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Figurc 1. 3 Through space FE'l' from a donor dye D to an acceptor dyc A; 

b through bond PET. 
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FIGURES 1A & 1B 
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FIGURE 2 
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in and lab 

Schcuu: i. Syntheses of the cassettes 1 and 2. a) CH2C1L re?ux: h)BF3-OEt.2, 
NELK, MePh. 80 "C, 26% (2 steps) for 3a and 39% (2 steps) for 3h; 0) 
HCCTMS, NE!” cut. Pd(PPh_1)4. Cat. C111, MePh 69 ‘C, 99% for a and 96% 
for b; Ll) TBAF, THF, 0 ‘C. 60% for a and 58% for b; 6) 4a, NEt3, cat. 
Pd(PPl13)‘, cat. Cul, McPh 50 ‘C. 96%; f) 411 or 4b. NE13, cat. Pd(PPh,')‘, 
cal. CuI. Mcl’h 80 “C, 65% for laa and 23% for lab; g) 4a, NEIJ. cat. 
Pdu’i’hjlu cat. Cul, McPh 45 ‘C. 83%: f) 43 or 4b. NEtg. cat. Pd(PPh3)¢, 
cat. Cui, MePh 80 'C. (15% for laa and 17% for lab. 

FIGURE 3 
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Tabfc 1. Important spectroscopic data for compounds 4. and the cassettes 1 
and 2. 

lm“ (abs? ‘Am (ems)a energy ratios of 
(um) (um) transfer (ET) ?uorescence: 

efficiency” inrensities‘ 
W1) 

48. 504 515 ~ - 

4b 529 S43 - - 

laa 504 515 - Iuuz4a 1.5: 1.0 
lab 505 and 529 542 >90 labzdh 2.21.0 
2a“ 504 516 - 2:13:41: 1.61-0 

28b 505 and 529 543 >90 2abz4b I.7:1.0 

[a] in CHCI3. [b] where ET = {1 - (fluorescence intensity of donor emission 

in C8s3cllc)/( fluorescence intensity of donor aloud} x 100 % {c1 excitation at 

488 nm. 

FIGURE 4 
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METHODS OF LABELLING BIOMOLECULES 
WITH FLUORESCENT DYES 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of United States 
Provisional Patent Application entitled “Through Bond 
Energy Transfer in Fluorescent Dyes for Labelling Biologi 
cal Molecules,” Ser. No. 60/112,711 ?led Dec. 18, 1998. 

RIGHTS IN THE INVENTION 

[0002] This invention Was made in part With United States 
Government support under grant number HG01745 aWarded 
by the National Institute of Health, and the United States 
Government has certain rights in the invention. 

TECHNICAL FIELD OF THE INVENTION 

[0003] The present invention relates in general to the ?eld 
of DNA sequencing and, more particularly, to through bond 
energy transfer in ?uorescent dyes for labelling biological 
molecules. 

BACKGROUND OF THE INVENTION 

[0004] Methods routinely applied for high throughput 
DNA sequencing have oscillated betWeen tWo embodiments 
of the Sanger scheme. [A1, A2] Fluorescence detection 
dominates throughout, but the factor that distinguishes 
the approaches is that the labels can be situated in the primer 
(dye-primers) or in the terminating fragments (dye-termina 
tors). Both methods have been, and continue to be, used. 
[A4-A6] 
[0005] Early dye-primer technology featured one ?uores 
cent ?ag per primer. Four reactions Were performed With 
each of the ddNTP’s using the “Workhorse tags”, i.e., JOE, 
TAMRA, ROX, and FAM. These four reactions Were miXed 
after production of a nested set of chain terminated DNA 
fragments, and analyses Were performed via gel electro 
phoresis in one lane With a static detector. 

[0006] Dye terminator strategies [A7] have the advantage 
that only one reaction is required to produce a nested set of 
chain terminated DNA fragments labeled With ?uorescent 
groups appropriate to the four ddNTP’s. The (unlabeled) 
primers used are also cheaper to produce than the corre 
sponding ?uorescently labeled ones. Moreover, in contrast 
to dye-primer strategies, pausing bands are invisible to 
?uorescence detection When the label is present only in the 
terminator. The disadvantage of dye-terminators is that not 
all of the relatively precious labeled component is incorpo 
rated into the complement Whereas all the ?uorescence is 
retained in the complement if the dye primer method is used. 

