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(57) ABSTRACT 

The present invention include ?uorescent nanocrystals 
Which have high ?uorescence intensity, are Water soluble, 
exhibit physical and chemical stability, and Whose spectral 
properties are detectably modi?ed as the siZe of functional 
groups bonded to the nanocrystal surface change When 
contacted With target molecules in a sample. The molecules 
in the sample add to or reduce the siZe of functional groups 
on the ?uorescent nanocrystal proportional to the activity 
and amount of the target molecules. The present invention 
may be used to detect telomerase in a sample. 
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FUNCTIONALIZED FLUORESCENT 
NANOCRYSTAL DETECTION SYSTEM 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of and priority 
to US. Provisional Application Ser. No. 60/571,872 ?led 
May 17, 2004 the contents of Which are incorporated herein 
by reference in their entirety. 

BACKGROUND 

[0002] Cancer is characterized by a chaotic set of disor 
ders Where each speci?c cancer type presents a unique 
problem With respect to diagnosis, prognosis and treatment. 
In spite of recent progress in earlier stage detection and 
molecular medicine, relatively simple, reliable, non-inva 
sive and universal cancer diagnostic technology is still 
lacking. 
[0003] Telomerase, a specialiZed reverse transcriptase, has 
a salient role in the process of immortaliZation and tumori 
genesis, and is therefore considered to be a hallmark for the 
presence of cancer. During the cell cycle progression of a 
normal cell, DNA polymerase completely duplicates the 
genomic DNA except on the very ends of the chromo 
somes—the telomeres. As a consequence, the telomeric end 
shortens an average of 50-200 base pairs each time the cell 
divides. Because of this “telomere shortening phenomenon,” 
normal diploid cells are “mortal” and have limited capacity 
to proliferate. ImmortaliZed cells, on the other hand, over 
come this obstacle through the use of special mechanisms 
Which perform telomere maintenance. 

[0004] In most tumors, the maintenance of telomeres is 
achieved through the expression of telomerase, Which sta 
biliZes and elongates telomeres by the de novo synthesis of 
telomeric DNA (Ref. 1). Telomerase activity has been iden 
ti?ed in ~90% of human tumors but is absent in the majority 
of normal tissues. A high level of telomerase activity cor 
relates With the degree of malignancy and the likelihood of 
tumor progression. Furthermore, there is accumulating evi 
dence that telomerase functions as both a DNA repair and an 
anti-apoptotic enZyme in addition to its role in telomere 
maintenance. Together these ?ndings validate the vieW that 
telomerase is an attractive target for therapeutic interven 
tion, diagnosis and disease monitoring. 

[0005] Present methods for the detection of telomerase 
activity are based on variations of the tWo-step PCR-based 
telomeric repeat ampli?cation protocol assay. In 
this assay active telomerase from cell or tissue extracts adds 
telomeric repeats (TTAGGG) onto the 3‘ end of a synthetic 
telomerase substrate primer. This primer is then ampli?ed 
using PCR. The PCR-ampli?ed “products” are then detected 
on a polyacrylamide gel or measured by ELISA. The TRAP 
assay, hoWever, has not been adopted as a routine clinical 
test because of its limitations: the material must be pro 
cessed fresh due to enZyme lability; The assay requires the 
use of several different instruments and takes several hours 
to complete, making it an unattractive routine test; there is 
a high possibility that false positive results can be generated 
from unspeci?c ampli?cation of mismatch products by 
PCR; and inhibition of the assay by PCR inhibitors can 
produce false negative results. These shortcomings presently 
limit the clinical applicability of the current telomerase 
activity detection methods. 
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[0006] Additionally, there remains a need for a noniso 
topic detection system Which results in generation of a signal 
comprising ?uorescence emission of high intensity, can 
result in signal ampli?cation, is not limited as to the chemi 
cal nature of the target molecule to be detected (e.g., versus 
detection of nucleic acid molecules only), can be used to 
bind molecular probes of various types (affinity molecules, 
oligonucleotides, nucleobases, and the like), and can result 
in simultaneous detection of more than one type of target 
molecule by utiliZing a class of nonisotopic molecules that 
may be excited With a single excitation light source and With 
resultant ?uorescence emissions With discrete ?uorescence 
peaks that can be spectrally distinguished from each other 
(e.g., using detection means for ?uorescence that is standard 
in the art). 

SUMMARY 

[0007] Embodiments of the present invention include 
?uorescent nanocrystals Which have high ?uorescence 
intensity, exhibit physical and chemical stability, and Whose 
spectral properties are detectably modi?ed as the siZe of one 
or more functional groups bonded to the nanocrystal surface 
change When contacted With target molecules in a sample. 
The molecules in the sample may be added to the one or 
more functional groups on the ?uorescent nanocrystal, for 
example by a polymeriZation reaction or surface modi?ca 
tion process Which results in multiple groups, acceptors, 
donors, layers or material added to the nanocrystal func 
tional groups or substrates. The molecules in the sample may 
remove portions of one or more functional groups or sub 

strates from ?uorescent nanocrystals by degradation. 
Examples of polymeriZation reactions for lengthening or 
groWth surface groups include but are not limited to nucleic 
acid, protein, or carbohydrate synthesis and may be in vitro 
or in vivo. Examples of degradation reactions for shortening 
surface groups include but are not limited to enZyme deg 
radation or cleavage of amino acids from proteins bonded to 
a ?uorescent nanocrystal, or degradation of oligonucleotides 
by nucleases. 

[0008] One embodiment of a composition may include 
one or more ?uorescent nanocrystals With a coating material 
that can include imidaZole-containing molecules bonded by 
an imidaZole group of the molecule to the surface of the 
?uorescent nanocrystals. The ?uorescent nanocrystal coat 
ing may further include a cross linking agent. One or more 
functional groups are bonded at a ?rst end to the coating on 
the ?uorescent nanocrystal While the second end of the one 
or more functional group extends outWard from the ?uores 
cent nanocrystal coating. The spectral properties, mobility, 
tumbling or a combination of these of the ?uorescent 
nanocrystal can be modi?ed by reaction, for example by 
sequential lengthening, shortening, or a change in mass, of 
one or more of the functional groups With one or more target 

molecules in a sample. The reaction of the functional groups 
With the target molecules may result in a change in the siZe 
or mass of the functional groups as molecules in the sample, 
Which may be the same or different from the target molecule, 
are sequentially added or removed from one or more of the 

functional groups. The composition may include other 
groups such as but not limited to one or more ?uorphores, 

acceptors, donors, or other moieties that can absorb energy 
emitted from the ?uorescent nanocrystal or can excite the 
?uorescent nanocrystal, these groups are linked to the func 
tional groups that are bonded to the coating material. The 
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linked ?uorphores or acceptors can absorb at least a portion 
of the ?uorescent emission from the nanocrystal. The linked 
donors can excited the ?uorescent nanocrystal. The func 
tional groups on the coating of the ?uorescent nanocrystals 
can react With target molecules in a sample. The functional 
groups can include polynucleotides, polypeptides, glycopro 
teins, polysaccharides, lipoproteins, portions of these, or 
combinations of these. In one embodiment of the ?uorescent 
nanocrystal composition, the functional groups are telom 
erase primers bonded to the coating material; the primers 
bonded through a ?rst end, the 5‘ end, to the coating of the 
nanocrystal, the second end of the primer, the 3‘ end. 
extending from the nanocrystal coating, Where the spectral 
properties of the ?uorescent nanocrystal are modi?ed by 
elongation of the primers When telomerase molecules are 
present in the sample along With deoxynucleotides 
(dNTP’s), ?urophore labeled dNTP’s, or combinations of 
these. 

