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The importance of cysteine (Cys) in biological systems has stimulated a great deal of efforts in the devel-
opment of analytical methods for the determination of this amino acid. In this work, a novel fluorescent
probe for Cys based on citrate (Cit)-capped CdS quantum dots (QDs) is reported. The Cit-capped CdS
QDs fluorescent probe offers good sensitivity and selectivity for detecting Cys. A good linear relationship
was obtained from 1.0 x 108 molL~" to 5.0 x 10-> mol L-! for Cys. The detection limit was calculated
as 5.4 x 1072 mol L. The proposed method was applied to detect Cys in human urine samples, which
showed satisfactory results. This assay is based on both the lability of Cit and the strong affinity of thiols
to the surface of CdS QDs. The addition of Cys improved the passivation of the surface traps of CdS QDs
and enhanced the fluorescence intensity.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

L-Cysteine (Cys) is a thiol-containing amino acid which plays
a very important role in many biological functions such as pro-
tein folding [1]. The deficiency of Cys could be involved in many
syndromes, such as hair depigmentation, edema, skin lesions, liver
damage, lethargy and loss of muscle and fat [2]. Because of the
important roles of Cys in biological systems, there is a rapidly grow-
ing interest in its quantification in biological samples [3-5].

Semiconductor quantum dots (QDs) have emerged as an
attractive fluorescent material in the past two decades [6,7]. In
comparison with organic dyes and fluorescent proteins, QDs have
high emission quantum yield, size-dependent wavelength tun-
ability, broad excitation spectrum, narrow/symmetric emission
spectrum, high photobleaching threshold and excellent photo-
stability [8]. These advantages make QDs to be ideal fluorescent
indicators for chemical and biological assay. The earlier stud-
ies related to the interactions between QDs and metal ions
revealed that the surface capping ligands had a profound effect
on the luminescence response of QDs to physiologically impor-
tant metal cations [9]. Hence, it can be reasonably expected that
by properly choosing QDs surface ligands, specific sensing of
analytes can be achieved. Mercapto-containing bifunctional lig-
ands, including mercapto-alcohols [9,10], mercapto-acids [11-15],
mercapto-ethers [16], mercapto-sulfonic acids [13,17], mercapto-
amines [18,19] and mercapto-amino acids [20-22] have been
extensively explored as surface ligands for QDs modification and

* Corresponding author. Tel.: +86 510 85917763; fax: +86 510 85917763.
E-mail address: glwang@jiangnan.edu.cn (G.-L. Wang).

0039-9140/$ - see front matter © 2010 Elsevier B.V. All rights reserved.
doi:10.1016/j.talanta.2010.10.047

analytical application. However, in comparison with mercapto
group, limited numbers of other functional groups have been
explored as surface ligands, though novel sensing property could
be obtained with non-mercapto compound modified QDs [23]. In
the present work, a simple procedure to prepare water soluble CdS
QDs capped by sodium citrate (Cit) is reported. Although Cit is a
simple ligand, it is demonstrated that Cit-capped CdS QDs is capa-
ble of sensitive and selective detection of Cys. The selectivity and
limit of detection (LOD) of this method were better than those of
fluorescence methods using organic compounds as probe [24-26].

2. Experimental
2.1. Reagents

CdCl,-2.5H,0 was obtained from Shanghai Jinshan Tingxin
Chemical Plant (Shanghai, China). Na,;S-9H,0 was obtained from
Shanghai Lingfeng Chemical Reagent Co., LTD (Shanghai, China).
Sodium citrate, L-cysteine hydrochloride were all obtained from
Sinopharm Chemical Reagent Co., LTD (Shanghai, China). All other
chemicals used were of analytical grade. All solutions were pre-
pared with ultrapure water (18.2MQcm~') obtained from a
Healforce water purification system. A0.1 mol L~! phosphate buffer
solution (PBS) was prepared using NaH,PO4 and Na, HPO4 and used
as the medium for QD solutions.

2.2. Apparatus

UV-vis absorption spectra were taken by aTU-1901 spectropho-
tometer (Beijing Purkinje General Instrument Co., Ltd., Beijing,
China). Fluorescence spectra were measured on a RF-5301PC spec-
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trofluorimeter (Shimadzu, Japan). The pH of the phosphate buffer
solutions was measured with a glass electrode connected to a
PHS-3C pH meter (Shanghai, China). High resolution transmission
electron microscopy (HRTEM) images were acquired on a JEOL
JEM-2100 transmission electron microscope (Hitachi, Japan). FT-
IR spectroscopic measurements were carried out using FTLA-2000
spectrophotometer (ABB Bomem, Canada).