[0007] A signi?cant advance in dye-primer methodology 
occurred When it Was realiZed that the ?uorescence signal 
could be enhanced by approximately ten-fold When tWo 
labels Were used in the folloWing Way. [A9] One Was 
selected to absorb relatively high energy photons; energy 
transfer though space to the second ?uorescent group Would 
then lead to emission at a loWer Wavelength. Speci?cally, 
FAM Was (and is) used to harvest the irradiation, then 
convey energy through space to either JOE, TAMRA, or 
ROX. The ten-fold enhancement obtained is signi?cant 
because it facilitates use of less reagents (dye-primer, 
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enZyme, dNTPs, ddNTPs, etc.), and/or lessens the need to 
concentrate the reactions before gel electrophoresis and 
detection. [A9-A13] Energy transfer enhancement of ?uo 
rescence is more ef?cient than other systems Wherein tWo 
identical ?uorescent labels per primer have been used to 
enhance sensitivity. [A14] 

[0008] The utility of the dye-terminator approach has also 
been enhanced, but in this case the development Was one in 
molecular biology. Tabor and Richardson shoWed that some 
mutated DNA polymerases favor incorporation of labeled 
ddNTPs. [A15] These enZymes are more expensive than the 
Wild type, but they can be obtained in signi?cant quantities 
via over-expression. Use of these DNA replicating enZymes 
leads to more efficient use of ddNTPs in Sanger sequencing, 
and this is particularly important When the ddNTP bears a 
label. 

[0009] The state of the art in high throughput sequencing 
is such that both dye-primers and dye terminators are used. 
Typically, cloned genomic fragments are randomly sheared 
and subcloned into specialiZed sequencing vectors, i.e., the 
“shot-gun” approach. Doubly labeled dye-primers that 
complement the specialiZed vector arms are then used to 
begin the sequencing operation; a compelling advantage of 
this is that only a limited repertoire of these eXpensive 
primers is required. Primer Walking is then used to eXtend 
the sequence information obtained. HoWever, the primer 
Walking steps, and sequencing of regions riot-covered by the 
shot-gun/primer Walking process, require primers that are 
tailor made to those particular sequences (rather than to a 
restriction site sequences). Syntheses of many different 
doubly labeled dye-based primers cannot be justi?ed, so a 
different approach is used. In fact, it is cost effective to use 
labeled ddNTPs/mutant DNA replicating enZymes at this 
stage, therefore obviating the need for eXtensive dye-primer 
syntheses. 

SUMMARY OF THE INVENTION 

[0010] Fluorescent energy transfer cassettes are reported. 
Unique features of these are that they alloW through bond 
energy transfer and have a succinimidyl ester functionality 
suitable for attaching them to biomolecules. The relevance 
of this design concept to high throughout DNA sequencing 
is discussed. 

[0011] This disclosure outlines a general design principle 
for neW ?uorescent dyes to be applied in high throughput 
DNA sequencing protocols (e.g., The Genome Project) and 
other applications in biotechnology. 

[0012] Fluorescent dyes for DNA sequencing and other 
biotechnological applications can be produced in the fol 
loWing Way. A UV-absorbing chromophore is selected that 
Will absorb relatively strongly at the Wavelength emitted by 
the source chosen for the application under consideration. 
Organic synthesis is then performed to incorporate this 
chromophore into a molecule Wherein the chromophore is 
conjugated With a molecular entity having desirable ?uo 
rescence emission properties. In DNA sequencing, the latter 
group Would be one With a strong, narroW bandWidth, 
emission at a distinctly different Wavelength to the other 
dyes used in the sequencing method. The UV chromophore 
must absorb at a loWer Wavelength than the ?uorescence 
emitter, and it is highly desirable that the chromophore and 
?uorescence emitter be placed at opposite ends of the 
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conjugated system (not in the middle). In the anticipated 
mode of action of these dyes, the UV absorbing group Would 
harvest radiation from the excitation source and transmit it 
through the conjugated system to the ?uorescence emitter 
Which Would then ?uoresce. 