[0009] The number of functional groups bonded to the 
coating on the ?uorescent nanocrystals that can react With 
target or analyte molecules in the sample can be greater than 
about 25. In some embodiments, the number of functional 
groups bonded to the coating can be about 100 or more. In 
some embodiments, the number of functional groups bonded 
to the coating can be about 170 or more. The functional 
groups may include one or more ?urophores or acceptors 
that can absorb the ?uorescent emission of the excited 
nanocrystals. The functional groups may include one or 
more donors that can excite ?uorescent emission of the 
coated nanocrystals. In some embodiments, the functional 
groups can be bonded to a coating material comprising 
imidaZole containing molecules bonded by an imidaZole 
group of the molecule to the surface of the ?uorescent 
nanocrystals. In some embodiments, the composition 
includes coated ?uorescent nanocrystals that have a quan 
tum yield of greater than 70%. 

[0010] One embodiment of the invention is a method that 
can include the acts of contacting a sample With ?uorescent 
nanocrystals, the ?uorescent nanocrystals include a coating 
of imidaZole-containing molecules bonded by one or more 
of the imidaZole group to the surface of the ?uorescent 
nanocrystals. The ?uorescent nanocrystal coating may fur 
ther include a cross linking agent. Functional groups are 
bonded to the coating material With a ?rst end of the 
functional group bonded to the coating of the ?uorescent 
nanocrystal and a second end of the functional group extend 
ing from the nanocrystal coating Where the spectral proper 
ties, mobility, or a combination of these of the ?uorescent 
nanocrystal are modi?ed by reaction of one or more of the 
functional groups With one or more target molecules in a 
sample. The method further includes the act of correlating a 
change in the spectral properties, mobility, or a combination 
of these of the ?uorescent nanocrystals in the sample With 
the reaction of one or more of the functional groups With one 
or more target molecules in the sample. The method can 
include correlating the change in the spectral properties, 
mobility, or a combination of these of the ?uorescent nanoc 
rystals in the sample to the number, activity, or concentration 
of target molecules in the sample. 

[0011] The target molecule in the sample that results in a 
change in the spectral properties, mobility, or a combination 
of these of the ?uorescent nanocrystal With the functional 
groups can include an enZyme or other catalyst Where the 
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reaction of the functional groups With the target molecule 
results in elongation, shortening, or a change in mass of the 
functional groups bonded to the coating on the ?uorescent 
nanocrystals. The elongation or shortening can occur by the 
sequential removal or addition of multiple groups or moi 
eties from one of more of the bound functional group. The 
reaction of functional groups With target molecules in the 
sample can result in the addition or removal of one or 

multiple ?uorophores, acceptors, or donor moieties from 
functional groups bonded to the coating. Target molecules 
may include but are not limited to various nucleotides, 
amino acids, nucleic acids, proteins, glycoproteins, struc 
tural materials like collegens, and carbohydrates and ?uo 
rophore or donor linked versions of any of these. 

[0012] In one embodiment of the method, the functional 
groups are telomerase primers bonded to the coating mate 
rial; the primers bonded through a ?rst end, the S‘end, to the 
coating of the nanocrystal, the second end, the 3‘ end, of the 
primers extending from the nanocrystal coating. A change in 
the spectral properties of the ?uorescent nanocrystal are 
modi?ed by elongation of the primers reacting With a sample 
comprising telomerase molecules and nucleotides. The reac 
tion of the functional groups With the target molecules may 
result in a change in the siZe or mass of the functional groups 
as nucleotide molecules in the sample are sequentially added 
to one or multiple functional groups thereby groWing the 
length of the functional groups. In one embodiment, one or 
more of the nucleotides in the sample further includes an 
acceptor label or donor label bonded to the nucleotide. The 
?uorescent nanocrystals combined With the sample can 
include one or more ?uorophores, acceptors, or donors 
linked to the functional groups, the linked ?uorphores, 
acceptors, or donors capable of exchanging energy With the 
linked ?uorescent nanocrystal. 

[0013] In one embodiment, ?uorescent nanocrystals 
Whose spectral properties are detectably modi?ed as func 
tional groups bonded to the nanocrystal surface groW and 
lengthen may be used for a rapid, non-invasive, ?uores 
cence-based technique for the detection of human cancers. A 
detectable label or a biosensor can be made for the detection 
of telomerase, a hallmark enZyme for immortaliZation and 
tumorigenesis. A coating step results in organically coated 
nanocrystals that include imidaZole groups bonded to the 
?uorescent nanocrystal to provide ?uorescent nanocrystals 
that are Water soluble and can be linked to biologically 
useful functional groups. Short strands of telomerase sub 
strate DNA (TS) can be used as functional groups and may 
be conjugated to the coated FNCs having speci?c spectral 
characteristics. If telomerase activity is present in a sample 
of cells contacted With these primer functionaliZed nanoc 
rystals, they can elongate TS primer strands on the FNC, 
resulting in a change in the spectral properties of the linked 
nanocrystal. 

[0014] One embodiment of an apparatus can include a 
sample holder including ?uorescent nanocrystals With a 
telomerase primer bonded to a coating, the coating includes 
imidaZole containing molecules bonded to the ?uorescent 
nanocrystal by an imidaZole group. The apparatus can 
further include an energy source for exciting ?uorescent 
emission of the nanocrystals and a detector for measuring 
the spectral properties of the excited nanocrystals. 
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[0015] In another embodiment, a method of detecting a 
telomerase can include combining ?uorescent nanocrystals 
having telomerase substrate primers With a sample on With 
a lateral ?oW assay plate. 

[0016] In another embodiment a kit for a ?uorescent assay 
can include a vial of ?uorescent nanocrystals having func 
tional groups linked to a coating material. The functional 
groups can react With target molecules in a sample to modify 
the siZe or mass of the functional groups. The reaction can 
modify the functional groups by elongation, shortening, a 
change in mass, or a combination of these. Modi?cation of 
the functional groups may be detected by a change in the 
spectral properties, mobility, or a combination of these of the 
?uorescent nanocrystals. In some embodiments, the func 
tional groups are be bound to a coating on the ?uorescent 
nanocrystals by imidaZole-containing molecules bonded by 
an imidaZole group of the coating molecule to the surface of 
the ?uorescent nanocrystals. In some embodiments, the 
functionaliZed nanocrystals are stable above about 25° C. 
and preferably above about 37° C. In some embodiments the 
coated ?uorescent nanocrystals include greater than about 
25 functional groups and preferably greater than about 100 
functional groups bonded to the coated ?uorescent nanoc 
rystal. The vial With the functionaliZed ?uorescent nanoc 
rystals may also contain reagent molecules, ?uorphores, 
transfecting agents, excipients, or any combination of these. 
Optionally, the kit may contain separate vials With these 
components. The kit may include lateral ?oW assay strips. 

[0017] The ?uorescent nanocrystal composition in 
embodiments of the invention may further comprises a 
buffer and the composition can be held at a temperature of 
about 37° C. or greater. These compositions can be used in 
a method that includes the reaction of the functional groups 
With the target molecules in the sample at a temperature of 
about 37° C. or greater. In some embodiments, the ?uores 
cent nanocrystal composition includes a transfecting agent 
that can be used to permeabiliZe cells or a transfecting agent 
that can encapsulate the functionaliZed nanocrystals and 
transport them into cells and Where the functional groups 
bonded to the coating can be elongated or shortened by 
target molecules in the cells. The composition may further 
include cells to be tested for the presence or absence of target 
molecules. 

