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Abstract

Two novel biotinylated fluorophores, (2-biotinyloxyethyl) acridine-9-carboxyl& énd (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
biotinylated conjugates, as well as their precurso8sexhibit intense fluorescence and can be detected down to nanomolar concentrations. A
four-atom spacer, ethylene glycol, in the casdaand ethylene diamine, in the casedtifwas chosen in order to minimize steric repulsion
between two biotin-acridine conjugates adjacently bound on avidin. In the presence of avidin, they show fast and stoichiometric binding to
the tetrameric protein. In contrast to most known biotin-fluorophore conjugates, the novel fluorescertdaneldb not only retain their
fluorescence after binding to avidin but fluorescence is also enhanced by 37 and 16.5%, respectively, even when four ligands are bound per
avidin tetramer. Consequently, these novel biotin-fluorophore conjugates are prospective fluorescent labels in bioanalytical applications.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction tage of relatively fast dissociatidi2,3] or (ii) search for a
fluorophore where quenching does not happen or even en-
Specific detection of immobilized biomolecules is a stan- hancement is observed, for specific reasons. Successful ex-
dard procedure in modern biochemisfidj. Biotinylated amples for the latter strategy have recently been published
biomolecules such as DNA, peptides and proteins can be[4-9].
recognized by strept(avidin) conjugated with a marker such  Generally, in order to be applicable in bioanalytical de-
as fluorescent label. Usually, a biotinylated probe molecule tections, the fluorescent labels must fulfii some criteria.
allows its indirect labelling by non-covalent binding of flu- They must have: (a) high values of fluorescence efficiency
orescent (strept)avidin or (strept)avidin and a fluorescent bi- in aqueous solutions; (b) good emission in the bound state
otin via biotin—(strept)avidin—biotin bridges. The latter seems [10-12] and (c) the spacer moiety between the fluorescent
to be attractive but fluorescent biotin derivatives lose most molecule and biotin must be of such length, that undesir-
of their fluorescence when binding to (strept)avidin. How- able steric interactions or quenching effects would be avoided
ever, there are two strategies to overcome this problem: (i) [2,3,9,11,13]
use of long spacers such as poly(ethylene glycol) between In the present study, the synthesis and fluorescent
biotin and the fluorophore, but these have the disadvan-properties of two novel biotinylated fluorescent com-
pounds, (2-biotinyloxyethyl)-acridine-9-carboxylateta)
* Corresponding author. Tel.: +30 210 6503647. and (2-biotinylamidoethyl)-acridine-9-carboxamidetb)
E-mail addresskyriakos@chem.demokritos.gr (K. Papadopoulos). are presentEd, which fulfil some of the above-mentioned
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criteria. Their fluorescent properties are compared to those2.3.2. (2-Hydroxyethyl)-acridine-9-carboxylatésj

of the non-biotinylated precursofa and 3b to show the
effect of the biotin group on the fluorescence efficiency
of the initial fluorophore. The novel fluorescent labdls
form 4:1 complexes, like simple biotin, with the protein
avidin and, in contrast to most other fluorescent biotins,

Acridine-9-carbonyl chloride?) (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“IDor 4 h. Af-
ter cooling, the residue was dissolved in 100 ml chloroform

they exhibit enhanced fluorescence intensity after binding to and 100 ml saturated NaHG(the organic phase was sepa-

avidin.

2. Experimental
2.1. Equipment

1H and13C NMR spectra were measured on a Brucker

rated and dried over MgSQOThe solvents were evaporated
under reduced pressure and the product was purified by col-
umn chromatography (silica gel, chloroform—methanol, 15:1,
Rs =0.57). Chemical yield (565 mg, 94%); mp: 184—188
UV-vis (H20): Amax 350, 363, 384 nm; fluorescencex®):

Amax, 440 NM, Aeye, 363 nm; IR (KBr): vmax, 3190, 3044,
2978, 2951, 2867, 2848, 1728 (CO), 1611, 1519, 1461, 1450,
1294, 1176, 1022, 762 cm; *H NMR (250 MHz, DMSO-

