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ABSTRACT

Simultaneous detection of both a Eu(l11) and a Sm(I11) Quantum DyeT'VI is now possible because the enhanced luminescence
(cofluorescence) of the Eu(l11) and Sm(l11) macrocycles occurs in the same solution and with excitation at the same wave-
lengths between 350 to 370 nm. Since DAPI is also excited between 350 to 370 nm, it is possible to use common excitation
optics and a single dichroic mirror for measuring two molecular species and DNA. The narrow emissions of these macrocycles
can be detected with negligible overlap between themselves or with DAPI-stained DNA. This will permit precise pixel by
pixel ratio measurements of the Eu(l11) macrocycle to Sm(l11) macrocycle, and of each macrocycle to DNA. This technology
should be applicable to antibodies, FISH, comparative genomic hybridization, and chromosome painting. Cofluorescence of
the Tb(I11)-macrocycle has aso been obtained under different conditions. The luminescence of these lanthanide macrocycles
can be observed with conventional fluorescence instrumentation at previously unattainable low levels. Thus, it will be possible
to employ narrow bandwidth |anthanide luminescent tags to identify three molecular species with a conventional microscope.

Keywords: Luminescence, macrocycle, europium, samarium, terbium, gadolinium, cofluorescence, CGH, FISH, digital
microscopy.

1. INTRODUCTION
1.1 Cytogenetic Imaging with Multiple Dyes
Thefull utilization of both flow cytometry and digital microscopy requires the ability to detect and measure an increased num-

ber of different molecular species!2. Both digital microscopy and flow cytometry share the problem of maximizing the num-
ber of molecular species that can be measured while at the same time minimizing the lack of precision that can result from the
cross-talk of multiple fluorescent markers. In contrast to most commercial flow cytometers, digital microscopes have the very
significant advantage of employing mercury arc lamps that provide a very bright emission at 366 nm, suitable for the excita-
tion of DAPI--the most specific DNA dye available. DAPI staining of DNA has been combined with standard fluorochromes
for many types of analysis; three very significant examples are: fluorescencein situ hybridization, FISH, comparative genomic
hybridization, CGH, and chromosome painting.

A combination of five dyes has been described 34 for chromosome painting. A set of six fluorophores and corresponding opti-
cal filters spaced across the 350-770 nm spectral region have been identified that allow excellent discrimination between all
possible fluorophores including DNA. The fluorophores employed were: 4'-6-diamidino 2-phenyl indole (DAPI), fluorescein
(FITC), Cy3, Cy3.5, Cy5 and Cy7. The excitation and emission maxima for these fluorophores were published in an excellent

review article by Waggoner® and are collected in Table 1. For comparison, the Table also includes similar data for the proto-
type europium and samarium macrocycles (SmMac and EuMac) under the conditions described below.

*Correspondence: Email: rleif @rleif.com; Telephone: 619 582 0437; Fax: 619 582 0437
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Table 1 Speicher et al. Dye Combination

Speicher et al Swereableto employ a 75 W Xenon
arc lamp to excite al six dyes shown in Table 1.
They state: “ To attain the required selectivity, fil-

o - Optimum | ters with band-widths in the range of 5-15nm
Dye EXC'Fatlon Em|$ on Difference| Light (compared to approximately 50 nm of more for
Maximum|M aximum Source “standard” filter sets) were required.” In fact, quan-
titative imaging with the small quantities of light
DAPI 350 456 106| Hg @366| passed by these narrow spectral bandwidths pro-
FITC 490 520 30| Ar+ @488| Vvidesasignificant challenge even with the use of a
Cy3 554 568 14| Hg @ 546| cooled CCD. Multispectral imaging6 provides a
reasonable, although expensive, solution, as it per-
Cy3.5 °81 °88 ‘! _ ? mits the use of excitation filters with amuch larger
Cy5 652 672 20 Laser Diode bandwidth. The use of an interferometer-based
@.650 Fourier-transform spectrometer (Applied Spectral
Cy7 755 778 o3 |L@ser Diode | |maging) permits obtaining a spectrum from each
@ 750| pixel; this system requires a cooled CCD and a