[0013] The neW ?uorescent dyes should also preferably 
have the folloWing properties: 

[0014] manageable solubility characteristics; 
[0015] (ii) functionality that alloWs them to be con 

veniently attached to nucleotides (or other biomol 
ecules); 

[0016] (iii) similar structures When used as sets for 
DNA sequencing, thus giving near tagged DNA 
fragments With similar gel mobilities; 

[0017] (iv) chemical stability; 

[0018] (v) chemical accessibility (i.e., can be 
obtained via convenient syntheses); and, 

[0019] (vi) functional groups Which facilitate conve 
nient and economical incorporation of the labels. 

[0020] According to one embodiment, the design principle 
disclosed here provides dyes that can be designed to: 

[0021] harvest radiation (from lasers and similar 
devices) in regions of the electromagnetic spectrum 
that cannot be efficiently absorbed by the dyes cur 
rently used for DNA sequencing, thus alloWing a 
Wider variety of light source Wavelengths to be used; 

[0022] ?uoresce in a greater Wavelength range than 
the four dye detection system most often used at 
present (i.e., JOE, TAMRA, ROX, FAM) alloWing 
greater resolution of the ?uorescence emission from 
the dyes giving a more accurate read in DNA 
sequencing experiments; 

[0023] give more intense ?uorescent emission on 
irradiation With a usable source than is currently 
possible using JOE, TAMRA, ROX, and FAM, thus 
giving increased sensitivity and enabling smaller 
amounts of samples to be detected; 

[0024] give ?uorescence emission from a usable 
source that is comparable or superior to the through 
space energy transfer dyes introduced by Mathies, 
and by Gibbs, and their coworkers; 

[0025] be introduced more conveniently and eco 
nomically than the through space energy transfer 
dyes introduced by Mathies, and by Gibbs, and their 
coworkers; and, 

[0026] be useful in both the “dye-primer” and the 
“dye-terminator” approaches to DNA sequencing. 

[0027] Sets of ?uorescent dyes Would be prepared such 
that one UV absorbing group Was paired With four different 
?uorescent emitter moieties, each With clearly different 
emission Wavelengths. This Would alloW strong ?uorescence 
at four clearly distinguishable Wavelengths. 

[0028] There is also potential for tWo different sets of 
sequencing reactions to be mixed and analyZed in a single 
gel electrophoresis run. Thus, if tWo UV absorbing mol 
ecules that absorbed in mutually exclusive regions of the 
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spectrum Were each paired With four dyes, emission Would 
only occur in one set if the absorbance Were tuned to one UV 

absorbing group. Alternatively, eight different dyes could be 
coupled With one or tWo UV absorbing groups (four each) to 
achieve the same end. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] A more complete understanding of the invention 
and its advantages Will be apparent from the detailed 
description taken in conjunction With the accompanying 
draWings in Which: 

[0030] FIGS. 1a and 1b are schematic diagrams illustrat 
ing energy transfer “through space” and energy transfer 
“through bonds,” respectively, for the production of ?uo 
rescent labels for biological systems; 

[0031] FIG. 2 is a diagram illustrating the structures of 
four cassettes used according to the teachings of the present 
invention for labeling DNA or other biological molecules; 

[0032] FIG. 3 is a diagram illustrating synthesis of cas 
settes 1 and 2. a) CHZCL2 re?ux: b)BF3.OEt2, NEt3, MePh, 
80° C., 26% (2 steps) for 3a and 39% (2 steps) for 3b; c) 
HCCTMS, NEt3, cat. Pd(PPh3)4, cat. c111, MePh 60° 0, 
99% for a and 96% for b; d) TABF, THF, 0° C., 60% for a 
and 58% for b; e) 4a, NEt3, cat. Ph(PPh3)4, cat. Cul, MePh 
50° C., 96%; f) 4a or 4b, NEt3, cat. Pd(PPh3)4, cat. Cul, 
MePh 80° C., 65% for 1aa and 23% for lab; g) 4a, NEt3, cat. 
Pd(PPh3)4, cat. Cul, MePh 45° C., 83%; f) 4a or 4b, NEt3, 
cat. Pd(PPh3)4, cat. Cul, MePh 80° C., 65% for 1aa and 17% 
for lab; and 

[0033] FIG. 4 is a table illustrating important spectro 
scopic data for compounds 4, and the cassettes 1 and 2. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0034] The preferred embodiments of the present inven 
tion and its advantages are best understood by referring to 
the FIGS. 1 through 4 of the draWings according to the 
teachings of the invention. 