AC 250 spectrometer with tetramethylsilane as an internal dg): 8 8.24 (d, 2HJ=8.6 Hz), 8.13 (d, 2H)=8.2Hz), 7.93
standard. ESI mass spectra were recorded on a Finnigar(m, 2H), 7.73 (m, 2H), 5.08 (m, 1H), 4.68 (m, 2H), 3.82
spectrometer, AQA navigator. Infrared spectra were obtained (m, 2H);13C NMR (62.5 MHz, DMSOdg): § 166.98 (G=0),
using a Perkin-Elmer 283 FT-IR spectrometer. Elemental 147.74, 136.91, 130.84, 129.43, 127.58, 125.13, 121.39,

analyses were run on a Perkin-Elmer CHN 2004 instru-

67.87, 58.95; MSriVz, %): 268 M*+1, 15), 267 I*, 92),

ment. Melting points were recorded on a Gallenkamp melting 223 (77), 206 (59), 178 (100), 167 (23), 151 (42), 75 (30);
point apparatus and are uncorrected. Absorption spectra werédnal. Calc. for GgH13NO3 (267.284): C 71.91 H 4.87, N
run on a JASCO V-560 spectrophotometer and fluorescence5.24; found C 71.81, H 4.66, N 5.44.

spectra on a JASCO FP-777 spectrofluorimeter (scan speed

200 nm mirr!, emission bandwidth 5nm).

2.2. Reagents

2.3.3. (2-Aminoethyl)-acridine-9-carboxamidb)
Acridine-9-carbony! chloride 2) (1.18g, 4.24 mmol)
was added slowly, in small portions and under ice bath
cooling, to a mixture of ethylenediamine (20 ml) and 4 ml

Most of the reagents used in the present work were purified triethylamine. The mixture was stirred for 24 h at room tem-

prior to their useN,N-dimethylformamide, ethylenediamine,
ethyleneglycol, isobutyl chloroformate and thionylchlo-
ride were used after drying and distillation, d-biotin and
1,Y-carbonyldiimidazole (CDI) were dried under reduced
pressure over s for 24 h before use, while dicyclo-
hexylcarbodiimide (DCC),N-hydroxysuccinimide (NHS)
and affinity purified avidin were used without further pu-
rification. All the above reagents were purchased from
Aldrich. Affinity purified and lyophilised streptavidin was

perature. A saturated ammonium chloride solution (50 ml)
was added and the mixture was extracted with chloroform
(3x30ml). The organic extracts were collected, dried
over magnesium sulphate and the solvents were evaporated
under reduced pressure. The residue was purified by column
chromatography (silica gel, chloroform—methanol, 10:1,
Rf =0.17). Chemical yield (450 mg, 40%); mp: 161-164
UV-vis (H20): Amax 350, 361, 385 nm; fluorescencex®):

Amaxs 440 NM, dexe, 363 NM; IR (KBr): vax 3406, 3246,

purchased from Sigma. Phosphate buffer stock solution 3053, 2930, 2870, 1638 (CO), 1547, 1518, 1260, 856, 752,

(PBS) was prepared from NAPO; (10 mM), KHPOy
(1.8 mM), NaCl (140 mM) and KCI (2.7 mM), and main-
tained in refrigerator at 4C after filtering over 0.4Hom
Whatman paper. Working solutions of PBS were daily pre-

645cm L 'H NMR (250 MHz, DMSOdg): § 8.69 (t, 1H,
J=4.95Hz), 8.13 (d, 2H)=8.66 Hz), 8.02 (d, 2H])=8.66),
7.75 (m, 2H), 7.53 (m, 2H), 3.69 (m, 2H), 3.02 (t, 2H,
J=5.77 Hz, CHNH,); 13C NMR (62.5 MHz, DMSO¢):

pared by 1:10 dilution of the stock solution and adjusted to § 166.01 (G-0O), 148.16, 142.55, 130.57, 129.20, 126.66,

pH 7.4.