EuMac 370 619 249| Hg @366| xenonlamp.
SmMac 367 599,| 232,278, Hg @366| Theuseof dyeswith narrow emission bandwidths
645-652 285 would facilitate chromosome painting as well as

other measurements of nucleic acid probes. One year ago, we reported’ on the use of a second lanthanide ion to significantly

increase the emission intensity of a europium macrocycl e3910 Quantum Dye™, by the effect commonly termed “cofluores-
cence”. Now we wish to report that it has been possible to obtain significant emission from a samarium macrocycle. Condi-
tions have been found that permit the emissions of both europium and samarium macrocyles to be simultaneously increased by
cofluorescence. These same conditions also permit fluorescence to be simultaneously obtained from DAPI-stained DNA, as
the two lanthanide macrocycles and DAPI are all excited by the 366 nm mercury line and can share the same excitation filter
and dichroic mirror. The three fluorophores do, of course, require separate emission filters. Under the conditions described
below, the emission intensities should be sufficiently high to allow measurement with a conventional digital microscope

instead of a complex, expensive time-gated instrument'>12. Thus avery simple system (DAPI and the two lanthanide macro-
cycles) can be employed to provide three of the dyeslisted in Table 1. It should be noted that this group of three dyesis suffi-

cient for comparative genomic hybridization studies'®.

1.2 Multiple L anthanide-Containing Luminescent Markers.
The luminescence enhancement, or cofluorescence, caused by certain lanthanide(l11) and lanthanide-like salts on aqueous
solutions of europium(l11) containing chelating B-diketonates as well as synergistic additives was first reported by

Melentieval®. This effect has since been the object of several investigations'>® and has been shown to apply not only to

europium but also to other luminescent lanthanides!’181920.21 Xy reported?? in a patent that the presence of yttrium(l11) and
other additives can greatly enhance the emission intensity of aqueous micellar solutions of certain 3-diketonate complexes of
samarium(111), europium(I11), terbium(l11) and dysprosium(l11).

We have extended these studies to a class of functionalized lanthanide macrocyclic complexes that have potential applications

as luminescent biomarkers for cytology and immunology. One year ago we reported’ that the luminescence of europium(l11)
complexes of six-nitrogen-donor macrocyclic ligands (Figure 1) is dramatically enhanced--by afactor of one-hundred or more
in the presence of Gd(l11) ions, and to a lesser extent also of La(lll) and Y (I11) ions, in an aqueous micellar system. This
enhancement occurs both with the unfunctionalized prototype of Figure 1 and with the functionalized analog coupled to avi-
din, either in an aqueous micellar solution or immobilized on a solid substrate. These results showed that gadolinium-induced
cofluorescence permits the utilization of europium(I11) macrocycles as luminescent markers without the need for time-gated
luminescence microscopy, which at present is costly, not widely available, and often involves loss of signal or precision. The
presence of gadolinium(l11), besides increasing the Eu-luminescence, offers the advantage of competing with charged lan-
thanide macrocycles for non-specific binding to anionic species.
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2. EXPERIMENTAL METHODS

2.1. Materials.
Cetyltrimethylammonium bromide (CTAB), hexamethylenetetramine, ACS
Reagent (HMTA), 1,10-phenanthroline (PHEN), trioctyl phosphine oxide (TOPO),
N 4.4.4-trifluoro-1(2-naphthyl)-1,3-butanedione (naphthoyltrifluoroacetone,
| | HTFNA), all from Aldrich Chem. Co., and 5.5-dimethyl-1,1,1-trifluoro-2,4-hex-
N anedione (pivaloyltrifluoroacetone, HPTFA, from Lancaster Synthesis Inc.) were
\ 3+ / checked for purity by IR and/or proton HNMR spectra and were used as received.
Eu The diketone 4,4,4-trifluoro-1(2-thienyl)-1,3-butanedione (thenoyltrifluoroacetone,
/ \ HTTFA, from Aldrich) was purified by recrystallization from ethanol (charcoal )/
N N hexane and stored at 4°C in a dark glass container. The complexes [ Sm-macro-
| | cyle(acetate),] (acetate), SmMac, [Eu-macrocyle(acetate),] (acetate), EuMac, and

