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Synthesis and fluorescent properties of novel biotinylated labels
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Abstract

Two novel biotinylated fluorophores, (2-biotinyloxyethyl) acridine-9-carboxylate (4a) and (2-biotinylamidoethyl) acridine-9-carboxamide
(4b) have been synthesized and their fluorescent properties examined, in the presence and absence of avidin. In aqueous solutions the
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iotinylated conjugates4, as well as their precursors3, exhibit intense fluorescence and can be detected down to nanomolar concentra
our-atom spacer, ethylene glycol, in the case of4aand ethylene diamine, in the case of4b was chosen in order to minimize steric repuls
etween two biotin-acridine conjugates adjacently bound on avidin. In the presence of avidin, they show fast and stoichiometric

he tetrameric protein. In contrast to most known biotin-fluorophore conjugates, the novel fluorescent labels4a and4b not only retain thei
uorescence after binding to avidin but fluorescence is also enhanced by 37 and 16.5%, respectively, even when four ligands ar
vidin tetramer. Consequently, these novel biotin-fluorophore conjugates are prospective fluorescent labels in bioanalytical applic
2004 Elsevier B.V. All rights reserved.
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. Introduction

Specific detection of immobilized biomolecules is a stan-
ard procedure in modern biochemistry[1]. Biotinylated
iomolecules such as DNA, peptides and proteins can be
ecognized by strept(avidin) conjugated with a marker such
s fluorescent label. Usually, a biotinylated probe molecule
llows its indirect labelling by non-covalent binding of flu-
rescent (strept)avidin or (strept)avidin and a fluorescent bi-
tin via biotin–(strept)avidin–biotin bridges. The latter seems

o be attractive but fluorescent biotin derivatives lose most
f their fluorescence when binding to (strept)avidin. How-
ver, there are two strategies to overcome this problem: (i)
se of long spacers such as poly(ethylene glycol) between
iotin and the fluorophore, but these have the disadvan-

∗ Corresponding author. Tel.: +30 210 6503647.
E-mail address:kyriakos@chem.demokritos.gr (K. Papadopoulos).

tage of relatively fast dissociation[2,3] or (ii) search for a
fluorophore where quenching does not happen or eve
hancement is observed, for specific reasons. Successf
amples for the latter strategy have recently been publi
[4–9].

Generally, in order to be applicable in bioanalytical
tections, the fluorescent labels must fulfil some crite
They must have: (a) high values of fluorescence effici
in aqueous solutions; (b) good emission in the bound
[10–12]; and (c) the spacer moiety between the fluores
molecule and biotin must be of such length, that und
able steric interactions or quenching effects would be avo
[2,3,9,11,13].

In the present study, the synthesis and fluores
properties of two novel biotinylated fluorescent co
pounds, (2-biotinyloxyethyl)-acridine-9-carboxylate (4a)
and (2-biotinylamidoethyl)-acridine-9-carboxamide (4b)
are presented, which fulfil some of the above-mentio
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criteria. Their fluorescent properties are compared to those
of the non-biotinylated precursors3a and 3b to show the
effect of the biotin group on the fluorescence efficiency
of the initial fluorophore. The novel fluorescent labels4
form 4:1 complexes, like simple biotin, with the protein
avidin and, in contrast to most other fluorescent biotins,
they exhibit enhanced fluorescence intensity after binding to
avidin.

2. Experimental

2.1. Equipment

1H and 13C NMR spectra were measured on a Brucker
AC 250 spectrometer with tetramethylsilane as an internal
standard. ESI mass spectra were recorded on a Finnigan
spectrometer, AQA navigator. Infrared spectra were obtained
using a Perkin-Elmer 283 FT-IR spectrometer. Elemental
analyses were run on a Perkin-Elmer CHN 2004 instru-
ment. Melting points were recorded on a Gallenkamp melting
point apparatus and are uncorrected. Absorption spectra were
run on a JASCO V-560 spectrophotometer and fluorescence
spectra on a JASCO FP-777 spectrofluorimeter (scan speed
200 nm min−1, emission bandwidth 5 nm).
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2.3.2. (2-Hydroxyethyl)-acridine-9-carboxylate (3a)
Acridine-9-carbonyl chloride (2) (920 mg, 3.3 mmol) was

