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We report the synthesis and characterization of luminescent rhenium(l) amidodipyridoquinoxaline biotin complexes
[Re(CO)s(dpga)(L)](PFs) (dpga = 2-(n-butylamido)dipyrido[3,2-£.2',3'-Hquinoxaline; L = 4-(biotinamidomethyl)pyridine
(py-4-CH2-NH-biotin) (1), 3-(N-((2-biotinamido)ethyl)amido)pyridine (py-3-CO-NH-en-NH-biotin) (2), 4-(N-((6-bioti-
namido)hexanoyl)aminomethyl)pyridine (py-4-CHx-NH-cap-NH-biotin) (3)), and their biotin-free counterpart [Re(CO)s-
(dpga)(py)l(PFe) (py = pyridine (4)). Upon irradiation, these complexes exhibited intense triplet metal-to-ligand
charge-transfer ((MLCT) (dzz(Re) — sr*(dpga)) emission in fluid solutions at 298 K and in alcohol glass at 77 K.
However, the emission became much weaker in aqueous buffer, probably due to the interactions of water molecules
with the amide substituent of the dpga ligand. These properties render the complexes good candidates as luminescent
probes for hydrophobic media, such as the substrate-hinding sites of proteins. The avidin-binding properties of the
new hiotin complexes have been studied by 4'-hydroxyazobenzene-2-carboxylic acid (HABA) assays, emission
titrations, and competitive association and dissociation assays. Most importantly, the complexes showed a profound
increase in emission intensities upon binding to avidin. Additionally, we found that the fluorescence of anthracene
was guenched by these rhenium(l) complexes, and the SMLCT emission of the complexes was also quenched by
anthracene. On the basis of these findings, new homogeneous assays for biotin using these complexes, avidin,
and anthracene-labeled avidin have been designed.

Introduction resonance-energy transfer, unless long spacers are present
between the biotin and fluorophore urts.

Many rhenium(l) polypyridine complexes have been
employed as ion sensors intercalators and photocleavage
agents for nucleic acitf°reporters of rigidity* anisotropic

The extremely high binding affinity of biotin to the
glycoprotein avidin (first dissociation constalit,= ca. 10%°
M) renders this ligand-protein system a valuable tool for a
wide variety of bioanalytical applicatioris® Biotinylated
blo_mOIecu'eS ar_e Commonly deteCted, and ql_antltated. by (4) (a) Gruber, H. J.; Marek, M.; Schindler, H.; Kaiser, Bioconjugate
avidin labeled with various reporters. Since avidin contains Chem 1997 8, 552. (b) Marek, M.; Kaiser, K.; Gruber, H. J.

four biotin-binding sites, biotinylated biomolecules can also Bioconjugate Chem1997, 8, 560. (c) Gruber, H. J.; Hahn, C. D.;
Kada, G.; Riener, C. K.; Harms, G. S.; Ahrer, W.; Dax, T. G.; Knaus,

be recognized by biotin-reporter conjugates when avidin is H.-G. Bioconjugate Chen200Q 11, 696.
used as a bridge. However, this strategy does not apply to (5) Yam, V. W.-W.; Wong, K. M.-C.; Lee, V. W.-M.; Lo, K. K.-W.;

. o . Cheung, K.-K.Organometallics1995 14, 4034.
conventional biotin-fluorophore conjugates because they l0se (g) () Beer, P. D.: Dent, S. Wehem Commun 1998 825. (b) Beer, P.

their fluorescence upon binding to avidin due to fluorescence D.; Timoshenko, V.; Maestri, M.; Pasaniti, P.; Balzani, €hem
Commun1999 1755.

(7) (@) Sun, S.-S.; Lees, A. Coord Chem Rev. 2002 230, 171. (b)

* To whom all correspondence should be addressed. E-mail: bhkenlo@ Sun, S.-S.; Lees, A. J.; Zavalij, P. Yhorg. Chem 2003 42, 3445.

cityu.edu.hk. Phone: (852) 2788 7231. Fax: (852) 2788 7406. (8) Lo, K. K.-W.; Lau, J. S.-Y.; Fong, V. W.-Y.; Zhu, NDrganometallics
(1) Wilchek, M.; Bayer, E. AAnal Biochem 1988 171, 1. 2004 23, 1098-1106.
(2) Wilchek, M.; Bayer, E. AMethods in Enzymology\cademic Press: (9) (a) Thornton, N. B.; Schanze, K. Biorg. Chem 1993 32, 4994. (b)
San Diego, CA, 1990; Vol. 184. Stoeffler, H. D.; Thornton, N. B.; Temkin, S. L.; Schanze, K.JS.
(3) Hermanson, G. TBioconjugate Techniqug#\cademic Press: San Am Chem Soc 1995 117, 7119. (c) Thornton, N. B.; Schanze, K. S.
Diego, CA, 1996. New J. Chem 1996 20, 791.
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probes for protein& and luminescent labeling reagents and
probes for biological moleculéd We have recently reported
luminescent polypyridine biotin complexes of rheniurdy

and other metal centéfsthat display increased emission
intensities and lifetimes upon binding to avidin. The absence
of self-quenching is a result of the large Stokes’ shifts of
the emission of these transition metal complexes. To achieve
higher detection sensitivity, our current target is to design
new biotin conjugates that would show substantial lumines-
cence amplification upon binding to avidin, or ideally
speaking, “light switches” for this protein. One of the
strategies is to identify systems that show very weak emission
in aqueous solution but intense luminescence in more
hydrophobic media, such as the substrate-binding sites of
proteins. In view of the interesting DNA-induced emission
of a ruthenium(ll) amidodipyrido[3,22',3-hJquinoxaline
(amido-dpq) complex reported by Kelly and co-work¥rs,
we anticipate that related rhenium(l) amidodipyridoquinoxa-
line complexes are very promising candidates as sensitive
biological probes.

Here we report the synthesis and characterization of
luminescent rhenium(l) amidodipyridoquinoxaline biotin
complexes [Re(CQjdpga)(L)](Pk) (dpga= 2-(n-butyla-
mido)dipyrido[3,2f:2',3 -h]quinoxaline; L= 4-(biotinami-
domethyl)pyridine (py-4-CkRNH-biotin) (1), 3-(N-((2-
biotinamido)ethyl)amido)pyridine (py-3-CO-NH-en-NH-
biotin) (2), 4-(N-((6-biotinamido)hexanoyl)aminomethyl)-
pyridine (py-4-CH-NH-cap-NH-biotin) @)) and their biotin-
free counterpart [Re(CQ(Hpga)(py)l(Pk) (py = pyridine
(4)). The structures of these complexes and their dpq
(dipyrido[3,24:2',3-h]quinoxaline) analoguesa—4a's’ are
shown in Chart 1. The photophysical and electrochemical

properties of the dpga complexes have been studied. The

avidin-binding properties of the biotin complexes3 have
been examined by sydroxyazobenzene-2-carboxylic acid
(HABA) assays, emission titrations, and competitive as-
sociation and dissociation assays. Additionally, we have

Chart 1. Structures of Complexes—4 and la—4a
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designed new homogeneous assays for biotin using thesd=xperimental Section

complexes, avidin, and avidin molecules that had been
labeled with anthracene.