N [Tb-macrocyle(acetate),] (acetate), TbMac, were synthesized as previously
Q described®. A high-purity sample of [Sm(macrocyle)(acetate),] (acetate) was simi-

larly synthesized using as starting material a Sm(111) acetate prepared from the high-
purity oxide (Sm203’ 99.999%, REO, from Alfa Aesar); the oxide was dissolved in
i i 50% acetic acid with mild heating and the resulting solution was evaporated to dry-
Figure 1. Schematic formula of the ness under reduced pressure to give Sm(l11) acetate trihydrate as a white crystalline
cationic entity of asix-nitrogen-donor  solid. High purity Gd(l11) chloride, was obtained from the oxide (Gd,03 99.999%,
macrocyclic complex. The structure REO, from Alfa Aesar) by a procedure similar to that described for Sm(l11) acetate,
shown is the unfunctionalized proto- ~ With the substitution of 15% hydrochloric for acetic acid. All common reagents and
™ solvents were of reagent grade and were used as received. Only high purity deion-
type of the Quantum Dye"™. ized and Micropore-filtered water was used to prepare solutions and for the final
rinsing of glassware.
2.2. Equipment and I nstruments.
All glassware was cleaned with amethanol/conc.hydrochloric acid mixture (90/10 v/v), rinsed with deionized water and meth-
anol, and dried at 60° C. The emission and excitation spectra shown in figures 2, 3, 4 and 9 were obtained with a SPEX 1692T
spectrofluorometer (at LANL) and those in figures 5, 6, 7 and 8 were obtained with the SLM-8000 instrument (at VCU),
equipped with a Hamamatsu R3896 PMT for emission measurements. Samples were examined in stoppered triangular quartz
cuvettes, so oriented that the excitation beam entered the diagonal face at a 45 degree angle and the emitted light was collected
through the bulk of the sample at 90 degrees relative to excitation. Slits (both excitation and emission) were varied as required.
All experiments and measurements were performed at ambient temperature unless stated otherwise.

2.3. Stock Solutions.

(1) Surfactant: (a) Cetyltrimethylammonium bromide (CTAB), 1.00x10°3 M in water. (2) Buffer: (a) Hexamethylenetetramine,
10% m/v, 0.71 M in water, adjusted to pH 6.0 with HClI (HMTA buffer), (b) Hexamethylenetetramine, 10% m/v, 0.71 M in
water (HMTA base). Synergistic Ligands: (a) 1,10-phenathroline (phen), 5.50 x 103 M in ethanol, (b) trioctylphosphine oxide
(TOPO), 5.00x10"2 M in ethanol, (4) Diketones: (a) 4,4,4-trifluoro-1(2-thienyl)-1,3-butanedione (HTTFA), (b) 4.4.4-trifluoro-
1(2-naphthyl)-1,3-butanedione (naphthoyltrifluoroacetone, HTFNA), (c) 5.5-dimethyl-1,1,1-trifluoro-2,4-hexanedione (piv-
aloyltrifluoroacetone (HPTFA), all 1.00x102 M in ethanol, (5) Light-emitting Complexes: (a) SmMac(macrocyle)(ace-
tate),] (acetate), SmMac, (b) [Eu(macrocyl€)(acetate),] (acetate), EuMac, (c) and [Tb(macrocyle)(acetate),] (acetate), TbMac.
Ethanol solutions of the macrocycles (1.0x10'3 M) were used as primary stocks from which more dilute stock solutions were
made as necessary. Luminescence Enhancer: Gd(I11) chloride, 1.0x10"3 M water.

2.4. Preparation of Solutionsfor Cofluorescence Studies.

A series of experiments was performed to determine the conditions of optimized cofluorescence for the SmMac and TbMac
complexes, and for the SmMac/Eu-Mac mixtures. In these experiments, the concentration of the emitting complex was kept

constant at a value chosen to provide a suitable range of emission intensities for screening tests. Each micellar solution also
contained HMTA as the buffer, CTAB as the surfactant, either PHEN or TOPO, or both, as the synergistic ligands, HTTFA or
HTFNA (for SmMac and EuMac), and HPTFA (for TbMac) as the diketone, and Gd(l11) chloride as the energy transfer donor.
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Various final concentrations of each of these components were tested and the pH of the final solution was kept in the 5.9-6.4
range.