[0018] The ?uorescent nanocrystal compositions can be 
used to detect target molecules in a sample. For example, 
functionaliZed nanocrystals With telomerase primers can be 
used in a test for the detection of cancer, thus addressing a 
need in clinical diagnostics. The combination of the versa 
tility and functionality of ?uorescent nanocrystals With the 
universality of telomerase as a cancer marker offers the 
prospect of creating a poWerful but user-friendly tool for the 
detection of a number of cancers. Because of their stability, 
high number of functional groups, and high quantum yield, 
sensing using these ?uorescent nanocrystals can be made 
available for use in applications that involve large popula 
tion screening, anticancer drug discovery and therapeutic 
drug monitoring. 

[0019] Fluorescent nanocrystals functionaliZed for telom 
erase detection can be modi?ed for adaptation to existing 
high throughput screening platforms. There are presently 
several commercially available high throughput reading 
instruments for 96-well ?uorescence or polariZation detec 
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tion platforms. FloW cytometry analysis may be con?gured 
and used With functionaliZed nanocrystals With telomerase 
primers in the diagnosis of different types of leukemia. 

[0020] The above and other objects, features, and advan 
tages of these embodiments Will be apparent in the folloWing 
DETAILED DESCRIPTION When read in conjugation With 
accompanying draWings in Which reference numerals denote 
the same or similar parts throughout the several illustrated 
vieWs and embodiments. 

DESCRIPTION OF THE DRAWINGS 

[0021] The ?le of this patent contains at least one photo 
graph or draWing executed in color. Copies of this patent 
With color draWing(s) or photograph(s) Will be provided by 
the Patent and Trademark Of?ce upon request and payment 
of necessary fee. 

[0022] FIG. 1 ShoW test results that illustrate the long 
term storage stability of coated ?uorescent nanocrystals that 
may be used in embodiments of the present invention. 

[0023] FIG. 2 Illustrates the absorption spectrum of ?uo 
rescent nanocrystals and ?uorescent nanocrystals bonded to 
DNA. 

[0024] FIG. 3 illustrates non-limiting embodiments func 
tional groups that can be bonded to the coated ?uorescent 
nanocrystals and that can react sequentially With target 
molecules in a sample to modify the siZe or mass of the 
functional group. 

[0025] FIG. 4 illustrates bonding one or more functional 
groups to coated ?uorescent nanocrystals and that reaction 
of the one or more functional groups With a target molecule 
in a sample can sequentially modify or groW the siZe or mass 
of one or more of the functional groups to change a spectral 
property and or a physical property (tumbling or mobility) of 
the functionaliZed nanocrystal. 

[0026] FIG. 5 The tumbling of ?uorescent nanocrystal 
depolariZes polariZed light. A ?uorescent nanocrystal solu 
tion Was analyZed using linear polariZers With 99.5% ef? 
ciency (Kenko PL46 A solution of ?uorescent nanoc 
rystals (250 nM in borate buffer) Was excited by polariZed 
light and the ?uorescent nanocrystals emitted depolariZed 
light at 557 nm as evidenced by the limited quenching of a 
90-degree polariZation ?lters. 

[0027] FIG. 6 Interaction betWeen tWo types of ?uores 
cent nanocrystal (550 nm and 577 nm emission). Emission 
spectra of 10 pig/ml of each type of ?uorescent nanocrystal 
Were measured separately or dissolved in the same solution. 
All solutions Were excited at 410 nm. 

[0028] FIG. 7 Interaction betWeen ?uorescent nanocrystal 
and a ?uorophore like Texas Red. Emission spectra of 30 
pig/ml (500 nM) avidin-Texas Red (TR) alone or in the 
presence of 5 pig/ml (17 nM) ?uorescent nanocrystals (555 
nm emission). The strong cationic charge of avidin-TR 
caused strong association With ?uorescent nanocrystal 
(negatively charged). All solutions Were excited at 410 nm. 

[0029] FIG. 8 illustrates the modi?cation of spectral prop 
erties of ?uorescent nanocrystals With a change or modi? 
cation in the siZe or mass of the functional group using 
DNA. FIG. 8A illustrates DNA linking effect on the exci 
tation spectral properties of ?uorescent nanocrystals With 
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(541 nm) and Without (544 nm) DNA functional groups. 
FIG. 8B shows an emission spectra With a peak at 555 nm 
Without DNA functional groups and a peak at 552 nm With 
DNA functional groups linked to the ?uorescent nanocrys 
tal. It is expected additional changes in the spectral proper 
ties of the ?uorescent nanocrystals With DNA bonded to the 
coating Would occur With a change in the siZe of the bound 
DNA. 

[0030] FIG. 9 illustrates a lateral ?oW assay to test a 
sample for one or more target molecules using ?uorescent 
nanocrystals With functional groups that can have their siZe 
or mass modi?ed by reaction in the presence of target 

molecule(s). 

DESCRIPTION 

[0031] Before the present compositions and methods are 
described, it is to be understood that this invention is not 
limited to the particular molecules, compositions, method 
ologies or protocols described, as these may vary. It is also 
to be understood that the terminology used in the description 
is for the purpose of describing the particular versions or 
embodiments only, and is not intended to limit the scope of 
the present invention Which Will be limited only by the 
appended claims. 

[0032] It must also be noted that as used herein and in the 
appended claims, the singular forms “a”, “an”, and “the” 
include plural references unless the context clearly dictates 
otherWise. Thus, for example, reference to a “cell” is a 
reference to one or more cells and equivalents thereof 
knoWn to those skilled in the art, and so forth. Unless de?ned 
otherWise, all technical and scienti?c terms used herein have 
the same meanings as commonly understood by one of 
ordinary skill in the art. Although any methods and materials 
similar or equivalent to those described herein can be used 
in the practice or testing of embodiments of the present 
invention, the preferred methods, devices, and materials are 
noW described. All publications mentioned herein are incor 
porated by reference. Nothing herein is to be construed as an 
admission that the invention is not entitled to antedate such 
disclosure by virtue of prior invention. 

[0033] “Optional” or “optionally” means that the subse 
quently described event or circumstance may or may not 
occur, and that the description includes instances Where the 
event occurs or material is present and instances Where the 
event does not occur or Where the material is not present. 

[0034] Throughout the speci?cation of the application, 
various terms are used such as “primary”, “secondary”, 
“?rst”, “second”, and the like. These terms are Words of 
convenience in order to distinguish betWeen different ele 
ments, and such terms are not intended to be limiting as to 
hoW the different elements may be utiliZed. 

[0035] Semiconductor nanocrystals are noW being evalu 
ated as a promising tool of nonisotopic detection to replace 
conventional ?uorescent molecules. Since the spectral emis 
sion characteristics of nanocrystals are a function of their 
siZe, nanocrystals produced in a narroW siZe distribution can 
be excited to emit at discrete ?uorescence peak of narroW 
bandWidth. Advantages of ?uorescent nanocrystals include 
the ability to control the spectral characteristics of nanoc 
rystals such as narroW bandWidth, discrete peak emission 
Wavelengths, and the ability to use a single Wavelength or 
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narroW Wavelength band to excite an array of nanocrystals 
With different peak emissions. Another advantage of the 
?uorescent nanocrystals compared to ?uorescent dyes is 
their resistance toWard photobleaching under intensive light 
sources. 