(10) Yam, V. W.-W.; Lo, K. K.-W.; Cheung, K.-K.; Kong, R. Y.-Cl.
Chem Soc, Chem Commun 1995 1191. Yam, V. W.-W.; Lo, K.
K.-W.; Cheung, K.-K.; Kong, R. Y.-CJ. Chem Soc, Dalton Trans
1997, 2067.

(11) Lees, A. JCoord. Chem. Re 1998 177, 3.

(12) (a) Guo, X. Q.; Castellano, F. N.; Li, L.; Szmacinski, H.; Lakowicz,
J. R.; Sipior, JAnal. Biochem 1997 254, 179. (b) Dattelbaum, J. D.;
Abugo, O. O.; Lakowicz, J. RBioconjugate Chem200Q 11, 533.

(13) (a) Lo, K. K.-W.; Ng, D. C.-M.; Hui, W.-K.; Cheung, K.-Kl. Chem
Soc, Dalton Trans 2001, 2634. (b) Lo, K. K.-W.; Hui, W.-K.; Ng,
D. C.-M.; Cheung, K.-KInorg. Chem 2002 41, 40. (c) Lo, K. K.-
W.; Hui, W.-K.; Ng, D. C.-M.J. Am Chem Soc 2002 124, 9344.
(d) Lo, K. K.-W.; Tsang, K. H.-K.; Hui, W.-K.; Zhu, N.Chem
Commun 2003 2704. (e) Lo, K. K.-W.; Tsang, K. H.-KOrgano-
metallics2004 23, 3062. (f) Lo, K. K.-W.; Hui, W.-K.Inorg. Chem
2005 44, 1992. (g) Lo, K. K.-W.; Tsang, K. H.-K.; Hui, W.-K.; Zhu,
N. Inorg. Chem.2005 44, 6100.

(14) (a) Lo, K. K.-W.; Chan, J. S.-W.; Lui, L.-H.; Chung, C.-Krgano-
metallics2004 23, 3108. (b) Lo, K. K.-W.; Lee, T. K.-MInorg. Chem.
2004 43, 5275. (c) Lo, K. K.-W,; Li, C.-K.; Lau, J. S.-YOrgano-
metallics2005 24, 4594. (d) Lo, K. K.-W.; Chung, C.-K.; Zhu, N.
Chem. Eur. J.in press.

(15) O’Donoghue, K. A.; Kelly, J. M.; Kruger, P. Balton Trans 2004
13.

Materials and Synthesis All solvents were of analytical reagent
grade. Re(CQGPBr (Aldrich), 6-aminocaproic acid (Acros)N-
hydroxysuccinimide (Acros)\,N'-dicyclohexylcarbodiimide (Acros),
KPFs (Acros), biotin (Acros), and HABA (Sigma) were used as
received. 4-(Aminomethyl)pyridine (Acros) was purified by distil-
lation under nitrogen. All buffer components were of molecular
biology grade. PD-10 columns and YM-30 centricons were
purchased from Pharmacia and Amicon, respectively. 2-Methoxy-
carbonyldipyrido[3,2f2',3-h]quinoxaline!®  py-4-CH,-NH-bio-
tin,13cefpy-3-CO-NH-en-NH-biotin'3 and py-4-CH-NH-cap-NH-
biotinl3efwere synthesized according to reported procedures.

Dpga. A mixture of 2-methoxycarbonyldipyrido[3,22',3-h]-
quinoxaline (216 mg, 0.74 mmol) andbutylamine (3.7 mL, 37
mmol) in 20 mL of CHCI, was refluxed under nitrogen for 12 h.
The mixture was evaporated to dryness to give a pale yellow solid.
The solid was then dissolved in CHCAnd the solution was washed
with H,0O, dried over anhydrous magnesium sulfate, and evaporated
to dryness. Recrystallization of the crude product from,Clu
diethyl ether afforded dpga as pale yellow crystals. Yield: 177 mg

(16) Delgadillo, A.; Romo, P.; Leiva, A. M.; Loeb, Bielv. Chim Acta
2003 86, 2110.
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(72%).*H NMR (300 MHz, acetonels, 298 K, TMS): ¢ 9.72—
9.69 (m, 2 H, H4 of pyrido ring and H3 of quinoxaline ring of
dpga), 9.54 (d, 1 H) = 8.2 Hz, H4 of pyrido ring), 9.27 (d, 1 H,
J = 4.1 Hz, H6 of pyrido ring), 9.24 (d, 1 H,) = 4.4 Hz, H6 of
pyrido ring), 9.08 (s, 1 H, CON), 7.95 (dd, 1 HJ = 7.9 and 4.0
Hz, H5 of pyrido ring), 7.90 (dd, 1 HJ = 8.5 and 4.8 Hz, H5 of
pyrido ring), 3.62-3.55 (m, 2 H, NH®,;(CH,),CHz), 1.72 (pent,
2 H,J = 7.3 Hz, NHCHCH,CH,CHj), 1.48 (sext, 2 HJ = 7.3
Hz, NHCH,CH,CH,CHs), 0.99 (t, 3 HJ = 7.3 Hz, NH(CH)sCH3).
IR (KBr) v/cm™L: 3395 (br, NH), 1656 (m, €0). Positive-ion
ESI-MS ion cluster atwz 332{M + H*}*.

Re(CO)(dpga)Br. A mixture of Re(CO3Br (162 mg, 0.40

mmol) and dpga (132 mg, 0.40 mmol) in 20 mL of benzene was
refluxed under nitrogen for 4 h. The mixture was evaporated to
dryness to obtain a yellow solid. Recrystallization of the crude
product from CHCl,/diethyl ether afforded Re(Cg(pga)Br as
yellow crystals. Yield: 256 mg (95%)H NMR (300 MHz,
acetoneds, 298 K, TMS): 6 10.06 (d, 1 H,J = 8.2 Hz, H4 of
pyrido ring of dpga), 9.889.85 (m, 2 H, H4 of pyrido ring of
dpga and H3 of quinoxaline ring of dpga), 9-68.62 (m, 2 H, H6
and H6of pyrido rings of dpga), 9.16 (s, 1 H, CONof dpga),
8.38-8.28 (m, 2 H, H5 and H5of pyrido rings of dpga), 3.6%
3.54 (m, 2 H, NH®3(CH,),CHj3), 1.74-1.69 (m, 2 H, NHCH-
(CH2)CH,CHg), 1.51-1.43 (m, 2 H, NH(CH),CH,CHz), 0.98 (t,
3 H,J=7.3Hz, NH(CH)3CHs). IR (KBr) v/icm™%: 3416 (br, NH),
2960 (w, CH), 2023 (s, €0), 1915 (s, &0), 1885 (s, &0),
1664 (m, G=0). Positive-ion ESI-MS ion clusten/z at 682{M
+ H}*, 602{M — Br}".

