageously, the conjugated selected molecule (i.e., ?rst con 
jugated selected molecule) is indirectly attached to the 
aptamer, e.g., by speci?c recognition of a second conjugated 
selected molecule that is directly and preferably site-spe 
ci?cally and covalently attached to a nucleotide comprising 
the aptamer. In this mode of operation, the aptameric mul 
timolecular device comprises a paired speci?c recognition 
device, Wherein the ?rst and second conjugated selected 
molecules comprise a ?rst speci?c recognition pair and the 
synthetic aptamer and its selected target molecule comprise 
a second speci?c recognition pair. The aptameric multimo 
lecular device is advantageously capable of positioning a 
member of one speci?c recognition pair for functional 
coupling With a member of another speci?c recognition pair. 
At least one member of at least one speci?c recognition pair 
of an aptameric multimolecular device preferably comprises 
an effector molecule, more preferably a drug or a signal 
generating species. An aptameric multimolecular device 
preferably comprises at least one replicatable nucleotide 
sequence. 

[0065] The term “aptameric tethered speci?c recognition 
device” means an aptameric multimolecular device having 
tWo members of a nonaptameric speci?c recognition pair 
conjugated to an aptameric molecular scaffold. At least one 
member of the aptameric and/or nonaptameric speci?c rec 
ognition pair preferably comprises an effector molecule, 
e.g., the member is detectably labeled or speci?cally 
attached to a releasable or activatable effector (e.g., a 
prodrug or a signal-generating species). 

[0066] The term “assortment” means a plurality compris 
ing at least tWo different members. 

[0067] The term “attachment site” refers to covalent and/ 
or noncovalent site-directed attachment by methods includ 
ing, but not limited to, speci?c recognition and site-speci?c 
chemical modi?cation. 

[0068] The terms “bifunctional,”“trifunctional” and “mul 
tifunctional,” When used in reference to a synthetic het 
eropolymer or multivalent heteropolymeric hybrid structure, 
mean bivalent, trivalent or multivalent, as the case may be, 
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or comprising tWo, three or multiple speci?c recognition 
elements, de?ned sequence segments or attachment sites. 
When used in reference to a multivalent heteropolymeric 
hybrid structure, the terms “bifunctional,”“trifunctional” 
and “multifunctional” refer to the number of available 
and/or unoccupied speci?c recognition sites, excluding the 
hybridiZed sequences joining the constituent synthetic het 
eropolymers. When used in reference to a molecule, linker 
or crosslinking reagent, the terms “bifunctional,” trifunc 
tional” and “multifunctional” are used to describe the num 
ber of functional, chemical or reactive groups. 

[0069] The terms “binding domain” and “recognition 
domain,” When used in reference to a molecule or group of 
molecules, mean the portion or region of the molecule or 
group of molecules that is directly involved in binding or 
recognition. 

[0070] The terms “binding element,”“recognition ele 
ment” and “element,” When used in reference to a speci?ed 
activity, recognition property or docking surface of a mol 
ecule, group, segment, template, scaffold, multimolecular 
structure or imprint, mean the operative site, region, epitope, 
binding domain, catalytic domain, selected molecule, 
de?ned sequence segment or nucleotide comprising the 
speci?ed activity, recognition property or docking surface. 

[0071] The term “binding partner” means a member of a 
speci?c recognition pair, each member of the speci?c rec 
ognition pair being a binding partner of the other member. 

[0072] The term “biocompatible” means an exogenous 
substance that is relatively nonimmunogenic, nonallergenic 
and nontoxic When administered, contacted or attached to a 
biological organism. 

[0073] The term “biological recognition site” means a 
catalytic site, hybridiZation site or speci?c binding site 
comprising a member of a heretofore-knoWn recognition 
pair Whose members are biological molecules or biological 
nucleic acid sequences. A biological recognition site is the 
operative recognition site of a ?rst biological molecule or 
biological nucleic acid sequence heretofore knoWn to be a 
molecular recognition partner or catalytic recognition part 
ner of a second biological molecule or biological nucleic 
acid sequence. 

[0074] The term “biomimetic” means a nucleotide-based 
or nonnucleotide molecule, group, multimolecular structure 
or method that mimics a biological molecule, group of 
molecules, structure, system, process or principle, i.e., a 
mimetic of a biological composition, process or principle. 

[0075] The term “bispeci?c nucleic acid antibody” means 
a bivalent or multivalent aptameric device, synthetic het 
eropolymer or multimolecular device that is capable of 
speci?cally recogniZing at least tWo different target mol 
ecules. 

[0076] The term “bivalent,” When used in reference to 
nucleotide-based, aptameric and heteropolymeric discrete 
structures and nonnucleotide multimolecular structures, 
templates, scaffolds and molecules, means comprising at 
least tWo recognition sites or, in certain instances, precisely 
tWo speci?c recognition sites. When used in reference to a 
multivalent heteropolymeric hybrid structure, the terms 
“bivalent” and “bifunctional” mean precisely tWo de?ned 
sequence segments capable of speci?c recognition, exclud 
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ing the hybridiZed sequences joining the constituent syn 
thetic heteropolymers. In general, the term “bivalent” means 
at least bivalent and includes multivalent and multifunc 
tional compositions, e.g., multivalent multimolecular struc 
tures. 

[0077] The term “bivalent imprint” means a multivalent 
imprint comprising at least tWo recognition elements and 
optionally precisely tWo recognition elements. 

[0078] The term “catalytic recognition partner” refers to a 
molecule or group of molecules capable of interacting 
selectively in a catalytic or enZymatic reaction, i.e., a 
reaction involving the making or breaking of covalent bonds 
Which can be accelerated, facilitated, enhanced, modulated 
or practically enabled by a natural or synthetic enZyme or 
catalyst. Selective interaction means that a molecule pref 
erentially modulates the activity of a particular enZyme or 
catalyst relative to other molecules in a reaction mixture or 
that catalytic or enZymatic activity is modulated by rela 
tively loW concentrations of the molecule, preferably less 
than about millimolar concentrations. Molecules capable of 
selective interaction in catalytic and enZymatic reactions 
include, Without limitation, enZyme substrates, products, 
intermediates, coenZymes, cofactors, prosthetic groups, 
coordinated and chelated groups, regulatory factors, steric 
and allosteric modulators, inhibitors, mediators and the like. 
Catalytic recognition partners include, Without limitation, 
protein and nonprotein, nucleotide and nonnucleotide, 
organic and inorganic, speci?c, relatively unspeci?c and 
class-speci?c enZymes, catalysts, substrates, coenZymes, 
cofactors, inhibitors, regulatory factors and mimetics, 
imprints and conjugates thereof and progeny therefrom. 

[0079] The term “catalytic recognition site” refers to a 
recognition site comprising a catalytic recognition partner, 
i.e., a molecule or group of molecules that interacts selec 
tively in a catalytic or enZymatic reaction. 

[0080] The term “chemically bland,” When used in refer 
ence to a substance, structure, surface or material, means a 
composition comprising a nonbiological, synthetic, nonliv 
ing, planar or ?at surface that is not heretofore knoWn to 
comprise a speci?c binding, hybridiZation or catalytic rec 
ognition site or a plurality of different recognition sites or a 
number of different recognition sites that exceeds the num 
ber of different molecular species comprising the surface, 
structure or material. Chemically bland surfaces, structures 
and materials include, for example and Without limitation, 
semiconductors, synthetic (organic) metals, synthetic semi 
conductors, insulators and dopants; metals, alloys, elements, 
compounds and minerals; synthetic, cleaved, etched, litho 
graphed, printed, machined and microfabricated slides, sub 
strates, devices, structures and surfaces; industrial polymers, 
plastics, membranes and substrates; silicon, silicates, glass, 
metals and ceramics; Wood, paper, cardboard, cotton, Wool, 
cloth, Woven and nonWoven ?bers, materials and fabrics; 
and amphibious surfaces, solid supports, nanostructures and 
microstructures unmodi?ed by immobiliZation of recogni 
tion molecules. 

[0081] The term “complementarity,” When used in refer 
ence to nucleotides, means the stability, melting temperature 
or number, type or percent of complementary base pairs 
comprising a de?ned sequence segment, complementary 
sequence, duplex or hybridiZed pair of sequences, e.g., the 
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length, number of base pairs, number of complementary 
nucleotides, percent base pairing or G-C content comprising 
a de?ned sequence segment. 

[0082] The term “complex,” When used in reference to a 
pair or group of molecules, means at least tWo molecules 
attached to one another either reversibly, quasireversibly or 
pseudoirreversibly. 