[0035] Several conclusions may be made based on the 
discussions above. First, enhancement of ?uorescence emis 
sion is desirable. Second, both dye-primer and dye-termi 
nator approaches are viable, and the selection of one over the 
other is not a clear cut choice. It is possible, for instance, that 
if the dye-terminator methodology Were improved then most 
sequencing reactions might be done that Way. If they Were, 
the number of reactions necessary to generate DNA comple 
ments Would be reduced by a factor of four relative to 
dye-primer approaches (since the four different ddNTP’s can 
be mixed), and pausing bands Would become invisible. 

[0036] There are at least tWo Ways to improve the utility 
of the dye-terminator approach. Energy transfer emission 
enhanced ?uorescent tags for ddNTP’s have not yet been 
developed, so Work in this area is very likely to be useful. 
Another avenue to explore is to devise completely neW 
?uorescent labels for ddNTP’s. 

[0037] Superior dye-primer labels must overcome the 
false priming and mobility shift problems, and the experi 
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mental inconveniences associated With label incorporation. 
When singly labeled dye primers are used, mobility differ 
ences are compensated by virtual corrections to the data 
after detection but prior to output of the read. Almost all of 
the Work With double dye primers involves labels supported 
on T-analogs Which constitute part of the primer sequence. 
Those systems can be vulnerable to false priming due to 
these unnatural nucleotides. Moreover, the mobility correc 
tion varies With sequence and cannot alWays be adequately 
accommodated by virtual corrections. To address this prob 
lem, Mathies and co-Workers designed a system that they 
term “cassette labeling”. [A16] In this method, the primer 
syntheses are performed in such a Way that the ?rst ?uo 
rescent base is added at the 5‘-termini of the primers, then six 
more cycles of phosphoramidite couplings are performed 
using deoxyribose units With no purine or pyrimidine func 
tionalities. Finally, the other label is added at the end of this 
chain. The primers formed in this Way are less vulnerable to 
false priming, and the DNA complements derived from them 
have improved mobility characteristics and exhibit less 
?uorescence quenching. HoWever, this strategy is not ideal 
for several reasons. Most important of these are the fact that 
these primers require seven more coupling steps than are 
required to generate the primer sequence. The Word “cas 
sette” is inappropriate for this system because it implies that 
the dye labels With the appropriate spacing are simply 
slotted in; in fact, they are built on the end of the primer in 
a multi-step operation Which must be repeated for each 
primer. Second, the linker betWeen the tWo labels is ?exible. 
Consequently, the ?uorescence emission Will be the result of 
averaged conformational states Which may vary according to 
the different environments of the label system. Third, the 
radiation that can be used to excite the labels must be chosen 
Within relatively restrictive Wavelength regions (eg 488 nrn 
or 154 nrn source, but not ones much loWer in Wavelength). 
An eight dye system With four responding to one excitation 
Wavelength and four responding at another Would be 
extremely hard or almost impossible to develop given the 
dyes available. Finally, the issue of gel mobilities is not a 
solved problem because different conformational states may 
still be present in ratios that vary With the peripheral primer 
sequence. Energy transfer systems based on BODIPY dyes 
have been introduced for enhanced sensitivity and improved 
gel mobility factors in DNA sequencing, [A17] but the 
concerns outlined above still apply. [A18] 

[0038] Dye-primer methodologies may be improved by 
generating a double-dye cassette that could be conveniently 
incorporated into a primer in one step. This cassette is 
preferably relatively rigid to minimiZe sequence dependent 
mobility variations. 

[0039] No compounds of the this type (i.e., ?uorescent 
compounds having a UV-harvesting group in conjugation 
With a ?uorescence emitter) have been reported by others 
speci?cally for DNA sequencing or, as far as We are aWare, 
for other applications in biotechnology. HoWever, com 
pounds Which harvest UV radiation, and transmit it to a 
?uorescent group via a conjugated system have been 
reported. This section summariZes highlights from that lit 
erature. 