dissolved in a large excess of ethylene glycol (20 ml) contain-
ing 4 ml triethylamine. The mixture was first stirred for 12 h
at room temperature and then heated at 100◦C for 4 h. Af-
ter cooling, the residue was dissolved in 100 ml chloroform
and 100 ml saturated NaHCO3, the organic phase was sepa-
rated and dried over MgSO4. The solvents were evaporated
under reduced pressure and the product was purified by col-
umn chromatography (silica gel, chloroform–methanol, 15:1,
Rf = 0.57). Chemical yield (565 mg, 94%); mp: 184–186◦C;
UV–vis (H2O):λmax, 350, 363, 384 nm; fluorescence (H2O):
λmax, 440 nm,λexc, 363 nm; IR (KBr): νmax, 3190, 3044,
2978, 2951, 2867, 2848, 1728 (CO), 1611, 1519, 1461, 1450,
1294, 1176, 1022, 762 cm−1; 1H NMR (250 MHz, DMSO-
d6): δ 8.24 (d, 2H,J= 8.6 Hz), 8.13 (d, 2H,J= 8.2 Hz), 7.93
(m, 2H), 7.73 (m, 2H), 5.08 (m, 1H), 4.68 (m, 2H), 3.82
(m, 2H);13C NMR (62.5 MHz, DMSO-d6): δ 166.98 (C O),
147.74, 136.91, 130.84, 129.43, 127.58, 125.13, 121.39,
67.87, 58.95; MS (m/z, %): 268 (M++1, 15), 267 (M+, 92),
223 (77), 206 (59), 178 (100), 167 (23), 151 (42), 75 (30);
Anal. Calc. for C16H13NO3 (267.284): C 71.91 H 4.87, N
5.24; found C 71.81, H 4.66, N 5.44.

2.3.3. (2-Aminoethyl)-acridine-9-carboxamide (3b)
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.2. Reagents

Most of the reagents used in the present work were pu
rior to their use.N,N-dimethylformamide, ethylenediamin
thyleneglycol, isobutyl chloroformate and thionylch
ide were used after drying and distillation, d-biotin a
,1′-carbonyldiimidazole (CDI) were dried under redu
ressure over P2O5 for 24 h before use, while dicycl
exylcarbodiimide (DCC),N-hydroxysuccinimide (NHS
nd affinity purified avidin were used without further
ification. All the above reagents were purchased f
ldrich. Affinity purified and lyophilised streptavidin w
urchased from Sigma. Phosphate buffer stock sol
PBS) was prepared from Na2HPO4 (10 mM), KH2PO4
1.8 mM), NaCl (140 mM) and KCl (2.7 mM), and ma
ained in refrigerator at 4◦C after filtering over 0.45�m

hatman paper. Working solutions of PBS were daily
ared by 1:10 dilution of the stock solution and adjuste
H 7.4.

.3. Syntheses

.3.1. Acridine-9-carbonyl chloride (2)
This compound was prepared following known pro

ure [12]. Specifically, a sample of acridine-9-carboxy
cid hydrate (1) (5.19 g, 30 mmol) was dissolved in 50
f thionylchloride and the solution was heated under re

or 6 h. The excess of thionylchloride was evaporated
er reduced pressure and the residue was collected an
ithout any further purification.
d

Acridine-9-carbonyl chloride (2) (1.18 g, 4.24 mmo
as added slowly, in small portions and under ice
ooling, to a mixture of ethylenediamine (20 ml) and 4
riethylamine. The mixture was stirred for 24 h at room t
erature. A saturated ammonium chloride solution (50
as added and the mixture was extracted with chloro

3× 30 ml). The organic extracts were collected, d
ver magnesium sulphate and the solvents were evapo
nder reduced pressure. The residue was purified by co
hromatography (silica gel, chloroform–methanol, 1
f = 0.17). Chemical yield (450 mg, 40%); mp: 161–164◦C;
V–vis (H2O):λmax, 350, 361, 385 nm; fluorescence (H2O):
max, 440 nm,λexc, 363 nm; IR (KBr): νmax 3406, 3246
053, 2930, 2870, 1638 (CO), 1547, 1518, 1260, 856,
45 cm−1; 1H NMR (250 MHz, DMSO-d6): δ 8.69 (t, 1H
= 4.95 Hz), 8.13 (d, 2H,J= 8.66 Hz), 8.02 (d, 2H,J= 8.66),
.75 (m, 2H), 7.53 (m, 2H), 3.69 (m, 2H), 3.02 (t, 2
= 5.77 Hz, CH2NH2); 13C NMR (62.5 MHz, DMSO-d6):
166.01 (C O), 148.16, 142.55, 130.57, 129.20, 126

