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(57) 
Methods, compositions and articles of manufacture for 
assaying a sample for a target polynucleotide and/or an 
ampli?cation product therefrom are provided. The methods 
comprise contacting a sample suspected of containing the 
target polynucleotide With a polynucleotide that can bind 
speci?cally thereto; this polynucleotide is conjugated to a 
substrate, preferably an encoded bead conjugate. An ampli 
?cation reaction can ?rst be used to produce the ampli?ca 
tion product from the target polynucleotide so that it can be 
used to indirectly assay for the target polynucleotide. An 
ampli?cation product detection complex and method of 
forming the same are also provided. The methods are 
particularly useful in multiplex settings Where a plurality of 
targets are present. Ampli?cation product assay complexes 
and ampli?cation product assay arrays are also provided, 
along With methods of forming the same. Kits comprising 
reagents for performing such methods are also provided. 
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METHODS OF USING SEMICONDUCTOR 
NANOCRYSTALS IN BEAD-BASED NUCLEIC 

ACID ASSAYS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of priority to 
US. Provisional Patent Application No. 60/191,227, ?led 
Mar. 22, 2000, and US. Provisional Patent Application No. 
60/237,000, ?led Sep. 29, 2000. 

TECHNICAL FIELD 

[0002] This invention relates to methods, articles and 
compositions for the analysis of polynucleotides in a 
sample. 

BACKGROUND OF THE INVENTION 

[0003] Michael Adams-Conroy died at the age of nine of 
the highest overdose of Prozac@ on record, seven times 
higher than any previously knoWn. His parents Were inves 
tigated for homicide and his tWo siblings Were removed 
from their custody by social Welfare Workers. Autopsy 
results, hoWever, shoWed no pills in his stomach even 
though he Would normally have had to ingest a huge number 
in order to reach the levels of drug found in his blood. 

[0004] Acute lymphocytic leukemia (ALL) affects thou 
sands of children each year in the United States. Treatment 
With chemotherapeutic agents noW leads to remission in 
over 90% of the cases. 6-mercaptopurine (6-MP) is one 
agent used to treat ALL. HoWever, the normal treatment 
dose of 6-MP is toxic for one in 300 patients and can kill 
rather than cure. 

[0005] Adverse reactions to therapeutic drugs have been 
estimated to kill over 100,000 hospitaliZed patients in the 
US. each year (LaZarou et al., JAIVIA Apr. 15, 
1998;279(15):1200-5). This ?gure does not include inten 
tional overdoses leading to hospitaliZation Which ultimately 
prove fatal. An additional 2.2 million serious nonfatal 
adverse drug reactions have been estimated to occur. 

[0006] The problem of the varied responses of individual 
patients to particular drug therapies is Well knoWn, but little 
progress has been made toWards anticipating patients’ varied 
drug metabolisms prior to treatment. The standard approach 
in administering drugs has been to prescribe the recom 
mended dosage for a given condition to an affected patient, 
in some cases adjusting for the patient’s Weight. If the 
patient does not improve, the dosage is increased or an 
alternative drug is tried. Conversely, if adverse side effects 
occur, the dosage may be loWered or an alternative drug 
employed. 
[0007] Drugs Which exhibit serious side effects may never 
be approved by regulatory authorities or, if approved before 
such side effects are identi?ed, can be WithdraWn from the 
market if even a small percentage of treated patients are so 
affected. This can occur despite the fact that such drugs may 
have great therapeutic bene?t in the majority of patients. 

[0008] The 6-MP sensitivity exhibited by rare ALL 
patients has been linked to a de?ciency in thiopurine S-me 
thyltransferase (TPMT) activity (Krynetski et al., Pharm Res 
1999 16(3):342-9). Patients de?cient in this enZyme can be 
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treated With loWer doses of 6-MP to achieve the same 
therapeutic plasma levels While avoiding adverse toxicity if 
the prescribing physician is aWare of the metabolic de? 
ciency. Metabolism of similar drugs such as aZathioprine 
and thioguanine used in the treatment of rheumatoid arthri 
tis, leukemia and Crohn’s disease is also affected in patients 
Who are de?cient in TPMT. 