[0083] The term “conjugate” means tWo or more mol 
ecules, at least one being a selected molecule, attached to 
one another in an irreversible or pseudoirreversible manner, 
typically by covalent and/or speci?c attachment. A ?rst 
selected molecule may be conjugated to a second molecule 
or to a nucleic acid sequence either indirectly, e.g., through 
an intervening spacer arm, group, molecule, bridge, carrier, 
or speci?c recognition partner, or directly, i.e., Without an 
intervening spacer arm, group, molecule, bridge, carrier or 
speci?c recognition partner, advantageously by direct cova 
lent attachment. A selected molecule may be conjugated to 
a nucleotide via hybridiZation, provided the selected mol 
ecule is tagged With an oligonucleotide complementary to a 
selected nucleic acid sequence comprising the nucleotide. 
Other noncovalent means for conjugation of nucleotide and 
nonnucleotide molecules include, e. g., ionic bonding, hydro 
phobic interactions, ligand-nucleotide binding, chelating 
agent/metal ion pairs or speci?c binding pairs such as 
avidin/biotin, streptavidin/biotin, anti-?uorescein/?uores 
cein, anti-2,4-dinitrophenol (DNP)/DNP, anti-peroxidase/ 
peroxidase, anti-digoxigenin/digoxigenin or, more gener 
ally, receptor/ligand. For example, a reporter molecule such 
as alkaline phosphatase, horseradish peroxidase, [3-galac 
tosidase, urease, luciferase, rhodamine, ?uorescein, phyco 
erythrin, luminol, isoluminol, an acridinium ester or a ?uo 
rescent microsphere Which is attached, e.g., for labeling 
purposes, to a selected molecule or selected nucleic acid 
sequence using avidin/biotin, streptavidin/biotin, anti-?uo 
rescein/?uorescein, anti-peroxidase/peroxidase, anti-DNP/ 
DNP, anti-digoxigenin/digoxigenin or receptor/ligand (i.e., 
rather than being directly and covalently attached) is said to 
be conjugated to the selected molecule or selected nucleic 
acid sequence by means of a speci?c binding pair. The term 
“conjugate” does not include an unmodi?ed sequence of 
nucleotides, referred to herein as a molecule, nucleic acid, 
nucleotide, de?ned sequence segment, nucleotide sequence 
or oligonucleotide. HoWever, oligonucleotides, aptamers, 
synthetic heteropolymers, de?ned sequence segments and 
selected nucleic acid sequences may be referred to as 
conjugates if a nonnucleotide molecule, group or moiety 
(e.g., biotin, digoxigenin, ?uorescein, rhodamine) is intro 
duced as a nucleotide analog, modi?ed nucleotide or nucleo 
side triphosphate before, during or after nucleic acid syn 
thesis. 

[0084] The term “conjugated aptamer” means an aptamer 
conjugate, e.g., an aptamer conjugated to a selected mol 
ecule or an aptamer comprising a conjugated nucleotide. 

[0085] The terms “conjugated selected molecule” and 
“conjugated molecule,” When used in reference to a de?ned 
sequence segment, also referred to herein as a “conjugated 
de?ned sequence segment,” mean either 1) a selected mol 
ecule or nonnucleotide molecule covalently or pseudoirre 
versibly attached to a de?ned sequence segment or 2) a 
de?ned sequence segment comprising a selected molecule or 
nonnucleotide molecule, e.g., a derivatiZed or modi?ed 
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nucleotide, nucleoside phosphate, nucleotide analog, nucle 
otide ligand or nucleotide receptor comprising a nonnucle 
otide molecule. Where a conjugated ?rst de?ned sequence 
segment of a bifunctional synthetic heteropolymer or mul 
tivalent heteropolymeric hybrid structure is used to position 
a ?rst selected molecule (i.e., the conjugated molecule) for 
functional coupling With a second selected molecule, the 
?rst and second selected molecules are different molecules 
and do not comprise a pseudoirreversibly or covalently 
attached ligand-receptor pair. In other Words, a de?ned 
sequence segment and a conjugated de?ned sequence seg 
ment of a bifunctional synthetic heteropolymer or multiva 
lent heteropolymeric hybrid structure are not directly 
attached (i.e., Without intervening nucleotide or nonnucle 
otide molecules) to the same selected molecule or covalent 
or pseudoirreversible ligand-receptor conjugate. The tWo 
de?ned sequence segments directly attach to tWo different 
molecules Whose assembly (i.e., attachment Within a single 
discrete structure) is brought about by the molecular posi 
tioning property of the synthetic heteropolymer or multiva 
lent heteropolymeric hybrid structure. Conjugated de?ned 
sequence segments may be produced by conventional 
nucleic acid synthesis using modi?ed or derivatiZed nucle 
otides (e.g., using biotin, ?uorescein, psoralen or acridine 
phosphoramidites) or by enZymatic labeling (e.g., using the 
modi?ed nucleoside triphosphates biotin-ll-dUTP, biotin 
14-dAT P or 8-aminohexyl-dATP) or chemical modi?cation 
(e.g., using a diamine, bis-hydraZide or heterobifunctional 
crosslinker) of a de?ned sequence segment. The term “con 
jugated de?ned sequence segment” does not mean or include 
a de?ned sequence segment hybridiZed to a selected nucleic 
acid sequence, unless the unhybridiZed selected nucleic acid 
sequence or de?ned sequence segment is conjugated to a 
selected molecule. In other Words, hybridiZed nucleotides 
sans attached nonnucleotide molecules are not referred to 
herein as conjugates. To position a conjugated selected 
molecule for functional coupling to a selected molecule 
speci?cally bound to a different de?ned sequence segment, 
3‘ and/or 5‘ end-labeling of a de?ned-length sequence is 
preferred, particularly 5‘-end labeling. The ef?ciency of 
functional coupling can then be optimiZed by varying the 
length, and optionally the composition, of the conjugated 
de?ned sequence segment. De?ned sequence segments 
internally labeled or modi?ed at de?ned nucleotide positions 
can also be used to effectively position conjugated selected 
molecules, as functional coupling can be optimiZed by 
varying the conjugation position. Conjugated de?ned 
sequence segments are synthetic de?ned sequence segments. 
In other Words, a conjugated de?ned sequence segment is 
considered synthetic, regardless of the nucleotide sequence 
of the unconjugated nucleotide. 

[0086] The terms “conjugated speci?c binding pair, con 
jugated speci?c recognition pair” and “speci?c binding pair 
conjugate,” When used in reference to a speci?c binding or 
shape recognition pair conjugated to a de?ned sequence 
segment, selected nucleic acid sequence, plastic segment, 
template, molecule or molecular scaffold comprising a mul 
timolecular structure, mean at least one member of the 
speci?c binding or shape recognition pair, optionally an 
aptamer, is conjugated to the multimolecular structure by 
covalent or pseudoirreversible attachment. The other mem 
ber of the pair is either speci?cally bound (or speci?cally 
attached) or capable of speci?cally binding (or speci?cally 
attaching) to its conjugated speci?c binding partner (or 
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structural shape recognition partner). For example, When 
one member of a speci?c binding pair is conjugated to a 
segment, template or scaffold comprising a multimolecular 
structure, the speci?c binding pair is referred to as conju 
gated to the multimolecular structure if and When both 
members of the speci?c binding pair are speci?cally bound 
to one another or present and available for speci?c binding 
to one another. An aptamer-target pair comprising an 
aptameric or heteropolymeric multimolecular device is a 
conjugated speci?c binding pair, provided the aptamer or 
aptamer target is covalently or pseudoirreversibly attached 
to a molecule or scaffold other than its binding partner, e.g., 
a nucleotide comprising a second de?ned sequence segment 
of a synthetic heteropolymer. When used in reference to a 
nucleotide-based or nonnucleotide multimolecular device, 
“conjugated speci?c binding pair,” and “speci?c binding 
pair conjugate,” mean that operation of the multimolecular 
device requires the presence of both members of the speci?c 
binding pair or, in the case of certain analyte-dependent 
sensors or target-dependent molecular delivery systems, that 
the device does not respond to a stimulus or deliver its 
payload until both members of the speci?c binding pair are 
present. In either case, a nucleotide-based or nonnucleotide 
multimolecular device is said to comprise a speci?c binding 
pair if and only if a useful function is performed by the 
device When both members of the speci?c binding pair are 
present and available for speci?c binding. HybridiZed 
nucleic acid sequences are not considered to be conjugated 
to one another, nor is a nucleic acid target considered to be 
conjugated or pseudoirreversibly attached to a nucleic acid 
probe. In other Words, the term “conjugated speci?c recog 
nition pair” does not mean or include a pair of hybridiZed 
nucleic acid sequences, i.e., a dupleX or double-stranded 
nucleotide. Hybridization may be used to pseudoirreversibly 
conjugate an oligonucleotide-tagged selected nonoligo 
nucleotide molecule to a nucleotide sequence, provided the 
oligonucleotide tag and nucleotide sequence comprise 
complementary sequence segments. HoWever, the hybrid 
iZed selected molecule-nucleotide product is referred to as a 
“conjugated selected molecule” or “conjugated de?ned 
sequence segment,” not a conjugated speci?c recognition 
pa1r. 

[0087] When used in reference to a ?rst de?ned sequence 
segment or selected nucleic acid sequence attached to a 
second de?ned sequence segment or selected nucleic acid 
sequence, the terms “conjugation,”“conjugate” and “conju 
gated” refer to covalent attachment. A pair or group of 
hybridiZed and/or speci?cally bound nucleic acids or nucle 
otide sequences is not referred to herein as a conjugate. 