The detailed protocol used for the preparation of a 5-mL sample of an optimized-cofluorescence micellar solution containing

SmMac (1.00x10°> M) as the emitter is given here as example. All components were used as the stock solutions listed in Sec-
tion 2.3; volumes were measured with calibrated micropipets. In aglass vial, the following are mixed: (a) 0.080 mL of PHEN,
(b) 0.050 mL of CTAB, (c) 0.800 mL of HMTA buffer (10% m/v in water, adjusted to pH 6.0 with hydrochloric acid), (d)
0.400 mL of HMTA base (10% m/v in water), (€) 0.600 mL of GdCl, (1x10'3 M in water), (f) mL of SmMac (1.0 x10°3 M),
and (g) the volume of water required to bring to total volume of the mixture to 5.00 mL after all components are added. The

HTTFA (0.400 mL of a 1.00x102 M solution in ethanol.) is then added with gentle shaking and the previoudly clear solution
becomes slightly cloudy owing to the formation of micelles. The micellar solution is allowed to stand at room temperature for

15-30 min, after which time 0.080 mL of TOPO (5.00x10‘3 M in ethanol) are added and the cloudiness of the solution
becomes more pronounced. The mixture is incubated for an additional 5 min at room temperature; it isthen placed in a quartz
cell and its luminescence is obtained without further delay under the instrumental condition indicated in Section 2.2, The con-
centrations of the components in this optimized cofluorescence solution are listed in Table 2; minor variations (= 5%) in the
concentration of any component except SmMac do not affect the luminescence intensity of the solution.

3. RESULTS AND DISCUSSION

3.1. Enhancement of the L uminescence of
the SmMac Complex by Gadolinium(l11) in
Aqueous Micellar Solutions.

Table 2: Concentrations of Components in Optimized
Cofluorescence Solutions Containing Gd(lll) as the Energy
Transfer Donor.

Component Moles/'L .
A set of Gd-containing cofluorescence solu-
1,10-Phenanthroline, PHEN 8.80x107°| tions having decreasing SmMac concentrations

(1.0x10° M, 1.0x10® M,1.0x10"" M, 1.0x10°8

. M, 5.0x107° M) were prepared according to the
Hexamethylenetetramine buffer, HMTA buffer| 1.14x101| protocol described in Section 2.4. For compari-

son, a cofluorescence solution of the SmMac
complex (1.0x10° M) containing all compo-

Cetyltrimethylammonium bromide, CTAB 1.00x107°

Hexamethylenetetramine base, HMTA base 5.68x1072

1,1,1-trifluoro-4(2-Thienyl)-2,4-butanedione nents at the concentrations of Table 2, but no

8.00x10™4 gadolinium, was also prepared. The emission

(Thenoyltrifluoro-acetone, HTTFA) spectra of all solutions, obtained on a SPEX

. . . 1692T spectrofluorometer, are illustrated in . It
Trioctylphosphine oxide, TOPO 8.00x107°

should be pointed out that the problem of
Gd(Il) chloride 1.20x10% Eu(I11) contamination in the gadolinium used as

energy transfer donor, discussed previously’

for EuMac, also affects the SmMac spectrain
the lowest concentration range.

varied

SmMac, EuMac, and TbMac
(see text
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3.2.Comparison of the L uminescence I ntensity of the SmMac Complex in a Gd-Containing Optimized Cofluorescence
Solution and in Ethanol Solutionswith Diketone Enhancers

40,000 7 Figure 2. Emission spectra (excitation, 367 nm) of
SmMac Emission 2 e 1) 1E-5M SmMac [Sm-macrocycle(acetate),] (acetate) at three different
?;Oggfeirﬁgfions —2) 1E-5M SmMac w Gd concentrations, 1 x 10° M, 1x 107 M, 1x 109 M, in

30,000 1 T IEMSMMacw Gd g orescence-optimized solutions with and without

e 4) 5E-OM SMMac w Gd

Gd(I11). The solutions that contain gadolinium also

contain “free” Eu(l11) (approximately 4 x 10°11M) as
contaminant. The SmMac spectrum shows three emis-
sionsat { 563} ,{ 599}, and { 644} nm, arising fromthe

4 6 4 6 4 6
Gs/p — "Hsjp, "Ggip —  "Hyjp, and "Ggp —  PHgpo

transitions of Sm(I11); the constant-intensity emission

at 614 nm arisesfromthe®D, — ’F, transition of the

Emission

Eu(l11) contaminant.