2.3. Syntheses

2.3.1. Acridine-9-carbonyl chloride2)

This compound was prepared following known proce-
dure [12]. Specifically, a sample of acridine-9-carboxylic
acid hydrate 1) (5.19g, 30 mmol) was dissolved in 50 ml

125.13, 121.75, 42.96, 41.39; M®/p): 266.2 M*+1);
Anal. Calc. for GgH15N30 (265.316): C 72.43, H 5.70, N
15.84; found C 72.25, H 5.63, N 15.60.

2.3.4. (2-Biotinyloxyethyl)-acridine-9-carboxylatés]
d-Biotin (367 mg, 1.5 mmol) was added under argon to

10 ml DMF, containing 50 mg molecular sievesﬁ()ﬂfand

was heated at 8 until biotin was dissolved. Carbonyldi-

of thionylchloride and the solution was heated under reflux imidazole (243 mg, 1.5 mmol) was added and the mixture
for 6 h. The excess of thionylchloride was evaporated un- was heated at 8@C for another 15 min until C@®evolution
der reduced pressure and the residue was collected and useckased. The mixture was then stirred for 2 h at room tempera-

without any further purification.

ture during which time the intermediate biotinylimidazolide



K. Agiamarnioti et al. / Journal of Photochemistry and Photobiology A: Chemistry 172 (2005) 215-221 217

came out of solution as a flocculent white precipitate. 2.4. Fluorescence measurements

Then, a DMF solution containing 1.5mmol (400 mg) of

the acridine derivativ8a was added and the mixture was 2.4.1. Fluorescence quantum yields and determination
stirred first at room temperature and then af@Cfor 4 h. of detection limits

The solvents were evaporated under reduced pressure and For the determination of fluorescence quantum yields,
the product was purified by column chromatography (silica compounds3a, 3b and4a, 4b were dissolved in anhydrous
gel, chloroform—methanol, 30:R; =0.14). Chemical yield DMF at concentrations 1@ M (stock solutions) and diluted
(8330mg, 45%); UV-vis (KHO): Amax 350, 363, 384 nm; in various solvents so that the absorbance at 362 nm was less
fluorescence (bD): Amax, 445 NM,Aexe, 363 nm; IR (KBr): than 0.05. All diluted samples were deoxygenated with argon
vmax 3190, 3076, 2926, 2856, 1730, 1701 (CO), 1519, 1461, for 5 min before measuring their fluorescence. The measured
1440, 1371, 1290, 1263, 1166, 1209, 1028, 758, 645'cm  areas between 380 and 600 nm of the fluorescence spectra
1H NMR (250 MHz, CDC4): 8, 8.25 (d, 2H,J=8.93 Hz), of compounds3a, 3b and4a, 4b as well as this of the ref-
8.04 (d, 2H,J=8.56 Hz), 7.80 (m, 2H), 7.59 (m, 2H), 5.80 erence compound were used for the estimation of fluores-
(s, NH), 5.32 (s, NH), 4.84 (m, 2H), 4.51 (m, 2H), 4.33 (m, cence quantum Yyields. Methyl acridine-9-carboxylate was
1H), 4.10 (m, 1H), 2.98-2.59 (complex area, 3H), 2.37 (t, employed as reference compound. Its fluorescence quantum
2H, J=7.44Hz), 1.69-1.32 (complex area, 6MJC NMR yield in ethanol is equal to 0.0304] and its fluorescence
(62.5MHz, CDC§): § 173.26 (G0), 167.23 (G0), 163.53 spectra are similar to those of the compouBds4b and
(C=0), 148.57, 136.37, 130.44, 129.90, 127.27, 125.01, 4a, 4b. The fluorescence quantum vyields were calculated
122.33, 63.75, 61.92, 61.78, 59.99, 55.24, 40.47, 33.70,by the equation®, = (FyAsn’/FsAun2) x @ [15] where
28.60, 28.13, 27.94; MS1{z, %): 495.2 M* +2, 13), 494.2 @, and®s are the fluorescence quantum yields of unknown
(M*+2, 37); Anal. Calc. for GgHo7N305S (493.584): C and reference compouné;, and Fs the integrated emis-