[0040] Polymers and oligormers of type I are prepared via 
Sonogashira couplings of aryl halide and arylalkyne com 
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ponents. This coupling reaction is more e?icient than the 
WadsWorth-Emmons reaction generally used to produce the 
corresponding systems With alkene rather than aryne link 
ages. In fact, solid phase syntheses of these materials are 
possible as a direct consequence of the e?iciency of the 
Sonogashira coupling. 

OR 

// 

// 
OR 

[0041] Extended aryl alkyne molecules are not particu 
larly soluble in any common solvent, but the alkoxide 
substituents shoWn in structure I can be used to give appre 
ciable solubilities. In nearly all literature on these com 
pounds the “OR” functionalities are O-hydrocarbons 
included for compatibility With organic media, although in at 
least one case a Water soluble system has been produced 
When R Was a sulfonated benZylic group. 

[0042] Molecules of type I are chemically robust. They 
Would not, for instance, react or decompose under the 
thermal cycling conditions used for enZymatic generation of 
DNA components. 

[0043] The spacing betWeen repeat units in the polymers 
I is approximately 6.75 This rigidity could be exploited 
to hold a UV absorbing group and a ?uorescence emitter at 
a relatively invariant and easily estimated separation. 

[0044] Photophysical properties of frameWork I are such 
that absorption occurs at around 448 nm and ?uorescence 
emission occurs at 474 nm (n=~22). High ?uorescent quan 
tum yields are often observed (ca 0.8 to 0.9 for many 
molecules of type I) presumably because the rigidity of the 
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system precludes bond motions that Would otherwise result 
in radiationless decay. Moreover, the emission spectrum 
tends to be relatively sharp, much sharper than the absorp 
tion spectrum. The most relevant property of these materials 
to this project is the energy transfer properties seen for 
molecules like polymer II. This material emits at 524 nm 
irrespective of the Wavelength of the absorption. It appears 
that random excitation of the polymer backbond transmits 
the energy to the loW energy anthracene end group resulting 
in emission.25. The mechanism of energy transfer is “pho 
tonic”, rather than through space, hence the rigid arylalkyne 
rods have been referred to as “molecular Wires”. The ?o 
rescence quantum yield is not alWays high, hoWever. If the 
loW energy group is situated in a relatively central position 
in the polymeric chain, for instance, then the ?orescence 
quantum yield is loW. HoWever, placement of a high energy 
absorbing group at one termini and a loW energy emitting 
group at the other facilitates tunable absorption and photonic 
relay to the loW energy emitting group With high ?orescence 
quantum yield. Thus, a particular Wavelength of the absorp 
tion can be determined by choosing a suitable high energy 
end-group, and the Wavelength of emission can be similarly 
adjusted using a different group at the other terminus. These 
types of observations regarding the photophysical properties 
of repeating arylalkyne units have been reported for many 
ohgomeric, cyclic, dendric, and polymeric systems. Particu 
larly relevant are systems Which incorporate the so-called 
BODIPY dyes, prepared for goals that Were not stated to 
include DNA sequencing. 

[0045] In conclusion, dye-primer methodologies could be 
improved by generating a double-dye cassette that could be 
conveniently incorporated into a primer in one step. This 
cassette should be relatively rigid to minimiZe sequence 
dependent mobility variations. 

[0046] The state of art in ?uorescence-based DNA 
sequencing methodologies is to use four sets of tWo dyes, 
one set for each sequencing reaction, arranged such that 
through space ?uorescence energy transfer enhances 
the emission of each set. [B1-B4] This leads to increased 
sensitivity hence more bases can be sequenced in each run. 
Typically, identical donor dyes are applied in each set so that 
irradiation at a single Wavelength, usually 488 nm from 
argon lasers, can be used throughout. In a system Wherein 
four dye sets are excited by one laser source, FET alloWs the 
dyes With longer ?uorescence emission max values to absorb 
energy at 488 nm more ef?ciently. FET essentially increases 
the overlap of the absorption spectra of the acceptor dye With 
the exciting irradiation. 