[0009] Cytochrome p-450 CYP2D6 (debrisoquin 
hydroxylase) is the primary enZyme responsible for human 
metabolism of ?uoxetine (ProZac®), as Well as codeine, 
amphetamines, methadone, and several antidepressants and 
neuroleptics. At least tWenty variants of the CYP2D6 gene 
are noW knoWn to result in poor metabolism of Prozac@ and 
other drugs (Wong et al., Ann Acad Med Singapore 2000 
29(3):401-6). Approximately 7-10% of Caucasians are poor 
metaboliZers of ProZac®b, and reach higher than expected 
plasma levels When treated With a standard dosage. 

[0010] Michael Adams-Conroy Was one such patient, but 
he Was never tested to determine Whether he harbored any of 
the CYP2D6 variants resulting in sloW metabolism of 
ProZac. Instead, because of his diminished response to 
ProZac®, as typically occurs With chronic use, his dosage 
Was gradually increased to maintain control over his symp 
toms. Side effects associated With ProZac® toxicity such as 
nausea and diZZiness Were instead attributed to migraines. 
Only after Michael’s death Were his tissues tested and shoWn 
to contain CYP2D6 variants Which contributed to a toxic 
accumulation of Prozac@ and its metabolites in his blood 
(Sallee et al., J. Child Adolesc. Psychopharmacol. 2000 
Spring; 10(1):27-34). 
[0011] Potentially fatal adverse drug reactions are noW 
knoWn to be associated With altered metabolism by patients 
harboring variants in a number of genes, including in the 
NAT2 gene affecting isoniaZid metabolism, in the CYP2C9 
gene affecting Warfarin metabolism, in the DPD gene affect 
ing S-?uorouracil metabolism, and in the KCNE2 gene 
affecting clarithromycin metabolism (Grant et al., Pharma 
cology 2000 61(3):204-11; Taube et al., Blood 2000 
96(5):1816-9; Meinsma et al., DNA Cell Bio 1995 14(1):1 
6; Sesti et al., Proc Natl Acad Sci USA 2000 97(19): 
10613-8). 
[0012] There is a need in the art for methods of analyZing 
samples for particular polynucleotides, and for devices, 
compositions and articles of manufacture useful in such 
methods. 

SUMMARY OF THE INVENTION 

[0013] Methods, compositions and articles for assaying a 
sample for a target polynucleotide or an ampli?cation prod 
uct therefrom are provided. The methods involve contacting 
a sample suspected of containing a target polynucleotide 
With an encoded bead conjugate comprising a probe poly 
nucleotide and a spectral code comprising a semiconductor 
nanocrystal. The probe polynucleotide can be in a form 
suitable for performing a cleavase assay, or can be a molecu 
lar beacon, or can have an unlabeled stem-loop structure. 
Binding of the probe polynucleotide to the target polynucle 
otide results in a change in ?uorescence characteristics of 
the encoded bead conjugate. Ampli?cation reactions can be 
incorporated into the methods. 

[0014] In one variation of the method, an unlabeled probe 
polynucleotide that can form a stem-loop structure is 



US 2003/0165951 A1 

employed Which can be conjugated to any form of substrate 
and used to assay for a labeled ampli?cation product. 
Binding of the probe polynucleotide to the labeled ampli? 
cation product unfolds the stem-loop structure and results in 
the production of an ampli?cation product assay complex. 
Where a plurality of different unlabeled probe polynucle 
otides are attached to the substrate, binding of a plurality of 
corresponding different labeled ampli?cation products 
results in the formation of an ampli?cation product assay 
array. 

[0015] Kits comprising reagents useful for performing the 
methods of the invention are also provided. 