[Re(CO)s(dpga)(CH3CN)](CF3S0;5). To a suspension of Re-

(COX(dpga)Br (269 mg, 0.40 mmol) in 200 mL of GEN was
added AgCESG; (102 mg, 0.39 mmol). The mixture was refluxed
under nitrogen for 24 h in the dark. The off-white AgBr precipitate
was removed by filtration using Celite. The filtrate was evaporated
to dryness to give a yellow solid. Recrystallization of the crude
product from CHCl,/diethyl ether afforded [Re(C@Hdpga)(CH-
CN)](CR:SQy) as yellow crystals. Yield: 239 mg (75%H NMR
(300 MHz, acetonek, 298 K, TMS): ¢ 10.26 (d, 1 H,J = 8.2
Hz, H4 of pyrido ring of dpga), 9.97 (d, 1 Hl = 8.5 Hz, H4 of
pyrido ring of dpga), 9.86 (s, 1 H, H3 of quinoxaline ring of dpga),
9.79-9.74 (m, 2 H, H6 and Heéof pyrido rings of dpga), 9.25 (s,
1 H, CONH of dpga), 8.56-8.41 (m, 2 H, H5 and H5of pyrido
rings of dpga), 3.663.54 (m, 2 H, NH®,(CH,),CH3), 1.76-
1.69 (m, 2 H, NHCHCH,CH,CH3), 1.50-1.42 (m, 2 H, NH-
(CHy)2CH,CHjs), 1.00-0.95 (m, 3 H, NH(CH)3sCH3). IR (KBr)
vicm Y 3457 (br, NH), 2939 (w, CH), 2038 (s,%0), 1910 (s,
C=0), 1669 (m, G=0), 1157 (m, CESO;™), 1034 (m, CESGC;7).
Positive-ion ESI-MS ion cluster atvz 643{M — CFR;SOs} ™.

[Re(CO)s(dpga)(py-4-CH,-NH-biotin)](PF ¢) (1). A mixture of
[Re(COX(dpga)(CHCN)](CF:S0y) (129 mg, 0.16 mmol) and py-
4-CH,-NH-biotin (54 mg, 0.16 mmol) in 30 mL of anhydrous THF/
MeOH (3:1, v/v) was refluxed under nitrogen for 12 h. The mixture
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and H5 of pyridine), 5.825.61 (m, 2 H, NH of biotin), 4.52
4.40 (m, 1 H, NCH of biotin), 4.274.25 (m, 3 H, NCH of biotin
and py-4-G,-NH), 3.58-3.51 (m, 2 H, NHE5(CH,),CHs), 3.26—
3.14 (m, 1 H, SCH of biotin), 1.731.32 (m, 10 H, NHCH(CH,),-
CH; and COCHC;Hg of biotin), 0.96 (t, 3 H,J = 7.3 Hz,
NH(CH_)sCHg). IR (KBr) vicm™%: 3442 (br, NH), 2930 (m, CH),
2028 (s, G0), 1916 (s, &0), 1680 (m, G=0), 845 (s, PF).
Positive-ion ESI-MS ion cluster atvz 936{M — PR} *, 602{M
— PR — py-4-CHy-NH-biotin} ™. Anal. Calcd for GgHzgNgOsSP R
ReH,O-CH;CN: C, 42.14; H, 3.89; N, 12.28. Found: C, 42.27;
H, 4.08; N, 12.48.
[Re(CO)s(dpga)(py-3-CO-NH-en-NH-biotin)](PFs) (2). The
preparation of complef was similar to that of complek except
that py-3-CO-NH-en-NH-biotin (63 mg, 0.16 mmol) was used
instead of py-4-CkhNH-biotin. Complex2 was isolated as yellow
crystals. Yield: 131 mg (72%)H NMR (300 MHz, acetonels,
298 K, TMS): 6 10.19 (d, 1 HJ = 8.2 Hz, H4 of pyrido ring of
dpga), 10.13-10.01 (m, 2 H, H6 and H&f pyrido rings of dpga),
9.97 (d, 1 HJ = 8.2 Hz, H4 of pyrido ring of dpga), 9.82 (s, 1 H,
H3 of quinoxaline ring of dpga), 9.23 and 9.16 (s, 1 H, GDf
dpga), 8.92 (s, 1 H, H2 of pyridine), 8.88.80 (m, 1 H, H6 of
pyridine), 8.59-8.51 (m, 2 H, H5 and H%f pyrido rings of dpqga),
8.35-8.34 (s, 1 H, py-3-CO-N), 8.24 (d, 1 HJ = 8.2 Hz, H4 of
pyridine), 7.53-7.48 (m, 2 H, H5 of pyridine and enHibiotin),
5.71-5.65 (m, 2 H, NH of biotin), 4.484.42 (m, 1 H, NCH of
biotin), 4.26-4.21 (m, 1 H, NCH of biotin), 3.583.50 (m, 2 H,
NHCH,(CH,),CHz), 3.44-3.33 (m, 4 H, GH,-NH-biotin), 3.11-
2.99 (m, 1 H, SCH of biotin), 2.63 (d, 1 Hgem= 13.4 Hz, SCH
of biotin), 2.16 (t, 2 HJ = 7.3 Hz, CO®,C3H; of biotin), 1.73-
1.40 (m, 10 H, NHCH(CH,),CHz and COCHC;Hg of biotin), 0.96
(t, 3 H,J = 7.3 Hz, NH(CH):CHj3). IR (KBr) v/icm™L. 3437 (br,
NH), 2935 (m, CH), 2034 (s, €0), 1922 (s, &0), 1653 (m,
C=0), 843 (s, PF"). Positive-ion ESI-MS ion cluster atvVz 993
{M — PR} *, 602{M — PF; — py-3-CO-NH-en-NH-biotih . Anal.
Calcd for GgH4oN;100;SPRReH,O-CH;CN: C, 42.14; H, 3.96;
N, 12.87. Found: C, 42.12; H, 4.19; N, 12.76.
[Re(CO)s(dpga)(py-4-CH,-NH-cap-NH-biotin)](PFe) (3). The
preparation of comple8 was similar to that of complek except
that py-4-CH-NH-cap-NH-biotin (72 mg, 0.16 mmol) was used
instead of py-4-ChNH-biotin. Complex3 was isolated as yellow
crystals. Yield: 92 mg (48%)H NMR (300 MHz, acetonels,
298 K, TMS): 6 10.20 (d, 1 HJ = 7.3 Hz, H4 of pyrido ring of
dpga), 10.029.94 (m, 3 H, H4, H6 and H6of pyrido rings of
dpga), 9.83 (s, 1 H, H3 of quinoxaline ring of dpga), 9.20 (s, 1 H,
CONH of dpga), 8.62-8.47 (m, 4 H, H5 and H5of pyrido rings
of dpga and H2 and H6 of pyridine), 7.74 (s, 1 H, py-&KH),
7.23 (d, 2 H,J = 5.6 Hz, H3 and H5 of pyridine), 7.08 (s, 1 H,
cap-NH-biotin), 6.00-5.63 (m, 2 H, NH of biotin), 4.464.44 (m,
1 H, NCH of biotin), 4.38-4.25 (m, 3 H, NCH of biotin and py-
4-CH,-NH), 3.58-3.52 (m, 2 H, NHQ®,(CH,).CHs), 3.18-3.13
(m, 1 H, SCH of biotin), 2.932.90 (m, 2 H, ®&,-NH-biotin),

