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Abstract

Three new benzazole isothiocyanate (BzITC) fluorescent dyes'-i2efhiocyanate/2hydroxyphenyl)benzoxazole, 2 {Bothio-
cyanate-2hydroxyphenyl)benzimidazole and 2-{Sothiocyanate-2hydroxyphenyl)oxazole[4,5-b]pyridine, were synthesised, purified
until optical purity grade and characterised by elemental analy$iMR, IR, UV-VIS and fluorescence spectroscopy. These dyes exhibit
an intense fluorescence emission with a large Stokes shift due to an excited state intramolecular proton transfer (ESIPT) mechanism. The
BzITCs were also studied for labelling three proteins (bovine serum albumin (BSA), concanavalin-A (con-A) and rabbit immunoglobulin
G (rabbit 1IgG)) and the resulting conjugates presented good and stable fluorescence. A simple assay for detection of these proteins was
reported here. The method is based on the direct fluorescence detection of protein-labelled with BzITC fluorophores after polyacrylamide
gel electrophoresis and present potential use as fluorescent probes for proteins. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction Furthermore, when an organic fluorescent probe covalently
binds with the biomolecule, the interaction between them
Fluorescent probes are useful tools in analytical tech- provided a significant enhancement in fluorescence emission
niques [1], as immunofluorescence and immunofluorometric spectra as well as an extreme sensitivity at very low con-
assays [1-4], protein conformation studies [5—10], detection centration of the organic probe (detectabilities in the 0
of compounds in HPLC [2,11], capillary electrophoresis to 10-13M range) [1,2,16]. For use as reporter molecules
(CE) [2,12,13] as well as coupling CE with laser-induced in biological systems many organic dyes have been studied,
fluorescence detection [14—16]. An effective biological flu- like coumarin derivatives [20], fluorescein isothiocyanate
orophore has to present a good luminescent intensity and[20,21], anthracene derivatives [22], 2-naphthol [23] and
an emission spectra free of interferences due to the emittingothers [2,16].
substances present in the analysed matrix. A high Stokes 2-(2-Hydroxyphenyl)benzazoles are interesting fluores-
shift is an interesting characteristic for a fluorescent probe cent molecules which shows high Stokes shift and present
that permits an improved separation of the light inherent to great thermal and photophysical stability due to an excited
the matrix and the light dispersed by the sample [16]. state intramolecular proton transfer (ESIPT) mechanism (see
Several researches have been developed using intrinFig. 1). These compounds have been studied theoretically
sic fluorescence of biomolecules [17-19] to investigate [24-30], as laser dyes [31-34], polymer UV-light stabilisers
biological process through fluorescence measurements[35-38], for organic NLO materials [29] and have been in-
corporated in inorganic [39] and organic polymeric materials
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Fig. 1. Chemical structure of 2/(hydroxyphenyl)benzazole dyes and the tautomeric forms involved in the emission of light-ESIPT.

(BzITC) 4a—, the purification until optical purity grade, purified by column chromatography using dichloromethane
and the use to label three model proteins, concanavalin-Aas the solvent. Yield: 94%; mp >26C (decomposition).
(con-A), bovine serum albumin (BSA) and rabbit im- Anal. calc. for GsH11N30: C, 69.32; H, 4.92; N, 18.65.

munoglobulin G (rabbit IgG). Found: C, 69.03; H, 4.79; N, 18.26.
IR (KBr, cm™1): 3400-3310 (NH and NH), 1630, 1504,
. 1257.
2. Experimental 1H NMR (200 MHz, DMSO#): 5 13.12 and 10.28 (two

broad s, 2H, OH and NH), 7.67-7.24 (my,HHs, Hg, H7 and
H6/)l 680 (d! H&’x JOI"[hO - 87 HZ)! 674 (ddl H’! Jmeta:
2.4 Hz andJoriho = 8.7 Hz), 4.80 (broad s, 2H, NAJ.