[0088] The terms “cooperating,”“cooperative interac 
tions” and “cooperativity,” When used to describe molecules 
and the interactions betWeen and among molecules, mean 
proximity-dependent intermolecular Work or energy transfer 
and refer either to the ability of selected nucleotide or 
nonnucleotide molecules to interact positively or negatively 
to produce a desired result or to an effect on one molecule 
created by the presence of a second molecule or to an action 
or effect brought about by the proximity of tWo or more 
molecules or to the combined actions of tWo or more 

molecules on a third molecule or to a chemical, electrical, 
optical, thermal, mechanical, energetic or informational 
transformation of a system brought about by the additive or 
synergistic activities of at least tWo positionally controlled 
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molecules. Cooperativity includes functional coupling 
betWeen or among tWo or more molecules, reactions or 

processes. 

[0089] The terms “de?ned position,”“de?ned nucleotide 
position” and “positionally de?ned,” When used in reference 
to a nucleotide sequence, mean an identi?ed nucleotide, 
nucleotide analog, modi?ed nucleotide, monomer, residue, 
functional group, recognition site or attachment site at the 
N monomer of a de?ned sequence segment or a plurality of 
identi?ed nucleotides comprising a de?ned sequence seg 
ment beginning at the Nth monomer of a nucleotide 
sequence, Where “N” is an integer representing the number 
of monomers from one end of the nucleotide sequence to the 
identi?ed nucleotide or de?ned sequence segment. De?ned 
sequence segments and selected nucleic acid sequences of 
the instant invention may be labeled or modi?ed at de?ned 
positions by site-speci?c, site-directed and/or regiospeci?c 
attachment, conjugation and modi?cation methods knoWn in 
the art, including synthesis of oligonucleotides With modi 
?ed nucleotides, conjugated nucleotides, nucleotide analogs 
and spacer modi?ers at operator-speci?ed positions. Uni 
formly, randomly or arbitrarily labeled or modi?ed nucle 
otides are not considered herein to be labeled or modi?ed at 
de?ned positions, i.e., they are not considered positionally 
de?ned nucleotides. 

[0090] The term “de?ned sequence segment” means a 
selected, designed or identi?ed sequence of nucleotides and 
includes single-stranded, double-stranded, partially single 
stranded and partially double-stranded biological and syn 
thetic nucleotide sequences, advantageously replicatable 
nucleotide sequences. When used in reference to synthetic 
heteropolymers of the instant invention, the term “de?ned 
sequence segment” refers to either 1) a nucleotide sequence 
having a de?ned number of nucleotides or 2) a nucleotide 
sequence comprising a nucleotide analog, modi?ed nucle 
otide or conjugated nucleotide at a de?ned position or 3) a 
synthetic oligonucleotide or 4) a selected aptamer or 5) a 
selected, modi?ed or designed sequence of monomers, pref 
erably a single-stranded or double-stranded sequence of 
nucleotides, Which is capable of speci?cally binding to an 
identi?ed molecule or group of molecules or a selected 
nucleic acid sequence or of hybridiZing to a selected nucleic 
acid sequence or of positioning a conjugated selected mol 
ecule or speci?c binding pair for single-molecule detection 
and/or functional coupling to a different molecule or speci?c 
binding pair. De?ned sequence segments of the invention 
include partially and fully single-stranded and double 
stranded nucleotide molecules and sequences, synthetic 
RNA, DNA and chimeric nucleotides, hybrids, duplexes, 
heterodupleXes, and any ribonucleotide, deoXyribonucle 
otide or chimeric counterpart thereof and/or corresponding 
complementary sequence, promoter or primer-annealing 
sequence needed to amplify, transcribe or replicate all or part 
of the de?ned sequence segment. De?ned sequence seg 
ments as de?ned herein are not random-sequence nucleic 
acids or randomiZed sequences comprising nucleic acids, 
but they may be selected from miXtures of nucleic acids 
comprising random or randomiZed sequences. A nucleotide 
selected from a library comprising random-sequence nucle 
otides may be referred to herein as a de?ned sequence 
segment, even though the nucleotide sequence of the ran 
dom-sequence nucleotide remains unknoWn unless and until 
the nucleotide is selected and characteriZed. 
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[0091] The terms “de?ned sequence segment capable of 
speci?cally binding to an identi?ed molecule” and “de?ned 
sequence segment capable of speci?cally binding to a 
selected molecule,” When used in reference to a synthetic 
heteropolymer or aptameric device, refer to a de?ned 
sequence segment comprising an aptamer capable of spe 
ci?cally recogniZing a selected molecule or structural shape. 
De?ned sequence segments of the instant invention include 
aptamers capable of speci?c shape recognition, i.e., speci?c 
recognition of a structural shape or surface feature. A 
synthetic de?ned sequence segment capable of speci?cally 
binding a selected molecule is a nonnaturally occurring 
de?ned sequence segment comprising either a synthetic 
aptamer, in the case of a synthetic heteropolymer or 
aptameric device, or a conjugated speci?c binding partner, in 
the case of a nonaptameric multimolecular device. 

[0092] The terms “designer drug” and “designer drug 
delivery” refer to multimolecular structures and molecular 
machines comprising designer receptors. 

[0093] The term “designer receptor,” alternatively called a 
“selected receptor” or “synthetic receptor,” refers to a natu 
rally occurring, recombinant, biological, biologically pro 
duced or synthetic nucleotide or nonnucleotide molecule or 
group of molecules comprising a speci?c recognition partner 
selected from the group consisting of speci?c binding part 
ners, hybridiZable nucleic acid sequences, shape recognition 
partners, speci?cally attractive surfaces and speci?c recog 
nition pairs. Designer receptors are preferably capable of 
speci?cally recogniZing a drug or therapeutic receptor and 
advantageously include mimetic speci?c recognition part 
ners (i.e., receptor mimetics) that mimic or approximate the 
recognition speci?city of a selected target (e.g., a therapeutic 
receptor) for its recognition partner (e. g., a drug, hormone or 
transmitter). Designer receptors may further comprise or 
attach to catalytic recognition partners selected from the 
group consisting of enZymes, catalysts, biological recogni 
tion sites, biomimetics, enZyme mimetics and selected mol 
ecules and selected nucleic acid sequences capable of par 
ticipating in catalytic recognition reactions. Designer 
receptors are not limited to receptors comprising selected 
molecules, Which receptors are de?ned herein to be nono 
ligonucleotide molecules. Rather, designer receptors include 
not only nonoligonucleotide molecules (e.g., ligands and 
receptors), but also nucleotides (e.g., nucleotide ligands and 
nucleotide receptors) and oligonucleotides (e.g., aptamers 
and de?ned sequence segments capable of speci?cally bind 
ing or hybridiZing selected nucleic acid sequences). 

[0094] The term “device(s)” means a device or system that 
optionally or advantageously comprises paired devices. 

[0095] “Different molecular recognition pairs” means tWo 
molecular recognition or speci?c recognition pairs Whose 
four members comprise at least three different chemical 
identities. When used in reference to molecular machines or 
multivalent molecular structures capable of speci?cally rec 
ogniZing a surface feature, “different molecular recognition 
pairs” means “different speci?c recognition pairs,” i.e., tWo 
speci?c recognition pairs Whose four members comprise at 
least three different chemical identities, Wherein the mem 
bers may be capable of speci?c shape recognition. 

[0096] “Different speci?c binding pairs” means tWo spe 
ci?c binding pairs Whose four members comprise at least 
three different chemical identities. Exemplary pairs of dif 
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ferent speci?c binding pairs include, but are not limited to, 
tWo antigen/antibody pairs With different speci?cities (e.g., 
peroxidase/anti-peroXidase and ?uorescein/anti-?uores 
cein); tWo ligand/receptor pairs With different speci?cities 
(e.g., D-mannose/concanavalin A and biotin/avidin); a 
ligand/receptor pair (e.g., biotin/avidin) and an antigen/ 
antibody pair (e.g., digoXigenin/anti-digoXigenin); tWo dif 
ferent molecular effector conjugate/ligand pairs (e.g., avi 
din-peroXidase/biotin and avidin-glucose oXidase/biotin); 
and a nucleotide ligand-receptor pair and a nucleotide recep 
tor-ligand pair, Wherein the nucleotide ligand and nucleotide 
receptor are different modi?ed nucleotides selected, e.g., by 
combinatorial methods, to speci?cally bind a selected target 
molecule or tWo different selected target molecules. Even 
biotin/streptavidin and biotin/avidin are different speci?c 
binding pairs as de?ned herein, because the tWo speci?c 
binding pairs comprise three distinguishable chemical iden 
tities (i.e., biotin, streptavidin and avidin). The difference in 
chemical identity betWeen, e.g., streptavidin vs. avidin or 
avidin-peroxidase vs. avidin-glucose oXidase is not accom 
panied by a sufficient difference in biotin-binding speci?city 
to enable positional control of speci?c binding pairs. In other 
Words, a de?ned sequence segment that is biotinylated at 
each of tWo de?ned nucleotide positions does not provide 
the requisite chemical speci?city to attach avidin and 
streptavidin, on the one hand, or tWo different avidin 
effector conjugates, on the other hand, in an ordered and 
reproducible positional relationship to one another. Nucle 
otide-based templates and multimolecular devices disclosed 
herein, hoWever, are capable of positioning different speci?c 
binding pairs having similar and even indistinguishable 
binding speci?cities. When used in reference to molecular 
machines or multivalent molecular structures capable of 
speci?cally recogniZing a surface feature, “different speci?c 
binding pairs” means “different speci?c recognition pairs,” 
i.e., tWo speci?c recognition pairs Whose four members 
comprise at least three different chemical identities, Wherein 
the members may be capable of speci?c shape recognition. 