was evaporated to dryness to give a yellow solid. The complex 2.15-2.08 (m, 4 H, Gi,C4Hg-NH-biotin and COGi,CsHs of
was converted to the hexafluorophosphate salt by metathesis withbiotin), 1.84-1.09 (m, 16 H, NHCH(CH),CHs, CH,C3HsCH;-

KPFs and then purified by column chromatography on alumina.
The desired product was eluted with @HN/MeOH (10:1, v/v).
Recrystallization of the crude product from g@EN/diethyl ether
afforded complexl as yellow crystals. Yield: 114 mg (66%3H
NMR (300 MHz, acetoneal, 298 K, TMS): 6 10.20 (t, 1 HJ =

8.5 Hz, H4 of pyrido ring of dpga), 10.029.94 (m, 3 H, H4, H6
and H6 of pyrido rings of dpga), 9.82 (s, 1 H, H3 of quinoxaline
ring of dpga), 9.31 and 9.24 (s, 1 H, CENof dpga), 8.56-8.49
(m, 4 H, H5 and H5of pyrido rings of dpga and H2 and H6 of
pyridine), 7.71 (s, 1 H, py-CHNH), 7.25 (d, 2 HJ = 5.0 Hz, H3

1716 Inorganic Chemistry, Vol. 45, No. 4, 2006

NH-biotin and COCHC3Hg of biotin), 0.96 (t, 3 H,J = 7.3 Hz,
NH(CH,)3CHa). IR (KBr) vicm™%: 3426 (br, NH), 2930 (m, CH),
2033 (s, &0), 1921 (s, &0), 1655 (s, E&0), 840 (s, PF).
Positive-ion ESI-MS ion cluster/z at 1049%{M — PR}, 602{M
— PR — py-4-CH-NH-cap-NH-biotir} *. Anal. Calcd for G4Hse-
N100;SPRRe2H,0: C, 42.96; H, 4.42; N, 11.39. Found: C, 42.73;
H, 4.70; N, 11.55.

[Re(CO)s(dpga)(py)]l(PFe) (4). The preparation of comple4
was similar to that of complek except that pyridine (13 mL, 0.16
mmol) was used instead of py-4-GiNIH-biotin. Complex4 was
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isolated as yellow crystals. Yield: 106 mg (80%) NMR (300 T T T T T
MHz, acetoneds, 298 K, TMS): 6 10.23 (d, 1 HJ = 8.5 Hz, H4
of pyrido ring of dpga), 10.059.95 (m, 3 H, H4, H6 and Héof
pyrido rings of dpga), 9.81 (s, 1 H, H3 of quinoxaline ring of dpga),
9.17 (s, 1 H, COM of dpga), 8.67 (m, 2 H, H5 and H5f pyrido
rings of dpga), 8.568.48 (m, 2 H, H2 and H6 of pyridine), 7.91
(t, 1 H,J = 7.6 Hz, H4 of pyridine), 7.40 (t, 2 H] = 6.7 Hz, H3
and H5 of pyridine), 3.583.51 (m, 2 H, NHG1x(CH,),CH), 1.73~
1.64 (m, 2 H, NHCHCH,CH,CHs), 1.50-1.38 (m, 2 H, NHCH-
CH,CH,CHs), 0.96 (t, 3 H,J = 7.3 Hz, NH(CH)3CHs3). IR (KBr)
vicm™L; 3396 (br, NH), 2035 (s, €0), 1918 (s, &0), 1679 (m,
C=0), 842 (s, PF). Positive-ion ESI-MS ion cluster aitvVz 681 .
{M — PR}, 602{M — PF; — py} *. Anal. Calcd for G7H,:N¢Os- T ey
PRRe0.5CHCN: C, 39.74; H, 2.80; N, 10.76. Found: C, 39.59;
H, 3.10; N, 10.58. i ) ) o

Coupling of 9-Anthraldehyde to Avidin. 9-Anthraldehyde (0.62 ::r:gcu,r_zéz altEI;;g?(nI(C_Sb;ggpitgogo):?,\ﬁe%ﬂsa?f 37V§C;;a7gf;iTplex
mg, 3.49umol) in anhydrous DMSO (160L) was added to avidin
(12 mg) in 1.5 mL of 50 mM carbonate buffer pH 9.4. After the Table 1. Electronic Absorption Spectral Data for Complexies4 at

£x 10 dm® mol" cm”

(‘N "v) Aysusiu| uoissiwg pazijewloN

Wavelength / nm

mixture was stirred slowly in the dark at room temperature for 4 298 K

h, 10uL of 5 M NaCNBH; in 1 M aqueous NaOH solution was  complex medium Aapdnm (e/dm? mol~2 cm2)

added. The mixture was S.tirred. for another 12 h in the darl.( at rqom 1 CH,Cl, 264 (41685), 297 sh (21285), 367 sh (5140), 406 sh (2620)
temperature. After the solid residue was removed by centrifugation, CH3;CN 263 (48080), 304 sh (20765), 362 sh (5935), 395 sh (2825)

the solution was loaded onto a PD-10 column that had been 2 CH:.Cl. 263 (47655), 303 sh (22255), 367 sh (5805), 402 sh (3160)
equilibrated with 50 mM Tris-Cl buffer pH 7.4. The first band that 3 g:igt‘ ggg éﬁ;gg))” ggg :E gg?gg)) ggg’ :E égggg))" i’gg :E 88;8))
came out from the column with intense blue fluorescence was CH:CN 263 (45470), 300 sh (21450), 363 sh (5610), 394 sh (2815)
collected. The solution was then concentrated with a YM-30 4  CHXCl, 264 (48195), 306 sh (20430), 371 sh (5740), 406 sh (3000)
centricon, and the conjugate An-Av was washed with Tris-Cl buffer CHiCN 263 (42790), 299 sh (20230), 357 sh (5675), 391 sh (2790)
successively, and finally purified by size-exclusion HPLC to remove
any free labels.