2.1. Biological and chemical materials

2-Aminophenol, 1,2-phenylenediamine, 2-amino-3-hy-
droxypyridine and thiophosgene were purchased from
Aldrich. The 5-amino-2-hydroxybenzoic acid was pur-
chased from Aldrich or synthesised from salicylic acid
using a methodology described in [41]. All other reagents

and solvents were from Merck. BSA, con-A, and rabbit I9G purified by recrystallisation from toluene. Yield: 81%; mp

were purchased from Sigma Chemical Co. Commercially 181-183C. Anal. calc. for GoHgN3Os: C, 63.43: H, 3.99:
available reagents and solvents were used as supplied. Col3 : i . 2R S Ty T T I

. . N, 18.49. Found: C, 62.89; H, 3.69; N, 18.11.
umn chromatography were performed using silica gel 60 IR (KBr, cm-1): 3425-3305 (Nh). 1630, 1543, 1250
(Merck). . ' ' ' ' i

IHNMR (200 MHz, CDCb): § 10.56 (s, 1H, OH), 8.60
(dd, Hy, Jmeta= 1.4 Hz andJgrtho = 5.0 Hz), 7.90 (dd, H,
Jmeta= 1.4Hz andJornho = 8.1 Hz), 7.37 (d, K/, Jmeta=
2.7Hz), 7.35 (dd, H, Jortho = 8.1 Hz andJgriho = 5.0 Hz),
7.02 (d, Hy, Jortho = 8.7 Hz), 6.93 (dd, B, Jmeta= 2.7 Hz
and Jortho = 8.7 Hz), 3.54 (broad s, 2H, N4

2.2.3. 2-(%Amino-2-hydroxyphenyl)oxazole[4,5-b]
pyridine 3c)

The product obtained by the general procedure can be
used without further purification for the synthesis4afor

2.2. General procedure for synthesis of the
aminobenzazole3a—

A mixture of 5-amino-2-hydroxybenzoic acid (13 mmol)
and the correspondingrtho-substituted aniline (13 mmol)
in polyphosphoric acid (10 ml) was heated at 200for 4 h
with stirring. The reaction mixture was poured into 400m| 2.3. General procedure for synthesis of the
of water and the precipitate obtained was filtered, neutralisedisothiocyanates BzITCs&—c
with a solution of sodium carbonate (10% w/v), washed with

water and dried. The isothiocyanatda was prepared by the Kaluza syn-
thesis (method A) and the thiophosgene synthesis (method
2.2.1. 2-(5-Amino-2-hydroxyphenyl)benzoxazol@aj C). The isothiocyanatetb—c were prepared by the Jochims
The product obtained by the general procedure can besynthesis (method B) and the thiophosgene synthesis
used without further purification for the synthesis4af or (method C).

purified by column chromatography using dichloromethane _ )
as the solvent. Yield: 74%; mp 174—175. Anal. calc. for ~ ® Method A: Kaluza synthesis

C13H1oN205: C, 69.02: H, 4.46; N, 12.38. Found: C, 69.06: The aminobenzoxazoka (0.5 g) was dissolved in 2 ml
H, 4.56: N, 12.06. of toluene. Triethylamine (0.5ml) and carbon disulfide
IR (KBr, Cm—l): 3410-3330 (Nu)' 1630, 1545, 1234. (05 ml) were added to this SOluti(?n. The re.a.Ction .rni.XtUre
1HNMR (200MHz, CDCh): § 10.94 (s, 1H, OH), was Kept at-18°C for 7 daysz Wlth occa3|9nal stirring.
7.74-7.41 (M, W, Hs, Hs and Hy), 7.36 (d, Hy, Jmeta = The d|th|ocarbamat_e salt preC|p_|tated was filtered, washed
26Hz), 6.97 (d, H, Jono = 8.8Hz), 6.85 (dd, H, with toluene and drl_ed. It was dissolved in Zml of (_:hloro-
Jmeta = 2.6Hz and Jorho = 8.8 Hz), 3.52 (broad s, 2H, form and the res_ultlng solution was cooled in an ice—salt
NH>). bath, and an equimolar amount plus a 10% excess of ethyl
chloroformate was added, with stirring. After 10 min, an
2.2.2. 2-(%-Amino-2-hydroxyphenyl)benzimidazolahi equimolar amount of triethylamine was added, and the