[0016] The methods are particularly useful in multiplex 
settings Where a plurality of different conjugates are used to 
assay for a plurality of different target polynucleotides. The 
large number of distinguishable semiconductor nanocrystal 
labels alloWs for the simultaneous analysis of multiple 
labeled target polynucleotides, along With multiple different 
encoded bead conjugates. Methods of the invention can 
optionally be implemented in a homogeneous format. This 
alloWs for higher assay throughput due to feWer manipula 
tions of the sample, and decreased cross-contamination 
resulting in more reliable assays and less doWntime from 
cross-contamination. If real time monitoring is used, the 
entire assay can be disposed of Without opening a sealed 
assay chamber such as a sealed microplate, thus further 
decreasing the risk of cross-contamination. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1A depicts a molecular beacon comprising a 
polynucleotide having a hairpin or stem-loop structure, With 
a quencher located at one end of the polynucleotide and a 
?uorophore located at the opposite end of the polynucle 
otide, such that the quencher can quench a ?uorescence 
emission from the ?uorophore When the molecular beacon 
forms the stem-loop structure. 

[0018] FIG. 1B depicts the molecular beacon shoWn in 
FIG. 1A hybridiZed to a complementary oligonucleotide 
such that the molecular beacon does not form the stem-loop 
structure and the quencher thus does not quench the ?uo 
rescence emission from the ?uorophore. 

[0019] FIG. 2 shoWs a molecular beacon coupled through 
a spacer to a microsphere encoded With a spectral code 
comprising semicoductor nanocrystal(s), Wherein the 
molecular beacon forms the stem-loop structure and the 
?uorophore is quenched in the absence of hybridiZation to 
the target oligonucleotide, and Wherein hybridiZation to the 
target oligonucleotide alloWs ?uorescence from the ?uoro 
phore to be detected When the molecular beacon is hybrid 
iZed to the target polynucleotide. Note that the ?uorophore 
can also be self-quenching and located in the molecular 
beacon such that its ?uorescence emission is quenched 
either When the stem-loop structure is formed or When the 
molecular beacon is hybridiZed to the target polynucleotide, 
but not under both states. 

[0020] FIG. 3 shoWs a variation of the molecular beacon 
shoWn in FIG. 2, in Which the quencher is attached to the 
distal end of the molecular beacon, and the reporter ?uoro 
phore bridges the molecular beacon and the microsphere. 
Binding of the molecular beacon to its target polynucleotide 
moves the quencher aWay from the reporter, thereby increas 
ing its ?uorescence emission upon excitation. 
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[0021] FIG. 4 shoWs another variation in Which the 
quencher is located on the surface of the encoded micro 
sphere along With streptavidin, and the molecular beacon is 
linked to a biotin molecule at one end and a reporter 
?uorophore at the other end. The biotin molecule binds to 
the streptavidin and localiZes the molecular beacon to the 
surface of the bead, Where the quencher can quench the 
?uorescence emission from the reporter in the absence of 
target polynucleotide. When hybridiZed to the target poly 
nucleotide, hoWever, the reporter moves aWay from the 
quencher and its ?uorescence emission increases. 

[0022] FIG. 5 shoWs the converse variation to that shoWn 
in FIG. 4, in Which the quencher is located at the distal end 
of the molecular beacon, and the reporter ?uorophore is 
located on the surface of the microsphere along With strepta 
vidin. The molecular beacon is again linked to the micro 
sphere via a biotin molecule. Hybridization of the molecular 
beacon to the target polynucleotide moves the quencher 
aWay from the surface of the microsphere and alloWs the 
?uorophores on the surface of the bead to have increased 
?uorescence emission. 

[0023] FIG. 6 shoWs a variation similar to that shoWn in 
FIG. 5; hoWever, the surface of the microsphere is coated 
With different colored SCNCs such that upon hybridiZation 
of the molecular beacon to the target polynucleotide, a 
plurality of ?uorescence emissions increases from the sur 
face of the microsphere. 

[0024] FIG. 7A shoWs a cleavase assay being performed 
on the surface of an encoded bead. The oligonucleotide 
probe linked to the bead can be labeled or unlabeled prior to 
cleavage. A target nucleic acid is shoWn as hybridiZed to one 
oligonucleotide probe linked to the bead. An invader oligo 
nucleotide is also shoWn simultaneously hybridiZed to the 
target nucleic acid. 

[0025] FIG. 7B shoWs a bead after performing a cleavase 
assay; some of the oligonucleotide probes linked to the bead 
are shoWn as cleaved, and some are uncleaved. The amount 
of cleavage is proportional to the amount of target nucleic 
acid present in the sample. 