Emission Titrations. Aliquots (5uL) of the rhenium(l) biotin
complex in DMSO (0.55 mM) were added to a solution of avidin
or An-Av (protein concentratios= 3.8 uM) in 2 mL of 50 mM
potassium phosphate buffer pH 7.4 at 1-min intervals. The emission
intensities of the solutions were measured upon excitation at 350 Synthesis.The luminescent rhenium(l) amidodipyridoqui-
nm. noxaline complexe&—4 were prepared in moderate yields

Homogeneous Competitive Assay for BiotinAvidin (or An- from the reactions of [Re(C@{pga)(CHCN)](CRS0;) and
Av) was added to a mixture of unmodified biotin analyte and the the ligands py-4-CHNH-biotin, py-3-CO-NH-en-NH-biotin,
rhenium(l) biotin complex in 50 mM potagsium phosphate.buffer py-4-CH-NH-cap-NH-biotin, or pyridine in THF/MeOH,
pH 7.4/DMSO (9:1, v/v). The concentrations of the rhenium(l) - f5)10ed by metathesis with KRfand purification by column
biotin complex and avidin (or An-Av) were 4.6 and 1M, chromatography on alumina. All the complexes were char-

respectively, while that of biotin varied fromx 103to 1 x 10°° . e
M. The assay mixtures were incubated at room temperature for 1acter|zed byH NMR, positive-ion ESI-MS, and IR and gave

h, and the emission intensities of the solutions were then measured.,s""tISfaCtory elemgntal analyses. The complexes were soluble
Determination of ko, ke, and K. The first dissociation in common organic solvents such as alcohols, acetone, and

constants, of the avidin-adducts of rhenium(l) biotin complexes ~ chlorinated solvents, but sparingly soluble in water.

were defined aqi/kon Wherek,, was the on-rate constant for the Electronic Absorption and Emission Properties. The
binding of the fourth complex to Reavidin; andk.; was the off- electronic absorption spectral data of completest are

rate constant for the departure of the first complex from the adduct summarized in Table 1. The electronic absorption spectrum
Rey-avidin*® For the determination df,, 200 L of avidin (ca. of complexl in CH,Cl, at 298 K is shown in Figure 1. The
25 uM) in 50 mM potassium phosphate buffer pH 7.4 at 298 K jntense absorption bands of comptein CH,Cl, and CH-

was added to 2 mL of the rhenium(l) biotin complex solution (ca. cN at ca. 263-304 nm with extinction coefficients on the

9 uM) in a mixture of potassium phosphate buffer and DMSO order of 18 dm? mol-! cm ! are assigned to spin-allowed
(49:1, vlv). The rate of increase of emission intensity was measured'intraligand tL) (x — =) (dpga and pyridine ligands)

For the determinati , the di iati f avidin-bound = o :
or the determination Ofer, the dissociation of avidin-boun transitions. Additionally, compleX displayed moderately

rhenium(l) biotin complex was induced by addition of a 100-fold . )
excess of unmodified biotin to a solution of the adduci-Rédin intense absorption shoulders and bands at ca-868 nm,

(ca. 2.3uM with respect to avidin). The rate of decrease of emission Which are assigned to spin-allowed metal-to-ligand charge-
intensity was measured. transfer {MLCT) (dz(Re) — a*(dpga)) transi-
HABA Assays and Competitive Association and Dissociation ~ tions>60:70.810.12a13.1927 Since biotin and the spacer-arms do
Assay.Details of these assays have been described previdisly.
Physical Measurements and Instrumentation Equipment for (18 Bgrkgﬁé}]d NK;BSIrIOSCbr%/én?'S/g-c 'jhxsigshzeg‘éiégf’v 991.
characterization and photophysical and electrochemical studies hag1g) wrighton, M. S.: Morse, D. LJF_) Am Chem Soc 1974 96, 998.
been described previoust§e Luminescence quantum yields of the Giordano, P. J.; Wrighton, M. S. Am Chem Soc 1979 101, 2888.

complexes were measured by the optically dilute methading
an aerated aqueous solution of [Ru(k@). (® = 0.028)8 as the
standard solution.

Results and Discussion
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Table 2. Photophysical Data for Complexés-4 andla—4a

Lo et al.

Table 3. Electrochemical Data for Complexés-42

complex mediumT/K) Aen/NM Tolus [}

1 CH.Cl; (298) 553 0.92 0.19
CHsCN (298) 573 0.34 0.049
buffer® (298) 574 0.23 0.0021
glas$ (77) 506 6.06

2 CH.Cl (298) 552 1.03 0.12
CH3CN (298) 568 0.47 0.038
buffer? (298) 572 0.31 0.0030
glass$ (77) 502 5.57

3 CHCl;, (298) 550 0.86 0.22
CH3CN (298) 573 0.32 0.037
buffer? (298) 577 0.24 0.0023
glas$ (77) 505 5.90

4 CHCl; (298) 552 1.05 0.20
CH3CN (298) 573 0.37 0.065
buffer? (298) 571 0.25 0.0049
glas$ (77) 504 5.72

la¢ CHCl; (298) 548 1.12 0.28
CH3CN (298) 568 0.40 0.086
buffer? (298) 572 0.11 0.034
glas$ (77) 506 6.67

24 CH,Cl, (298) 544 1.24 0.15
CH3CN (298) 562 0.52 0.065
buffer® (298) 566 0.21 0.033
glas$ (77) 504 6.18

3 CH,Cl, (298) 548 1.10 0.24
CH3CN (298) 568 0.40 0.054
buffer® (298) 572 0.13 0.032
glas$ (77) 504 6.45

4a CH.ClI; (298) 549 1.00 0.34
CHsCN (298) 565 0.45 0.057
buffer® (298) 574 0.12 0.034
glas$ (77) 506 6.53

250 mM potassium phosphate pH 7.4 containing 2.5% DMSO (DMSO
was used for solubility reason$)EtOH/MeOH (4:1, v/v).c From ref 13f.

not exhibit significant absorption, the absorption character-
istics of complexed—3 are very similar to those of complex
4 (Table 1).

Excitation of complexed4—4 in fluid solutions at 298 K
and in alcohol glass at 77 K resulted in yellow to green
luminescence. The photophysical data of compléxe$and
their dpg analogue$a—4a's" are summarized in Table 2.
The emission spectra of complé&xn CH,Cl, at 298 K and
in alcohol glass at 77 K are shown in Figure 1. The emission
spectra of complexeb—4 exhibited a broad band at ca. 550
553 nm in CHCI,, 568-573 nm in CHCN, and 57+577

(20) (a) Shaver, R. J.; Rillema, D. forg. Chem 1992 31, 4101. (b)
Wallace, L.; Jackman, D. C.; Rillema, D. P.; Merkert, J. Morg.
Chem 1995 34, 5210.