[0097] “Different speci?c recognition pairs” means tWo 
speci?c recognition pairs Whose four members comprise at 
least three different chemical identities. 

[0098] The term “discoverable,” When used in reference to 
molecules, matter, data, information, energy, methods, prin 
ciples, processes, compositions or applications, means 
knoWable and heretofore undiscovered, i.e., capable of 
becoming discovered and knoWn. 

[0099] The term “discrete aptameric structure” means a 
discrete structure comprising at least one synthetic aptamer 
and includes aptamer conjugates, aptamer-target compleXes, 
oligonucleotides comprising one or more copies of an 
aptamer sequence, aptameric devices and discrete het 
eropolymeric structures, optionally including promoter and 
primer-annealing sequences, e.g., for replication or ampli 
?cation of a de?ned sequence segment comprising the 
discrete aptameric structure. 

[0100] The term “discrete heteropolymeric structure” 
means a discrete structure comprising at least one synthetic 
heteropolymer and optionally including one or more 
attached nucleotide or nonnucleotide molecules, including, 
Without limitation, spacer molecules, nucleotide spacers, 
linker oligonucleotides, nonnucleotide linkers, selected mol 
ecules and selected nucleic acid sequences. A discrete het 
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eropolymeric structure comprises at least a ?rst de?ned 
sequence segment comprising an aptamer and a second 
de?ned sequence segment that is capable of speci?c recog 
nition or comprises a conjugated selected molecule. The 
second de?ned sequence segment comprises either an 
aptamer, a single-stranded, double-stranded, partially single 
stranded or partially double-stranded nucleotide sequence 
capable of hybridizing or speci?cally binding to a selected 
nucleic acid sequence, or a de?ned sequence segment 
capable of positioning a conjugated molecule Within suitable 
proximity to provide single-molecule detection or functional 
coupling betWeen the conjugated molecule and an aptamer 
target speci?cally bound to the ?rst de?ned sequence seg 
ment. Discrete heteropolymeric structures of the invention 
include synthetic heteropolymers, multivalent heteropoly 
meric hybrid structures and multimolecular heteropolymeric 
complexes. All discrete heteropolymeric structures are also 
discrete aptameric structures, but the converse is not true, 
i.e., not all discrete aptameric structures are discrete het 
eropolymeric structures. 

[0101] The term “discrete structure” refers to any single 
molecule or to any group of molecules comprising nucle 
otides, Wherein the molecules are bound to one another 
either covalently or through noncovalent interactions or, in 
the case of a multimolecular device, are required to speci? 
cally bind or dissociate during device function. Discrete 
structures of the present invention, also referred to herein as 
“discrete nucleotide structures” and “nucleotide-based dis 
crete structures,” include de?ned sequence segments, 
aptamers, aptamer-target complexes, nucleotide-based mul 
timolecular devices, discrete aptameric structures, discrete 
heteropolymeric structures, synthetic heteropolymers, and 
multivalent heteropolymeric hybrid structures comprising 
tWo or more hybridiZed synthetic heteropolymers, and mul 
timolecular heteropolymeric complexes comprising one or 
more nonoligonucleotide molecules speci?cally bound to 
one or more synthetic heteropolymers or multivalent het 
eropolymeric hybrid structures. A discrete structure com 
prising one synthetic de?ned sequence segment capable of 
speci?cally recogniZing a nonoligonucleotide molecule and 
another de?ned sequence segment capable of speci?cally 
recogniZing a nucleotide or nonnucleotide molecule is or 
comprises a synthetic heteropolymer, unless both de?ned 
sequence segments speci?cally recogniZe the same molecule 
or one unconjugated de?ned sequence segment hybridiZes to 
an unconjugated primer used for ampli?cation. 

[0102] The term “disease target” means a therapeutic 
target or pathophysiological target and includes therapeutic 
receptors and pathophysiological receptors. 

[0103] The term “divergent and self-sustaining,” When 
used in reference to cycles of expressing and transposing 
imprints and progeny of a selected target molecule or a 
selected population of selected target molecules using a 
polydiverse nucleotide library, refers to an iterative, parallel, 
simultaneous or sequential positive feedback process 
capable of generating an increasingly diverse assortment of 
molecular structures, shapes and activities Without hereto 
fore-known limits on achievable diversity. 

[0104] The term “docking surface,” When used in refer 
ence to a member of a recognition pair, means the operative 
points of contact, atoms, ?elds of electrostatic attraction or 
Connolly surface(s) that interact With corresponding points, 
atoms, ?elds or surface(s) of a recognition partner. 
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[0105] The terms “donor” and “acceptor,” When used in 
reference to functionally coupled libraries, are introduced 
herein as useful metaphors in respect of corresponding terms 
used to describe functionally coupled effector molecules. A 
donor library is capable of donating (i.e., providing or 
comprising) a member, property, activity or speci?city that 
can be recogniZed or imprinted by a member comprising an 
acceptor library. 

[0106] The term “drug” as used herein means a molecule, 
group of molecules, complex or substance administered to 
an organism for diagnostic, therapeutic, medical or veteri 
nary purposes. Drugs include externally and internally 
administered topical, localiZed and systemic human and 
animal pharmaceuticals, treatments, remedies, nutraceuti 
cals, cosmeceuticals, biologicals, devices, diagnostics and 
contraceptives, including preparations useful in clinical and 
veterinary screening, prevention, prophylaxis, healing, Well 
ness, detection, imaging, diagnosis, therapy, surgery, moni 
toring, cosmetics, prosthetics and forensics. The term “drug” 
may optionally be used in reference to agriceutical, Work 
place, military, industrial and environmental therapeutics or 
remedies comprising selected molecules or selected nucleic 
acid sequences capable of recogniZing cellular receptors, 
membrane receptors, hormone receptors, therapeutic recep 
tors, microbes, viruses or selected targets comprising or 
capable of contacting plants, animals and/or humans. 

[0107] “Effector molecules,” also referred to as “effector 
species,”“effectors” and “molecular effectors,” are selected 
nonoligonucleotide molecules or groups, complexes or con 
jugates of selected nonoligonucleotide molecules capable of 
transforming energy into Work, Work into energy, Work or 
energy into information, or information into Work or energy 
and include, but are not limited to, signal-generating species, 
stimulus-response molecules, response-generating mol 
ecules, enZymes, synthetic enZymes, drugs, catalytic anti 
bodies, catalysts, contractile proteins, transport proteins, 
regulatory proteins, redox proteins, redox enZymes, redox 
mediators, cytochromes, electroactive compounds, photoac 
tive compounds, supermolecules, supramolecular devices 
and shape-memory structures. 

[0108] “Electronic coupling” as used herein means func 
tional coupling relying on the transfer of electrons and 
includes, for example and Without limitation, single-electron 
transfer and coupling mediated by direct, through-space 
overlap of relevant donor and acceptor orbitals and by 
through-bond superexchange(s). Electronic coupling may 
occur by single-step or multistep processes Within a mol 
ecule or betWeen molecules positioned by noncovalent or 
covalent interaction(s), advantageously direct covalent 
bonding. 

[0109] “Enhancing or modulating detectability” means, 
Without limitation, controlling or in?uencing the siZe, shape, 
charge, structural properties, position, chemical composi 
tion, chemical identity, energy state, binding, activity or 
functional properties of a molecule; controlling or in?uenc 
ing the amount, mass, concentration, copy number or spatial 
location of a molecule, product, transcript, replicate, com 
plex, particle or structure; or controlling or in?uencing the 
relative positions of at least tWo molecules or the functional 
coupling betWeen them. 

[0110] The terms “evolving” and “evolution,” When used 
in reference to the information comprising or Willfully 
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accessible through paired or functionally coupled informa 
tional devices, mean learning. No effort is made to reconcile 
the instant use of the term “learning” With art-accepted 
de?nitions regarding machine learning, arti?cial intelligence 
or expert systems. 

[0111] “Functional coupling” and “functionally coupled” 
mean that at least tWo processes are connected by a common 
reaction, event or intermediate or that at least tWo compo 
sitions, Which may be molecules, species, substances, struc 
tures, devices, groups or combinations thereof, participate as 
donor and acceptor in the transfer of mass (e.g., molecules, 
atoms or subatomic particles) or energy (e.g., photons, 
electrons, kinetic or potential energy, entropy, enthalpy, 
Work or heat), or that tWo processes or compositions act on 
a third process, composition, disease or condition in an 

additive, partially additive or subtractive, mutualistic, syn 
ergistic, cooperative, combined or interdependent manner. 
Examples of functional coupling are Well knoWn in the art 
(e.g., Gust et al. (1993) Accounts of Chemical Research 
26:198-205; Sheeler et al. (1983) Cell Biology: Structure, 
Biochemistry, and Function, p. 203, John Wiley & Sons, 
Inc., NeW York; Saier (1987) Enzymes in Metabolic Path 
ways: A comparative Study of Mechanism, Structure, Evo 
lution, and Control, pp. 48-59 and 132-136, Harper & RoW 
Publishers, NeW York; Aidley (1989) The Physiology of 
Excitable Cells, Third Edition, p. 320, Cambridge Univer 
sity Press, Cambridge; Bray et al. (1957), Kinetics and 
Thermodynamics in Biochemistry, p. 135, Academic Press, 
New York; and Guyton (1971) Textbook of Medical Physi 
ology, Fourth Edition, p. 786, W. B. Saunders Company, 
Philadelphia). Functional coupling includes cooperativity 
betWeen or among tWo or more molecules. 