[0026] FIGS. 8A and 8B shoW tWo different spectrally 
encoded beads respectively conjugated to tWo different 
oligonucleotide probes complementary to tWo different vari 
ants of a target nucleotide sequence Which differ by a single 
base. The base difference is located in suf?cient proximity to 
the nucleotide Which is displaced by the invader oligonucle 
otide such that the cleavase enZyme Will not cleave the 
oligonucleotide probe When hybridiZed to the incorrect 
target nucleic acid: the oligonucleotide on bead 1 is cleaved 
only if the T is present, While the oligonucleotide on bead 2 
is cleaved only if the Ais present. More than one allele may 
possess the same single nucleotide polymorphism, such that 
either single assay detects a plurality of alleles. 

[0027] FIG. 9 shoWs one variation of the cleavase on a 
bead assay in Which the oligonucleotide linked to the bead 
is initially labeled at its proximal end, and cleavage in the 
presence of target nucleic acid leads to a decrease in the label 
associated With the bead. 

[0028] FIG. 10 shoWs another variation of the cleavase on 
a bead assay in Which the oligonucleotide is initially unla 
beled and lacks a free distal end for attachment of a label; 
cleavage of the oligonucleotide in the presence of target 
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nucleic acid unveils a free distal end Which can be linked to 
a label through a variety of methods. 

[0029] FIG. 11 is a depiction of a loop probe assay used 
to selectively detect a SNP allele. 

[0030] FIG. 12. Four molecular beacons on different types 
of encoded beads Without their complementary sequences 
(MB closed and quenched) added and With their comple 
mentary sequences (MB opened and unquenched) Were 
assayed. The encoded bead conjugates in each tube Were 
analyZed using a plate reader. TWelve to 96 of each type of 
conjugate from each tube Was read. Each bar shoWs the 
intensity of the beads in arbitrary units, With the top section 
shoWing the standard deviation. 

[0031] FIG. 13 shoWs the hybridiZation of the correct 
target oligonucleotides exhibiting a single nucleotide poly 
morphism to the corresponding loop probes conjugated to 
spectrally encoded 10 micron microspheres. Allele-speci?c 
preferential hybridiZation Was observed. 

[0032] FIG. 14 shoWs graphical results of the hybridiZa 
tion of PCR products from the genomic locus exhibiting the 
SNP shoWn in FIG. 12 on either 10 u or 6 u beads. 
Allele-speci?c detection of the target genotype Was 
observed. 

[0033] FIG. 15 shoWs graphical results of a molecular 
beacon on a bead assay demonstrating discriminating detec 
tion of tWo alleles of a SNP from a genomic locus using 
allele-speci?c molecular beacons. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0034] Gene variants are not only associated With adverse 
drug side effects. Variations in genes controlling patient drug 
response can also correlate With the inability of drugs to 
result in a successful therapeutic outcome. For example, 
AlZheimer’s patients having the ApoE E4 subtype are less 
likely to bene?t from the drug tacrine (PNAS 1995, 
92:12260-4, Poirier et al.). 

[0035] Inventions useful for assaying for particular poly 
nucleotide sequences, Whether based on SNPs, conserved 
sequences, or other features, have use in a Wide variety of 
different applications. In addition to pharmacogenetic test 
ing, such methods can be used in a forensic setting to 
identify the species or individual Which Was the source of a 
forensic specimen. Polynucleotide analysis methods can 
also be used in an anthropological setting. Paternity testing 
is another area in Which such inventions can be used, as is 
testing for compatibility betWeen prospective tissue or blood 
donors and patients in need thereof, and in screening for 
hereditary disorders. 

[0036] The inventions can be used to study alterations of 
gene expression in response to a stimulus. Other applica 
tions include human population genetics, analyses of human 
evolutionary history, and characteriZation of human haplo 
type diversity. 