(21) (a) Westmoreland, T. D.; Le Bozec, H.; Murray, R. W.; Meyer, T. J.
J. Am Chem Soc 1983 105 5952. (b) Claude, J. P.; Omberg, K.
M.; Williams, D. S.; Meyer, T. JJ. Phys Chem A 2002 106, 7795.

(22) Lees, A. JChem Rev. 1987, 87, 711.

(23) Juris, A.; Campagna, S.; Bidd, I.; Lehn, J,-M.; ZiesselnBrg. Chem
1988 27, 4007.

(24) (a) Moya, S. A.; Guerrero, J.; Pastene, R.; Schmidt, R.; Sariego, R.;
Sartori, R.; Sanz-Aparicio, J.; Fonseca, |.; Miaez-Ripoll, M.Inorg.
Chem 1994 33, 2341. (b) Guerrero, J.; Piro, O. E.; Wolcan, E.; Feliz,
M. R.; Ferraudi, G.; Moya, S. AOrganometallics2001, 20, 2842.

(25) (a) Sacksteder, L.; Zipp, A. P.; Brown, E. A.; Streich, J.; Demas, J.
N.; DeGraff, B. A.Inorg. Chem 199Q 29, 4335. (b) Zipp, A. P,;
Sacksteder, L.; Streich, J.; Cook, A.; Demas, J. N.; DeGraff, B. A.
Inorg. Chem 1993 32, 5629.

(26) (a) Hino, J. K.; Ciana, L. D.; Dressick, W. J.; Sullivan, B.IRorg.
Chem 1992 31, 1072. (b) Schutte, E.; Helms, J. B.; Woessner, S.
M.; Bowen, J.; Sullivan, B. Plnorg. Chem 1998 37, 2618.

(27) (a) Yoblinski, B. J.; Stathis, M.; Guarr, T. Fiorg. Chem 1992 31,

5. (b) Lin, R.; Fu, Y.; Brock, C. P.; Guarr, T. fhorg. Chem.1992
31, 4346.
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oxidation,
complex Eyp or E4V reduction,Ez, or E//V
1 +1.77 —0.97,-1.52,—-1.78P —1.96¢ —2.2P
2 +1.74 —0.96,—1.53¢ —1.72P —1.90¢ —2.13
3 +1.80° —0.99,-1.51¢ —1.778 —1.95¢ —2.21°
4 +1.76¢ —1.00,—-1.58,—-1.77° —1.96¢ —2.2P

aln CHsCN (0.1 mol dn3 "BusNPFg) at 298 K, glassy carbon electrode,
sweep rate 100 mV-4, all potentials versus SCElrreversible waves.
¢ Quasireversible waves.

nm in buffer solution at 298 K. These solvent-dependent
emission bands are attributed to ®WLCT (dz(Re)— x*-
(dpga)) excited stafe 7b89.12a13xl1.9.19-2324b.2527 Again, the
emission properties of complexds-3 are very similar to
those of complex, indicating that the biotin moiety and
the spacer-arms do not have significant effects on the
emission characteristics of complexés3. The emission

of complexesl—4 occurs at slightly lower energy than that
of their dpg analogueta—4a's' (Table 2). These observa-
tions are accounted for by the electron-withdrawing amide
substituent of the dpqga ligand. This substituent stabilizes the
emptysr* orbitals of the diimine ligand and thus lowers the
SMLCT transition energy of the complexes.

It is important to note that while complexes-4 in
relatively nonpolar ChKCI, show emission quantum yields
that are comparable to those of their dpg counterparts
(Table 2) and other rhenium(l) polypyridine com-
plexes’b.8:9b,12a,13a,b,f,9,21b,2526bffajr quantum yields in more
polar aqueous buffer are extremely small (ca:3L@Table
2). Specifically, all the complexes undergo very significant
reduction in emission quantum yields upon changing the
solvent from CHCI;, to aqueous buffer@pyser Pch,cl, =
1.8%). The corresponding changes for complebaesdaare
milder (@putier P cryc, = 14.4%). We ascribe the significant
decrease in emission quantum yields for compleixed to
both the higher solvent polarity and hydrogen bond interac-
tions between the amide group of the dpga ligand and Water.
Such a large difference in the emission properties of these
rhenium(l) dpga complexes in different media implies that
they could serve as sensitive probes for the hydrophobicity
of their local surroundings. In rigid glass at 77 K, these
complexes expectedly emitted at higher energy (ca—502
506 nm) (Table 2) due to strong rigidochromi&hi?-2325

Electrochemical Properties.The electrochemical proper-
ties of complexed—4 have been studied by cyclic volta-
mmetry. The electrochemical data are listed in Table 3. The
cyclic voltammograms of all the complexes displayed a
quasireversible/irreversible rhenium(ll/I) oxidation wave at
a potential between ca+1.7 and +1.8 V versus
SCES813d..9.20a.21,2324,25a.26a.7he first reversible reduction
couples at ca—1 V for all the complexes are assigned to
reduction of the dpga ligand. In addition, complexes4
exhibited quasireversible/irreversible waves at more negative
potentials, which are tentatively assigned to reduction of the
dpga ligand, except for those at cal.5 V that could be
associated with the rhenium(1/0) coupfe2’™

Avidin-Binding Studies. The avidin-binding properties
of complexesl—3 have been investigated using the standard
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Figure 2. Emission spectra of complex(17.3uM) in the presence of 0

_ S ) Figure 3. Luminescence titration curves for the titrations of (i) 28l
M ¢ J;‘,&%gﬁg% Vzv?fa"’t“’z'g'g n 50 mM potassium phosphate buffer iy (@), (i) 3.8.M avidin and 380:M unmodified biotin @), and (ii)
pH7. = ' a blank phosphate buffer solutiom) with complex1.

HABA assay?? Binding of HABA to avidin results in an  Table 4. Emission Data for Complexeb-4 in Aerated 50 mM
increase in the absorbance at 500 nm, owing to the formationPotassium Phosphate Buffer pH 7.4 at 298 K

of the quinone tautomer of HABA at the biotin-binding sites [avidin]=0uM [avidin] =3.8uM [avidin] = 3.8uM
of the protein. Additions of complexek—3, respectively, [biotin] =0xM  [biotin] =0xM  [biotin] = 380xM
into a mixture of HABA and avidin led to a decrease of -2TPeX ! (i) ! () | (tes)
absorbance at SOQ nm, indicating that the bound HABA % 1:88 Eg:ig; 3:22 ggggg %gg Eg:%g
molecules were displaced by the complexes. In contrast, 3 1.00 (0.20) 3.05 (0.25) 1.09 (0.19)
complex4 did not give similar observations, indicating the 4 1.00(0.21) 1.00(0.21) 1.09 (0.21)
lack of protein-binding. The plots of AAsq nmVersus [Re]: a[1] = 17.54M, [2] = 16.7uM, [3] = 15.5uM, [4] = 15.2uM.