The product obtained by the general procedure can be stirring was continued at the same temperature for 10 min,
used without further purification for the synthesis4bf or and at room temperature for another 60 min. The solution
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was washed three times with 10 ml of 3M HCI, dried with by column chromatography (toluene as the eluent) and re-
NaxSQ4, and the solvent was evaporated under reduced crystallised from acetone; mp 181-183. Anal. calc. for
pressure. The residue was purified by column chromatog- C13H7N302S: C, 57.99; H, 2.62; N, 15.60. Found: C, 58.36;
raphy (chloroform) yielding the isothiocyanata. H, 2.48; N, 15.65.

e Method B: Jochims synthesis IR (KBr, cm™1): 2111 (N=C=S), 1625, 1489, 1223.

To an ice-cooled solution of dicyclohexylcarbodiimide IHNMR (200 MHz, CDC}): § 11.30 (s, 1H, OH), 8.65
(0.59) in 10ml of C9, a solution of the corresponding (dd, Hz, Jmeta= 1.4 Hz andJortho = 5.0 Hz), 8.00 (dd, H,
aminobenzazole?b— (0.5g) in 10 ml pyridine was added  Jmeta= 1.4 Hz andJoiho = 8.2Hz), 7.92 (d, K/, Jmeta=
slowly, with stirring. The resulting mixture was allowed 2.6 Hz), 7.43 (dd, H, Jortho = 8.2 Hz andJotho = 5.0 Hz),
to stand at-18°C for 24 h with occasional stirring. The  7.37 (dd, Hy, Jmeta= 2.6 Hz andJortho = 9.0 Hz), 7.14 (d,
mixture was poured into 400 ml of water; the precipitate Hz, Jmeta= 2.6 HZz).
was filtered, washed with water and dried.

e Method C: thiophosgene synthesis 2.4. General procedure for conversion of the

The corresponding aminobenzazolda—c (0.650(Q) isothiocyanateda—c to thioureasba—
was dissolved in dry acetone (50 ml) and transferred to
a drip funnel equipped with a drying tube. This solution To a solution of 50 mg of the corresponding BzITCs
was added dropwise to a thiophosgene solution (1 ml 4a— in chloroform (5 ml) was added an excess (0.2 ml) of
thiophosgene in 5ml of dry acetone). The isothiocyanate tert-butylamine. After 15 min at room temperature, the ex-
formed was immediately precipitated. After the amine cess of the solvent artdrt-butylamine were removed under
solution was completely added the reaction mixture was reduced pressure yielding the thiourea derivativasc in
stirred for an additional 2h. The isothiocyanate was quantitative yield.
filtered, washed with 10 ml of cold acetone and then dried.

2.4.1. 2-[8-(N-tert-Butylthiourea)-2hydroxyphenyl]
2.3.1. 2-(5Isothiocyanate-2hydroxyphenyl)benzoxazole  benzoxazole5q)
(4a) Melting point (mp) 166—-167C. Anal. calc. for GgHig
Kaluza synthesis (method A): yield 20%. Thiophosgene N30,S: C, 63.32; H, 5.61; N, 12.31. Found: C, 63.36; H,
synthesis (method C): yield 86%. The solid was purified 5.46; N, 11.71.
by column chromatography (chloroform as the eluent) and IR (KBr, cm™1): 3256 (NH), 3047 (OH), 1625, 1538,
recrystallised from acetone; mp 169—XTL Anal. calc. for 1370 (N-CS-N), 1247.
C14HsN20,S: C, 62.68; H, 3.00; N, 10.44. Found: C, 62.74; IHNMR (200 MHz, CDC}): § 11.60 (s, 1H, OH), 7.96
H, 3.10; N, 10.18. (d, Hg', Jmeta= 2.5Hz), 7.83-7.45 (m, i} Hs, Hg and Hy),
IR (KBr, cm™1): 2137 (N=C=S), 1625, 1492, 1265. 7.35 (dd, Hy, Jmeta= 2.5Hz andJoniho = 8.8 Hz), 7.23 (d,
IHNMR (200 MHz, CDC}): § 11.60 (s, 1H, OH), 7.85  Hgy, Jortho = 8.8 Hz), 5.88 (s, 1H, NH), 1.52 (s, 9H, GM
(d, Hg', Jmeta= 2.5Hz), 7.77-7.41 (m, il Hs, Hs and H),
7.27 (dd, Hy, Jmeta= 2.5Hz andJyrho = 9.0Hz), 7.07 (d, 2.4.2. 2-[3-(N-tert-Butylthiourea)-2hydroxyphenyl]