63.26 H5.51, N 8.51, found: C 63.50, H 5.62, N 8.12. sion area of the unknown and reference compound between
380nm and 600 nmA, and As the absorbance of the un-
2.3.5. (2-Biotinylamidoethyl) acridine-9-carboxamide known and standard compound at the excitation wavelength;
(4b) absorbances of the sample and reference were adjusted to
d-Biotin (367 mg, 1.5 mmol) was added under argon to the same value to avoid errors due to inner filter effEifg;
10 ml DMF, containing 50 mg molecular sievesﬁ()éland ny andng the refractive indexes of the solvents containing

was heated at 8@ until biotin was dissolved. Carbonyl the unknown and reference compound. Following the proce-
diimidazole (243 mg, 1.5 mmol) was added and the mixture dure described above, we were able to determine the fluo-
was heated at 8@ for another 15 min until C@evolution rescence quantum yield of methyl 9-acridine carboxylate in
ceased. The mixture was then stirred for 2 h at room tempera-water.

ture during which time the intermediate biotinylimidazolide For the determination of the detection limit of the com-
came out of solution as a flocculent white precipitate. pounds3a, 3b and4a, 4b a solution of 104 M was prepared
Then, a DMF solution containing 1.51 mmol (400mg) of by diluting 1 ml aliquot of the stock solution (18M) in

the acridine derivativ8b was added and the mixture was anhydrous DMF to 10 ml with distilled water. By sequential
stirred first at room temperature and then at@Cfor 4 h. dilutions with distilled water, solutions of 10 to 10~ M of

The solvents were evaporated under reduced pressure anthe compound3and4were prepared. The fluorescence mea-
the product was purified by column chromatography (silica surements were performed withy =362 nmAem=444nm

gel, chloroform—methanol, 3:] =0.59). Chemical yield  and excitation and emission slits equal to 5nm.

(305mg, 40%); UV-vis (HO): Amax 350, 361, 385nm;

fluorescence (D), Amax 445 NM,Aexc, 361 nm; IR (KBr): 2.4.2. Determination of avidin functional concentration

vmax 3281, 3065, 2930, 2860, 1705 (CO), 1650=(D), The primary standard solution of .M d-biotin was pre-
1540, 1535, 1462, 1440, 1340, 1320, 1242, 1200, 1163, pared by dissolving 99% pure d-biotin in DMSO (£M),
1028, 752, 670 cmt; 'H NMR (250 MHz, DMSO):§ 9.08 followed by dilution of 0.1 ml aliquots in 10 ml PBS buffer.
(m, 1H), 8.19 (d, 2HJ=8.66 Hz), 8.02 (d, 2H)=7.84 Hz), The concentration of functional avidin was determined by
7.89 (m, 2H), 7.67 (m, 2H), 6.45 (s, 1H, NH), 6.38 (s, titration with d-biotin using a known proceduf&7]. In a

1H, NH), 4.29 (m, 1H), 4.12 (m, 1H), 3.55 (m, 4H), typical experiment, avidin was dissolved in PBS buffer at
3.09-2.80 (complex area, 4H), 2.70-2.09 (complex area, 4 M (stock solution, nominal concentration by weight). 3 ml
4H), 1.69-1.24 (complex area, 6HPC NMR (62.5 MHz, of avidin solution in PBS (100 nM, nominal concentration)
DMSO-dg): § 172.42 (G0), 166.21 (&0), 162.75 (GO) was pipetted into a 4 ml fluorimeter cell and titrated with a
148.18, 142.26, 130.70, 129.21, 126.75, 125.84, 121.73,10uM biotin standard solution by successive additions of
61.07,61.01, 60.7,59.19, 55.43, 55.41, 40.47, 35.35, 28.27,10l increments at 1 min intervals, using a Hamilton sy-
28.14; MS Wz, %): 494.2 M*+3, 13), 493.2 " +2, ringe. The decrease in tryptophan fluorescence was moni-
42), 492.3 M*+1, 93); Anal. Calc. for GgH29N503S tored at 350 nm with excitation at 290 nm. Additions were
(491.613): C 63.52, H5.94, N 9.76, found C 62.95, H 5.82, made until no further decrease in fluorescence was observed.
N 9.32. The breakpoint between the progressive quenching and the
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Fig. 1. Dependence of the relative fluorescence intensity of avidin at various
concentrations of biotinylated label&g and4b.

subsequent plateau indicates the amount of d-biotin needed

for saturation of all biotin-binding sites.