[0047] FIGS. 1a and 1b are schematic diagrams illustrat 
ing energy transfer “through space” and energy transfer 
“through bonds,” respectively, for the production of ?uo 
rescent labels for biological systems. The ?rst attempts to 
construct FET-based dye systems for DNA sequencing used 
donor and acceptor dyes attached to different nucleobases in 
a primer. This route to FET-based dye systems is experi 
mentally inef?cient if many dye-labeled primers must be 
produced, as in The Human Genome Project. Moreover, the 
only mechanism by Which these dyes could transfer energy 
Would be “through space.” (FIG. 2). 
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[0048] Several groups have noted that FET betWeen tWo 
dyes that are conjugated With each other can be remarkably 
ef?cient, and this property has been used to produce neW 
materials With interesting photophysical properties. [BS-B9] 
HoWever, to the best of our knowledge, such “through bond” 
energy transfer (FIG. 1b) has not yet been exploited in the 
production of ?uorescent labels for biological systems. 

[0049] Disclosed here are our preliminary efforts to form 
FET-dye cassettes for biological labeling that potentially 
alloW energy to be transferred through bonds as Well as 

through space. Speci?cally, the targets of this preliminary 
study are compounds 1aa, 1ab, 2aa, and 2ab. The issues to 
be addressed here are the syntheses of these compounds and, 
for lab, and 2ab, correlation of ?uorescence properties 
related to orientation of the donor and acceptor fragments a 
and b, respectively. 

[0050] FIG. 2 is a diagram illustrating the structures of 
four cassettes used according to the teachings of the present 
invention for labeling DNA or other biological molecules, 
and FIG. 3 is a diagram illustrating synthesis of cassettes 1 
and 2. 

[0051] Brie?y, the cassettes 1aa, 1ab, 2aa, and 2ab Were 
constructed as outlined in FIG. 2. The BODIPY [B10] 
frameWork of compounds 3 Was prepared by condensing 
4-iodobenZoyl chloride With the corresponding pyrrole, then 
reaction With BF3.OEt2 in a one-pot tWo-step process. [B11] 
Building blocks 4 Were prepared from this produce via a 
Gonogashira coupling reaction [B12] With trimethylsilyl 
ethyne, then desilylation using tetra-n-butylammonium ?uo 
ride BODIPY’s 4a and b Were then coupled to the 
core fragments 5 and 6 in the stepWise reactions indicted. 
These selective Sonogashira couplings exploited the differ 
ence in reactivity betWeen aryl iodides and aryl bromides. 

[B13, B14] 

[0052] FIG. 4 summariZes important spectroscopic data 
for the cassettes 1 and 2. The absorption spectra of the 
cassettes resemble the sum of the tWo individual chro 

mophores, and the max values are not shifted relative to their 

BODIPY constituents 4a/4b. Similarly, the ?uorescence 
emission max values are not shifted relative to the corre 

sponding acceptor fragment (4a or 4b) alone. The emission 
of the donor fragment 4a, hoWever, is almost completely 
suppressed in the cassettes lab and 2ab implying that the 
energy transfer ef?ciency in these systems is very high. 
Possibly the most important data set in Table 1 is the ratio 
of ?uorescence intensities When the cassettes are irradiated 

at 488 nm. The relative increase in ?uorescence intensity is 
greatest for the meta-substituted systems 1ab shoWing that 
this arrangement of donor and acceptor fragments is pre 
ferred over the para-orientation in cassette 2ab. 

[0053] TWo embodiments of the invention are depicted 
beloW. These tWo dyes A and B have absorption and ?uo 
rescence emission spectra that are comparable With the 
concept designed herein. One has a functional group that 
alloWs the tag to be attached to an amino group of a modi?ed 
DNA residue. 
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[0054] Dyes according to the invention may be used in 
sequencing reactions. For example, they may be attached to 
DNA oligomers in connection With the “dye-primer” 
sequencing method. Dideoxynucleoside triphosphate termi 
nators may be tagged With the neW dye systems in the “dye 
terminator” approach. Ideal combinations of dyes may be 
developed as desired, as Well as optimiZing Water solubility 
and minimiZing gel mobility shifts betWeen the dye systems. 
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[0055] In the practice of the invention a multitude of UV 
absorbing and ?uorescent emitting groups may be useful. 
Suitable UV absorbers may include, but are not restricted to, 
perylene, anthacene, tetracene, ?uorescein, and some 
BODIPY dyes. Suitable emitters may include, but are not 
restricted to, ?uorescein derivatives, rhodamine systems, 
BODIPYs, squareine and other relatively long Wavelength 
emitters such as cyanine dyes. Energy transfer through space 
may be used in some members of the dye sets for conve 
nience. 