550 575 600 625 650 675
Wavelength

Itiswell known that the emission intensity of the luminescent lanthanide(l11) ionsis especially strong in ethanol solutions con-

taining certain B-di ketones®. It was therefore of interest to compare the emission intensities of equal concentrations of the
SmMac complex in the gadolinium-containing agueous cofluorescence solution and in ethanol solutions containing lumines-
cence-inducing B-diketones, such as HTTFA and HTFNA. The following solutions were prepared: (a) a Gd-containing coflu-

orescence solution of SmMac (1.0x10™* M), described in Section 2.4; (b) a solution of SmMac (1.0x10™* M) in anhydrous
ethanol, containing 1,1, 1-trifluoro-4(2-thienyl)-2,4-butanedione (HTTFA ,4.0x10™ M), and (c) a solution of SmMac (1.0x10™

M) in anhydrous ethanol, containing 1,1,1-trifluoro-4(2-naphtyl)-2,4-butanedione (HTFNA, 4.0x104 M). The luminescence
spectra of the solutions were obtained with a SPEX 1692T spectrofluorometer and the results are illustrated in Figure 3 and

Figure 4.
Figure 3. Emission spectra (excita-

tion, 367 nm) of [ Sm-macrocy-
cle(acetate),] (acetate) (1.0x 104 M)
in: 1) a Gd-containing optimized

175,000

1) SmMac Cofluor w Gd

e  2)SmMac EtOH HTTFA 1 SmMac Emission
in Different Media

150,000
= = = 3)SmMac EtOH HTFNA

125,000 + .
cofluorescence solution, 2) an etha
,S 100,000 - nol solution containing HTTFA
[%)]
2 3 (4.0x10° M), and 3) an ethanol
5 75,000 - . .
solution containing HTFNA
50,000 - (4.0x104 M).
25,000 ~

0

500.0 550.0 600.0 650.0 700.0
Wavelength
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Figure 4. Excitation spectra of [ Sm-mac-

150,000 - SmMac Excitation
rocyle(acetate),] (acetate) (1.0x10°* M)
125,000 - in an ethanol solution containing HTTFA
(4.0x10™* M), for emission of 598.5 and
~100,000 - 647.0 nm, respectively.
o
& 75,000 -
S
L
50,000 A
e Emission 647 nm
2 -
5,000 Emission 598 nm
O 1 1 1
330 350 370 390

Wavelength

3.3. Simultaneous Enhancement of the L uminescence of the SmMac and EuM ac Complexes by Gadolinium(l11) in
Aqueous Micellar Solutions.

A series of experiments was performed to determine conditions leading to the simultaneous |uminescence enhancement of the
SmMac and EuMac complexes by gadolinium(111) in agueous micellar solutions. The following Gd-containing cofluorescence

solution were prepared: () SmMac (5.0x10°® M), (b) EuMac (5.7x10° M), (c) SmMac (5.0x10°® M) and EuMac (1.4x10°’
M), (d) SmMac (5.0x10‘6 M) and EuMac (5.7x10'8 M). The protocol for the preparation of these solution was the same as that

described in Section 2.4. The emission and excitation spectrawere obtained with the SL M-8000 instrument as described above
in Section 2.2 except the dits (both excitation and emission) were set as described below.