The functional concentration of the fluorescent conjugates
4aand4b 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 10l aliquots of conjugateda or 4b
in PBS (10uM). 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 #ig(1).

2.4.3. Fluorescence measurements of the biotinylated
conjugategtaand4bin the presence and absence of
avidin

The effect of avidin on the fluorescence of the novel bi-
otinylated conjugateda or 4b, was determined following
fluorescence measurements. In a typical “forward titration”,
3ml of a PBS standardized avidin solution (100 nM) (solid
squareskig. 2) or 3 ml of a PBS buffer solution (solid trian-
gles,Fig. 2) was titrated with a 1Q.M standardized biotiny-
lated conjugatdaor 4b solution in PBS buffer by successive
additions of 1Qul 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
10pl aliquots of a 1QuM biotin fluorescent derivative4a or
4b solution in PBS buffer (white circles;ig. 2). Previously,

optimization fluorescence experiments were made to deter-

mine the time required for equilibration at room temperature
between the biotinylated conjugate and avidin. Five minute
was the time required for the equilibrium to be reached, so

K. Agiamarnioti et al. / Journal of Photochemistry and Photobiology A: Chemistry 172 (2005) 215-221

Relative Fluorescence Intensity

[Fluorescent label]/ [avidin]

Fig. 2. Relative fluorescense intensities of biotinylated ladelsind 4b,
in the presencelf) and absencea() of avidin. In parallel runs, avidin had
been blocked with 8Q.M biotin before titration with fluorescent ligandY).
100 nM avidin were titrated with @M 4aand with 10.M 4b.

0,84
B Avidin

Normalized Fluorescence Intensity

0,74 O Streptavidin
0,6
o8 —a—0—a—8—H—
0,54
0,44
013 T T T T T T
0,0 0,1 0,2 0,3 0.4 0,5

[Strept(avidin)]/[Fluorescent label]

Fig. 3. Inverse titration of 400 nMawith 2.2M avidin or 3.4uM strep-
tavidin stock solutions; (similar results observed4brusing 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 lal¥ or 4b (400 nM) in PBS
was titrated with a stock solution of standardized avidin by
successive additions of 20 increments at 5min 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 ladeland

this was the time interval between successive additions of 4b as well as these of their non-biotinylated precurstas
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and3b in pure solvents and to compare them. Further, it was Table 1
of interest to determine the effect that proteins have on the Fluorescence quantum yields of biotinylated acridid@snd4b and their
fluorescence of the labedsand4b after binding to them. A~ Precursorsaandsbin protic and non-protic solvents

mentioned in the introduction, fluorescent labels must have compound Fluorescent quantum y#ld

high fluorescence quantum yields in aqueous solutions, in Ethanol Chloroform DMF Water
order to be applicable in bioanalytical assays. The acridine- 3, 0.024 0.031 0.0086 0.456
9-carboxylic acid was chosen as the light emitting group of 3b 0.022 0.012 0.0066 0.304
the label, due to the relative high fluorescence efficiency of 4a 0.020 0.028 0.0074 0.184
acridine derivatives in agqueous solutigh8]. Because ofthe 4P 0.014 0.013 0.0077 0.118

wide range of applications that the avidin—biotin system has @ Calculated by the equatioh, = (FyAsn2/FsAun2) x ®s [15].