2.3. Synthesis of Cit-capped CdS QDs

Cit-capped CdS QDs were prepared in aqueous solution
using a simple procedure. To a 40mL of solution containing
9.0 x 10~4mol L~1 CdCl, and 9.0 x 10~3 mol L-! sodium citrate, was
added 0.1 molL~! NaOH to adjust the pH of the solution to 7.5.
The solution, was then purged with high pure nitrogen for 30 min,
then, 10mL of a 2.0 x 10~*mol L~! Na,$ solution was added, and
the mixture was allowed to react at room temperature for 30 min.
The concentration of the synthesized Cit-capped CdS nanocrystals
was 4.0 x 104 mol L~ (calculated through the concentration of the
S2- added).

Thioglycolic acid and polyphosphate-capped CdS QDs were also
synthesized using the same procedure described above by replacing
sodium citrate with the same concentration of thioglycolic acid or
polyphosphate sodium.

2.4. Measurement procedures

For, determining the concentration of Cys, 0.5 mL of the citrate-
capped CdS nanoparticle solution, 1.0 mL of PBS (pH 9.0) and certain
amount of Cys were sequentially added to a 5-mL calibrated test
tube. The mixture was diluted to volume with ultrapure water,
shaken thoroughly and equilibrated for 15 min. Then, the fluores-
cence intensity of the solution was measured at 370/540 nm.

After Cys and Cit-CdS solution was mixed according to the mea-
surement procedures described above, it was precipitated with
ethanol, washed with water three times and dried by argon. The
dried power was used for FT-IR characterization.

The urine samples were obtained from healthy volunteers (from
20 to 30 years of age). The urine samples were treated accord-
ing to the report procedure indicated in Ref. [27]. Each of 400 p.L
fresh samples was mixed with 200 pL solutions that contained
4.0mmol L-! Na,EDTA and 2.0 mol L~! HClOy, causing the proteins
to separate. After standing for 15 min to precipitate proteins, the
sample was centrifuged at 4000 rpm for 10 min. The supernatant
liquid of 200 L was adjusted to pH 9.0 by NaOH solution and then
diluted to 2 mL with 0.1 molL-! PBS (pH 9.0). After homogeniz-
ing, the sample was filtered with 0.22 pm Millipore membrane
(Millipore, Bedford, MA, USA). The filtrate was collected for the
fluorescence analysis. The urine samples were stored at 4°C and
analyzed within three days.

3. Results and discussion
3.1. Characterization of the prepared Cit-capped CdS QDs

The absorption and fluorescence spectra of synthesized Cit-
capped CdS QDs are shown in Fig. 1. The absorption spectra of
Cit-capped CdS QDs exhibited broad absorption in the UV range.
With the excitation at 370 nm, the emission spectrum of Cit-CdS
displayed an emission maximum around 540 nm with a full width
at half maximum (FWHM) of 130 nm. The broad emission indicated
the presence of a large number of surface defects. HRTEM results
showed that the CdS QDs were spherical particles with diameters
of about 4-6 nm (Fig. 2).
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Fig. 1. The absorption and fluorescence spectra of Cit-CdS.

3.2. Factors affecting cysteine enhanced fluorescence of the
Cit-CdS QDs

It was found that in the presence of Cys, the photoluminescence
(PL) intensity of Cit-capped CdS was greatly enhanced and the PL
enhancement was related to solution pH, QDs concentration, etc.
Generally, the pH of the solution had a great effect on the PL inten-
sity of the QDs [28]. The effect of pH on the fluorescence intensity
of the Cit-capped CdS QDs and the enhanced fluorescence intensity
by Cys is shown in Fig. 3A. Maximal enhanced fluorescence inten-
sity of the QDs by Cys was obtained at pH 9.0. This may be due to
the fact that Cit-capped QDs was relatively more stable at about pH
0f 9.0 [29]. In order to obtain a lower detection limit, the pH of the
solution used in the experiment was set at 9.0.