[0037] The inventions can also be used: to detect immu 
noglobulin class sWitching and hypervariable mutation of 
immunoglobulins; to detect polynucleotide sequences from 
contaminants or pathogens including bacteria, yeast and 
viruses; for HIV subtyping to determine the particular 
strains or relative amounts of particular strains infecting an 
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individual; and can be done repeatedly to monitor changes 
in the individuals predominant HIV strains, such as the 
development of drug resistance or T cell tropism; and to 
detect single nucleotide polymorphisms, Which may be 
associated With particular alleles or subsets of alleles. Over 
1.4 million different single nucleotide polymorphisms 
(SNPs) in the human population have been identi?ed 
(Nature 2001 409:928-933). 
[0038] The inventions can be used for mini-sequencing, 
and for detection of mutations. Any type of mutation can be 
detected, including Without limitation SNPs, insertions, 
deletions, transitions, transversions, inversions, frame shifts, 
triplet repeat expansion, and chromosome rearrangements. 
The invention can be used to detect nucleotide sequences 
associated With increased risk of diseases or disorders, 
including cystic ?brosis, Tay-Sachs, sickle-cell anemia, etc. 
[0039] The inventions described herein can be used for 
any assay in Which a sample is interrogated regarding a 
target polynucleotide or ampli?cation product therefrom. 
Typical assays involve determining the presence of the target 
polynucleotide or ampli?cation product therefrom in the 
sample or its relative amount, or can be quantitative or 
semi-quantitative. The invention provides an encoded bead 
conjugate comprising a ?rst polynucleotide linked to a 
microsphere comprising a spectral code and having ?rst 
?uorescence characteristics. The linkage may be direct or 
indirect, and can be linked at any point in the polynucleotide, 
so long as the conjugate can be used under assay conditions. 
The spectral code comprises a semiconductor nanocrystal, 
Which can be incorporated into the microsphere or attached 
thereto, directly or indirectly. High density spectral coding 
schemes can be used. 

[0040] Methods amenable to multiplexing, such as those 
taught herein, alloW acquisition of greater amounts of infor 
mation from smaller specimens. The need for smaller speci 
mens increases the ability of an investigator to obtain 
samples from a larger number of individuals in a population 
to validate a neW assay or simply to acquire data, as less 
invasive techniques are needed. 

[0041] One or more different populations of spectrally 
encoded bead conjugates are created, each population com 
prising a knoWn probe polynucleotide attached to a micro 
sphere comprising a knoWn or determinable spectral code 
comprising one or more semiconductor nanocrystals. Dif 
ferent populations of the conjugates, and thus different 
assays, can be blended together, and the assay can be 
performed in the presence of the blended populations. The 
individual conjugates are scanned for their spectral proper 
ties, Which alloWs the spectral code to be decoded and thus 
identi?es the bead, and therefore the polynucleotide to 
Which it is attached. 

[0042] Because of the large number of different semicon 
ductor nanocrystals and mixtures thereof Which can be 
distinguished, large numbers of different probe polynucle 
otides and target polynucleotides can be simultaneously 
interrogated. Multiplex methods are also provided employ 
ing 2, 3, 4, 5, 10, 15, 20, 25, 50, 100, 200, 500, 1000 or more 
different probe polynucleotides Which can be used simulta 
neously With corresponding different target polynucleotides, 
for example in a microarray format or conjugated to micro 
spheres spectrally encoded With SCNCs. 
[0043] One method of the invention employs the encoded 
bead conjugate as a substrate on Which an assay for a target 
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polynucleotide in a sample is performed. The ?rst poly 
nucleotide can be labeled or unlabeled. Upon hybridization 
of the target polynucleotide to the ?rst polynucleotide, at 
least a part of Which is complementary to at least a part of 
the target polynucleotide or an ampli?cation product there 
from, a change in the ?uorescence characteristics of the 
conjugate occurs. 

[0044] The ?rst polynucleotide can be designed so that it 
can be used in a cleavase assay for the target polynucleotide. 
Binding of the ?rst polynucleotide and an invader poly 
nucleotide to the target polynucleotide in the presence of a 
?ap endonuclease results in the cleavage of the ?rst poly 
nucleotide upon displacement by the invader polynucleotide 
of at least one nucleotide in the ?rst polynucleotide that is 
complementary to the target polynucleotide. If the ?rst 
polynucleotide Was labeled With a ?uorophore at a distal 
end, that label Will be lost upon cleavage, resulting in a 
corresponding change in the ?uorescence characteristics of 
the conjugate. 