25.13, 121.75, 42.96, 41.39; MS (m/z): 266.2 (M++ 1);
nal. Calc. for C16H15N3O (265.316): C 72.43, H 5.70,
5.84; found C 72.25, H 5.63, N 15.60.

.3.4. (2-Biotinyloxyethyl)-acridine-9-carboxylate (4a)
d-Biotin (367 mg, 1.5 mmol) was added under argo

0 ml DMF, containing 50 mg molecular sieves (4Å) and
as heated at 80◦C until biotin was dissolved. Carbonyld

midazole (243 mg, 1.5 mmol) was added and the mix
as heated at 80◦C for another 15 min until CO2 evolution
eased. The mixture was then stirred for 2 h at room tem
ure during which time the intermediate biotinylimidazol
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came out of solution as a flocculent white precipitate.
Then, a DMF solution containing 1.5 mmol (400 mg) of
the acridine derivative3a was added and the mixture was
stirred first at room temperature and then at 80◦C for 4 h.
The solvents were evaporated under reduced pressure and
the product was purified by column chromatography (silica
gel, chloroform–methanol, 30:1,Rf = 0.14). Chemical yield
(330 mg, 45%); UV–vis (H2O): λmax 350, 363, 384 nm;
fluorescence (H2O): λmax, 445 nm,λexc, 363 nm; IR (KBr):
νmax 3190, 3076, 2926, 2856, 1730, 1701 (CO), 1519, 1461,
1440, 1371, 1290, 1263, 1166, 1209, 1028, 758, 645 cm−1;
1H NMR (250 MHz, CDCl3): δ, 8.25 (d, 2H,J= 8.93 Hz),
8.04 (d, 2H,J= 8.56 Hz), 7.80 (m, 2H), 7.59 (m, 2H), 5.80
(s, NH), 5.32 (s, NH), 4.84 (m, 2H), 4.51 (m, 2H), 4.33 (m,
1H), 4.10 (m, 1H), 2.98–2.59 (complex area, 3H), 2.37 (t,
2H, J= 7.44 Hz), 1.69–1.32 (complex area, 6H);13C NMR
(62.5 MHz, CDCl3): δ 173.26 (C O), 167.23 (C O), 163.53
(C O), 148.57, 136.37, 130.44, 129.90, 127.27, 125.01,
122.33, 63.75, 61.92, 61.78, 59.99, 55.24, 40.47, 33.70,
28.60, 28.13, 27.94; MS (m/z, %): 495.2 (M+ + 2, 13), 494.2
(M+ + 2, 37); Anal. Calc. for C26H27N3O5S (493.584): C
63.26 H 5.51, N 8.51, found: C 63.50, H 5.62, N 8.12.

2.3.5. (2-Biotinylamidoethyl) acridine-9-carboxamide
(4b)
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2.4. Fluorescence measurements

2.4.1. Fluorescence quantum yields and determination
of detection limits

For the determination of fluorescence quantum yields,
compounds3a, 3b and4a, 4b were dissolved in anhydrous
DMF at concentrations 10−3 M (stock solutions) and diluted
in various solvents so that the absorbance at 362 nm was less
than 0.05. All diluted samples were deoxygenated with argon
for 5 min before measuring their fluorescence. The measured
areas between 380 and 600 nm of the fluorescence spectra
of compounds3a, 3b and4a, 4b as well as this of the ref-
erence compound were used for the estimation of fluores-
cence quantum yields. Methyl acridine-9-carboxylate was
employed as reference compound. Its fluorescence quantum
yield in ethanol is equal to 0.030[14] and its fluorescence
spectra are similar to those of the compounds3a, 4b and
4a, 4b. The fluorescence quantum yields were calculated
by the equation:Φu = (FuAsn