[0036] A continuous ?oW process as detailed in US. Pat. 
No. 6,179,912, the disclosure of Which is herein incorpo 
rated by reference in its entirety, or a batch method can be 
used for the production of ?uorescent semiconductor nanoc 
rystals using high or loW temperature processing conditions 
as necessary. The appropriate method is one Which permits 
subsequent surface functionaliZation or coating and provides 
crystals With a narroW FWHM, preferably less than about 50 
nm, more preferably less than about 30 nm. In some embodi 
ments, approximately monodisperse (less that about :3 % 
siZe variation per Wavelength) ?uorescent nanocrystals in 
selected Wavelengths from about 400 to about 800 nm or 
higher With FWHM excitation/emission bandWidths of 
about 30 nm or narroWer are used for coating and function 
aliZation. In some embodiments using a continuous ?oW 
process, ?uorescent nanocrystal made having a run-to-run 
reproducibility With a standard deviation of about 11.6 nm, 
or Within about 10.3% are used for coating and functional 
iZation. 

[0037] Fluorescent nanocrystals (FNCs) that can be used 
in some embodiments of the invention may include nanoc 
rystals comprising semiconductor nanocrystals, doped metal 
oxide nanocrystals, and core shell variations of these. Semi 
conductor nanocrystals are quantum dots (also knoWn as 
crystallite semiconductors) that can be comprised of a core 
comprised of at least one of a Group II-VI semiconductor 
material (of Which ZnS, HgS, and CdSe are illustrative 
examples), or a Group III-V semiconductor material (of 
Which GaAs is an illustrative example), or a Group IV 
semiconductor nanocrystal, or a combination thereof. These 
core semiconductor nanocrystals may further comprise and 
be passivated With a “shell” or capping layer of material 
uniformly deposited on the core. The capping layer material 
may be comprised of an inorganic material With a higher 
band gap than the core nanocrystal. Inorganic materials 
typically used to passivate CdX (X=S, Se, Te) core nanoc 
rystals are preferably comprised of YZ Where “Y” is Cd, Hg, 
or Zn and “Z” is S, Se, or Te. Core CdX nanocrystals With 
a YZ shell. The ?uorescent nanocrystals, core or capped, 
may be coated With a composition that includes compounds 
With an imidaZole group bound to the ?uorescent nanocrys 
tal through an imidaZole group of the compound. The 
coating may also include alkyl phosphine-containing com 
pounds. The siZe of the core of the semiconductor nanoc 
rystal correlates With the spectral range of emission. In some 
embodiments, the semiconductor nanocrystals are produced 
using a continuous ?oW process and system and may have 
a particle siZe that varies by less than 110% in the average 
particle siZe (as measured by diameter) in the range of 
approximately 1 nanometer (nm) to approximately 20 nm. 
Semiconductor nanocrystals useful in the practice of various 
embodiments may also be characteriZed in that the dimen 
sions of the nanocrystals are comparable or smaller than 
their bulk exciton diameter so that they exhibit siZe depen 
dent optoelectronic properties and When excited can emit 
electromagnetic radiation in the visible or infrared ranges. 

[0038] The stability of coated ?uorescent nanocrystals, 
?uorescent intensity and aggregation, may be determined in 
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an accelerated shelf life test. Preferably for use in sensors 
and assays, coated FNCs, or coated FNC’s With reactive 
functionalities (those that can change siZe or mass) can be 
stored for extended periods of time. For example, imidaZole 
bound molecules in a coating on ?uorescent nanocrystals 
Were stored for up to 24 days at 45° C. Without light 
protection, and then run on an agarose gel FIG. 1A. The 
?uorescence intensity Was quanti?ed using NIH Image and 
analyZed by means of an Arrhenius equation to determine 
the projected 4° C. shelf life as illustrated in FIG. 1B. In this 
test, the imidaZole coated FNCs maintained their ?uores 
cence over the equivalent of 18 months at 4° C. and only 
diminish 20% over the equivalent of tWo years in storage. In 
a real-time study, coated FNCs Were stable When stored at 4° 
C. Without protection from light exposure. The intensity of 
the ?uorescence (as indicated by the brightness of the band 
on an agarose gel) did not diminish over a six-month storage 
period. The material did not aggregate or lose its surface 
charge (shoWn by the tightness of the bands in FIG. 1C). 
Preferably the coated ?uorescent nanocrystal used in 
embodiments of compositions and methods of the present 
invention are at least as stable as these. 

[0039] The coated ?uorescent nanocrystals and coated 
?uorescent nanocrystals With functional groups bonded to 
the coating can be used With a variety of buffers and at 
different pH. They are Water soluble and are stable and 
?uorescent in a Wide range of biological buffers (PBS, TBS, 
NaCl (<125 mM), Borate, MES, Casein) and a range of pH 
conditions such as from about pH 2 to about pH 10, and 
preferably about pH 6 to about pH 10. This advantageously 
enables these coated and functionaliZed ?uorescent nanoc 
rystals to be incorporated into a variety of established 
biological assays Without altering the protocols. 

[0040] In biological applications, the amount of coated 
?uorescent nanocrystals or coated ?uorescent nanocrystals 
With bound functional groups that may be contacted With 
cells, tissue, or a patient, is an amounts that is not harmful. 
Coated ?uorescent nanocrystals may be contacted With cells 
in culture in pig/ml concentrations. The concentration of 
coated ?uorescent nanocrystals or coated ?uorescent nanoc 
rystals With functional groups that may be safely used can be 
determined by culturing cells, for example CHO-K1 cells 
With varying concentrations of coated ?uorescent nanocrys 
tals for 24 hours in chamber slides. After the culture period, 
the number of dead cells can be quanti?ed using a trypan 
blue dye exclusion assay. 

[0041] Fluorescent nanocrystals can be made Water 
soluble. “Water-soluble” refers to coated ?uorescent nanoc 
rystals that are su?iciently soluble or suspendable in an 
aqueous solution, such as in Water, Water-based solutions, 
buffer solutions, or other ?uids used in biological or molecu 
lar detection systems. Coated ?uorescent nanocrystal par 
ticles and functional surfaces may also be characteriZed by 
their ability to be Wet by a ?uid. The ?uid may be Water or 
a solution of Water and other liquids like ethanol. One 
method to impart Water-solubility or Wettability to semicon 
ductor nanocrystals (e.g., CdX core/Y Z shell nanocrystals) 
is to exchange the overcoating layer of TOP or TOPO With 
a coating, or “capping compound”, Which Will impart some 
Water-solubility. In some embodiments of the coated ?uo 
rescent nanocrystals, the coating includes imidaZole con 
taining molecules bonded by imidaZole groups to the ?uo 
rescent nanocrystal. Depending on the nature of the coating 
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compound, some coated semiconductor nanocrystals Which 
have been reported as Water-soluble may have limited sta 
bility in an aqueous solution, particularly When exposed to 
air (oxygen) and/or light. For example, oxygen and light can 
cause mercapto-based monothiols used in capping and pas 
sivation of nanocrystals to become catalytically oxidiZed, 
thereby forming disul?des Which can destabiliZe the attach 
ment of the coating. 