The emission and excitation spectra of a Gd-containing cofluorescence solution prepared from a mixture of the EuMac

(1.4x10'7 M) and SmMac (5.0x10'6 M) are shown respectively in Figure 5 and Figure 6. At this concentration ratio, the emis-
sions of the EuMac and SmMac in the combined solution have very similar intensities. For comparison, the superimposed

emission spectra of two Gd-containing cofluorescence solutions, one with EuMac alone (1.4x107 M) and the other with

SmMac alone (5.Ox10'6 M), are shown in Figure 7 and the corresponding excitation spectra are shown in Figure 8. At this con-
centration ratio, the EuMac alone and the SmMac alone have very similar emission intensities. The major peaks of Figure 5
are aso found in Figure 7. Clearly the EuMac peak at 620 nm has very little overlap with the 599 nm peak of the SmMac and
negligible overlap with the combined 645 and 652 nm emissions of the SmMac. The peak at 614 nm is due to europium ion
contamination in the gadolinium chloride, as previously mentioned in Section 3.1. These long wavelength emissions of the
SmMac and EuMac are clearly separable from those of conventional ultraviolet-excited DNA dyesincluding DAPI.

Thus the use of two functionalized lanthanide macrocycles together, or in conjunction with other fluorophores, increases the
number of measurable analytes and in the case of ultraviolet-excited dyes simplifies the instrumentation required for excitation
of the luminescence and/or fluorescence.

page 6 of 10



Preprint SPIE BIOS Proceeding Volume 3921

50,000
—5.0 E-6M SmMac & 620 645
w Gd
>
‘B 30,000 Emission
§ (Ex. 370 nm)
£ 20,000 +
566
10,000 +
0! | | | | | |

540 560 580 600 620 640 660 680
Wavelength

Figure 5. Emission spectrum (excitation, 370 nm) of a gadolinium-induced cofluorescence solution con-
taining 5.0x10°® M [Sm-macrocycle(acetate),] (acetate) and 1.4x10"" M [Eu-macrocycle(acetate),] (ace-

tate); all other components asin Table 2. The SmMac and EuMac complexes were combined prior to
micelle formation and their concentrations were chosen to provide approximately equal emission intensi-

tiesin the mixture. The 5D0 - 7F2 (619 nm) emission of the EuMac speciesiswell separated from the
neighboring *Gs, — ®H7j, (599 nm), and *Gg, — ®Hg, (644 and 652 nm) emissions of the SmMac, so

that the intensities of each emission can be measured independently. The excitation and emission glits of
the SLM 8000 spectrofluorometer were respectively 16 and 2 nm.

Figure 6. Excitation spectrum of the

60,000 -
372 SmMac complex (emission, 599 nm)

Excitation in a gadolinium-induced cofluores-

(Em. 599 nm) cence solution containing 5.0x10°% M
[Sm-macrocycle(acetate),] (acetate)

50,000 -

40,000 -
and 1.4x10"" M [Eu-macrocycle(ace-

tate),] (acetate). All other components

Intensity
w
o
o
o
o
|

had the concentrations given in Table

20,000 1| 5.0 E-6M SmMac & 2 and the SmMac and EuMac were
10.000 | 1.4 E-7TM EuMac combined prior to micelle formation.
’ w Gd The excitation and emission slits of
0 : : the SLM 8000 spectrofluorometer
330 360 390 420 were 8 and 4 nm, respectively. The

excitation spectrum of the EuMac

Wavelength
complex is nearly identical.
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Figure 7. Composite of the emission spectra (excitation, 370 nm) of two gadolinium-induced cofluores-

cence solutions, one containing SmMac (5.0x10‘6 M) alone and the other containing EuMac (5.7x10‘8
M) alone. The concentrations of the macrocyclic complexes were chosen to provide approximately
equal emission intensities. The excitation and emission dlits of the SLM 8000 spectrofluorometer were
respectively 16 and 2 nm.

Intensity

40,000

30,000

20,000

10,000

0
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Wavelength

Figure 8. Excitation spectra of [ Eu-macro-
cyle(acetate),] (acetate) aone (1.4x10°7 M)

Excitation
(EuMac Em. 620 nm;
SmMac Em. 599 nm) aone (5

SmMac

at 366 n

—EuMac 1.4E-7 M
SmMac 5.0E-6 M

to simul

330

360 390 420
Wavelength
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60,000 — 645
Emission (Ex. 370 nm) 620 A 652
50,000 -+ ,\ \
| — —5.0 E-6M SmMac \ |
>, 40.:000 w Gd I | 614 l n
g 30,000 |=——=5.7 E-8M EuMac , \ ' \
.“E’ w Gd \
= 20,000 + 566 \\ \
10,000 -+
0 1 1 1 1 1
540 560 580 600 620 640 660

and [ Sm-macrocyle(acetate),] (acetate)

.0x10°® M) in the gadolinium-con-
taining aqueous cofluorescence solutions.
The excitation and emission dlit widths of
the SLM 8000 spectrofluorometer were
respectively 8 and 4 nanometers. The
spectrum was normalized to have
the same intensity as the EuMac spectrum
m--the wavelength that can be used
taneously excite both lanthanide
macrocycles.