in modern bioscience and the advantages that this presents

over conventional detection method$, biotin was chosen The conventional synthetic route to fluorescent conjugates
to be the reactive group of the fluorescent labels. Further- ysyally starts with the preparation of the biotinylated spacer
more, having in mind that in many cases derivatization of the arm and finishes with the attachment of the fluorophore to it
initial fluorescent group affects its fluorescence, we have cho-[2 3 13}

sen two different kinds of'rea.gents as spacer mpieties, adiol |n our case, we preferred to follow the opposite synthetic
(ethylene glycol) and a diamine (ethylene diamine) to com- route because firstly, acridine-9-carboxylic acid is much less
pare their effect on the fluorescence. These four-atom spacergxpensive than biotin and secondly, in that way we could syn-
were used in order to minimize steric repulsion between ad- thesjze novel fluorescent molecu8ss 3b. These compounds
jacently bound acridine residues, achieving specific, strong having a free reactive group can easily be activated and trans-
blndlng to avidin and conservation of the initial fluorescence formed into fluorescent probes that could possib|y be used in

of label. analytical methods. For instance, the hydroxyl grou3af
can be converted to an activated carbamate moiety after reac-

be converted to the corresponding urea. Both of these fluo-

The synthesis of the fluorescent biotinylated acridine rescent derivaFives could be applied in the detection of free
labels 4 is carried out in three stepS¢heme L In the amine groups in a sample.
first step, acridine-9-carboxylic acidl)( is converted to
its acridine-9-carbonyl chloride2) by its reaction with 3.2. Fluorescent properties
thionylchloride by a known methofll9]. After removing
the excess of thionylchloride the crude product was allowed  The fluorescence efficiency of compoun8sand 4 is
to react with ethylene glycol or ethylene diamine giving the strongly affected by the solvent used. Generally, the fluores-
ester3aand the amid&b in good yields. For the biotinyla-  cence quantum yields of all derivatives in water are up to 20-
tion of acridine derivative8, different methods were tested fold higher than in ethanol or chloroform and about 100-fold
ranging from the DCQ20], chloroformatg21], NHS acti- higher than in DMF Table ). The highest efficiency is ob-
vated biotin-estef22] to the CDI-method23]. The highest served in aqueous solutionBg =0.118-0.456) and the low-
chemical yields were obtained by the last method which estin polar aprotic solvents, suchMl-dimethylformamide
was, therefore, chosen for the preparation of the derivatives(®g_ =0.0066—0.0086). This observation is very important if

4. these molecules are to be used in analytical applications in
X\/\
COgH COocCl 1,2+ ethylened amine XH
3a, 4a: X=0
3b, 4b : X=NH 0]
X
\C’ ~ Ny S

Y
biotm CDI X
HN)},NH

Scheme 1. Synthetic route of the heterobifunctional fluorescent ldbalsd4b.

O
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Table 2

Analytical characteristics of the biotinylated acridiesand4b and their non-biotinylated precurs@a and3b associated with fluorescence measurements
Compound Fluorescentéarbitrary units) Linear randgM) Detection limif (M) A B S.D. r

3a 1513 107-107° 7.10x 10710 8.039 0.698 0.029 0.9990
3b 671 107-10°° 4.55x 10710 6.268 0.494 0.016 0.9994
4a 276 106-10°8 2.51x107° 5.979 0.503 0.038 0.9967
4b 286 10°6-108 7.16x 10°° 7.355 0.700 0.035 0.9981

a Referred to sample concentration of TM in water; Aem= 444 NM \ex= 362 M.
b Calculated from the equation: lég = A+ BlogC.
¢ 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 shownTiable ], it is not It is also important to note that before the above cumula-
only the solvent that has an impressive effect on the fluores-tive titrations, optimization experiments were performed of
cence, but also the spacer molecule and the biotin group. Thethe incubation time required for the equilibration between
acridine esteBahas higher fluorescence quantumyieldsinall the biotinylated conjugateda or 4b and avidin at room

solvents than the acridine ami8le, butthese values are lower temperature. We observed that after 5min incubation, the
than those of methyl acridine-9-carboxylate. A comparison fluorescence intensity remained stable even after 90 min

of the fluorescence quantum yields of derivati@eand4 in of incubation. This indicates the rapid binding of the
water to that of methyl acridine-9-carboxylateq =0.589) biotinylated conjugateda, 4b to avidin (<5 min).
shows that the fluorescence of biotinylated laldghas been The fluorescence enhancement of the novel biotinylated