[0112] When used in reference to the interaction betWeen 
tWo recognition pairs, the terms “functional coupling” and 
“functionally coupled” mean that the binding or activity of 
a member of a ?rst recognition pair in?uences the binding or 
activity of a member of a second recognition pair or that 
members of both recognition pairs bind to or act upon a 
common substance, disease, condition or process in an 
additive, partially additive, combined or cooperative man 
ner. Members of both recognition pairs bind to or act upon 
a common disease or condition, for example, When tWo (or 
more) functionally coupled drugs and/or targeting elements 
bind or act in a combined, additive or synergistic manner at 
a single disease target or at tWo or more neighboring sites, 
receptors or targets. 

[0113] When used in reference to single-molecule detec 
tion of an aptamer, “functional coupling” means to enable 
detection of an individual aptamer-target complex or mul 
timolecular structure comprising a pair or group of mol 
ecules attached by nucleotides or, alternatively, to enable 
discrimination of an individual molecular complex or mul 
timolecular structure from an uncomplexed nucleotide or 
nonnucleotide molecule or plurality of molecules. 

[0114] The term “functionally coupled,” When used in 
reference to paired libraries or a library pair, means that at 
least one molecule (i.e., product) selected from a ?rst (i.e., 
donor) library (hereinafter a product of a donor library) is 
used as a selected target (i.e., precursor or substrate) for 
screening and/or selection of a second (i.e., acceptor) library. 

[0115] The term “functional element,” When used to 
describe a nucleotide, segment, template or selected mol 
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ecule comprising a multimolecular structure or molecular 
machine, refers to a nucleotide or nonnucleotide molecule, 
residue, site, sequence or group having a selected activity, 
property, speci?city, structure or function. Functional ele 
ments include, Without limitation, selected molecules, nucle 
otides, modi?ed nucleotides, selected nucleic acid 
sequences, de?ned sequence segments, recognition sites and 
replicates, clones, mimetics, recognition elements, partners 
and imprints thereof and progeny therefrom. 

[0116] The term “grafting,” When used in reference to 
attachment of a segment, template, multimolecular structure 
or molecular machine to a surface, means speci?c attach 
ment in such manner that at least one recognition domain or 
functional element is displayed on the surface in an oriented 
or polariZed manner that enables a useful function or desir 
able result, e.g., speci?c adsorption or extraction, solid 
phase separations, surface catalysis, speci?c recognition or 
catalytic recognition assays or processes, or scanning, imag 
ing and/or mapping of a displayed recognition domain or 
functional element using an analytical tool, e.g., scanning 
probe microscopy, laser scanning or a hyphenated method. 

[0117] The terms “group of” and “plurality of,” When used 
in reference to molecules, elements, recognition partners, 
libraries, sequences, receptors, drugs, recognition pairs and 
multimolecular structures, mean at least tWo. A member 
comprising a group or plurality of members may be either 
attached to another member or unattached. 

[0118] The terms “heteropolymer-based” and “heteropoly 
meric” mean comprising at least one synthetic heteropoly 
mer. 

[0119] The term “heteropolymeric discrete structure” 
means a discrete structure comprising at least one synthetic 
heteropolymer, i.e., at least a ?rst de?ned sequence segment 
comprising an aptamer and a second de?ned sequence 
segment that is a conjugated de?ned sequence segment or is 
capable of speci?c recognition, including imprints, progeny, 
replicates and mimetics of nucleotides comprising synthetic 
heteropolymers. Heteropolymeric discrete structures 
include, for example and Without limitation, a synthetic 
heteropolymer; a multivalent synthetic heteropolymer; a 
multivalent heteropolymeric hybrid structure; a multimo 
lecular complex; a pair or group of attached synthetic 
heteropolymers; a pair or group of attached nucleotides 
comprising a synthetic heteropolymer; a pair or group of 
attached nucleotide and nonnucleotide molecules compris 
ing a synthetic heteropolymer; a synthetic heteropolymer 
attached to a nucleotide or nonnucleotide molecule; a syn 
thetic aptamer attached to a de?ned sequence segment 
capable of speci?c recognition; a synthetic aptamer attached 
to a de?ned sequence segment comprising a conjugated 
molecule; a synthetic aptameric ?rst de?ned sequence 
attached via a nucleotide spacer, spacer molecule, oligo 
nucleotide linker or nonnucleotide linker to a second de?ned 
sequence segment capable of speci?c recognition; a syn 
thetic aptameric de?ned sequence segment attached via a 
nucleotide spacer, spacer molecule, oligonucleotide linker or 
nonnucleotide linker to a conjugated de?ned sequence seg 
ment; a plurality of nucleotide or nonnucleotide molecules 
joined by at least one synthetic heteropolymer; a synthetic 
?rst aptamer and at least a second aptamer conjugated to the 
?rst aptamer; a plurality of aptamers capable of speci?cally 
recogniZing different target molecules, Wherein the aptamers 
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are attached to one another either directly or indirectly; and 
any of these discrete structures comprising, attached to or 
capable of attaching to a molecule, nucleotide, complex, 
multimolecular structure, solid support or transducer sur 
face. 

[0120] “Hybridizing” refers to speci?c binding betWeen 
tWo selected nucleic acid sequences through complementary 
base pairing, i.e., hybridization of complementary 
sequences. Such binding is also referred to as Watson-Crick 
base pairing. The binding betWeen complementary nucleic 
acid sequences is preferably referred to as “hybridizing” or 
“hybridization” rather than “speci?c binding.” Conversely, 
binding betWeen noncomplementary nucleotide sequences is 
referred to as “speci?c binding,”“speci?c recognition” or 
“molecular recognition.” Hybridized, hybridizable, 
annealed and/or complementary nucleic acid sequences 
(e.g., strands comprising or capable of forming hybrids, 
duplexes or double-stranded regions) are not referred to 
herein as “speci?c binding partners” or “members of a 
speci?c binding pair,” but instead as “hybridized,”“hybrid 
izable” or “complementary” nucleotides. For hybridization, 
a suf?cient degree of complementarity is required such that 
stable and/or reproducible binding occurs betWeen tWo 
selected nucleic acid sequences. HoWever, perfect comple 
mentarity is not required and may not be preferred for 
embodiments relying on dissociation of a hybridized nucleic 
acid sequence, e.g., dissociation of a selected nucleic acid 
sequence from a de?ned sequence segment of a multimo 
lecular device concomitant either With hybridization of the 
de?ned sequence segment to a more complementary 
selected nucleic acid sequence or With high-af?nity speci?c 
binding to a selected molecule or selected nucleic acid 
sequence. “More complementary” means a second selected 
nucleic acid sequence having a relatively higher melting 
temperature, greater number of complementary nucleotides, 
longer complementary sequence segment, higher percent 
base pairing, higher G-C content or percent, or greater 
stability in hybridized form than a ?rst selected nucleic acid 
sequence. 

[0121] The term “immobilized” means insoluble, insolu 
bilized or comprising, attached to or operatively associated 
With an insoluble, partially insoluble, colloidal, particulate, 
dispersed, suspended and/or dehydrated substance or a mol 
ecule or solid phase comprising or attached to a solid 
support. When used in reference to a multimolecular drug 
delivery system of the instant invention (e.g., a multimo 
lecular structure comprising a designer drug, smaRTdrug, 
tethered recognition device, prodrug complex or multimo 
lecular device), the term “immobilized” refers either to a 
multimolecular structure that is itself insoluble or to a 
multimolecular structure that is rendered insoluble by 
attachment to a biological or biocompatible solid support. 
For example, a drug delivery composition may be immobi 
lized to a biocompatible solid support before administration, 
or it may be immobilized to a biological solid support during 
or after administration. 

[0122] The term “immobilized multimolecular structure” 
means a molecular machine of the invention that comprises 
or attaches to a solid support. In the case of multimolecular 
structures comprising a molecular adsorbent, multimolecu 
lar adherent or multimolecular adhesive, the solid support 
preferably comprises an amphibious or speci?cally attrac 
tive surface, optionally a chemically bland surface. 
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[0123] The terms “imprint” and “imprinted,” When used in 
reference to the process or product of imprinting a selected 
target, print molecule or multimolecular structure, refer to an 
antiidiotypic or anti-antiidiotypic (i.e., idiotypic) recogni 
tion partner and any recognition partner thereof comprising 
a corresponding antiidiotypic or idiotypic speci?city, i.e., a 
recognition partner that is capable of mimicking or recog 
nizing the selected target, print molecule or multimolecular 
structure. “Imprinting” means any process for producing an 
imprint or recognition partner of a molecule or multimo 
lecular structure or an imprint or recognition partner thereof, 
including, Without limitation, polymeric casting and mold 
ing, library selection of target-speci?c recognition elements, 
and transposition of a selected target through paired librar 
ies, preferably paired libraries comprising a nucleotide 
library. The imprint or recognition partner may be a ?rst, 
second or subsequent generation imprint or imprinted 
imprint, idiotype or antiidiotype, mimetic or antimimetic of 
a target recognition element, all of Which generations are 
referred to herein as imprints. An imprint may faithfully 
re?ect, recognize, mimic, replicate or approximate the rec 
ognition properties (e.g., speci?city, af?nity, kinetics) of a 
parent recognition element. Alternatively, an imprint may be 
a Weak, strong or moderate competitor, crossreactant, struc 
tural or functional analog, partial or mixed agonist or 
antagonist compared With its parent recognition element or 
a mimetic, recognition partner, replicate or mutation thereof 
or progeny therefrom, e.g., a product of molecular imprint 
ing, combinatorial selection, ampli?cation or transposition 
through a nucleotide library. 