[avidin] for complexesl—3 showed that the equivalence
points occurred at [Re]:[avidinfE from ca. 4.3 to 4.7.
Assuming that avidin can only specifically bind the com-
plexes at the four biotin-binding sites, the occurrence of

equivalence points at [Re]:[avidin} 4 reveals that the similar changes. We suppose that the increase in emission

binding of thelf,e rheniumﬂ) biﬁtin (;omplexes to gvfidinhis intensities and emission lifetimes is a result of the enhanced
'not'su stgntla ystror?glert'an.t ato HAETA' To gain urt er hydrophobicity and rigidity of the local surroundings of the
insights into the avidin-binding properties of the biotin

to the binding of the biotin moieties of the complexes to
avidin because (i) no changes were observed when the avidin
solution was presaturated with unmodified biotin (Figure 3
and Table 4) and (i) the biotin-free compléxid not display

) 2 o rhenium(l) biotin complexes. It is interesting to note that
complexesl—3, luminescence titratioffs and competitive the emission enhancement factors are related to the chain
assgy_é? have been pgrformed. . L lengths of the spacer-arms between the luminophore and
Similar to other luminescent transition metal polypyridine piotin moieties. Specifically, complex showed an 8.05-
biotin complexes;*<!*‘complexesi—3 displayed enhanced 5|4 jncrement while complexd displayed a smaller en-

emission in the presence of avidin. Figure 2 shows the pancement factor of 3.05 (Table 4). We reason that the C-6
emission spectra of compleixin the absence and presence aminocaproic acid spacer-arm of compléxrenders the

of avidin. Emission titrations of avidin using complexes4 luminophore to be more exposed to the polar bulk solution
have also been carried qut, gnd the emission titration CUIVeSgyen after the biotin moiety binds to the protein. Also, the
for complex1 are shown in Figure 3. The equivalence points jncrease of rigidity for this complex is lower as a result of
of the titrations occurred at ca. 4.6, 4.4, and 4.1 for complexes

X , : its longer and more flexible spacer-arm. Importantly, it
1, 2, and3, respectively. At the equivalence points, OM-  ghqid be emphasized that the emission enhancement factors
plexes 1—3 revealed a ca. 8.053.05-fold increase in

AT bl o of complexesl—3 are significantly large (ca. 8.653.05)
emission intensities and a ca. 1-7B.25-fold extension in

oo T ) compared to other luminescent biotin-transition metal
emission lifetimes (Table 4. These changes are ascribed complexed3f14 In particular, the rhenium(l) dpq biotin

, ) complexesla—3a only showed enhancement factors of ca.
(28) Wilbur, D. S.; Pathare, P. M.; Hamlin, D. K.; Frownfelter, M. B.; 13f S
Kegley, B. B. Leung, W.-Y.: Gee, K. RBioconjugate Cherr200Q 1.75-1.158"These findings are apparently the consequence

11, 584. of the very low emission intensities of the free rhenium(l)

(29) In degassed solutions, the avidin-induced emission enhancement factor: [ ; ;
for complexesl—3 were 12.21, 9.92, and 4.29, respectively, while ?qua bI_Otm ‘?omp!ex_es In aqueous solution (Table 2)
the emission lifetimes were increased to 0.55, 0.61, and <27 The first dissociation constankg; of the rhenium-avidin
respectively. On the basis of the photophysical data in Table 2 and 4ducts have been estimated from the on-rates and off-rates
the enhancement factors, the radiative decay rate constants of the free . . L .
complexes vary from 9.k 10° to 9.6 x 10° 5%, while those of the of the rhenium-avidin adducts from kinetic experiments

avidin-bound complexes range from 3x710* to 4.9 x 10* s 1. The (Table 5)‘_1b TheKgy values range from ca. 16 10 °to 6.7
difference of increase in emission intensities and lifetimes of the 8 - .

complexes upon binding to avidin is associated with the increase in < 10" M, which ar.e abc_)m_ 67'o.rders of magnitude larger
the radiative decay rate constants. than that of the native biotinavidin systemiq = ca. 101°
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Table 5. First Dissociation Constants for the Rhenithwidin
Adducts in 50 mM Potassium Phosphate Buffer pH 7.4 at 298 K and
Results of Competitive Association and Dissociation Assays

is also quenched by the rhenium(l) complex by RET.
Schanze and co-workers have exploited these interquenching
properties and designed a series of interesting rhenium(l)-
spacer-anthracene complexes as probes for double-stranded

association assay/ dissociation assay/

complex Kd/M % avidin bound % avidin bound . .
1p T 10 ” 5 DNA molecules’®¢ In aqueous solution, the rhenium(l)
> 125109 55 85 diimine unit is close to the hydrophobic anthracene pendant,
3 1.6x 107° 68 83 and its®MLCT emission is thus quenched. In the presence

i ] of double-stranded DNA molecules, the anthracene unit

M).1™* The Kq value for complexL is 1 order of magnitude  jntercalates strongly into the base-pairs of the duplex and is
larger than those for complex&sand 3, revealing that a 5 jonger close to the rhenium(l) luminophore, leading to
longer spacer-arm can alleviate the steric hindrance between,o appearance of typicAILCT emission. The reason for
the rhenium(l) dpga luminophore and the protein, and thus sing anthracene in the current work is that its characteristic
give stronger binding. o fluorescence is very intense, which is useful for detection

Competitive Association and Dissociation Assay&om- purposes. Other advantages are that its fluorescence proper-
petitive binding of complexe$—3 and native biotin to avidin - tias can complement our rhenium(l) biotin probes because
has been investigated by association and dissociation assay$inthracene emits at much higher energy with a characteristic
In the association assays, compleges3 and native biotin  girctured band, and that emission quenching of the biologi-

competed for the binding sites of avidin. In the dissociation ¢5| host is observed instead of emission enhancement of the
assays, the complexes bound to avidin were challenged byprobes.