3.4. Enhancement of the L uminescence of the TbMac Complex by Gadolinium(l11) in Aqueous Micellar Solutions.

The effect of Gd(l11) as energy transfer donor on the luminescence intensity of the TbMac triacetate complex in aqueous
micellar solutions was investigated in a series of experiments that utilized the materials listed in Section 2.1 and followed the
protocol described in Section 2.4, with the substitution of TbMac for SmMac and of 1,1,1-trimethyl-5,5,5-trifluoro-2,4-pen-
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tanedione (pival oyltrifluoroacetone, HPTFA) for HTTFA. The optimum luminescence intensity was observed when the solu-
tion contained HPTFA (8x10'4 M), in conjunction with the other components listed in Table 2, each at the concentration
shown in that Table.
A set of optimized cofluorescence solu-
tions containing different concentrations of
-4 -5
Emission the TbMac complex (1.0x10™ M, 1.0x10

(Ex. 319 nm) M, 1.0x10 M) were prepared, and their
emission spectra were obtained with a
SPEX 1692T spectrofluorometer. For

80,000 - 2

= = = 1) 1E-4M ThMac

60,000 EtOH comparison, a solution of ThMac (1.0x10°

——2) 1E-4M ThMac M) in ethanol containing only HPTFA

w Gd (4.0x10* M) was also prepared and exam-

e 3)1E-5M TbMac ined under the same conditions. Figure 9

S 40.000 - w Gd shows the emission spectra of TbMac in

w the ethanol/HPTFA solution and in the
Q ——4) 1E-6M TbMac S .

£ w Gd optimized cofluorescence solutions con-

w

taining Gd(l11), illustrating that the lumi-
nescence of TbMac is greatly enhanced by
the presence of Gd(I11) in an aqueous
micellar system.

20,000 -

This comparatively long wave excitation
of aTb(l11) complex at 319 nm should per-
mit the use of some commercial fluores-

0 ‘ g
520 530 540 550 560 Cence objectives rather than requiring very
Wavelength expensive quartz objectives.
Figure 9. Emission spectra (excitation, 319 nm) of: (1) an ethanol solution 4. CONCLUSIONS
of TbMac, 1.0x10* M with only HPTFA (8x104 M), (2) (3) and (4) Gd- A new combination of three fluorescent

tags has been described. The DNA-specific
stain DAPI can be combined with two nar-
1.0x10™° M, 1.0x10°® M, respectively. row emission functionalized lanthanide
macrocycles. All three fluorophores can be
simultaneously excited and share both the excitation filter and the dichroic mirror, the only necessary difference being the
emission filter. Thus, precise measurements of the EuMac-to-SmMac ratio, and also of the ratio of the individual macrocycles
to DAPI should be possible. These ratios, which are independent of both object (chromosome) size and of reasonable fluctua-
tionsin excitation intensity should serve as excellent descriptors for nucleic acid measurementsincluding: chromosome paint-
ing, comparative genomic hybridization, and FISH. The EuMac and SmMac can a so be used as tags for proteins.

containing cofluorescence-optimized solutions of TbMac, 1.0x10™ M,

The cofluorescence-enhanced luminescence of the terbium macrocycle, achieved under different conditions, adds to the exist-
ing palette of markers a useful new narrow-band, long-lifetime species emitting in the green. The TbMac cofluorescence
effects opens the possibility that other functionalized lanthanide macrocycle tags may be developed in the future. The fluoro-
phore additions reported here will permit a significant increase in the number of species that can be observed and quantitated
by luminescence without the need for time-gated or other sophisticated instrumentation.
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