reduced by up to 80%. Despite the negative effect that the fluorophores is more obvious in a “reverse titration” mode
spacer molecules and biotin have on the initial fluorescence(Fig. 3). As shown inFig. 3, in case of derivativela, the
of the acridine fluorophore in aqueous solutions, the biotiny- highest enhancement is observed at a molar ratio of 0.25 in-
lated fluorescent labels as well as their precursofscan dicating stoichiometric binding of the biotinylated ladalto
be detected down to nanomolar concentrations in aqueougshe tetrameric binding sites of avidin. Interestingly, when sim-
solutions Table 9. ilar experiment was performed using streptavidin instead of
avidin, the addition of 4 equivalent of biot#ato tetrameric
3.3. Fluorescence properties of b|0t|ny|ated Conjugates b|nd|ng SiteS of StreptaVidin was aISO Observed, but the ﬂUO'
4aand4b before/after binding to avidin rescence intensity was quenched by 47.3%. This result cannot
be explicitly explained. It can only be assumed that the inter-
As mentioned above, most biotin-fluorophore conjugates action of the fluorophore moiety of the biotinylated deriva-
lose fluorescence when binding to avidin. Therefore, it was tives with streptavidin is different from the one with avidin
of interest to know if this is also true for the novel synthesized due to the unlike structure and size of the biotin binding sites
biotinylated fluorescenct labefs and4b in the presence of ~ Of these proteinf24].
avidin. As shown irFig. 2 (solid squares), the fluorescence
of both biotinylated conjugatesand4bis not only retained
in the presence of avidin, but on the contrary, a steadily 4. Conclusions
increasing enhancement of up to 4:1 of label to avidin was
observed. In the case of the conjugééethe fluorescence is In this paper, we presented the synthesis of two novel fluo-
enhanced up to 37% and the fluorescencébak enhanced  rescent biotinylated acridine conjugates, containing ethylene
up to 16.5%. The highest enhancement is observed at aglycol or ethylene diamine as spacer moieties and examined
molar ratio of 4, indicating stoichiometric binding of the their fluorescent properties in the presence and absence of
biotinylated labelgla and4b to the tetrameric binding sites  avidin. Despite the reduction of the fluorescence quantum
of avidin. The stoichiometric binding was our goal when yieldthatis causedfirstly by the derivatization of the acridine-
using a four-atom spacer, hoping that the adjacently bound9-carboxylic acid with the diol or the diamine and then by
acridine residues would not contact or interact. As it is the attachment of the biotin moiety, the novel biotinylated
shown inFig. 2, the enhancement of the fluorescence remains fluorescent conjugatesas well as their precursoscould
constant at molar ratios of label to avidin >4:1, indicating be detected down to few nanomolar concentrations in aque-
that no further interaction exists between the labels and ous solutions. This fact makes the fluorescent molecBles
the tetrameric binding sites of avidin. The absence of non- prospective analytical reagents in aqueous solutions.
specific binding is evidenced by the strictly parallel nature  Incontrastto many known fluorescent conjugates in which
of the line that corresponds to the fluorescence intensity atquenching of fluorescence is observed in the presence of pro-
molar ratios of label to avidin >4:1 to the line that occurs teins, the novel biotinylated compounda and4b not only
from the corresponding control experiments (white circles, retaintheirfluorescence inthe presence of avidin, a tetrameric
Fig. 2. protein specific for biotin, but an enhancement up to 37% for
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4aand 16.5% fordb is also observed. Enhancement of the [4] K.K.W. Lo, T.K.M. Lee, Inorg. Chem. 43 (2004) 5275-5282.
fluorescence of a biotinylated label after binding to avidin [5] M. Slim, H.F. Sleiman, Bioconjug. Chem. 15 (2004) 949-953.

is a phenomenon that has been reported in the literature, [©! géﬁﬂé;iéWK' Hui, D.C.M. Ng, J. Am. Chem. Soc. 124 (2002)

so far, only few time44-9]. These novel fluorescent con- 71 .\ Lo, k.H.K. Tsang, Organometallics 23 (2004) 3062-3070.