[0056] Additional embodiments of the invention are 
described in the paper attached as Appendix A. 

[0057] Experiments are in progress to further understand 
the ?uorescence properties of these molecules; determina 
tion of the relative contributions of through-space and 
through-bond energy transfer Would be particularly interest 
ing. Others have speculated that through space FET can 
dominate even in conjugated systems. [B15, B16] and a 
signi?cant contribution via this mechanism could account 
for the higher ?uorescence emission of the meta-cassette 
1ab. In general, the type of cassettes introduced in this 
communication could have several attractive features. Spe 
ci?cally, through bond effects could add to the FET effi 
ciency, the range of accessible max values may be greater due 
to through-bond energy transfer (an important factor in 
four-color DAN sequencing methodologies), and the donor 
and acceptor fragments are packaged in a single facilitating 
convenient introduction of the tag. 

[0058] Experimental Section 

[0059] Information related to experiments resulting in the 
above-described results is described beloW. 

[0060] Characterization Data for the Cassettes. 1aa. mp 
180 180° C. (dec.); Rf 0.39 (45% EtOAc/hexanes); 1H NMR 
(CDC13, 300 MHZ) 61.41 (s, 12 H), 2.54 (s, 12 H), 2.91 (bs, 
4 H), 5.98 (s, 4 H), 7.30 (d, J=8.4 HZ, 4 H), 7.67 (d, J=8.4 
HZ, 4 H), 7.99 (t, J=1.5 HZ, 1 H), 8.26 (d, J=1.5 HZ, 2 H); 
13c NMR (CDC13, 75 MHZ) 614.6, 25.6. 88.0, 91.0, 121.4, 
123.1, 124.6, 126.2, 128.4, 131.1, 132.4, 132.9, 135.7, 
139.8, 140.4, 142.9, 155.8, 160.6, 168.9; Ms (FAB*) III/Z 
911 (M*); HRMS calcd for C53H43N5O4B2F4 [M*] 
911.3454, found [M*] 911.3460. 1ab. mp 220° C. (dec.); Rf 
0.39 (35% EtOAc/hexanes); 1H NMR (CDCI3, 300 MHZ) 
60.97 (t, J=7.5 HZ, 6 H), 1.31 (s, 6 H), 1.42 (s, 6 H), 2.52 (s, 
6 H), 2.54 (s, 6 H), 2.90 (q, J=7.3 HZ, 4 H), 2.92 (bs, 4 H), 
5.99 (s, 2 H), 7.31 (d, J=8.1 HZ, 4 H), 7.66 (d, J=8.4 HZ, 2 
H), 7.67 (d, J=8.4 HZ, 2 H), 7.99 (t, J=1.5 HZ, 1 H), 8.26 (m, 
2 H), 13c NMR (CDC13, 75 MHZ) 611.9, 12.5, 14.6, 25.6, 
87.9, 88.0, 91.0, 91.2, 121.4, 122.8, 123.1, 124.5, 124.6, 
126.2, 128.4, 128.7, 130.4, 131.1, 132.3, 132.4, 133.0, 
135.7, 136.6, 138.1, 138.9, 139.8, 140.4, 142.9, 154.1, 
155.8, 160.7, 168.9; Ms (FAB+) III/Z 967 (M*); HRMS 
calcd for C57H51N5O4B2F4 [M+] 967.4081, found [M+] 
967.4101. 2aa. mp 219-2200 C.; Rf 0.32 (40% EtOAC/ 
hexanes); 1H NMR (CDCI3, 300 MHZ) 01.42 (s, 12 H), 2.55 
(s, 12 H), 2.95 (bs, 4 H), 5.99 (s, 4 H), 7.28-7.33 (m, 4 H), 
7.66-7.79 (m, 6 H), 8.37 (d, J=1.7, 1 H); 13c NMR (CDC13, 
75 MHZ) 614.57, 14.6, 25.8, 88.1, 88.8, 92.2, 97.3, 121.4, 
123.3, 123.4, 123.6, 124.6, 128.3, 128.5, 129.8, 131.2, 
132.4, 132.7, 134.3, 134.4, 135.9, 136.0, 142.9, 155.9, 
160.3, 169.0; MS (FAB+) m/Z 911 (M+); HRMS calcd for 
C53H43N5O4B2F4 [M+‘ 611.3454, found [M*] 911.3460. 
2ab. mp 215-216° C.; Rf 0.32 (40% EtOAc/hexanes); 1H 
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NMR (CDC13, 300 MHZ) 60.96 (t, J=7.5 HZ, 6 H), 1.31 (s, 
6 H), 1.40 (s, 6 H), 2.28 (q, J=7.3 HZ, 4 H), 2.51 (s, 6 H), 
2.54 (s, 6 H), 2.94 (bs, 4 H), 5.97 (s, 2 H), 727-732 (In, 4 
H), 7.68-7.73 (In, 6 H), 8.38 (d, J=1.5 HZ, 1 H); 13c NMR 
(CDC13, 75 MHZ) 611.9, 12.5, 14.6, 14.7, 17.1, 25.7, 29.7, 
88.1, 88.6, 92.3, 97.3, 121.4, 123.0, 123.4, 123.5, 124.6, 
125.3, 126.8, 128.2, 128.3, 128.7, 129.0, 130.5, 131.1, 
132.3, 132.7, 133.0, 134.35, 134.4, 135.8, 136.0, 136.6, 
138.2, 139.0, 141.1, 143.0, 154.1, 155.8, 159.1, 160.2, 
169.1; MS (FAB+) rn/Z 967 (M+); HRMS calcd for 
C57H51N5O4B2F4 [M+] 967,4081, found [M+] 967.4101. 
[0061] Although the present invention and its advantage 
have been described in detail, it should be understood that 
various changes, substitutions, and alternatives can be made 
therein Without departing from the spirit and scope of the 
present invention as de?ned by the appended claims. 
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We claim: 
1. A ?uorescent dye for labelling a biological molecule 