native biotin. The percentage of the rhenium-avidin adducts ' |, the current study, we have labeled avidin with 9-an-

formation was determined by emission intensity measure- thrajdehyde by reductive amination to yield a fluorescent
ments with reference to the control experiments in which ¢onjygate. From the spectral data, the anthracene-to-avidin
native biotin was absent. The results of the assays showed 4tig of the conjugate An-Av was determined to be ca. 4.3.
that ca. 36-85% complexes remained associated with avidin 1pe absorption band of the conjugated protein at 280 nm
molecules in the presence of native biotin (Table 5). The griginates from both the protein and the label, while those
rhenium-bound avidin percentages of compleXesd3are 4t 336, 351, 370, and 389 nm are the characteristic absorption
higher than that of comples, which is in line with the features of the organic molecule. In 50 mM potassium
smaller Kq values and smaller off-rate constants for the pnosphate buffer pH 7.4, the conjugate exhibited vibronically
avidin-adducts of complexesands. It should be noted that gy ctured emission bands at 420, 440, and 477 (sh) nm,
the complex-bound avidin values for each of the complexes yyica| of the fluorescence of anthracene. The conjugate An-
should be similar in the association and dissociation assays.ay was titrated with complexes—4, respectively, and the
The observed differences (Table 5) are due to the fact thatgmission of the titration mixtures at ca. 565 nm was

equilibrium conditions have not been established in the onitored. The titrations were compared to two control
assays, and thus the results have been affected by kinetiGyperiments in which either An-Av was absent or An-Av

factors. However, these data are still useful in comparing \yas plocked with excess biotin molecules. Our results
the avidin-binding properties of the three complexes. showed that complexes-3 still displayed small emission
Emission Titrations Involving Anthracene-Conjugated  gpnancement and lifetime extension upon binding to the
Avidin. We have previously studied the avidin-binding g,encher-modified conjugate An-Av. However, owing to the
properties of other luminescent biotin-transition metal com- very intense fluorescence of anthracene 3MECT emission
plexes in different emission quenching experimés:*>¢ iyiansity enhancement of the complexes at ca. 565 nm could
For example, a rhenium(l) and an iridium(lll) biotin complex o1 pe determined accurately by steady-state emission studies.
exhibit resonance-energy transfer (RET) emission quenchinggmissjon lifetime measurements using a nanosecond Nd:
when they bind to avidin molecules that have been modified yAG |aser source showed that the emission lifetimes of these
by the nonfluorescent energy absorbers QS¥-and  complexes at ca. 565 nm increased from ca. 0.19 to @28
Malachite Greer;“respectively. In other studies, the nega- i the presence of An-A# Similar to the case of unmodified
tively charged polyg-glutamaten-lysine)(6:4)-QSY-7 con-  ayidin, these observations are attributable to the binding of
jugate and electro.n-a'\cceptor methyllwologen have bgen usedpe complexes to An-Av. However, this increase is less
to quench the emission of free rhenium{iand ruthenium- g hstantial compared to the titrations of native avidin with

(Il)*#* polypyridine biotin complexes, respectively, to achieve the complexes (Table 4), indicative of emission quenching
higher avidin-induced emission intensity enhancement factors ¢ e complexes by the anthracene molecules.

(/o). In the current work, we employ anthracene to study |t js interesting to note that the fluorescence of An-Av at

the avidin-binding behavior of the rhenium(l) biotin com-

420, 440, and 477 (sh) nm was also quenched by the

plexes. The use of anthracene is interesting because when itheniym(l) biotin complexes. The emission spectra of an-

is in close proximity to a luminescent rhenium(l) polypyri-

thracene-modified avidin in the absence and presence of

dine complex, it quenches the emission of the complex via complex1 are shown in Figure 4. The results of the titrations

the exchange mechanistivieanwhile, its own fluorescence

of An-Av with the same complex in the absence and presence

(30) Schanze, K. S.; MacQueen, D. B.; Perkins, T. A.; Cabana, Coard
Chem Rev. 1993 122 63.
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(31) Time-resolved measurements showed that the emission intensities of
the complexes at ca. 565 nm were enhanced by ca:418fold.
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Figure 5. Luminescence titration curves for the titrations of (i) /8l nonspecific hydrophobic interactions between the complexes
An-Av (@), and (ii) 3.8uM An-Av and 380uM unmodified biotin @)

with complexL. The emission intensities of the solution at 420 nm were and An-Av.
monitored. Homogeneous Competitive Assay for Biotinln view

of (i) the enhancement of th&MLCT emission of the
of excess biotin are displayed in Figure 5. At the equivalence rhenium(l) biotin complexes upon their binding to native
points (at [Re]:[An-Av]= ca. 4.}-4.6), complexed, 2,and  ayidin, and (ii) the fluorescence quenching of anthracene
3 reduced the fluorescence intensities of An-Av at 420 nm upon binding of these complexes to the An-Av conjugate,
by ca. 60%, 53%, and 55%, respectively. However, we noted e have designed two new homogeneous assays for biotin.
that An-Av also exhibited fluorescence quenching in the |n these assays, the rhenium(l) biotin complexes were mixed
control experiments in which (i) the An-Av was blocked with  wjth native biotin of various concentrations followed by
excess biotin molecules (Figure 5), and (ii) the biotin-free addition of (i) avidin or (ii) An-Av. After incubation, the
complex4 was used as the titrant (Figure S8). The reason is 3MLCT emission intensities of the complexes at ca. 567 nm
that the added rhenium complexes also absorb at thein the first assay or the fluorescence of anthracene of An-
excitation wavelength (350 nm), thus leading to decreasing Av at ca. 420 nm in the second assay were measured. The
excitation power for the anthracene moiety. In these controls, concentration range of biotin analyte was varied from 1
no equivalence points were observed (Figures 5 and S8),103to 1 x 10°° M. The results of two selected assays using
and the fluorescence was lowered by only ca. 14% at [Re]: complex2 are shown in Figure 6. A lower biotin analyte
[An-Av] = 4:1. The higher extents of quenching of An-Av  concentration led to a higher degree of binding of the
by complexes1—3 indicate that the quenching was a complex to the avidin and anthracene-modified avidin, and
consequence of the specific binding of the complexes to An- thus an enhance®ILCT emission intensity in the first assay
Av. In view of the overlap between the fluorescence spectrum (Figure 6a) and a reduced anthracene fluorescence intensity
of An-Av and the absorption spectra of rhenium(l) com- in the second (Figure 6b). The concentration range of biotin
plexes, the fluorescence quenching of anthracene is likelythat can be determined by these assays was betweernxca. 1
to occur via the distance-dependent RET mechafisr. 106 and 1 x 10* M, which was comparable to related
is reasonable to assume that the reduced fluorescence of Anassays in which other luminescent biotin or avidin conjugates
Av in the control experiments might also be due to the were employed31#
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Conclusions important remark of the current work is that the environment-

Three luminescent rhenium(l) amidodipyridoquinoxaline sensnwg rhenium-dpqa moiety is not Imted to bistawidin
biotin complexes have been synthesized and characterized€c09nition, but can be generally applied to other substrate
and their photophysical, electrochemical, and avidin-binding Protéin systems. Thus, the results of the current work are
properties have been investigated. The properties of these/€"Y important in the design of more efficient and sensitive
complexes have been compared to those of their biotin-freePiological probes and the development of novel biosensors.
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