[0124] The term “imprint library” means a mixture of 
molecules designed, selected, collected, evolved or modi?ed 
to comprise an idiotypic or antiidiotypic imprint molecule 
(i.e., a mimetic or antimimetic molecule) capable of mim 
icking, approximating, crossreacting With, competing With 
or recognizing a selected target comprising a selected mol 
ecule, selected nucleic acid sequence or surface feature. 

[0125] “Independent operability,” When used in reference 
to a de?ned sequence segment comprising a synthetic het 
eropolymer, means that the de?ned sequence segment com 
prising the synthetic heteropolymer retains the binding 
speci?city for Which it Was selected or designed, i.e., the 
desired speci?city of the de?ned sequence segment is not 
lost With incorporation into the synthetic heteropolymer. In 
other Words, the de?ned sequence segment remains operable 
independent of its incorporation Within the synthetic het 
eropolymer. 
[0126] The term “information” means the knoWledge 
comprising a set of data and all interactions among the data, 
including, e.g., implications and actionable results compris 
ing interactions among the data. “Known information” 
means information that is Willfully accessible. Unknown 
information may be either knoWable (i.e., discoverable) or 
unknoWable (i.e., undiscoverable). 
[0127] The term “information space” means the set of all 
sets of information, including knoWn information and 
unknoWn information. 

[0128] The term “informational device” refers to a syn 
thetic device, composition, product, medium, machine, pro 
gram, code, process, library, database or means for marking, 
displaying, representing, mapping, transposing, imprinting, 
embodying, storing, copying, imaging, simulating, model 
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ing, replicating, archiving, comparing, analyzing, contrast 
ing, searching, researching, conveying or transmitting data, 
information or instructions, particularly including molecular 
modeling, biocomputing, multifactorial search engines and 
hardware and software designed for ultrafast, high-capacity, 
high-performance approaches to interrogating, analyZing, 
comparing, contrasting, integrating, interpreting, mapping, 
transposing, modeling and simulating molecular structure, 
function and dynamics, including chemical composition, 
polymer sequence, secondary, tertiary and quaternary struc 
ture, three-dimensional shape, docking surfaces, intermo 
lecular dynamics, activity, catalysis and quantitative struc 
ture-activity relationships (QSAR). 

[0129] The term “informational system” means a pair of 
functionally coupled informational devices, i.e., paired 
informational devices. 

[0130] The term “instructions” refers to written or non 
written letters, words, numbers or numerals, recordings, 
transmissions, replicas, representations, facsimiles, pictures, 
signs, symbols, digital or analog data or code, static or 
dynamic images, audio, visual, tactile, olfactory or other 
sensory, perceptible, detectable or interpretable messages, 
data or information. Detection, deciphering, decoding, 
deconvolution or interpretation of instructions may be 
accomplished by sensory means or may require suitable 
instrumentation, e.g., a light source, laser, scanner, reader, 
transmitter, detector, sensor, transducer, transformer, ampli 
?er, actuator, magni?er, decoder, microphone, recorder, 
imaging system or the like. 

[0131] The term “intelligent,” when used in reference to 
an informational device(s) or system(s), means capable of 
learning. When used in reference to learning for willful 
purpose(s), intelligence requires either a functionally 
coupled system comprising an informational device and a 
human (and/or humanly introduced information source) or a 
functionally coupled paired informational device compris 
ing, attaching to, or capable of attaching to an external 
information source. 

[0132] The term “knowable,” when used in reference to 
molecules, matter, data, information, energy, methods, prin 
ciples, processes, compositions or applications, means 
capable of being known or discovered, i.e., not unknowable. 

[0133] The terms “knowable alternatives” and “know 
able,” when used to describe a preferred embodiment, 
composition, method or use of the instant invention, mean 
the inventor is aware that present and future alternatives and 
discoveries will eXtend and improve the described embodi 
ment, composition, method or use, such alternatives being 
predictable and likely derivatives or progeny of the instant 
invention. 

[0134] The terms “knowledge” and “known information” 
refer to information that is known, i.e., willfully accessible. 
“Knowledge” and “known information” are synonymous. 

[0135] The term “learning,” when used in reference to an 
informational device(s) or system(s), means that the domain 
of informational space comprehended by the device(s) or 
system(s) (i.e., device or system information) evolves in 
parallel with the evolving information domain encompassed 
by the term “heretofore known” (i.e., knowledge). 
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[0136] The term “(libraries)N” refers to nucleoplastic 
libraries and members of the set of all possible nucleoplastic 
libraries comprising nucleotide, nonnucleotide and paired 
libraries. 

[0137] The term “library” refers to a random or nonran 
dom mixture, collection or assortment of molecules, mate 
rials, surfaces, structural shapes, surface features or, option 
ally and without limitation, monomers, polymers, structures, 
functions, precursors, products, modi?cations, derivatives, 
substances, conformations, arrangements, shapes, features, 
activities, properties, energies, conditions, treatments, 
parameters, methods, processes, data or information. 

[0138] The terms “library pair” and “paired libraries” refer 
to at least two libraries capable of being functionally 
coupled, i.e., linked by a recognition pair, member or library 
comprising a target or probe, precursor or product, donor or 
acceptor that connects the libraries in diversity space. A 
paired nucleotide-nonnucleotide library is a paired library 
comprising a nucleotide library functionally coupled to a 
nonnucleotide library. 

[0139] The terms “library-selected” and “library selec 
tion,” when used in reference to a molecule, probe, product 
or imprint, refer to a heretofore-unknown or unidenti?ed 
nucleotide or nonnucleotide molecule (i.e., a selectable 
molecule) that becomes identi?ed by screening and/or selec 
tion of a library. Library-selected molecules include, e.g., 
selected molecules, de?ned sequence segments, selected 
nucleic acid sequences, shape-speci?c probes, modi?ed 
nucleotides, nucleotide ligands and nucleotide receptors 
identi?ed by library screening and/or selection, preferably 
screening and selection of nucleic acid libraries, modi?ed 
nucleotide libraries and nucleotide-encoded chemical librar 
ies. Heretofore-known selected molecules, by contrast, are 
themselves used as targets for screening and selection of 
nucleotides comprising aptamers, nucleotide ligands, nucle 
otide receptors, nucleotide catalysts, catalytic nucleotides 
and structural shape recognition probes. Once a library 
selected molecule is identi?ed and therefore becomes 
known, it may, in turn, be used as a selected target molecule 
for screening and selection of a nucleic acid library or 
nucleotide-encoded chemical library to identify heretofore 
unknown aptamers, nucleotide ligands, nucleotide receptors, 
nucleotide catalysts, catalytic nucleotides and structural 
shape recognition probes. 

[0140] The term “library-selected nucleic acid sequence” 
refers to a selected sequence, three-dimensional structure or 
activity comprising a nucleic acid, nucleotide and/or nucle 
otide-encoded nonnucleotide molecule selected from a miX 
ture comprising synthetic and/or biologically derived nucle 
otides, conjugated nucleotides and/or immobiliZed 
nucleotides. Library-selected nucleic acid sequences 
include, without limitation, any heretofore-unknown nucleic 
acid sequence, structure, activity, nucleotide analog, modi 
?ed nucleotide or nonnucleotide molecule, particularly 
including aptamers, riboZymes, catalytic nucleotides, nucle 
otide ligands, nucleotide receptors, nucleotide catalysts, 
structural shape probes, and sequences or structures com 
prising at least two recognition elements. Also included is 
any nucleic acid sequence comprising or attaching to a 
nucleotide or nonnucleotide molecule that is capable of 
functional coupling with another nucleotide or nonnucle 
otide molecule comprising a library. Importantly, screening 
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and selection of a nucleotide library for a nucleotide, nucle 
otide replicate, imprint, clone, derivative, mimetic or con 
jugate may be achieved by single-molecule detection meth 
ods disclosed herein. Also, selected molecules identi?ed by 
screening and selection of a nonnucleotide library by single 
molecule detection may advantageously be transposed into 
nucleotide space, enabling ampli?cation, sequencing, digital 
encoding, characterization and archiving of nucleotide 
imprints of nonnucleotide molecules and libraries. The 
importance of this capability Will be apparent to the skilled 
artisan on reading this disclosure. 