2
u/FsAun

2
s) × Φs [15] where

Φu andΦs are the fluorescence quantum yields of unknown
and reference compound;Fu and Fs the integrated emis-
sion area of the unknown and reference compound between
380 nm and 600 nm;Au andAs the absorbance of the un-
known and standard compound at the excitation wavelength;
absorbances of the sample and reference were adjusted to
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d-Biotin (367 mg, 1.5 mmol) was added under argo
0 ml DMF, containing 50 mg molecular sieves (4Å) and
as heated at 80◦C until biotin was dissolved. Carbon
iimidazole (243 mg, 1.5 mmol) was added and the mix
as heated at 80◦C for another 15 min until CO2 evolution
eased. The mixture was then stirred for 2 h at room tem
ure during which time the intermediate biotinylimidazol
ame out of solution as a flocculent white precipit
hen, a DMF solution containing 1.51 mmol (400 mg)

he acridine derivative3b was added and the mixture w
tirred first at room temperature and then at 80◦C for 4 h.
he solvents were evaporated under reduced pressur

he product was purified by column chromatography (s
el, chloroform–methanol, 3:1,Rf = 0.59). Chemical yiel
305 mg, 40%); UV–vis (H2O): λmax 350, 361, 385 nm
uorescence (H2O), λmax, 445 nm,λexc, 361 nm; IR (KBr):
max 3281, 3065, 2930, 2860, 1705 (CO), 1650 (CO),
540, 1535, 1462, 1440, 1340, 1320, 1242, 1200, 1
028, 752, 670 cm−1; 1H NMR (250 MHz, DMSO):δ 9.08
m, 1H), 8.19 (d, 2H,J= 8.66 Hz), 8.02 (d, 2H,J= 7.84 Hz),
.89 (m, 2H), 7.67 (m, 2H), 6.45 (s, 1H, NH), 6.38
H, NH), 4.29 (m, 1H), 4.12 (m, 1H), 3.55 (m, 4H
.09–2.80 (complex area, 4H), 2.70–2.09 (complex a
H), 1.69–1.24 (complex area, 6H);13C NMR (62.5 MHz,
MSO-d6): δ 172.42 (C O), 166.21 (C O), 162.75 (C O)
48.18, 142.26, 130.70, 129.21, 126.75, 125.84, 12
1.07, 61.01, 60.7, 59.19, 55.43, 55.41, 40.47, 35.35, 2
8.14; MS (m/z, %): 494.2 (M+ + 3, 13), 493.2 (M+ + 2,
2), 492.3 (M+ + 1, 93); Anal. Calc. for C26H29N5O3S
491.613): C 63.52, H 5.94, N 9.76, found C 62.95, H 5

9.32.
he same value to avoid errors due to inner filter effects[16];
u andns the refractive indexes of the solvents contain
he unknown and reference compound. Following the pr
ure described above, we were able to determine the
escence quantum yield of methyl 9-acridine carboxyla
ater.
For the determination of the detection limit of the co

ounds3a, 3b and4a, 4b a solution of 10−4 M was prepare
y diluting 1 ml aliquot of the stock solution (10−3 M) in
nhydrous DMF to 10 ml with distilled water. By sequen
ilutions with distilled water, solutions of 10−5 to 10−11 M of

he compounds3and4were prepared. The fluorescence m
urements were performed withλex = 362 nm,λem= 444 nm
nd excitation and emission slits equal to 5 nm.

.4.2. Determination of avidin functional concentration
The primary standard solution of 10�M d-biotin was pre

ared by dissolving 99% pure d-biotin in DMSO (10−3 M),
ollowed by dilution of 0.1 ml aliquots in 10 ml PBS buffe
he concentration of functional avidin was determined

itration with d-biotin using a known procedure[17]. In a
ypical experiment, avidin was dissolved in PBS buffe
�M (stock solution, nominal concentration by weight). 3
f avidin solution in PBS (100 nM, nominal concentrati
as pipetted into a 4 ml fluorimeter cell and titrated wit
0�M biotin standard solution by successive addition
0�l increments at 1 min intervals, using a Hamilton
inge. The decrease in tryptophan fluorescence was m
ored at 350 nm with excitation at 290 nm. Additions w
ade until no further decrease in fluorescence was obse
he breakpoint between the progressive quenching an
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Fig. 1. Dependence of the relative fluorescence intensity of avidin at various
concentrations of biotinylated labels,4aand4b.

subsequent plateau indicates the amount of d-biotin needed
for saturation of all biotin-binding sites.