Hz, Jortho = 9.0 HZ), 3.54 (broad, 2H, N}). benzimidazoleb)

Melting point (mp) >350C. Anal. calc. for G7H17N3
2.3.2. 2-(5Isothiocyanate-2hydroxyphenyl) 0.S: C, 61.98; H, 5.20; N, 12.76. Found: C, 62.27; H, 5.38;
benzimidazole4b) N, 12.25.

Jochims synthesis (method B): yield 13%. Thiophosgene IR (KBr, cm~1): 3381 (NH), 3303 (NH), 3153 (OH),
synthesis (method C): yield 86%. The solid was purified 1625, 1502, 1370 (N-CS-N), 1227.
by column chromatography (chloroform as the eluent) and 'HNMR (200 MHz, DMSOdg): § 13.30 (broad s, 1H,
recrystallised from acetone; mp 298-3@L Anal. calc. for OH or NH), 13.18 (broad s, 1H, NH or OH), 9.20 (s, 1H,
C14H9N30S: C, 62.91; H, 3.39; N, 15.72. Found: C, 62.91; NH), 8.09-7.06 (m, 7H aromatic), 1.59 (s, 9H, gH
H, 3.30; N, 15.56.

IR (KBr, cm~1): 3317 (NH), 2143 (NC=S), 1620, 1496,  2.4.3. 2-[3-(N-tert-Butylthiourea)-2hydroxyphenyl]
1265. oxazole[4,5-b]pyridine %c)

1HNMR (200 MHz, DMSO¢g): § 13.4 (broad s, 2H, OH Melting point (mp) 150 C (decomposition), 186-18€
and NH), 8.2 (d, i, Jmeta= 2.4 Hz), 7.8-7.6 (m, H, Hs, (melt). Anal. calc. for G7H18N402S: C, 59.63; H, 5.30; N,

Hg or Hy), 7.4—7.3 (m, H, Hs, Hg or H7), 7.45 (dd,Jmeta= 16.36. Found: C, 59.43; H, 5.16; N, 16.40.

2.6 Hz andJortho = 8.8 Hz), 7.1 (d, M, Jortho = 8.8 HZ). IR (KBr, cm™1): 3370 (NH), 3171 (OH), 1625, 1532,
1375 (N-CS—N), 1200.

2.3.3. 2-(5Isothiocyanate-2hydroxyphenyl)oxazole IHNMR (200 MHz, CDC§): § 11.25 (broad s, 1H, OH),

[4,5-b]pyridine (4c) 8.64 (dd, H, Jmeta = 1.4Hz and Joitho = 8.2Hz), 7.98

Jochims synthesis (method B): yield 22%. Thiophosgene (dd, H;, Jmeta = 1.4Hz and Jotho = 5.0Hz), 7.96 (d,
synthesis (method C): yield 80%. The solid was purified Hg, Jmeta = 2.6 Hz), 7.42 (dd, W, Jortho = 8.2Hz and
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Jortho = 5.0Hz), 7.37 (dd, K, Jmeta= 2.6 Hz andJytho = glycerol, 10% 2-mercaptoethanol). The suspension was
9.0Hz), 7.22 (d, H, Jortho = 9.0Hz), 5.85 (broad s, 1H,  boiled for 5min, and loaded (bg per lane) onto 10% poly-
NH), 1.52 (s, 9H, CH). acrylamide gels. After SDS-PAGE, gels were stored in 40%

methanol, 10% acetic acid until observed under UV-light
2.5. General procedure for protein labelling with the and photographed.