[0042] FunctionaliZed ?uorescent nanocrystals in various 
embodiments are soluble in aqueous solutions and other 
?uids depending upon the ligands comprising the coating or 
functional groups bonded to the coating. For example, they 
may be soluble in Water, Water and isopropyl alcohol mix 
tures or liquids With surface tensions beloW about 80 dynes/ 
cm, and preferably in the range from about 30-73 dynes/cm. 
The solvent or solvent mixture used to solubliZe or suspend 
the functionaliZed nanocrystals may have a surface energy 
Which is about the same as the surface energy of the 
particular coating material of the functionaliZed nanocrystal. 
The surface energy of coating can vary With the molecular 
properties and amount of the ligands in the coating material; 
preferably the moiety of the coating material is compatible, 
soluble and chemically stable, With the ?uids it is contacted 
With. Chemically stable moieties of the coating material 
maintain the ?uorescent emission intensity over time 
depending upon the application of the functionaliZed ?uo 
rescent nanocrystals. The functionaliZed nanocrystals (FNC) 
in various embodiments described Were soluble in Water, 
mixtures of Water and glycerol (50%), Water and ethanol 
(10%), Water and methanol (50%; ~35 dynes/cm), Water and 
DMSO (50%), Water and polyethylene glycol 200 (50%), 
and Water and isopropyl alcohol (50%). The FNC Were also 
soluble in 100% of glycerol, and isopropyl alcohol particu 
larly after adding other solvents to isopropyl alcohol 

[0043] In various embodiments, the ?uorescent nanocrys 
tal may have a coating that includes one or more imidaZole 
containing compounds bound by an imidaZole group to the 
?uorescent nanocrystal surface. The coating may further 
include an alkyl phosphine-containing compound. The 
coated ?uorescent nanocrystals may further comprise 
chemical or physical cross-linking of the coating material 
comprising imidaZole-containing compound and alkyl phos 
phine-containing compound to promote further stabiliZation 
of the coating on the ?uorescent nanocrystals. Chemical 
cross-linking can be achieved by using methods and 
reagents knoWn in the art Which may include, but are not 
limited to, formaldehyde, glutaraldehyde, acrolein, 1,6-hex 
ane-bis-vinylsulfone, putrescine, alkyl diamines, and other 
organic triamines or polyamines. Physical cross-linking and/ 
or curing can also be achieved by using methods knoWn in 
the art Which may include, but are not limited to, ultraviolet 
irradiation, microWave treatment, heat treatment, and radia 
tion. 

[0044] Molecules and reactive functionalities may be 
chemically or physically connected to the nanocrystal, oper 
ably bound, by a fusion or bond or an association, of 
su?icient stability for the purposes of use. A coating may 
comprise one or more functional groups that can be mol 
ecules or ligands. As knoWn to those skilled in the art, and 
as Will be more apparent by the folloWing embodiments, 
there are several methods and compositions in Which tWo or 
more molecules may be operably bound to the nanocrystals 
utiliZing reactive functionalities. Reactive functionalities 
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may include, bifunctional reagents (e.g., homobifunctional 
or heterobifunctional), biotin, avidin, free chemical groups 
(e.g., carboxyl, hydroxyl, amino, amine, sulfo, and the like), 
and reactive chemical groups (reactive With free chemical 
groups). As knoWn to those skilled in the art, the bond may 
compromise, but is not limited to, one or more of: covalent, 
ionic, hydrogen, van der Waals, and the like. 

[0045] ImidaZole compounds in a coating include hetero 
cyclic or heteroaromatic molecule or ligand that has at least 
one imidaZole group (e.g., imidaZole ring) available for 
binding With the ?uorescent nanocrystal or capping com 
pound a metal such as Zinc, cadmium, gallium, or other 
metal cation, or substrate containing such cation. In that 
respect, preferably at least one imidaZole moiety is in a 
terminal position With respect to the structure of the mol 
ecule. The imidaZole containing compound operably bonds 
to the ?uorescent nanocrystal through the imidaZole group. 
Generally, imidaZole ring nitrogens serve as coordinating 
ligand to operably bind a metal ion such as Zinc or cadmium. 
In a preferred embodiment, the imidaZole-containing com 
pound comprises additional reactive functionalities such as 
an amino acid, or tWo or more amino acids joined together 
(e.g., knoWn in the art as “peptidyl” or “oligopeptide”), 
Which may include, but is not limited to, histidine, carnos 
ine, anserine, baleine, homocarnosine, histidylphenylala 
nine, cyclohistidylphenylalanine, 5-amino-4-imidaZolecar 
boxamide, histidylleucine, 2-mercaptoimidaZole, boc 
histidine hydraZide, histidinol, l-methylhistidine, 
3-methylhistidine, imidaZolysine, imidaZole-containing 
ornithine (e.g., 5-methylimidaZolone), imidaZole-containing 
alanine (e.g., (beta)-(2-imidaZolyl)-L(alpha)alanine), carci 
nine, histamine, histidyl glycine, glycyl histidine and the 
like. 

[0046] Amino acids include compound or ligand contain 
ing at least one amino group and at least one carboxyl group. 
As knoWn in the art, an amino group may occur at the 
position adjacent to a carboxyl group, or may occur at any 
location, for example [3 and y amino acids, along the amino 
acid molecule. In addition to at least one imidaZole moiety, 
the amino acid may further comprise one or more additional 
reactive functionalities, for example amino, thiol, carboxyl, 
carboxamide, or others. The amino acid may be a naturally 
occurring amino acid, a synthetic amino acid, a modi?ed 
amino acid, an amino acid derivative, an amino acid pre 
cursor, in D (dextro) form, or in L (levo) form. Examples of 
derivatives may include, but are not limited to, an n-methy 
lated derivative, amide, or ester, as knoWn in the art. 
Consistent With the functionality of the amino acid, it acts as 
a coating for the ?uorescent nanocrystals and may impart 
Water-solubility, buffer sufficiently in a pH range betWeen 
about pH 2 to about pH 10 and preferably from pH 6 to about 
pH 10, functions as a coat Which can increase ?uorescence 
intensity, or have one or more reactive functionalities that 
may be used to operably bind at least one molecular probe 
or functional group. An amino acids of the aforementioned 
amino acids may be used in a preferred embodiment, and a 
preferred amino acid may be used separately in the compo 
sition of the present invention to the exclusion of amino 
acids other than the preferred amino acid. In some embodi 
ments, the coating on the ?uorescent nanocrystals includes 
glycyl histidine, Which is an imidaZole-containing com 
pound. 

Jan. 19, 2006 

[0047] By the term “alkyl phosphine cross-linking com 
pound” is meant to refer to a molecule or ligand that has at 
least one phosphine group available for binding or chelating 
a non metal such as Se, S or other non metals, or substrate 
containing such atoms, and has at least one functional group 
(e.g., hydroxyl, amino, thiol, carboxyl, carboxamide, etc) 
With ability to react With neighboring molecules. In that 
respect, preferably at least one phosphine moiety is in a 
terminal position With respect to the structure of the mol 
ecule. Generally, phosphine moieties frequently serve as 
coordinating ligand to operably bind With the ?uorescent 
nanocrystal or capping compound a non metal or ion such as 
Se or S. In a preferred embodiment, the alkyl phosphine 
containing compound comprises a phosphine group, or tWo 
or more phosphine groups joined together (e.g., in a poly 
meric form), Which may include, but is not limited to, 
hydroxymethylphosphine compounds, and the like. Alkyl 
phosphine-containing compounds may be synthesiZed using 
methods knoWn in the art (see, e.g., Tsiavaliaris et al., 2001, 
Synlett. 3: 391-393, Hoffman et al, 2001, Bioconjug Chem 
12: 354-363, US. Pat. No. 5,948,386). As knoWn in the art, 
an alkyl phosphine-containing compound may further com 
prise one or more additional reactive functionalities, for 
example, hydroxyl, amino, thiol, carboxyl, carboxamide, or 
others. Examples of derivatives may include, but are not 
limited to, a hydroxy methyl phosphine derivative, amide, or 
ester, as knoWn in the art, and Where consistent With the 
functions of the alkyl phosphine as a coating as described 
herein (e.g., imparts Water-solubility, buffers sufficiently in a 
pH range betWeen about pH 2 and about pH 10, preferably 
from about pH 6 to about pH 10, functions as a coat and 
cross-linker Which can increase stability and ?uorescence 
intensity, or has one or more reactive functionalities that 
may be used to operably bind a molecular probe or func 
tional group. An alkyl phosphine of the aforementioned 
derivatives may be used in a preferred embodiment, and a 
preferred alkylphosphine may be used separately in the 
composition of the present invention to the exclusion of 
alkyl phosphines other than the preferred alkyl phosphine. 
Tris (hydroxy methyl) phosphine and beta-[Tris(hydroxym 
ethyl)phosphino] propionic acid are particularly preferred 
alkyl phosphine-containing compound for coating, stabiliZ 
ing and functionaliZing ?uorescent nanocrystals according 
to the present invention. Also knoWn in the art is that 
cross-linked alkyl phosphine-containing compounds have 
additional ability to operably bind to metal atoms and/or 
ions such as Zinc and cadmium. In this respect functional 
iZed isocyanates or alkyl cyanoacrylates may also be useful 
for cross-linking ligands and adduct formation With ?uores 
cent nanocrystals in the practice of this invention. 