[0141] The term “ligand” means a selected nonoligonucle 
otide molecule capable of speci?cally binding to a receptor 
by af?nity-based attraction that does not involve comple 
mentary base pairing. Ligands include, but are not limited to, 
receptor agonists, partial agonists, mixed agonists, antago 
nists, response-inducing or stimulus molecules, drugs, hor 
mones, pheromones, transmitters, autocoids, groWth factors, 
cytokines, prosthetic groups, coenZymes, cofactors, sub 
strates, precursors, vitamins, toxins, regulatory factors, anti 
gens, haptens, carbohydrates, molecular mimics, print mol 
ecules, structural molecules, effector molecules, selectable 
molecules, biotin, digoxigenin, and congeners, crossreac 
tants, analogs, competitors or derivatives of these molecules 
as Well as library-selected nonoligonucleotide molecules 
capable of speci?cally binding to selected targets and con 
jugates formed by attaching any of these molecules to a 
second molecule. 

[0142] The terms “linker” and “linker molecule” refer to 
molecules or groups that are capable of joining tWo mol 
ecules and include, as the case may be, linker oligonucle 
otides, nucleotide spacers, spacer molecules, linker mol 
ecules and nonnucleotide linkers. 

[0143] The terms “linker molecule,”“linker” and “non 
nucleotide linker,” When used in reference to nonnucleotide 
molecules that link nucleotides, mean molecules and groups 
of molecules capable of joining at least tWo nucleotides 
either covalently or noncovalently. Nonnucleotide linkers 
include, for instance and Without limitation, spacer mol 
ecules, selected molecules capable of attaching tWo aptam 
ers (i.e., joining the tWo aptamers to form an aptameric 
multimolecular complex or synthetic heteropolymer), non 
nucleotide dendrimers, dendrons, peptides, proteins, non 
nucleotide linkages and bridges, nonnucleotide monomers, 
dimers and polymers, ligands (e.g., biotin, digoxigenin, 
FITC, DNP and peroxidase) and receptors (e.g., avidin, 
streptavidin and anti-digoxigenin, anti-FITC, anti-DNP and 
anti-peroxidase antibodies), lipids, sugars, polyethylene gly 
cols, cholesterol, fusion proteins, bispeci?c antibodies, 
chelating agents, intercalating agents, crosslinking agents, 
and nonnucleotide molecules comprising bifunctional, het 
erofunctional and multifunctional molecules and oligonucle 
otide linkers. 

[0144] The term “linker oligonucleotide,” also referred to 
herein as an “oligonucleotide linker,” refers to an oligo 
nucleotide sequence, plurality of oligonucleotide sequences, 
monomers or polymers, or a linker molecule capable of 
speci?cally binding or hybridiZing to tWo or more conju 
gated de?ned sequence segments or to second de?ned 
sequence segments of tWo or more synthetic heteropoly 
mers, thus joining the conjugated de?ned sequence seg 
ments or synthetic heteropolymers into a discrete structure. 
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An oligonucleotide linker may also join tWo or more nucle 
otides covalently or a ?rst nucleotide covalently and a 
second nucleotide noncovalently. Oligonucleotide linkers 
conjugated to selected molecules may also join pairs or 
groups of nucleotides by speci?c binding or by a combina 
tion of speci?c binding, hybridiZation and covalent attach 
ment. Alternatively, linker oligonucleotides may ?rst non 
covalently attach tWo or more nucleotides (e.g., by speci?c 
binding or hybridization) folloWed by covalent attachment. 
Examples of the linker oligonucleotide include, but are not 
limited to: an oligonucleotide; a stem-loop, bulged or 
pseudoknot structure having single-stranded ends capable of 
hybridiZing to the second de?ned sequence segments; a 
duplex, triplex or quadruplex structure having single 
stranded ends capable of hybridiZing to the second de?ned 
sequence segments; a branched-chain or branched-comb 
structure having de?ned sequence segments capable of 
hybridiZing to the second de?ned sequence segments; a 
nucleic acid dendron or dendrimer (e.g., Tomalia et al. 
(1993) In: Topics in Current Chemistry, pp. 193-245 
Springer, Berlin) or a dendron, dendrimer or other branched 
or hyperbranched structure attached to nucleotides compris 
ing de?ned sequence segments capable of hybridiZing to the 
second de?ned sequence segments; a nonoligonucleotide 
dimer, multimer or polymer comprising monomeric subunits 
attached to de?ned sequence segments of nucleotides 
capable of hybridiZing to the second de?ned sequence 
segments; a heteroconjugate comprising a nonoligonucle 
otide molecule or group of molecules attached to de?ned 
sequence segments of nucleotides capable of hybridiZing to 
the second de?ned sequence segments; a single-stranded or 
partially single-stranded nucleic acid molecule or group of 
molecules having a de?ned topology comprising de?ned 
sequence segments capable of speci?cally binding or 
hybridiZing to the second de?ned sequence segments; a 
double-stranded or partially double-stranded nucleic acid 
molecule or group of molecules having a de?ned topology 
comprising de?ned sequence segments capable of speci? 
cally binding or hybridiZing to the second de?ned sequence 
segments; and a cyclic oligonucleotide or circular structure 
having de?ned sequence segments capable of hybridiZing to 
the second de?ned sequence segments. Oligonucleotide 
linkers may advantageously comprise replicatable nucle 
otides. 

[0145] The terms “machine,”“machine learning,”“ma 
chine-directed” and “machine-intelligence,” When used in 
reference to an informational device or system, refer to 
products and processes comprising or enabled, facilitated or 
accelerated by informational devices of the invention, pref 
erably paired informational devices comprising informa 
tional systems, more preferably informational systems com 
prising or capable of attaching to an evolving information 
source or expert system. 

[0146] The term “mapping library” means a library com 
prising a plurality of selected recognition partners identi?ed, 
collected or accumulated by screening and/or selection of 
imprint libraries, preferably a diverse plurality of imprint 
libraries, to map, imprint, transpose, evaluate or characteriZe 
the recognition properties of a plurality of target molecules, 
preferably a selected population of selected molecules. In 
other Words, a preferably diverse plurality of selected nucle 
otides comprising a mapping library is used to transpose 
(i.e., imprint) the recognition properties of a selected popu 
lation of selected molecules into a selected population of 



US 2005/0089890 A1 

selected nucleotides (i.e., a “receptive audience”) compris 
ing the mapping library. The mapping library is optionally 
selected and evolved over time by accumulating selected 
imprint library members capable of recognizing at least one 
target molecule comprising a selected population of selected 
molecules, e.g., the set of immunoglobulin light chains or 
CD antigens comprising a fractionated pool of umbilical 
cord blood. Selection and accumulation of the selected 
population of selected nucleotide recognition partners com 
prising a mapping library from a plurality of imprint librar 
ies may be vieWed as a process of rejecting imprint library 
members that do not recogniZe at least one member com 
prising a selected population of selected molecules, advan 
tageously subjecting selected members to iterative cycles of 
rejection under conditions of variable and increasing strin 
gency and/or selection pressure. Mapping libraries include 
the set of nonrejected members folloWing iterative screening 
and selection of imprintable nucleotide libraries for speci?c 
binding and shape-speci?c recognition elements, optionally 
including selected speci?c recognition elements from nucle 
otide-encoded chemical libraries, e.g., nucleotide ligands 
and nucleotide receptors. 

[0147] The terms “materials,”“selected materials” and 
“identi?ed materials,” When used in reference to attractive 
surfaces and the selection of materials having heretofore 
unknoWn recognition properties, refer to chemically bland 
substances, amphibious surfaces and compositions compris 
ing selectable structural shapes and surface features made up 
of molecules, as distinct from the chemical identities or 
recognition properties of the constituent selected molecules 
themselves. The term “recognition property,” When used to 
describe a selected material, refers to the speci?c attractivity 
of a structural shape or surface feature and does not include 
the heretofore-known recognition properties of the selected 
molecules comprising the material. Materials, structures, 
structural shapes, surfaces and surface features of the instant 
invention can be selected for the ability to recogniZe and 
speci?cally attach selected molecules and nucleotides. Con 
versely, selected molecules and nucleotides of the invention 
are capable of recogniZing and speci?cally attaching to 
selected materials, structures, structural shapes, surfaces and 
surface features. Aselected molecule With heretofore-known 
recognition properties that attaches or makes up a material 
or surface is preferably referred to herein as, e.g., an 
immobiliZed molecule or a solid support, solid phase or solid 
phase reagent. 

[0148] The term “mixture” means a composition compris 
ing a plurality of molecules or at least tWo different sub 
stances that are not chemically bound to each other. 

[0149] The terms “modi?ed nucleotide” and “derivatiZed 
nucleotide” mean synthetic bases, i.e., nonnaturally occur 
ring nucleotides and nucleosides, particularly modi?ed or 
derivatiZed adenine, guanine, cytosine, thymidine, uracil 
and minor bases. Although there is substantial overlap 
betWeen the terms “modi?ed” and “derivatiZed,” modi?ca 
tion tends to relate broadly to any difference or alteration 
compared to a corresponding natural base, Whereas deriva 
tiZation refers more speci?cally to the addition or presence 
of different chemical groups, i.e., modi?cation by the addi 
tion of chemical groups, functional groups and/or molecules. 
Although there is also overlap betWeen the terms “modi?ed 
nucleotide” and “nucleotide analog” as used herein, “modi 
?ed nucleotide” typically refers to congeners of adenine, 
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guanine, cytosine, thymidine, uracil and minor bases, 
Whereas “nucleotide analog” further refers to synthetic bases 
that may not comprise adenine, guanine, cytosine, thymi 
dine, uracil or minor bases, i.e., novel bases. 