The functional concentration of the fluorescent conjugates
4a and4b was determined with the same method, using the
standardized avidin solution. Typically, 3 ml of the standard-
ized avidin solution in PBS (100 nM) was titrated by suc-
cessive additions of 10�l aliquots of conjugates4a or 4b
in PBS (10�M). The fluorescence intensity was monitored
at 350 nm with excitation at 290 nm. The decrease in trypto-
phan fluorescence at 350 nm continued until the ligand/avidin
concentration ratio attained the value of nearly 4/1 (Fig. 1).

2.4.3. Fluorescence measurements of the biotinylated
conjugates4aand4b in the presence and absence of
avidin

The effect of avidin on the fluorescence of the novel bi-
otinylated conjugates4a or 4b, was determined following
fluorescence measurements. In a typical “forward titration”,
3 ml of a PBS standardized avidin solution (100 nM) (solid
squares,Fig. 2) or 3 ml of a PBS buffer solution (solid trian-
gles,Fig. 2) was titrated with a 10�M standardized biotiny-
lated conjugate4aor4bsolution in PBS buffer by successive
additions of 10�l increments. Further, in a parallel control
experiment, 3 ml pre-saturated avidin (100 nM) with a 80-
fold excess of d-biotin was titrated by successive additions of
1
4 ,
o eter-
m ture
b nute
w , so
t s of

Fig. 2. Relative fluorescense intensities of biotinylated labels4a and 4b,
in the presence (�) and absence (�) of avidin. In parallel runs, avidin had
been blocked with 80�M biotin before titration with fluorescent ligand (©).
100 nM avidin were titrated with 10�M 4aand with 10�M 4b.

Fig. 3. Inverse titration of 400 nM4a with 2.2�M avidin or 3.4�M strep-
tavidin stock solutions; (similar results observed for4b using avidin).

the biotinylated conjugates. The excitation wavelength on
the monochromator was set at 362 nm while the fluorescence
intensity was monitored at 444 nm. In both cases, the band-
width was set at 5 nm. In the “reverse titration” mode, 3 ml
of standardized fluorescent label4a or 4b (400 nM) in PBS
was titrated with a stock solution of standardized avidin by
successive additions of 20�l increments at 5 min intervals
Fig. 3.

3. Results and discussion

The primary aim of this study was to determine all the flu-
orescence properties of the novel biotinylated labels4a and
4b as well as these of their non-biotinylated precursors3a
0�l aliquots of a 10�M biotin fluorescent derivatives4aor
b solution in PBS buffer (white circles,Fig. 2). Previously
ptimization fluorescence experiments were made to d
ine the time required for equilibration at room tempera
etween the biotinylated conjugate and avidin. Five mi
as the time required for the equilibrium to be reached

his was the time interval between successive addition
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and3b in pure solvents and to compare them. Further, it was
of interest to determine the effect that proteins have on the
fluorescence of the labels4aand4bafter binding to them. As
mentioned in the introduction, fluorescent labels must have
high fluorescence quantum yields in aqueous solutions, in
order to be applicable in bioanalytical assays. The acridine-
9-carboxylic acid was chosen as the light emitting group of
the label, due to the relative high fluorescence efficiency of
acridine derivatives in aqueous solutions[18]. Because of the
wide range of applications that the avidin–biotin system has
in modern bioscience and the advantages that this presents
over conventional detection methods[1], biotin was chosen
to be the reactive group of the fluorescent labels. Further-
more, having in mind that in many cases derivatization of the
initial fluorescent group affects its fluorescence, we have cho-
sen two different kinds of reagents as spacer moieties, a diol
(ethylene glycol) and a diamine (ethylene diamine) to com-
pare their effect on the fluorescence. These four-atom spacers
were used in order to minimize steric repulsion between ad-
jacently bound acridine residues, achieving specific, strong
binding to avidin and conservation of the initial fluorescence
of label.