The influence of the concentration of Cit-capped CdS QDs on
fluorescence enhancement (I/Iy) by Cys was also studied (I and Iy
represent the fluorescence intensity of Cit-capped CdS after and
before the addition of Cys, respectively). The stronger fluorescence
enhancement (I/Ip) was observed at lower QDs concentration in
the presence of the same Cys concentration (Fig. 3B), which was
presumably due to that limited Cys molecules could not occupy
all the binding sites of QDs with higher concentrations. This result

Fig. 2. HRTEM image of Cit-CdS.
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Fig. 3. (A) Effects of pH on the enhancement of fluorescence: the two curves represent the fluorescence intensity of QDs before (W) and after (®) the addition of Cys,
respectively. (B) Effects of QDs concentration on the enhancement of fluorescence. The concentration of Cys was 5.0 x 106 mol L-1.

suggested that the detection limit can be reduced by the decrease
of QDs concentration. However, at much lower QDs concentration
(such as 0.25mL), PL of QDs could hardly be detected. Consid-
ering these factors, a Cit-capped QDs with a concentration of
4.0 x 10> mol L-! was adopted.

Maximal enhanced fluorescence intensity was observed after
10 min of interaction between Cys and Cit-CdS and the fluorescence
intensity was stable for 3.5 h. After 3.5 h, a gradual decrease in the
signal was observed when the sample was stored at room temper-
ature. When the sample was stored at 4°C, it was stable for 2 days.
This demonstrated the good stability of the detection system. In our
experiment, PL was measured after 15 min of adding of Cys to CdS

QDs.
3.3. Fluorescence detection for Cys with Cit-CdS QDs

Under the optimum conditions, it was found that the fluores-
cence intensity of Cit-capped CdS QDs was greatly enhanced in
presence of Cys. No emission peak shift was found even at rela-
tively high concentrations (2.5 x 10~> mol L~1) of Cys (Fig. 4A). The
relationship between the PL intensity of QDs and the concentration
of Cys can be effectively described by Langmuir-binding isotherm
equation [9] as shown in Fig. 4B. The equation can be linearized to
take the following form:

7= () (7)€
I_ Blmax ImaX

where Inax and I are the maximum PL intensity and the intensity
at a given Cys concentration, respectively. C is the concentration
of Cys and B is the equilibrium binding constant. The linear range
was from 1.0 x 108 mol L~ to 5.0 x 10~ mol L-'. The data fitting
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gives the correlation coefficient of 0.999, and the equilibrium bind-
ing constant of 8.1 x 10° Lmol~'. The remarkable Langmuirian fit
suggests that it is probable that more than one Cys binds to the sur-
face of an individual QDs. The large binding constant indicates the
strong binding affinity of Cys to Cit-capped CdS. A detection limit of
5.4 x 10~2 mol L-! was determined on the basis of three times the
standard deviation of eleven replicate measurements of the flu-
orescence intensity of the blank samples. The detection limit for
Cys was much lower than the concentration of Cys in urine [30] or
plasma [31], which suggested that this approach had great poten-
tial for diagnostic purposes. The standard deviation for six replicate
measurements of a solution containing 5.0 x 10~ mol L~ Cys was
2.4%, indicating good repeatability of the method.

The influence of other substances on the determination of
5.0 x 10~7 mol L1 Cys was investigated (Table 1). If the coexisting
compounds caused a relative error of less than £5% in the fluores-
cence intensity change of the Cit-capped CdS, they were considered
to have no interference with the detection of Cys. It was found
that ions (K*, Na*, CaZ*, Mg?*, Co%*, Fe?*, Mn2*, CO32~) and car-
bohydrates (lactose, sucrose, glucose) posed no interference on the
determination. At the given detection conditions, the detection of
5.0 x 10~7 mol L~1 Cys was not influenced by 10-fold of cystine or
glutathione. Another sulfur-containing amino acid, methionine, did
not influence the fluorescence of Cit-CdS even at high concentra-
tion. In methionine, the sulfur atom is flanked by a methyl group
and a methylene group on the two sides, which hindered the inter-
action between Cd and sulfur. Other commonly found amino acids
including arginine, histidine, etc. had almost no interference on
the detection of Cys at high concentrations. The data revealed that
the proposed method might be applied to the detection of Cys in
biological samples.
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Fig. 4. (A) Fluorescence spectra of Cit-CdS QDs in the presence of Cys, from bottom to top, the concentrations of Cys were 0, 0.01, 1, 2.5, 5, 10, 25 pwmol L1, respectively. (B)