isothiocyanates BzITC&—
Proteins con-A, BSA and rabbit IgG, were labelled with 3. Instruments
different concentrations of BzITC fluorophorda—. The
procedure was similar to standard procedures previously
described for other fluorescent probes [42]. BzITC fluo-
rophoresd4a—c were dissolved in DMSO/dioxan (2:1) to a
final concentration of 10 mg/ml. Small aliquots of this solu-
tion were added, slowly and with gentle stirring, to 1 ml of
protein solution (5 mg/ml in 0.1 M sodium carbonate, pH 9).
Doses of 10, 20, 50, 100 and 2@@ fluorophores/ml protein

Melting points were measured with a Thermolyne and are
uncorrected. IR spectra were recorded on a Mattson Galaxy
Series FT-IR3000 in KBr. NMR spectra measurements were
recorded on a Varian VXR-200 spectrometer at 200.1 MHz
using tetramethylsilane (TMS) as the internal standard in
deuterium chloroform or DMS@gs as the solvent at room
temperature. Absorption spectra were taken on a Shimadzu
solution were used. The mixture was incubated for 60 min at %\é:si(r)g\d w?hcgoﬁi?séﬁim:;ggt r:;)%%rteosrr(]ftnecr,e n;sopdegltrFa_ 4\2/888.

room tempera_ture under gentle stirring, a”q“?‘jf 1Mam- Elemental analyses were recorded on a Perkin-Elmer model
monium chloride was added. Labelled protein was separated2400

of free BzITC fluorophores by gel filtration chromatography
on Sephadex G-50. Column was equilibrated and eluted with
phosphate buffered saline (PBS, 10 mM phosphate, 150 MM4. Results and discussion
NaCl, pH 7.4).
4.1. Synthesis of the Z(Bydroxyphenyl)benzazole
2.6. Polyacrylamide gel electrophoresis heterocycles

SDS-PAGE was performed essentially as described by The BzITC fluorophoresda—c were synthesised in a
Laemmli [43]. After labelling with BzITC fluorophores two-step procedure: (a) synthesis of the aminobenzazoles
4a—c, protein suspension was diluted in an equal volume 3a— (see Fig. 2), and (b) the conversion to the desired
of sample buffer (125mM Tris, pH 6.8, 4% SDS, 20% isothiocyanate derivative$a—c (see Fig. 3).

CO.H
2a,X=0,Z=CH 3a,X=0,Z=CH
2b, X = NH, Z=CH 3b,X=NH,Z=C
2¢,X=0,Z= 3¢,X=0,Z=N

i) PPA, 20000, 4h, ii) HyO, iii) Na,CO5 10%

Fig. 2. Synthetic process for the synthesis of the aminobenza2ales
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Method A (Kaluza synthesis): i) CS,, Et;N, -18°C, 7 day, ii) CHCI5, CICO,Et, Et;N, 0°C, 1h
Method B (Jochims synthesis): iii) DCC, CS,, -18°C, 24h
Method C (Thiophosgene synthesis): i) CH;COCH;, CSCl,, r.t., 2h

Fig. 3. Synthesis of the BzITC dyet— by the Kaluza (method A), Jochims (method B) and thiophosgene (method C) methods.
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For the synthesis oBa—c we use a standard methodol- Another synthetic approach was used, described by
ogy which consists of a condensation reaction between theJochims [51], which consists of the reaction of a primary
5-amino-2-hydroxybenzoic acidl) and ortho-substituted amine, dicyclohexylcarbodiimide (DCC) and &£3n pyri-

anilines @Qa, X = O and Z=H; 2b, X = NH and Z=H; dine, to form an isothiocyanate and dicyclohexylthiourea
2¢c, X = O and Z= N), in polyphosphoric acid at 20@ (see Fig. 3). This process occurs in one step. The use of this
[44,45] to give the aminobenzazoles compouBasc with procedure led us to obtain only the isothiocyanate derivatives
good yields [40]. 4b and4c in very low yields (13 and 22%, respectively).