3.1. Synthesis of biotinylated acridines4aand4b
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Table 1
Fluorescence quantum yields of biotinylated acridines4a and4b and their
precursors3aand3b in protic and non-protic solvents

Compound Fluorescent quantum yielda

Ethanol Chloroform DMF Water

3a 0.024 0.031 0.0086 0.456
3b 0.022 0.012 0.0066 0.304
4a 0.020 0.028 0.0074 0.184
4b 0.014 0.013 0.0077 0.118

a Calculated by the equationΦu = (FuAsn
2
u/FsAun

2
s) × Φs [15].

The conventional synthetic route to fluorescent conjugates
usually starts with the preparation of the biotinylated spacer
arm and finishes with the attachment of the fluorophore to it
[2,3,13].

In our case, we preferred to follow the opposite synthetic
route because firstly, acridine-9-carboxylic acid is much less
expensive than biotin and secondly, in that way we could syn-
thesize novel fluorescent molecules3a,3b. These compounds
having a free reactive group can easily be activated and trans-
formed into fluorescent probes that could possibly be used in
analytical methods. For instance, the hydroxyl group of3a
can be converted to an activated carbamate moiety after reac-
tion with 1,1′-carbonyldiimidazole (CDI). Likewise,3b can
be converted to the corresponding urea. Both of these fluo-
rescent derivatives could be applied in the detection of free
amine groups in a sample.

3.2. Fluorescent properties

The fluorescence efficiency of compounds3 and 4 is
strongly affected by the solvent used. Generally, the fluores-
cence quantum yields of all derivatives in water are up to 20-
fold higher than in ethanol or chloroform and about 100-fold
higher than in DMF (Table 1). The highest efficiency is ob-
served in aqueous solutions (ΦFL = 0.118–0.456) and the low-
e
( nt if
t ns in

eterob
The synthesis of the fluorescent biotinylated acrid
abels 4 is carried out in three steps (Scheme 1). In the
rst step, acridine-9-carboxylic acid (1) is converted to

ts acridine-9-carbonyl chloride (2) by its reaction with
hionylchloride by a known method[19]. After removing
he excess of thionylchloride the crude product was allo
o react with ethylene glycol or ethylene diamine giving
ster3a and the amide3b in good yields. For the biotinyla

ion of acridine derivatives3, different methods were test
anging from the DCC[20], chloroformate[21], NHS acti-
ated biotin-ester[22] to the CDI-method[23]. The highes
hemical yields were obtained by the last method w
as, therefore, chosen for the preparation of the deriva
.

Scheme 1. Synthetic route of the h
st in polar aprotic solvents, such asN,N-dimethylformamide
ΦFL = 0.0066–0.0086). This observation is very importa
hese molecules are to be used in analytical applicatio

ifunctional fluorescent labels4aand4b.
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Table 2
Analytical characteristics of the biotinylated acridines4aand4b and their non-biotinylated precursors3aand3b associated with fluorescence measurements

Compound Fluorescencea (arbitrary units) Linear rangeb (M) Detection limitc (M) A B S.D. r

3a 1513 10−7–10−9 7.10× 10−10 8.039 0.698 0.029 0.9990
3b 671 10−7–10−9 4.55× 10−10 6.268 0.494 0.016 0.9994
4a 276 10−6–10−8 2.51× 10−9 5.979 0.503 0.038 0.9967
4b 286 10−6–10−8 7.16× 10−9 7.355 0.700 0.035 0.9981

a Referred to sample concentration of 10−7 M in water;λem= 444 nm,λex= 362 nm.
b Calculated from the equation: logIFL =A+BlogC.
c As detection limit was considered the analyte concentration which gives signals three times greater than blank sample (pure solvent).

aqueous solutions. As it is further shown inTable 1, it is not
only the solvent that has an impressive effect on the fluores-
cence, but also the spacer molecule and the biotin group. The
acridine ester3ahas higher fluorescence quantum yields in all
solvents than the acridine amide3b, but these values are lower
than those of methyl acridine-9-carboxylate. A comparison
of the fluorescence quantum yields of derivatives3 and4 in
water to that of methyl acridine-9-carboxylate (ΦFL = 0.589)
shows that the fluorescence of biotinylated labels4 has been
reduced by up to 80%. Despite the negative effect that the
spacer molecules and biotin have on the initial fluorescence
of the acridine fluorophore in aqueous solutions, the biotiny-
lated fluorescent labels4 as well as their precursors3 can
be detected down to nanomolar concentrations in aqueous
solutions (Table 2).