[0048] The nanocrystal coated With the coating material of 
the present invention may further comprise an additional 
layer or functional groups bonded to the surface of the 
coating material. The moieties of the layer may be organic 
or inorganic and provide chemical compatibility, reactivity, 
or solubility With a ?uid or suspension media. For example, 
additional amino acids like arginine may be coupled to the 
imidaZole-containing group in the coating material, or short 
chain polymer or peptide sequences like arginine-glycine 
serine, With the serine hydroxyl moiety interacting With the 
suspending medium, may be used. Amino acids and other 
such groups Will have an a?inity for the amino acid portion 
of the imidaZole containing group of the coating material 
and may be reacted With them using standard coupling 



US 2006/0014175 A1 

reactions. The addition of amino acids by these coupling 
reactions elongates the moieties and result in changes in 
spectral properties of the ?uorescent nanocrystal. In general, 
one or more functional groups can be bonded at a ?rst end 

to the coating on the ?uorescent nanocrystal While the 
second end of the functional group extends outWard from the 
?uorescent nanocrystal coating. In some embodiments, the 
functional group is bonded to reactive functionalities of an 
imidaZole bound imidaZole containing coating. The spectral 
properties, physical properties like mobility or tumbling, or 
a combination of these of the coated ?uorescent nanocrystal 
can be modi?ed by sequential reaction, for example by 
sequentially lengthening , shortening, or a change in mass, 
of one or more of the functional groups by sequential 
reaction With one or more target molecules in a sample. One 
or more of the functional groups are sequentially lengthened 
by addition of multiple molecules, Which may be the same 
or different, to a functional group, or sequentially shortened 
by sequential removal of multiple moieties from a functional 
group. The functional groups may include one or more 
?uorphores, acceptors, or donors linked to the functional 
groups that are bonded to the coating material. The linked 
?uorphores and or acceptors, Which can be dyes like Texas 
Red or other ?uorescent nanocrystal, can absorb at least a 
portion of the ?uorescent emission from an excited ?uores 
cent nanocrystal to Which it is bound. Donors can be 
moieties that can excite the ?uorescent nanocrystal to ?uo 
resce and can be linked to through the functional groups and 
can include beta emitters or other ?uorescent nanocrystals. 
The functional groups can include polynucleotides, polypep 
tides, glycoproteins, polysaccharides, lipoproteins, portions 
of these, or combinations of these. 

[0049] One or more functional groups linked to a coating 
having imidaZole groups bound to a ?uorescent nanocrystal 
can be illustrated by DNA oligonucleotides be linked to 
FNCs. Oligonucleotides With varying numbers of bases 
equipped With an amine, or other suitable reactive group, 
modi?ed linker arm at the 5‘ end can be conjugated or 
bonded to reactive functionalities of imidaZole bound com 
pounds coating the surface of ?uorescent nanocrystals. A 
non-limiting example of a functional group is a 26-base 
oligonucleotide, 5‘-ACCCTAACCCTAACCCTAAC 
CCTAAC-3‘ (SEQ ID NO:1) equipped With an amine modi 
?ed linker arm of 12 carbons (an alkyl chain) at the 5‘ end 
as illustrated in FIG. 3. Other modi?ed linker arms, for 
example but not limited to PEG oligomers, and poly T as 
illustrated in FIG. 3 could also be used to bond the func 
tional group to the coating. In FIG. 3, the number of repeat 
groups in the linker can vary With m ranging from about 1 
to about 3, n ranging from about 6 to about 12, and p ranging 
from about 1 to about 4, hoWever other values of m, n, and 
p are possible. Reactive functionalities on the linkers may 
include but are not limited to amine, thiol, hydroxyl, car 
boxylic acid or other groups for linking to the imidaZole 
coating functional groups. Other nucleotide sequences can 
be used and the linker arm can include other ?exible organic 
chains of varying siZe. In some embodiments the telomerase 
primer includes from about 12 to about 30 bases, in other 
embodiments the telomerase primer includes from about 18 
to 26 bases. Non-limiting example of functional groups and 
linkers are shoWn in FIG. 3. 

[0050] A UV absorbance method can be used to con?rm 
the success of the linking reaction and to measure the 
number of linked DNA strands or other functional group per 
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?uorescent nanocrystal particle. These particles may be 
Washed by centrifugal ?ltration (tangential ?oW ?ltration, 
Millipore, 10 kD), and the concentration of the DNA-FNCs 
conjugate, or other functional group bound to a coating on 
the ?uorescent nanocrystal, adjusted to the concentration of 
a knoWn standard solution of FNCs (control). The UV 
absorbance (OD) difference at an absorption Wavelength 
betWeen the functional group bound FNC, for example the 
260 nm absorption betWeen the DNA-FNCs conjugate and 
the control, can be attributed to the linked functional group. 
Depending upon the number of OD units per functional 
group, in the case of the DNA functional group each OD unit 
represents ~25 pig/ml oligonucleotides, the number of func 
tional groups on the coated ?uorescent nanocrystals can be 
determined. In the case of the DNA functional group, 
calculations indicated that about 170 nucleic acid units Were 
linked to each particle of FNCs. The linking and character 
iZation of surface loading other functional groups can be 
made in a similar fashion. 

[0051] Telomerase is relatively insensitive to steric hin 
drance and able to extend the 3‘ ends of DNA substrates 
attached to solid surface through the 5‘ end as illustrated in 
FIG. 4. Phosphothiolate-modi?ed oligonucleotide primers 
can be used to increase both the affinity and velocity of 
elongation by telomerase. Telomerase substrate sequences 
With and Without phosphothiolate modi?cation can be linked 
to the thermally stable and Water soluble imidaZole group 
bound coated ?uorescent nanocrystals. 