The conversion of aminobenzazolgs— to the desired The use of thiophosgene, however, results in very good

isothiocyanate derivative®a—c was carried out by three dif-  yields of the three desired isothiocyanate derivatiasc
ferent synthetic procedures, depending on the synthesised>80%) and this process is easier and simpler than the
product (see Fig. 3). It is well known that a general method- others are.

ology for the synthesis of an isothiocyanate compound is We decide to study the reaction of these compounds with
the reaction of an aromatic primary amine with thiophos- a model amine before to test the conjugation of the BzITCs
gene [21,46-48]. This procedure is easy and results in very4a—c with proteins in order to obtain some spectroscopic
good yields. However, the high toxicity of thiophosgene data. The reaction witkert-butylamine in organic solvents
[49] led us to try other methodologies for the synthesis. The is easy and results in the thiourea derivatiSasc in almost
Kaluza synthesis was the first one [46,50]. In this process, aquantitative yields (see Fig. 4).

primary amine is dissolved in an organic solvent and reacts

with carbon disulfide and triethylamine, at low tempera- 4.2. UV-VIS and fluorescence emission data

tures, to form a triethylammonium dithiocarbamate. This

salt reacts with ethyl chloroformate, and then, with an alkali The new aminobenzazole8a—c, BzITCs 4a—c and

to yield the desired isothiocyanate. Using this method we thioureas5a—c heterocyclic dyes synthesised are fluores-
could synthesise only the isothiocyand#eand in low yield cent in solution and in the solid state when irradiated with

(20%). UV-light. The thioureasba—c present a green emission of
HO HO
z z
=~ N i ~ N\
| — |
X X X X s
NCS N—C—N—C(CHy);

4a, X=0,Z=CH 5a, X=0,Z=CH H/ b

4b, X =NH, Z=CH 5b,X=NH, Z=CH

4c,X=0,Z=N 5¢c,X=0,Z=N

i) CHCl3, tert-butilamine, 15 min., r.t.

Fig. 4. Synthetic process for the synthesis of the thiouBeas.
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Fig. 5. Normalised absorption and fluorescence spectra of aminobenzaaeateIhe dye concentrations are M in CH,Cl,. The excitation wavelength
was 355 nm at room temperature.
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Absorbance
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D
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0.0 4——r
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L L T T T
350 400 450 500 550 600 650
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Fig. 6. Normalised absorption and fluorescence spectra of Bz#EGs The dye concentrations are M in CH,Cl,. The excitation wavelength was

355nm at room temperature.

fluorescence (see Fig. 7) adequate for the analytical ap-structural changes in the excited state is generally found be-
plications in medicine and biology. Fluorochromes with tween 50 and 70 nm [53]. In contrast, the heterocy8es,
emission in the blue—purple range are less useful, sinceda—c and 5a—c, that exhibit ESIPT, present a Stokes shift

the emission in this range is inherent to some biologi- between 134 and 189 nm.

cal systems [52]. The UV-VIS and fluorescence emission
spectra of3a—c, 4a—c and 5a—c are shown in Figs. 5-7, 4.3. Protein labelling with BzITC fluorophores

respectively. All experiments were performed at room tem-
perature in CHCI, as the solvent and the dye concentration  BzITCs 4a—c are insoluble in water. However, using the
are 10%M. methodology described in this work these molecules can be

Table 1 shows the maximum absorption and emission used as protein probes in aqueous solutions. They should
values of wavelength and the corresponding Stokes shiftbe dissolved in DMSO/dioxan and added slowly, in small
for 3a—, 4a— and5a—. The Stokes shift is in agreement aliquots, to the protein solution in order to warrant an effi-
with those presented by fluorochromes that exhibit ESIPT. cacious label. The unbound dye was efficiently removed by
The Stokes displacement for molecules that do not suffer gel filtration chromatography on Sephadex G-50.