3.3. Fluorescence properties of biotinylated conjugates
4aand4bbefore/after binding to avidin

As mentioned above, most biotin-fluorophore conjugates
lose fluorescence when binding to avidin. Therefore, it was
of interest to know if this is also true for the novel synthesized
biotinylated fluorescenct labels4aand4b in the presence of
avidin. As shown inFig. 2 (solid squares), the fluorescence
of both biotinylated conjugates4aand4b is not only retained
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It is also important to note that before the above cumula-
tive titrations, optimization experiments were performed of
the incubation time required for the equilibration between
the biotinylated conjugates4a or 4b and avidin at room
temperature. We observed that after 5 min incubation, the
fluorescence intensity remained stable even after 90 min
of incubation. This indicates the rapid binding of the
biotinylated conjugates4a, 4b to avidin (<5 min).

The fluorescence enhancement of the novel biotinylated
fluorophores is more obvious in a “reverse titration” mode
(Fig. 3). As shown inFig. 3, in case of derivative4a, the
highest enhancement is observed at a molar ratio of 0.25 in-
dicating stoichiometric binding of the biotinylated label4ato
the tetrameric binding sites of avidin. Interestingly, when sim-
ilar experiment was performed using streptavidin instead of
avidin, the addition of 4 equivalent of biotin4a to tetrameric
binding sites of streptavidin was also observed, but the fluo-
rescence intensity was quenched by 47.3%. This result cannot
be explicitly explained. It can only be assumed that the inter-
action of the fluorophore moiety of the biotinylated deriva-
tives with streptavidin is different from the one with avidin
due to the unlike structure and size of the biotin binding sites
of these proteins[24].

4

fluo-
r lene
g ined
t ce of
a tum
y ine-
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t ted
fl
b que-
o les
p

hich
q f pro-
t
r eric
p for
n the presence of avidin, but on the contrary, a stea
ncreasing enhancement of up to 4:1 of label to avidin
bserved. In the case of the conjugate4a, the fluorescence
nhanced up to 37% and the fluorescence of4b is enhance
p to 16.5%. The highest enhancement is observed
olar ratio of 4, indicating stoichiometric binding of t
iotinylated labels4a and4b to the tetrameric binding site
f avidin. The stoichiometric binding was our goal wh
sing a four-atom spacer, hoping that the adjacently b
cridine residues would not contact or interact. As
hown inFig. 2, the enhancement of the fluorescence rem
onstant at molar ratios of label to avidin > 4:1, indica
hat no further interaction exists between the labels
he tetrameric binding sites of avidin. The absence of
pecific binding is evidenced by the strictly parallel na
f the line that corresponds to the fluorescence intens
olar ratios of label to avidin > 4:1 to the line that occ

rom the corresponding control experiments (white circ
ig. 2).
. Conclusions

In this paper, we presented the synthesis of two novel
escent biotinylated acridine conjugates, containing ethy
lycol or ethylene diamine as spacer moieties and exam

heir fluorescent properties in the presence and absen
vidin. Despite the reduction of the fluorescence quan
ield that is caused firstly by the derivatization of the acrid
-carboxylic acid with the diol or the diamine and then

he attachment of the biotin moiety, the novel biotinyla
uorescent conjugates4 as well as their precursors3 could
e detected down to few nanomolar concentrations in a
us solutions. This fact makes the fluorescent molecu3
rospective analytical reagents in aqueous solutions.

In contrast to many known fluorescent conjugates in w
uenching of fluorescence is observed in the presence o

eins, the novel biotinylated compounds4a and4b not only
etain their fluorescence in the presence of avidin, a tetram
rotein specific for biotin, but an enhancement up to 37%
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4a and 16.5% for4b is also observed. Enhancement of the
fluorescence of a biotinylated label after binding to avidin
is a phenomenon that has been reported in the literature,
so far, only few times[4–9]. These novel fluorescent con-
jugates present some other advantages: they show stoichio-
metric ligand binding, as four biotinylated molecules bind
to avidin, non-specific binding is absent and the biotinylated
conjugate–avidin complex is formed in less than 5 min.

In conclusion, the novel biotinylated fluorescent conju-
gates4aand4b combine all these properties that make them
prospective fluorescent labels in bioanalytical methods where
the avidin–biotin system is used.
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