[0150] The terms “molecular adsorbent” and “mimetic 
adsorbent” refer to an amphibious, chemically bland, spe 
ci?cally attractive, modi?ed or imprinted solid phase, mate 
rial, surface or structure comprising or speci?cally attaching 
a multimolecular structure or multimolecular device, pref 
erably a multimolecular structure comprising a multivalent 
template, or having a recognition property introduced by 
grafting, templating, copying, imprinting or transposing a 
segment, conjugated segment, multivalent template or mul 
timolecular structure, or having a recognition property iden 
ti?ed by screening and/or selection of a surface library for a 
speci?cally attractive surface feature. 

[0151] The term “molecular attractor” means a plastic 
segment or plastic template used to generate and test hypoth 
eses regarding the prospective participation of selected 
template recognition sites and template-ordered recognition 
partners in cooperative molecular interactions. 

[0152] The term “molecular binding speci?city,” When 
used in reference to speci?c binding, means molecular 
recognition betWeen speci?c binding partners and does not 
include speci?c surface attractivity or structural shape rec 
ognition. 
[0153] The term “molecular complex,” When used in ref 
erence to a pair or group of molecules, means at least tWo 
molecules attached to one another either reversibly, quasire 
versibly or pseudoirreversibly. 

[0154] The terms “molecular delivery” and “molecular 
delivery system” refer to a multimolecular structure capable 
of speci?cally recogniZing, binding or storing, and trans 
porting, carrying, providing, presenting, delivering and/or 
releasing a nucleotide or nonnucleotide molecule to a 
selected target, receptor, site, region, proximity or destina 
tion. A molecular delivery system comprises at least tWo 
different recognition sites or pairs capable of functioning in 
an additive or cooperative manner, e.g., to deliver a selected 
molecule or selected nucleic acid sequence to a selected 
target and/or to modulate the structure or activity of the 
selected target. 

[0155] The term “molecular diversity” refers to the realm 
of molecular structure-activity space and includes any set or 
subset of knoWn and/or knoWable molecules comprising the 
diversity space encompassed by the set of all molecules, 
knoWn and unknoWn, excluding speci?cally attractive sur 
faces (i.e., structural shapes and surface features). The term 
“art-accepted molecular diversity” means structure-activity 
space. 

[0156] The terms “molecular machine” and “molecular 
machines” refer to claimed methods and devices of the 
instant invention, including, Without limitation, nucleotide 
based and nonnucleotide aptameric multimolecular devices, 
heteropolymeric discrete structures, multimolecular delivery 
systems, promolecular delivery devices, multivalent 
molecular structures, molecular adsorbents, multimolecular 
adherents, multimolecular adhesives, molecular lubricants, 
multivalent heteropolymeric hybrid structures, synthetic 
heteropolymers, tethered speci?c recognition devices, 
paired speci?c recognition devices, nonaptameric multimo 
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lecular devices, multivalent imprints, multimolecular drug 
delivery systems, designer drugs, smaRTdrugs, shape-spe 
ci?c probes, paired nucleotide-nonnucleotide mapping 
libraries, recognition elements comprising synthetic nucle 
otides selected by single-molecule detection, library-se 
lected imprints of synthetic nucleotides selected by single 
molecule detection, immobiliZed multimolecular structures, 
surface libraries, speci?cally attractive surface features, 
multimolecular sWitches, multimolecular sensors, multimo 
lecular transducers, paired templates, paired recognition 
pairs, paired molecular machines and nucleotide-based or 
nonnucleotide precursors, products, progeny, combinations, 
clones, replicates, imprints, mimetics and conjugates thereof 
and progeny therefrom, including any of these molecular 
machines operatively attached or functionally coupled to a 
molecule, nucleotide, molecular scaffold, multimolecular 
structure, solid support, transducer surface and/or informa 
tional device. 

[0157] The terms “molecular machine pair” and “paired 
molecular machines” refer to pairs comprising at least tWo 
molecular machines, optionally pairs of pairs or netWorks of 
pairs or paired pairs, comprising at least tWo molecular 
machines, Wherein the tWo members of a molecular machine 
pair function collectively or cooperatively to achieve a 
desired result. Advantageously, the tWo members compris 
ing a molecular machine pair are functionally coupled. TWo 
members of a functionally coupled molecular machine pair 
may be attached to each another directly or indirectly, or 
they may be functionally coupled by means of a mobile 
substance, e. g., a pheromone, chemical transmitter, mediator 
or shuttle species. 

[0158] The term “molecular matrix,” When used in refer 
ence to imprinting or transposing a property, speci?city, 
shape, structure or function from a molecule into a matriX, 
refers to a speci?cally attractive surface, structure, substrate 
or material, e.g., a chemically bland surface comprising a 
speci?cally recogniZable surface feature. It Will be appreci 
ated by the skilled artisan on reading this disclosure that the 
distinction betWeen chemically bland surfaces and chemi 
cally diverse molecules Will become blurred as chemically 
bland surfaces are endoWed With recognition properties as 
described herein, e.g., by surface library selection, grafting, 
imprinting and transposition. 

[0159] The term “molecular medium,” When used in ref 
erence to imprinting or transposing a property, speci?city, 
shape, structure or function from one molecule into another, 
means a nucleotide or nonnucleotide molecule comprising 
an imprint or imprint library. 

[0160] “Molecular mimics” and “mimetics” are natural or 
synthetic nucleotide or nonnucleotide molecules or groups 
of molecules designed, selected, manufactured, modi?ed or 
engineered to have a structure or function equivalent or 
similar to the structure or function of another molecule or 
group of molecules, e.g., a naturally occurring, biological or 
selectable molecule. Molecular mimics include molecules 
and multimolecular structures capable of functioning as 
replacements, alternatives, upgrades, improvements, struc 
tural analogs or functional analogs to natural, synthetic, 
selectable or biological molecules. 

[0161] The term “molecular recognition,” When used in 
reference to heretofore-knoWn binding reactions, pairs, part 
ners and compleXes, means speci?c binding or hybridiZation 
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and includes 1) speci?c binding betWeen a ligand and 
receptor, 2) speci?c binding betWeen a de?ned sequence 
segment and a nonoligonucleotide molecule, 3) speci?c 
binding betWeen de?ned sequence segments and/or selected 
nucleic acid sequences, and 4) hybridiZation betWeen 
complementary nucleic acid sequences and/or de?ned 
sequence segments. The terms “molecular recognition” and 
“speci?c recognition” may be used interchangeably in cer 
tain instances. For example, When used in reference to 
recognition of a speci?cally attractive surface feature, 
“molecular recognition” means and includes speci?c recog 
nition, i.e., structural shape recognition as Well as speci?c 
binding and hybridiZation. HoWever, shape-speci?c recog 
nition of a structural shape or surface feature by a shape 
speci?c probe of the instant invention is preferably referred 
to as speci?c recognition rather than molecular recognition. 
When used in reference to synthetic de?ned sequence seg 
ments, synthetic aptamers, synthetic heteropolymers, nucle 
otide ligands, nucleotide receptors, shape recognition ele 
ments, speci?cally attractive surfaces and molecular 
machines disclosed herein, the term “molecular recognition” 
may include and does not necessarily eXclude speci?c 
recognition of structural shapes and surface features. 

[0162] The term “molecular recognition pair” means tWo 
molecular recognition partners that speci?cally bind or 
hybridiZe to one another. 

[0163] The terms “molecular recognition partners” and 
“members of a molecular recognition pair” refer to pairs of 
molecules capable of speci?cally binding or hybridiZing to 
one another, i.e., members of a speci?c binding pair or a pair 
of hybridiZable nucleic acid sequences and include, Without 
limitation, ligands, receptors, aptamers, aptamer targets, 
hybridiZable nucleotides, nucleotide ligands, nucleotide 
receptors, de?ned sequence segments, linker oligonucle 
otides, nonnucleotide linkers, selected nucleic acid 
sequences, selected molecules and molecular recognition 
sites comprising molecular scaffolds and multimolecular 
structures. Molecular machines and multivalent molecular 
structures disclosed herein may further be capable of struc 
tural shape recognition, i.e., speci?c recognition of a surface 
feature. The terms “molecular recognition partner” and 
“speci?c recognition partner” may in certain cases be used 
interchangeably. A surface feature recogniZed by a speci?c 
recognition site of a molecular machine or multivalent 
molecular structure is preferably referred to as a speci?c 
recognition partner rather than a molecular recognition 
partner. 

[0164] The term “molecular recognition site” means the 
operative speci?c binding site, docking site, receptor site, 
epitope, de?ned sequence segment, nucleotide or comple 
mentary sequence of a member of a molecular recognition 
pair. In the case of a molecular machine or multimolecular 
structure capable of speci?cally recogniZing a structural 
shape or surface feature, “molecular recognition site” means 
and includes a shape-speci?c recognition element, i.e., a 
shape-speci?c probe. A surface feature recogniZed by a 
molecular recognition site of a molecular machine or mul 
tivalent molecular structure is preferably referred to as a 
speci?c recognition partner or shape recognition partner 
rather than a molecular recognition partner or speci?c bind 
ing partner. 
[0165] The term “molecular recognition unit” (MRU) is a 
term of art that refers to a (preferably diminutive) portion or 


















































































































































































































