Langmuir-binding isotherm relationship between PL enhancement and Cys.
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Table 1

Effect of coexisting foreign substances.
Foreign substances Concentration Change of Foreign Concentration Change of

coexisting (M) fluorescence (%) substances coexisting (M) fluorescence (%)

Na* 500 -2.0 Cystine 5 +3.0
K* 500 -15 Met 50 +0.5
Ca?* 50 -1.8 Trp 50 -0.8
Mg?* 50 -25 Ala 50 +1.0
Co** 50 -3.5 Asp 50 -1.7
Fe?* 20 -4.0 Arg 50 -3.2
Mn?* 20 —4.2 lle 50 -1.0
CO;3%- 50 -3.0 Glu 50 -28
Glucose 500 -0.5 His 50 -4.5
Lactose 500 —0.2 Leu 50 +2.7
Sucrose 500 -0.4 Lys 50 -04
Urea 500 +0.5 Tyr 50 -2.0
Uric acid 50 -3.0 Pro 50 -23
Glutathione 5 +3.5 Ser 50 -1.5

To confirm the feasibility of the proposed method for real sample
determination, the present method had been applied to determine
Cys in human urine using standard addition method. The recovery
of Cys was determined by comparing the results obtained before
and after the addition of standard Cys to the diluted urine sam-
ples. The results are listed in Table 2. The recoveries were in an
acceptable range 0f 95.0-104.0%, which indicated the reliability and
practicality of this method.

3.4. Mechanism investigation

Physical/chemical interactions between QDs and the analytes
can induce changes in the surface property and the resultant vari-
ation of the PL intensity of QDs. So, in order to elucidate the
mechanism for Cys detection, the group in Cys that could bond with
QDs should be found out. It is known to all that all amino acids are
structurally similar and all of them contain both amino and car-
boxyl groups. In our experiment, it was found that other amino
acids (such as arginine, histidine) had little influence on the PL of
CdS QDs except Cys. It seems that neither amino or carboxyl group
played an important role for their interaction with QDs and the
resultant fluorescence enhancement. Compared with other amino
acids, Cys contains sulfur atom. So, it was speculated that sulfur
played an important role in the interaction of Cys with CdS QDs. To
confirm our speculation, FT-IR spectroscopy was performed. Fig. 5
shows the FT-IR spectra of free cysteine hydrochloride and cys-
teine bonded with CdS. For free L-cysteine hydrochloride hydrate,
the absorption bands around 2500-3000cm~! (v OH, -COOH),
1742 cm~! (v C=0),1400-1620 cm~!(v CO0~)1200cm~! (v C-0,)
indicate ~-COOH group. The peak at 2900-3420 cm~! (v N-H) indi-

Compared with mercapto ligands, Cit is a labile stabilizer, which
cannot well passivate the surface defects of QDs [32]. The PL effi-
ciency of QDs can be dramatically reduced by localized surface-trap
states. In our experiment, Cit-CdS QDs showed much lower photo-
luminescence intensity compared to thioglycolic acid- capped CdS
QDs due to the presence of surface-trap states (Figs. 1 and 6). After
adding Cys to Cit-CdS QDs solution, the terminal mercapto groups
in Cys molecules can bond strongly with Cd%* ions due to the strong
affinity of Cd?* with mercapto group. The coordination of mercapto
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Fig. 5. FT-IR spectra of (a) L-cysteine hydrochloride and (b) L-cysteine recovered
form a CdS solution of pH 9.0.