[0052] Telomerase primers or other functional groups can 
be coupled to imidaZole bound coated FNCs in several 
different Wavelengths (520, 560, and 600 nm). Other coat 
ings Which provide a quantum yield of 70% or more, 
?uorescent thermal stability above about 25° C., preferably 
above 37° C. may also have functional groups coupled to 
their coating. For example, one ml of 25 nM FNCs solution 
in conjugation buffer (50 mM MES, 200 mM NaCl, pH 6.5) 
can be treated With 3 mM EDC and 5 mM sulfo-NHS to 
activate surface carboxyl groups of the coating. Excess 
cross-linkers can be removed by dialysis (10 kD, Pierce) 
against the conjugation buffer. Activated FNCs can be 
reacted With different concentrations of 5‘ amine linker 
modi?ed TS primers, for example but not limited to (1, 10, 
20 pM of the modi?ed primer in 1 ml PBS). The number of 
functional groups per FNC particle can be adjusted using for 
example reaction time, reaction temperature, functional 
group concentration, coating surface reactive group density, 
or any combination of these to achieve optimal surface 
functional group coverage. For example, the number of 
telomerase primer strands per FNC particle can be adjusted 
using for example reaction time, reaction temperature, and 
functional group concentration, to achieve the telomerase 
primer surface coverage for telomerase detection applica 
tions. The ?nal FNCs-coating-TS conjugates can be puri?ed 
and concentrated by using centrifugal ?ltration (Millipore, 
10 The number of TS strands conjugated per FNC 
particle can be measured using UV absorbance. To vary the 
surface density and or accessibility of functional groups to 
target molecules, a cellular substrate, or to other ?uorphores, 
various length, branched, or heteroatom substituted linkers 
may be used for the bonding the functional groups to the 
coating. For example, to modify telomerase accessibility to 
a substrate, TS primers With various alkyl linker arms of 
from about 6 to about 12 carbons at the 5‘ end could be used. 
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[0053] In some embodiments cadmium selenide core 
nanocrystals coated With a Zinc sul?de inorganic shell to a 
speci?c siZe (color) and spectral characteristics can be 
synthesized using protocols based on thermolytic reactions 
of precursors in coordinating solvents. The core/shell nanoc 
rystals are dissolved in a pyridine/chloroform solvent and 
can then be functionaliZed. The nanocrystals can be 
extracted by concentrated aqueous solutions of imidaZole 
ligands. Following dialysis a thin layer or coating of imi 
daZole ligands, Where imidaZole groups are bonded to the 
?uorescent nanocrystal, is formed on the surface of the 
?uorescent nanocrystal. The surface imidaZole ligands can 
optionally be cross-linked. These imidaZole coated FNCs 
can be Washed With a suitable buffer using centrifugation 
?lters, resulting in imidaZole coated ?uorescent nanocrystals 
con?gured With surface carboxyl groups available for cova 
lent linking With various ligands such as telomerase primers 
or other functional groups. Due to electronic interactions, 
this coating process can produce enhancement in the ?uo 
rescence efficiency of CdSe nanocrystals and can produce an 
energy sensitiZation effect that makes such ?uorescent 
nanocrystals highly responsive to surface changes. For 
example, the responsiveness of such ?uorescent nanocrys 
tals to surface interactions With DNA or With other ?uoro 
chromes Was demonstrated in the results shoWn in FIG. 7, 
FIG. 8A and FIG. 8B. The spectra in FIG. 7, FIG. 8A and 
FIG. 8B shoW the intensity changes of FNCs emission after 
interaction With Texas Red or DNA, respectively. 

[0054] In various embodiments, CdX core nanocrystals 
are coated With a higher bandgap inorganic shell and are 
further coated to permit bonding of one or more functional 
groups. In some embodiments the number of functional 
groups is greater than about 25 and preferably greater than 
about 100 functional groups bonded to the coating on the 
high bandgap surface of the shell. The coating on the 
inorganic shell results in ?uorescent nanocrystals that are 
very stable in aqueous environments, and in some embodi 
ments retain useful ?uorescence When stored for about 24 
days or longer at a temperature of at 45° C. or higher Without 
light protection. Fluorescent nanocrystal having different 
?uorescent emission can be functionaliZed. In one embodi 
ment, the coating on the ?uorescent nanocrystals is func 
tionaliZed With short strands of telomerase substrate DNA 
(TS). If telomerase activity is present in a sample, the sample 
may include nucleotides, acceptor derivatiZed nucleotides, 
donor derivatiZed nucleotides, cells or other excipients, the 
telomerase Will elongate one or more of the TS primer 
strands on the ?uorescent nanocrystal. The elongated prim 
ers linked to the ?uorescent nanocrystals can result in a 
change in the spectral and or physical properties, like 
tumbling or mobility, of the ?uorescent nanocrystal. 

[0055] The effect of additional molecules added or 
removed from the functional groups bound to the coating on 
the surface of a ?uorescent nanocrystal on the spectral 
properties of ?uorescent nanocrystals can be tested in a 
variety of Ways. For example, Water soluble and biologically 
compatible imidaZole functionaliZed nanocrystals having 
telomerase substrate primer strands bonded to the nanocrys 
tals may be tested using cancer cell lysate specimens With 
knoWn telomerase activity. The telomerase present in the 
cancer cells can elongate the telomerase primer strands in 
the presence of dNTPs and change the spectral properties of 
the FNCs as dNTP molecules are added to the functional 
groups bound to the coating of the FNCs. The change in 
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spectral properties can be recorded for example, but is not 
limited to, a change in the Stokes shift, a change in polar 
iZation/anisotropy, as Well as energy transfer betWeen FNCs 
and matching ?uorescent molecules The change in 
spectral properties of FNCs can be compared With and 
correlated to a traditional TRAP assay for the detection of 
telomerase activity. 

[0056] Besides dNTP’s, a variety of other molecules of an 
organic or inorganic nature may be added sequentially to the 
functional groups bound to the coating on the surface of 
?uorescent nanocrystals to detectably change the optical and 
or physical properties of the FNCs. The molecules added to 
the surface of the nanocrystals or to reactive functionalities 
of a coating on the surface of the nanocrystals, and prefer 
ably a coating With imidaZole groups bound to the ?uores 
cent nanocrystal, may include, but are not limited to orga 
nosilanes, nucleotides, amino acids, polypeptides, nucleic 
acids, glycoproteins, eukaryotic cells, prokaryotic cells, 
lipoproteins, a substrate, and the like. The molecules may be 
in vivo, in vitro, in situ, or ex vivo. 

[0057] Changes in the siZe or mass of one or more 
functional groups bonded to coated ?uorescent nanocrystals 
upon reaction With one or more target molecules can be used 
to detect target molecules in a sample. The reaction of the 
functional groups With the target molecules may result in a 
change in the siZe or mass of the functional groups as 
molecules in the sample, Which may be the same or different 
from the target molecule, are sequentially added or removed 
from one or more of the functional groups. The addition of 
dNTP’s to DNA primer strands bonded to a coated ?uores 
cent nanocrystal is a non-limiting example of the sequential 
addition of multiple dNTP molecules to the coated ?uores 
cent nanocrystals that results in a change or groWth in the 
siZe or mass of the functional groups in the coating. The 
addition of dNTP’s to these primer strands in the presence 
of a target molecule like a reverse transcriptase, such as 
teleomerase, is a non-limiting example of molecules differ 
ent from the target molecule that can add to the functional 
groups in a sequential manner. Alternatively, portions or all 
of the functional group may be sequentially removed by 
reaction With a target molecule in a sample. The removal of 
multiple amino acids from a bound peptide functional group 
or the cleavage of a functional group containing a lactamase 
sensitive bond are non-limiting examples Where the sequen 
tial removal or degradation of a portion of a functional group 
can be used to modify the siZe, mass, or presence of 
?uorphores from the functional groups. 