comprising: 
a donor group, said donor group comprising a UV absorb 

ing chromophore; 

at least one acceptor group, said acceptor group compris 
ing a ?uorescent emitter, Wherein said UV chro 
mophore absorbs energy at a loWer Wavelength than 
that emitted by the ?uorescent emitter, and said donor 
group and said acceptor group are conjugated to each 
other such that energy transfer betWeen the donor group 
and the acceptor group comprises transfer via a through 
bond mechanism. 

2. The dye of claim 1 Wherein said donor group is an 
anthracene derivative. 

3. The dye of claim 1 Wherein said acceptor group is a 
BODIPY fragment. 

4. The dye of claim 1 further comprising a functionality 
group for attaching said dye to the biomolecule. 

5. The dye of claim 4 Wherein said functionality group 
comprises a bromine functionality on the donor group for 
attachment to the biomolecule and said biomolecule com 
prises a DNA molecule. 

6. The dye of claim 4 Wherein said functionality group 
comprises a succinimidyl ester. 

7. The dye of claim 1 further comprising a functional 
group for incorporating a label on said dye. 

8. The dye of claim 1 Wherein said chromophore absorbs 
energy at about 266 nanometers. 

9. The dye of claim 1 further comprising a plurality of 
?uorescent emitters, each With a different emission Wave 
length. 

10. The dye of claim 1 further comprising a second 
chromophore Wherein said UV absorbing chromophore and 
said second chromophore absorb in mutually exclusive 
regions of the spectrum. 

11. The dye of claim 1 Wherein said biological molecules 
are labelled for high throughput DNA sequencing. 

12. A method for labelling a biological molecule com 
prising contacting the molecule With the dye of claim 1. 

* * * * * 