cates -NH; group and 2550-2750cm~! (v S-H) represents -S-H 1000 5
group. The absorption bands due to free -NH, (3408cm~!) and
-C00~(1585cm~!, v C=0; 1400 cm~!, v COO~ ) were also observed 800 -
in cysteine bonded with CdS, indicating that amino group and car- —_
boxyl group were still present after the interaction between Cys 5 600 4
and CdS QDs. The S-H group was absent for Cys recovered from =
CdS solution, which resulted from the formation of covalent bonds 2
between thiols and Cd?* at the surface of CdS. This revealed that £ 400 4
Cys bounded to the surface of Cd2* site through the formation of =
Cd-S bonds. 200 -
Table 2 0 7
Analytical results of samples.
T T T T T T T T T T T
Samples Spiked (M) Found (.M) Recovery (%) 375 450 525 600 675 750
1 1.50 156 1040 Wavelength(nm)
; ggg 42132 ggg Fig. 6. Fluorescence of (a) thioglycolic acid-capped CdS, (b) thioglycolic acid-capped
4 12'0 12']5 101'2 CdS+5.0 x 10-> mol L~ Cys, (c) polyphosphate-capped CdS, and (d) polyphosphate-

capped CdS+5.0 x 10-> mol L' Cys. The detection solution pH was 7.0.
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group with Cd2* led to the adsorption of Cys onto the surface of CdS
nanocrystals and decreased the surface defects. The removal of the
local trap sites form the surface resulted in the increase in the emis-
sion. Previous studies have also demonstrated that Cys provides a
better passivation of the surface for obtaining water-soluble and
highly luminescent QDs [33,34].

Polyphosphate- and thioglycolic acid-capped CdS QDs were also
synthesized using the same procedure described above and were
used for probing Cys at different solution pH (5.0, 6.0, 7.0, 8.0, 9.0,
10.0). Results indicated that there was little fluorescence decrease
for polyphosphate- or thioglycolic acid-capped QDs in the presence
of Cys at pH of 5.0, 6.0 and 7.0. At pH of 8.0, only a little fluores-
cence enhancement was observed even at high concentrations of
Cys (Fig. 6). At pH of 9.0 and 10.0, the fluorescence of CdS QDs did
not change in the presence of Cys. This indicated that surface mod-
ifier played an important role in Cys sensing for CdS QDs. The bond
dissociation energy of Cd-0 (142 kJ/mol) is lower than that of Cd-S
(196 kJ/mol) [35]. It should be concluded that Cit is a labile stabi-
lizer, which is beneficial for Cys to bond with the surface of QDs
through the strong Cd-S bond.

4. Conclusions

A strong fluorescence intensity increment of Cit-capped CdS
QDs was generated by Cys, and a simple and rapid method for the
selective and sensitive determination of Cys based on this phe-
nomenon was proposed in this paper. The enhancement of the
fluorescence was attributed to the passivation of trap states of Cit-
capped CdS QDs though the coordination of thiol group with Cd2*,
In addition, the proposed sensor has been used for direct mea-
surement of Cys content in urine samples with satisfying results,
which further demonstrates its value of practical applications in
biological systems. This study also manifests that non-compound
modified QDs is promising in highly sensitive sensing applica-
tion.

Acknowledgments

This work was supported by the National Natural Science Foun-
dation of China (Nos. 21005031 and 20903048), the Fundamental
Research Funds for the Central Universities (JUSRP20905), the
Opening Foundation of the MOE Key Laboratory of Analytical Chem-
istry for Life Science of Nanjing University (KLACLS1008) and the

Jiangnan University Scientific Research Launching Foundation for
Introduced Talents (No. 20091207).