[0045] Conversely, if the ?rst polynucleotide Was origi 
nally unlabeled, cleavage by the ?ap endonuclease can 
expose a residue of the ?rst polynucleotide that alloWs a 
?uorescent label to be incorporated, for example via ligation 
to a labeled polynucleotide or via the activity of terminal 
transferase or a polymerase in the presence of labeled 
nucleotides, thus resulting in a corresponding change in the 
?uorescence characteristics of the conjugate. 

[0046] The ?rst polynucleotide can also form a stem-loop 
structure. Where the ?rst polynucleotide does not comprise 
a label, it can be conjugated to any substrate and used to bind 
to a corresponding labeled target polynucleotide that can 
bind to at least a part of the loop portion and thereby disrupt 
formation of the stem-loop. When this variation of the ?rst 
polynucleotide is conjugated to an encoded bead, binding of 
a ?uorescently labeled ampli?cation product similarly 
results in a change in the ?uorescence characteristics of the 
conjugate. 

[0047] When the ?rst polynucleotide comprises a stem 
loop structure, the ?rst polynucleotide can be in the form of 
a molecular beacon. In this variation, the conjugate com 
prises a quencher and a ?uorophore, at least one of Which is 
linked at or nearer the distal end of the ?rst polynucleotide, 
directly or indirectly. The other of the quencher and ?uo 
rophore is linked at or nearer a proximal end of the ?rst 
polynucleotide or on the surface of the bead, directly or 
indirectly. The quencher and the ?uorophore in this arrange 
ment are of a type and are located such that the ?uorescence 
emission from the ?uorophore is quenched When the stem 
loop structure is formed, and the ?uorescence emission from 
the ?uorophore is not quenched When the ?rst polynucle 
otide is hybridiZed to the target polynucleotide. In a varia 
tion, a self-quenching dye can be used that is both the 
?uorophore and quencher, and its location in the stem-loop 
structure can be varied as desired so that its ?uorescence 
emission is either quenched or unquenched When the stem 
loop structure is formed, With the converse occurring When 
the target polynucleotide is bound. 

[0048] When the ?rst polynucleotide is unlabeled and 
forms a stem-loop structure, it can be referred to as a probe 
polynucleotide and can be conjugated to any substrate to 
form an article of manufacture. Hybridization of a labeled 
ampli?cation product to the ?rst polynucleotide can then be 
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detected by determining if the label is associated With the 
substrate; such hybridiZation forms an ampli?cation product 
assay complex. A method of making such a complex via 
such hybridiZation is also provided. An ampli?cation prod 
uct assay array comprising a plurality of different probe 
polynucleotides having different sequences hybridiZed to 
corresponding different labeled ampli?cation products is 
also provided. 

[0049] The methods of the invention can all be performed 
in multiplex formats. A plurality of different ?rst, or probe, 
polynucleotides Which preferentially hybridiZe to corre 
sponding different target polynucleotides, or ampli?cation 
products therefrom, can be conjugated to the same substrate. 
The separate binding of each different ampli?cation product 
to its corresponding ?rst, or probe, polynucleotide can be 
detected by using a different label on each different ampli 
?cation product, by the location on the substrate at Which 
each probe polynucleotide is located, or by the conditions 
under Which each ampli?cation product binds, or combina 
tions thereof. 

[0050] One or more cycles of an ampli?cation reaction can 
be incorporated into the methods to increase the copy 
number of the target polynucleotide and thereby increase 
sensitivity. 
[0051] Before the present invention is described in detail, 
it is to be understood that this invention is not limited to the 
particular methodology, devices, solutions or apparatuses 
described, as such methods, devices, solutions or appara 
tuses can, of course, vary. It is also to be understood that the 
terminology used herein is for the purpose of describing 
particular embodiments only, and is not intended to limit the 
scope of the present invention. 

[0052] Use of the singular forms “a,”“an,” and “the” 
include plural references unless the context clearly dictates 
otherWise. Thus, for example, reference to “a target” 
includes a plurality of targets, reference to “a substrate” 
includes a plurality of such substrates, reference to “a probe” 
includes a plurality of probes, and the like. 