1.0 — 5a
B 5b TN,
------ 5c | ! ‘\
it '
0.8 4 : ': \ >
: ‘, . Y Z’
1 \
Do\ 2
' c
8 0.6 ! \ —_—
c 1 ) ®
@ ' |‘ o
B ' ! 5
o \ Q
8 0.4 \ @
< v s
, 3
Y ™
0.2+ ‘.
N
N -
0.0 T T - , r . T . ] ‘l ..... 3
450 500 550 600 650

T T T
250 300 350 400
Wavelength (nm)

Fig. 7. Normalised absorption and fluorescence spectra of thioBeeas The dye concentrations are 1M in CH,Cl,. The excitation wavelength was

355nm at room temperature.
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Table 1

Spectral characteristics of the studied compo@inds

Structure Absorption Emax Emission Stokes

Amax (NM) (x103)P Amax (NM) shift (nm)

3a 367 105 551 184

3b 359 11.7 539 180

3c 376 10.7 522 146

da 338 16.0 498 160

4b 348 20.5 482 134

4c 344 16.5 513 169

5a 336 20.6 514 178

5b 338 134 493 155

5c 344 17.2 533 189
aAbsorption and fluorescence spectra were measured in

dichloromethane at 16 M.
b The values of molar extinction coefficients are in |mbtm=1 and
in the maximum of the first band.

Bovine serum albumin labelled with BzITC&— pre-

sented a deep green fluorescence, in both aqueous solution

223
L @ BSA-labeled dye 4a
M BSA-labeled dye 4b
0.6~ | A BSA-labeled dye 4c
2 04l
& 04+
w0 L
L.
™
X L
Q
g L
02r
0.0

T
0.01 0.10

Dye/Protein (wt/wt)

and solid after freeze—drylng. Fig. 8, for example’ shows the Fig. 9. BSA labelled with BzITCgla—c. Conjugation ofda—c with BSA

fluorescence spectra of BzIT4a and BSA-labelled BzITC

was obtained as a function of dye/protein ratio. The degree of conjugation

4a. The excellent overlap of the emission spectrum of free was estimated from the absorption ratios at 345/280 nm.

BzITC 4a and BSA-labelled BzITCG4a indicates that the
BzITC 4a was really bounded to protein BSA. The emis-
sion maximum of BzITC4a and BSA-labelled BzITCla
lies at 500 nm, similar to fluorescein isothiocyanate [53],
which lies at 520 nm. The con-A and rabbit IgG labelled
with BzITCs 4a— also presented fluorescence, however,
with less intensity than BSA.

The conjugation extent of BSA with BzITCs at various
dye/protein ratios is shown in Fig. 9. The amount of BzITC

ratios of absorption at 345/280 nm. At higher dye concen-
trations the recovery of protein decreased sharply, probably
due to protein precipitation.

Table 2 presents the ratios of absorption at 345/280 nm of
labelled BSA, rabbit IgG and con-A at a dye/protein ratio
of 0.04.

The stability versus photodecomposition of BzIT4&zsc

bound to protein increased gradually as the dye/protein is depicted in Fig. 10. BzITCs were stored at room temper-
(w/w) increased from 0.001 to 0.1, considering the increased ature and light exposed in DMSO/dioxan solution. Aliquots
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Fig. 8. Normalised fluorescence spectra of BzI%& itself and BSA-
labelled with BzITC fluorophorda.

were taken at different times to label proteins. The ratios
of absorption at 345/280 nm remains constant for almost 3
weeks (Fig. 9). Fluorescein isothiocyanate, which is widely
used as fluorescent probe to label proteins [53], lacks the
fluorescence quickly when exposed to light source. Other
protein probes like 7-hydroxy-4-methylcoumarin and rho-
damine retain full fluorescence more than fluorescein isoth-
iocyanate when exposed to light source [20,42,54], however,
BzITCs 4a—c described in this work showed higher photo-
stability than these compounds and do not need to be stored
in the dark.