jugates present some other advantages: they show stoichio-[g] k.k.w. Lo, J.5.W. Chan, L.H. Lui, C.K. Chung, Organometallics 23
metric ligand binding, as four biotinylated molecules bind (2004) 3108-3116.

to avidin, non-specific binding is absent and the biotinylated [9] H.J. Gruber, C.D. Hahn, G. Kada, C.K. Riener, G.S. Harms, W.

conjugate—avidin complex is formed in less than 5 min. Ahrer, T.G. Dax, H.G. Knaus, Bioconjug. Chem. 11 (2000) 696-704.
| Usi th | biotinvlated fl t . [10] H.J. Gruber, G. Kada, M. Marek, K. Kaiser, Biochim. Biophys. Acta
n concilusion, the novel plotinylate uorescent conju- 1381 (1998) 203-212.
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the avidin—biotin system is used. [12] G. Kada, K. Kaiser, H. Falk, H.J. Gruber, Biochim. Biophys. Acta
1427 (1999) 44-48.
[13] K. Kaiser, M. Marek, T. Haseldgibler, H. Schindler, H.J. Gruber,
K | Bioconjug. Chem. 8 (1997) 545-551.
Acknow edgemems [14] J. Dey, J.L. Haynes, I.M. Warner, A.K. Chandra, J. Phys. Chem. A
101 (1997) 2271-2278.
The authors wish to thank the General Secretary of Re-[15] D. Eaton, J. Photochem. Photobiol. B: Biol. 2 (1988) 523-531.

search and Technology of Greece for funding this project [16] C.A. Parker, W.T. Rees, Analyst 85 (1960) 587-600.

titled “Advanced Functional Materials” (1422/B1/3.3.1/362) [17]1H.L. Lin, J.F. Kirsch, Anal. Biochem. 81 (1977) 442-446.
[18] S.L. Murov, I. Carmichael, G.L. Hug, Handbook of Photochemistry,

Marcel Dekker Inc., New York, 1993.
[19] R. Renotte, G. Sarlet, L. Thunus, R. Lejeune, Luminescence 15
References (2000) 311-320.
[20] B. Neises, W. Steglich, Angew. Chem. Int. Ed. 17 (1978) 522-524.

[1] M. Wilchek, E.A. Bayer, Methods Enzymol. 184 (5-13) (1990) [21] A. Boudi, J. Fiet, H. Galons, Synth. Commun. 29 (1999) 3137-3141.

14-45. [22] M. Wilchek, E.A. Bayer, Methods Enzymol. 184 (1990) 123-138.
[2] H.J. Gruber, M. Marek, H. Schindler, K. Kaiser, Bioconjug. Chem. [23] M.L. Jasiewicz, D.R. Schoenberg, G.C. Muller, Exp. Cell Res. 100
8 (1997) 552-559. (1976) 213-217.

[3] M. Marek, K. Kaiser, H.J. Gruber, Bioconjug. Chem. 8 (1997) [24] G. Gitlin, I. Khait, E.A. Bayer, M. Wilchek, K.A. Muszkat, Biochem.
560-566. J. 259 (1989) 493-498.



	Synthesis and fluorescent properties of novel biotinylated labels
	Introduction
	Experimental
	Equipment
	Reagents
	Syntheses
	Acridine-9-carbonyl chloride (2)
	(2-Hydroxyethyl)-acridine-9-carboxylate (3a)
	(2-Aminoethyl)-acridine-9-carboxamide (3b)
	(2-Biotinyloxyethyl)-acridine-9-carboxylate (4a)
	(2-Biotinylamidoethyl) acridine-9-carboxamide (4b)

	Fluorescence measurements
	Fluorescence quantum yields and determination of detection limits
	Determination of avidin functional concentration
	Fluorescence measurements of the biotinylated conjugates 4a and 4b in the presence and absence of avidin


	Results and discussion
	Synthesis of biotinylated acridines 4a and 4b
	Fluorescent properties
	Fluorescence properties of biotinylated conjugates 4a and 4b before/after binding to avidin

	Conclusions
	Acknowledgements
	References