[0053] Terms such as “connected,”“attached,”“linked,” 
and “conjugated” are used interchangeably herein and 
encompass direct as Well as indirect connection, attachment, 
linkage or conjugation unless the context clearly dictates 
otherWise. Where a range of values is recited, it is to be 
understood that each intervening integer value, and each 
fraction thereof, betWeen the recited upper and loWer limits 
of that range is also speci?cally disclosed, along With each 
subrange betWeen such values. The upper and loWer limits 
of any range can independently be included in or excluded 
from the range, and each range Where either, neither or both 
limits are included is also encompassed Within the invention. 
Where a value being discussed has inherent limits, for 
example Where a component can be present at a concentra 
tion of from 0 to 100%, or Where the pH of an aqueous 
solution can range from 1 to 14, those inherent limits are 
speci?cally disclosed. Where a value is explicitly recited, it 
is to be understood that values Which are about the same 
quantity or amount as the recited value are also Within the 
scope of the invention. Where a combination is disclosed, 
each subcombination of the elements of that combination is 
also speci?cally disclosed and is Within the scope of the 
invention. Where any element of an invention is disclosed as 
having a plurality of alternatives, examples of that invention 
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in Which each alternative is excluded singly or in any 
combination With the other alternatives are also hereby 
disclosed; more than one element of an invention can have 
such exclusions, and all combinations of elements having 
such exclusions are hereby disclosed. 

[0054] Unless de?ned otherWise or the context clearly 
dictates otherWise, all technical and scienti?c terms used 
herein have the same meaning as commonly understood by 
one of ordinary skill in the art to Which this invention 
belongs. Although any methods and materials similar or 
equivalent to those described herein can be used in the 
practice or testing of the invention, the preferred methods 
and materials are noW described. 

[0055] All publications mentioned herein are hereby 
incorporated by reference for the purpose of disclosing and 
describing the particular materials and methodologies for 
Which the reference Was cited. The publications discussed 
herein are provided solely for their disclosure prior to the 
?ling date of the present application. Nothing herein is to be 
construed as an admission that the invention is not entitled 
to antedate such disclosure by virtue of prior invention. 

[0056] De?nitions 

[0057] In describing the present invention, the folloWing 
terms Will be employed, and are intended to be de?ned as 
indicated beloW. 

[0058] The terms “semiconductor nanocrystal,”“SCNC, 
”“quantum dot” and “SCNCTM nanocrystal” are used inter 
changeably herein and refer to an inorganic crystallite of 
about 1 m or more and about 1000 nm or less in diameter or 

any integer or fraction of an integer therebetWeen, preferably 
at least about 2 nm and about 50 nm or less in diameter or 
any integer or fraction of an integer therebetWeen, more 
preferably at least about 2 nm and about 20 nm or less in 
diameter (for example about 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 
13, 14, 15, 16, 17, 18, 19, or 20 nm). SCNCs are charac 
teriZed by their uniform nanometer siZe. An SCNC is 
capable of emitting electromagnetic radiation upon excita 
tion (i.e., the SCNC is luminescent) and includes a “core” of 
one or more ?rst semiconductor materials, and may be 
surrounded by a “shell” of a second semiconductor material. 
An SCNC core surrounded by a semiconductor shell is 
referred to as a “core/shell” SCNC. The surrounding “shell” 
material Will preferably have a bandgap energy that is larger 
than the bandgap energy of the core material and may be 
chosen to have an atomic spacing close to that of the “core” 
substrate. The core and/or the shell can be a semiconductor 
material including, but not limited to, those of the group 
II-VI (ZnS, ZnSe, ZnTe, CdS, CdSe, CdTe, HgS, HgSe, 
HgTe, MgS, MgSe, MgTe, CaS, CaSe, CaTe, SrS, SrSe, 
SrTe, BaS, BaSe, BaTe, and the like) and III-V (GaN, GaP, 
GaAs, GaSb, InN, InP, InAs, InSb, and the like) and IV (Ge, 
Si, and the like) materials, PbSe, and an alloy or a mixture 
thereof. Preferred shell materials include CdS and ZnS. 