Table 2
Ratios of absorption 345/280 nm of proteins labelled with BzIB@sc?

Protein Absorption 345/280 nm

4a 4b 4c
BSA 0.335 0.220 0.370
con-A 0.275 0.333 0.381
Rabbit IgG 0.346 0.302 0.390

aProteins at 5mg/ml in pH 9.0 bicarbonate buffer were incubated
with BzITCs 4a—c for 30min at room temperature. Unbound dye was
removed by gel filtration on Sephadex G-50.
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0.5 was very low. However, at ratios of 0.01 (lane B) and 0.04
I (lane C) the band corresponding to BSA was clearly ob-
served, which indicates an important application for these

0.4 compounds as fluorophores to protein detection.

0.3 5. Conclusion

Three new BzITCs present ESIPT, ida—c, were synthe-

Abs 345/280

0,2_— sised, purified until optical purity grade and characterised
i @ 55Aabeled dye 4a by elemen_tal_ analysi$H NMR, IR, UV-VIS and fluores-
I W BSA-labeled dye 4b cence emission. These BzITCs-ESIPT compounds are ex-
0.1k A BSA-labeled dye 4¢ tremely fluorescent when irradiated with UV-light and have

a potential use as fluorescent probes for protein labelling.
To test the reactivity of the BzITCs fluorophores with
L L 5 i 5 S50 amines before th_e conjugation_with the proteins, th_e BzITCs
_ were reacted withtert-butylamine. The BzITCs-thioureas
Time (days) obtained show large Stokes shift and wavelength emission
Fig. 10. Stability of BzITCs vs. light exposition. BzITC4a—c were maxima between 493 and 53_3 nm. . .
dissolved in DMSOJ/dioxan and stored at room temperature and light ~ 1he BzITCs were also studied for labelling three proteins
exposition. Small portions were taken at different times to label BSA and (BSA, con-A and rabbit IgG) and the resulting conjugates

0.0

the ratios of absorption at 345/280 nm were estimated. presented good and stable fluorescence. A simple and highly
sensitive assay for detection of these proteins was reported
4.4. Polyacrylamide gel electrophoresis here. The method is based on the direct fluorescence detec-

tion of protein-labelled with BzITC fluorophores after poly-

Fluorogenic substrates have been used to detect specifi@crylamide gel electrophoresis. The more evident fluorescent
enzymatic activities (generally hydrolysis) in polyacry- signal was obtained at dye/protein ratio of 0.04 and could be
lamide gels, by means of zymogram assays [55,56]. How- detected as only one band in SDS-PAGE. This band presents
ever, in this work the experiment was developed to direct & fluorescent signal that lies at 500nm and corresponds to
protein detection in polyacrylamide gel. For this purpose, BSA-labelled with BzITCAa, which indicates an important -
the BSA-labelled BzITC4a was submitted to polyacry- appllcgtlon for these compounds as fluorophpres to protein
lamide gel electrophoresis. After electrophoresis, the gel détéction. A number of other uses can be inferred, since
was submitted to UV-light excitation and direct detection BSA. rabbit 1gG and con-A were effectively labelled with
of conjugated BSA-labelled is performed and can be seenBZITCS 4a-. These applications may include labelling of
only a fluorescent signal which lies at 500 nm (see Fig. 11). antibodies for immunofluorescence assays and labelling of

At low dye/protein ratios (0.004, lane A), the fluorescence lectins for detection of specific carbohydrate moieties [57].
The synthesised organic fluorescent dyes present poten-

tial use as fluorescent probes for proteins, although addi-
tional studies are necessary to characterise the photophysic
behaviour of these dyes when bounded to specific substrates
in a better way.
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