References

[1] W.H. Wang, O. Rusin, X.Y. Xu, K.K. Kim, J.0. Escobedo, S.0. Fakayode, K.A.
Fletcher, M. Lowry, C.M. Schowalter, C.M. Lawrence, F.R. Fronczek, .M. Warner,
R.M. Strongin, J. Am. Chem. Soc. 127 (2005) 15949.
[2] S.Shahrokhian, Anal. Chem. 73 (2001) 5972.
[3] P.K. Sudeep, S.T.S. Joseph, K.G. Thomas, J. Am. Chem. Soc. 127 (2005) 6516.
[4] H.Y. Shiu, H.C. Chong, Y.C. Leung, M.K. Wong, C.M. Che, Chem. Eur. J. 16 (2010)
3308.
[5] L. Shang, S.J. Dong, Biosens. Bioelectron. 24 (2009) 1569.
[6] G.L. Wang, ].J. Xu, H.Y. Chen, S.Z. Fu, Biosens. Bioelectron. 25 (2009) 791.
[7] G.L. Wang, P.P. Yu, J.J. Xu, H.Y. Chen, J. Phys. Chem. C 113 (2009) 11142.
[8] W.C.W. Chan, D.J. Maxwell, X.H. Gao, R.E. Bailey, M.Y. Han, S.M. Nie, Curr. Opin.
Biotechnol. 13 (2002) 40.
[9] Y.F. Chen, Z. Rosenzweig, Anal. Chem. 74 (2002) 5132.
[10] A.Y.Nazzal, LH. Qu, X.G. Peng, M. Xiao, Nano Lett. 3 (2003) 819.
[11] C.P. Huang, Y.K. Li, T.M. Chen, Biosens. Bioelectron. 22 (2007) 1835.
[12] M. Tomasulo, L. Yildiz, F.M. Raymo, J. Phys. Chem. B 110 (2006) 3853.
[13] M.T. Fernandez-Arguelles, W.]. Jin, .M. Costa-Fernandez, R. Pereiro, A. Sanz-
Medel, Anal. Chim. Acta 549 (2005) 20.
[14] B.Tang, ].Y. Niu, C.G. Yu, LH. Zhuo, J.C. Ge, Chem. Commun. (2005) 4184.
[15] XJ.Ji, J.Y. Zheng, J.M. Xu, V.K. Rastogi, T.C. Cheng, JJ. DeFrank, R.M. Leblanc, J.
Phys. Chem. B 109 (2005) 3793.
[16] C.Y.Chen, C.T.Cheng, C.W. Lai, PW. Wu, K.C. Wy, P.T. Chou, Y.H. Chou, H.T. Chiu,
Chem. Commun. (2006) 263.
[17] WJ. Jin, M.T. Fernandez-Arguelles, ].M. Costa-Fernandez, R. Pereiro, A. Sanz-
Medel, Chem. Commun. (2005) 883.
[18] W.]. Jin, ].M. Costa-Fernandez, R. Pereiro, A. Sanz-Medel, Anal. Chim. Acta 522
(2004) 1.
[19] R.Y.Tu,B.H.Liu, Z.Y. Wang, D.M. Gao, F. Wang, Q.L. Fang, Z.P. Zhang, Anal. Chem.
80 (2008) 3458.
[20] Y. Zhang, Y. Li, X.P. Yan, Anal. Chem. 81 (2009) 5001.
[21] G.X. Liang, H.Y. Liu, J.R. Zhang, ].J. Zhu, Talanta 80 (2010) 2172.
[22] A.N. Liang, L. Wang, H.Q. Chen, B.B. Qian, B. Ling, J. Fu, Talanta 81 (2010) 438.
[23] Z.Bin Shang, Y. Wang, WJJ. Jin, Talanta 78 (2009) 364.
[24] F. Tanaka, N. Mase, C.F. Barbas, Chem. Commun. (2004) 1762.
[25] L. Shang, CJ. Qin, T. Wang, M. Wang, L.X. Wang, S.J. Dong, J. Phys. Chem. C 111
(2007) 13414.
[26] X.F.Yang, P. Liu, L. Wang, M. Zhao, ]. Fluoresc. 18 (2008) 453.
[27] S.Huang, Q. Xiao, R. Li, H.L. Guan, J. Liu, X.R. Liu, Z.K. He, Y. Liu, Anal. Chim. Acta
645 (2009) 73.
[28] D.A.Skoog, F.J. Holler, T.A. Nieman, Principles of Instrumental Analysis, 7th ed.,
Saunders College, Philadelphia, 1998, pp. 601-608.
[29] D.W. Deng, ].S. Yu, Y. Pan, J. Colloid Interface Sci. 299 (2006) 225.
[30] W.R.Jin, Y. Wang, J. Chromatogr. A 769 (1997) 307.
[31] C.Lu, Y. Zu, Chem. Commun. (2007) 3871.
[32] Y. Wang, Z.Y. Tang, M.A. Correa-Duarte, I. Pastoriza-Santos, M. Giersig, N.A.
Kotov, L.M. Liz-Marzan, J. Phys. Chem. B 108 (2004) 15461.
[33] F.C.Liu, T.L.Cheng, C.C. Shen, W.L. Tseng, M.Y. Chiang, Langmuir 24 (2008) 2162.
[34] M. Koneswaran, R. Narayanaswamy, Sens. Actuators B 139 (2009) 104.
[35] J.A. Dean (Ed.), Lange’s Chemistry Handbook, 15th ed., McGraw-Hill Inc., New
York, 1999.