[0059] An SCNC is optionally surrounded by a “coat” of 
an organic capping agent. The organic capping agent may be 
any number of materials, but has an affinity for the SCNC 
surface. In general, the capping agent can be an isolated 
organic molecule, a polymer (or a monomer for a polymer 
iZation reaction), an inorganic complex, or an extended 
crystalline structure. The coat can be used to convey solu 
bility, e.g., the ability to disperse a coated SCNC homoge 
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neously into a chosen solvent, functionality, binding prop 
erties, or the like. In addition, the coat can be used to tailor 
the optical properties of the SCNC. 

[0060] Thus, the terms “semiconductor nanocrystal,”“SC 
NC,”“quantum dot” and “SCNCTM nanocrystal” as used 
herein include a coated SCNC core, as Well as a core/shell 
SCNC. “Monodisperse particles” include a population of 
particles Wherein at least about 60% of the particles in the 
population, more preferably about 75 to about 90, or any 
integer therebetWeen, percent of the particles in the popu 
lation fall Within a speci?ed particle siZe range. Apopulation 
of monodisperse particles deviates less than 10% rms (root 
mean-square) in diameter, and preferably deviates less than 
5% rms. 

[0061] The phrase “one or more siZes of SCNCs” is used 
synonymously With the phrase “one or more particle siZe 
distributions of SCNCs.” One of ordinary skill in the art Will 
realiZe that particular siZes of SCNCs are actually obtained 
as particle siZe distributions. 

[0062] The terms “polynucleotide, oligonucleotide, 
”“nucleic acid” and “nucleic acid molecule” are used inter 
changeably herein to refer to a polymeric form of nucle 
otides of any length, and may comprise ribonucleotides, 
deoxyribonucleotides, analogs thereof, or mixtures thereof. 
This term refers only to the primary structure of the mol 
ecule. Thus, the term includes triple-, double- and single 
stranded deoxyribonucleic acid (“DNA”), as Well as triple-, 
double- and single-stranded ribonucleic acid (“RNA”). It 
also includes modi?ed, for example by alkylation, and/or by 
capping, and unmodi?ed forms of the polynucleotide. More 
particularly, the terms “polynucleotide,”“oligonucleotide, 
”“nucleic acid” and “nucleic acid molecule” include 
polydeoxyribonucleotides (containing 2-deoxy-D-ribose), 
polyribonucleotides (containing D-ribose), including tRNA, 
rRNA, hRNA, and mRNA, Whether spliced or unspliced, 
any other type of polynucleotide Which is an N- or C-gly 
coside of a purine or pyrimidine base, and other polymers 
containing normucleotidic backbones, for example, polya 
mide (e.g., peptide nucleic acids (PNAs)) and polymor 
pholino (commercially available from the Anti-Virals, Inc., 
Corvallis, Oregon, as Neugene) polymers, and other syn 
thetic sequence-speci?c nucleic acid polymers providing 
that the polymers contain nucleobases in a con?guration 
Which alloWs for base pairing and base stacking, such as is 
found in DNA and RNA. There is no intended distinction in 
length betWeen the terms “polynucleotide,”“oligonucle 
otide,”“nucleic acid” and “nucleic acid molecule,” and these 
terms are used interchangeably herein. These terms refer 
only to the primary structure of the molecule. Thus, these 
terms include, for example, 3‘-deoxy-2‘,5‘-DNA, oligodeox 
yribonucleotide N3‘ P5‘ phosphoramidates, 2‘-O-alkyl-sub 
stituted RNA, double- and single-stranded DNA, as Well as 
double- and single-stranded RNA, and hybrids thereof 
including for example hybrids betWeen DNA and RNA or 
betWeen PNAs and DNA or RNA, and also include knoWn 
types of modi?cations, for example, labels, alkylation, 
“caps,” substitution of one or more of the nucleotides With 
an analog, internucleotide modi?cations such as, for 
example, those With uncharged linkages (e.g., methyl phos 
phonates, phosphotriesters, phosphoramidates, carbamates, 
etc.), With negatively charged linkages (e.g., phosphorothio 
ates, phosphorodithioates, etc.), and With positively charged 
linkages (e.g., aminoalkylphosphoramidates, aminoalky 


























