[0058] Spectral property changes related to changes in the 
length or mass of functional groups bonded to the coating 
upon reaction With a target molecule in a sample can be 
veri?ed for example using cancer cell lysate specimens. 
Changes in the spectral properties can be recorded based on 
Stokes shift, polariZation/ anisotropy, as Well as energy trans 
fer betWeen FNCs and matching ?uorescent molecules 
(FRET). A spectral change related to a change in the siZe or 
mass of functional groups bonded to the coating upon 
reaction With a target molecule in a sample can be correlated 
to results from a traditional TRAP assay for the detection of 
telomerase activity in the cancer cell lysate specimens. 

[0059] Fluorescent nanocrystals With functional group like 
telomerase primers can be used to detect telomerase activity 
in human tumor specimens from biopsies, ?ne needle aspi 
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rates, washings, brushings, etc. Testing for example can be 
conducted on malignant glioma specimens or other tumor 
types. Detection platforms that involve real time imaging in 
live cells, microscopic imaging on histology sections, high 
throughput formats, and lateral ?oW strip assay systems can 
also be used. 

[0060] A composition that can be used to detect a target 
molecule like telomerase in a sample can be constructed by 
conjugating short strands of telomerase substrate DNA to 
?uorescent nanocrystals of speci?c spectral characteristics. 
It is advantageous for increased sensitivity to conjugate or 
bond functional groups like telomerase primers to a coating 
on the ?uorescent nanocrystals that provides high numbers 
of functional groups on the ?uorescent nanocrystal, for 
eXample greater than about 25, or greater than about 100. It 
is advantageous to have ?uorescent nanocrystals that are 
stable at elevated temperatures. For eXample, elevated tem 
peratures can be used for direct incubation of ?uorescent 
nanocrystals With cells, to modify the reaction conditions for 
bonding functional groups to a coating on the ?uorescent 
nanocrystals, or for other purposes. In embodiments of 
compositions, the coated ?uorescent nanocrystals or coated 
?uorescent nanocrystals With functional groups bound to the 
coating are stable and retain useful ?uorescence for target 
molecule detection at temperatures of about 20° C. or 
greater, at temperatures of about 25° C. or greater, at 
temperatures of about 37° C., or temperatures of about 45° 
C. or greater. It is advantageous for detection sensitivity to 
conjugate or bond functional groups like telomerase primers 
to a coating on the ?uorescent nanocrystals that have a 
quantum yield of about 70% or greater. In the case of a 
functional group like telomerase primers linked to imidaZole 
bound coated ?uorescent nanocrystals, telomerase activity 
in a sample in the presence of dNTP’s, (for eXample a 
miXture of dATP, dCTP, dGTP, and a ?uophore or acceptor 
like Texas-Red 14-dUTP)can elongate the functional group 
telomerase substrate primer strands, causing a change in the 
siZe, mass, and spectral properties of the linked ?uorescent 
nanocrystals. Changes in the spectral properties can be 
detected using simple cuvette assay platforms for ?uorom 
etry, polarization/anisotropy, and/or microscopy. Detection 
can also include simple lateral ?oW techniques (for on site 
diagnostic use in small clinics, doctor’s offices, etc.), real 
time detection and monitoring in living cells, and high 
throughput formats. 

[0061] Various combinations of high surface coverage of 
functional groups, temperature and ?uoresce stability, or 
high quantum yield of the coated ?uorescent nanocrystals 
may be used to detect a Wide variety of target molecules that 
react With one or more of the functional groups bonded to 
the coating to change their siZe or mass. Changes in the 
surface coverage of functional groups, quantum yield, tem 
perature and ?uorescence stability of the functionaliZed 
?uorescent nanocrystals can be made by modifying the 
number and type of surface groups in the coating. 

[0062] For target molecules that act as a marker for a 
condition, for eXample an enZyme like telomerase Which 
acts as a marker for a majority of cancers, ?uorescent 
nanocrystal based sensing utiliZing functional groups 
bonded to a coating can be adapted for use in applications 
that involve large population screening, anticancer drug 
discovery and therapeutic drug monitoring. 
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[0063] Changes in the siZe or mass of functional groups 
bonded to the coating on the ?uorescent nanocrystals can be 
detected through changes in the spectral properties of the 
functionaliZed nanocrystals. For eXample, as illustrated in 
FIG. 4, the detection of a target molecule in a sample can be 
determined by reaction of functional groups 408 bonded to 
a coated ?uorescent nanocrystal 404. The coating can 
include imidaZole containing molecules bonded by an imi 
diZole group to the ?uorescent nanocrystal. Reaction of the 
functional groups 408 With the sample may result in elon 
gation of the one or more of the functional groups as 
illustrated for 416 and 420. The change in the siZe of the 
functional groups 408 can result in a difference in the 
spectral properties of the coated ?uorescent nanocrystal With 
functional groups 400 compared to the spectral properties of 
the coated ?uorescent nanocrystal With modi?ed functional 
groups 440. In one embodiment, telomerase detection can be 
derived from thermally stable coated functionaliZed ?uores 
cent nanocrystals as illustrated in FIG. 4. Short strands of 
telomerase substrate DNA (TS), illustrated by functional 
group 408, can be linked to imidaZole bound coating on 
?uorescent nanocrystals (FNCs) 404. If telomerase activity 
is present in a sample, the DNA strands 404 can become 
elongated, illustrated by 416 and 420, in the presence of 
dNTP’s in the sample, producing a change in the spectral 
properties of the FNCs from 400 to 440. 

[0064] The effectiveness of thermally stable functional 
iZed ?uorescent nanocrystals for the detection of telomerase 
activity in cancer cell lysates can be demonstrated using 
established cell lines With con?rmed telomerase activity 
such as U373-MG and U251-MG cells, and HCT-116 colon. 
Normal human ?broblasts (MRC5 and W138) can be used as 
a negative control, and SUSM-l and Saos-2 osteosarcoma 
cells Which possess alternative lengthening of telomeres. 
CHAPS cellular lysates of various protein concentrations 
can be incubated With telomerase functionaliZed coated 
?uorescent nanocrystals (FNCs-TS) in a telomerase incuba 
tion buffer at or about 37° C. Samples With dNTP’s, match 
ing dNTP-accptors, or a combination of these and having 
telomerase activity Will elongate the TS primers bonded to 
the coating on the FNCs surface, producing a change in their 
spectral characteristics. Spectral signals related to the 
change can be recorded by one or more of ?uorescence 
polariZation, Stokes shift, ?uorescence resonance energy 
transfer. 

[0065] Signal detection based on ?uorescence polariZation 
(FP). If polariZed light is used to eXcite a solution of FNCs, 
a portion of the emitted light Will be depolariZed due to the 
rapid “tumbling” of the FNCs in solution (enabled by their 
nanometric siZe). Changing the siZe of the surface bound 
ligands, for eXample elongating the TS strands on the 
surface of FNCs by telomerase as illustrated in FIG. 4, can 
induce a change in the degree of tumbling (i.e., depolariZa 
tion). This alteration is proportional to the activity level of 
a target molecule in a sample like telomerase. The signal can 
be recorded by a ?uorometer equipped With a polariZation 
module. Changes in the siZe or mass of functional groups 
bonded to the coated ?uorescent nanocrystals may be 
detected based on Fluorescence Polarization When 
depolariZed light is used to eXcite a solution of FNCs, a 
portion of the emitted light Will be depolariZed due to the 
rapid “tumbling” of the FNCs in solution (enabled by their 
nanometric siZe). It is possible to measure molecular Weight 
changes in CdS nanocrystals linked to peptides using FP 














