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Charge Transfer Dye Probe for Thiol-containing Amino Acid

In Sub Shin, Seon Yeong Gwon', Shinya Matsumoto and Sung Hoon Kim"'

Graduate School of Environment and Information Sciences,
Yokohama National University, Yokohama, Japan

IDepartment of Textile System Engineering, Kyungpook National University, Daegu, Korea

(Received: October 07, 2015 / Revised: November 09, 2015 / Accepted: November 26, 2015)

Abstract: Two new D-7-A dyes were synthesized by the condensation reaction between active methyl and
aromatic aldehyde and its biothiol sensing properties in DMSO/water were investigated by UV-vis spectroscopy.
Upon addition of Hg2+, the solution of D-7-A dyes showed color change and the absorption band shows a
formation of a dye-Hg2+ coordination complex. These dyes exhibited high selectivity for Hg2+ as compared with
other cations. The dye—Hg2+ could be recovered by adding glutathion(GSH). The absorption intensity of dye—Hg2+
increased only by the addition of glutathione(GSH). The competition experiments revealed that no obvious
interference was observed by performing the titration with the mixture of glutathione(GSH) and other amino acids.
The results indicated that these D- 7-A dyes were highly selective for glutathione(GSH) detection.
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Figure 1. Structure of cysteine(Cys), glutathione(GSH) and homocysteine(Hcy).

2. 8 #

2.1 AN

o] =AEF9Q] L-cysteine, L-homocysteine, L-glutathione,
amino acid(Ala, Met, Val, Pro, Leu, Thr, Gln, Asp,
Nor, Iie, Trp, Phe, Glu, Gly, Cystine, Homocystine,
His, Arg, Lys) ¥ ZFEAJoF &ulF = Aldrich Chemi-
cale] Aokg AL Bttt

HUAEAL Carlo Elba Model 11062 AL o
), =42 Electrothermal TA900S ©o]-&3}lo] =4
skt

Direct Mass~= direct probe EIHA]S  ARE3SH
Shimadzu QP-1000 spectrometerS ARERH o™ 70eV
ZANA =A354ck 'H NMR spectrax= DMSO-de,
D,O, CDCL&mojA TMSE 7|&EZE 3t Varin
Inova 400MHz FT-NMR spectrometerS AM2-5F%3L,
UV-Vis &4 spectrax= Agilent 8453 spectrometerS
o] g3le] =A3tHt. 3L spectrar= Shimadzu RF-

5301PC Fluorescence spectrometerS ©o|-&3}e] =335}

2.2 M

2.2.1 4—(Bis(2—(2—hydroxyethylthio)ethyl)amino)
benzaldehyde (3)2| &4

O E 200mLof KoCO3(3.93g, 28.43mmol)E 7}
S 1A AR SelH L= 12004 %
ZAA AHA I

4-(Bis(2-chloroethyl)amino)benzaldehyde 1(2g, 8.125
mmo)E A7} & 105 AE wHt ¥, 2-mercaptoethanol
2(1.71mL, 24.38mmol)S H7}st 24A17H5¢r &
stolq mulSAA Wee WASAT. WA F 2
ABEstn §oHE AASE 289 FH 9= o
A 3 2.4g(89.8%) Jh?,

ot e E A A 274 A 4%

2.2.2 (E)-2—(2—(4—(bis(2—(2—hydroxyethylthio)
ethyl)amino)styryl)—4H—-chromen—4-ylidene)
malononitrile (Dye 5)2| &

2-(2-Methyl-H-chromen-4-ylidene)malononitrile
4(0.47g, 2.25mmol)T} 4-(bis(2-(2-hydroxyethylthio)ethyl)
amino) benzaldehyde 3(1.37g, 4.0mmol)E acetonitrile
25mLol A7} % piperidine SH&e WY 3 A
2717 Stold LES 120074 S& AA ww
AZITE 2421705k S5 SHA muk shEA
$2 A% star ¥4 F §9E AAGL 2
on BeEe AA-Haste] B9l dye 5 0.5¢
(& 25%)S IdATHE: CHCL/EtOH(10:1,
V/IV)).

'H NMR(400MHz, DMSO-de) : & 2.65(t, J=6.7,
4H), 2.73(t, J=7.6, 4H), 4.87(s, 2H), 6.75(d, J=9.0,
2H), 6.90(s, 1H), 7.16(d, J=15.8, 1H), 7.57~7.63(m,
J=7.0, 3H), 7.67(d, J=15.9, 1H), 7.78(d, J=8.4, 1H),
7.88(t, J=7.1, 1H), 8.71(d, J=9.6, 1H). EA : Anal.
Calcd. for CysHxoN30s3S; C, 64.71; H, 5.62; N,
8.09; S, 12.31. Found : C, 64.80; H, 5.87; N, 7.88;
S, 11.83%. M" : 519.2.

2.2.3 (E)-2—(4—(4—(bis(2—(2—hydroxyethylthio)ethyl)—
amino)styryl)—3—cyano—5,5—dimethylfuran—
2(5H)—-ylidene)malononitrile (Dye 7)2| g

2-(3-Cyano-4,5,5-trimethylfuran-2(5H)-ylidene)malo-
nonitrile 6(0.5g, 2.5mmol)@} 4-(bis(2-(2-hydroxyethy-
Ithio)ethyl)amino)benzaldehyde 3(0.83g, 2.5mmol)E&
ethanol 25mLo]| 7} X piperidine 542 #H7}
g & AR SeA 2=E 120074 S
AA @E AT 4AHES B Sq mwut
st A WS A5

¥4 & §mME AAd L ZHo=R E¢Ea
AA-Este] dye 7 0.45g(35.3%)2 &
CH,Cl/EtOH(20:1, v/v)).
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Scheme 2. Synthesis of (E)-2-(2-(4-(bis(2-(2-hydroxyethylthio)ethyl)amino)styryl)-4H-chromen-4-ylidene)malononitrile
(Dye 5)
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Scheme 3. Synthesis of (E)-2-(4-(4-(bis(2-(2-hydroxyethylthio)ethyl)amino)styryl)-3-cyano-5,5-dimethylfuran-2(5H)-
ylidene)malononitrile (Dye 7)

'H NMR(400MHz, DMSO-d¢) : 6 1.66(s, 6H), 2.59(t, 3. Zda} o pxEt
J3=6.6, SH), 2.69(t, J=7.36, SH), 3.61(t, J=7.2, 6H), 4.89,
J=5.44, 2H), 6.82~6.74(m, J=7.6, 3H), 7.69(d, J=8.92,
2H), 7.83(d, J=15.88, 1H). EA : Anal. Caled. for
CuHzoN4OsS; @ C, 61.15; H, 5.92; N, 10.97. Found : C, Dye 5= A&} ¥W7f(acceptor) 49} A} F7M(donor) 3
60.68; H, 5.95; N, 10.33%. M : 5102 2 AR5t FASHA T

3.1 Dye 52| biothiol M4
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" Hg¥Ca® Cu® Na' Pb¥ Li® Ni®* Ca® Zn® Fe* Fe™ Ag’ Mg® Cr’*
ions
Figure 2. The absorbance response (Ap-A)/A; of dye
5(20pM) towards metal ions(A=513nm).

Dye 5o %ol2E5g H7IF A, Hg''o]2o]
B hEste] UV-Vis &4 W3hE Yeym o
FolesTe F4 WsE U @ob dye S
£ Hg'ol2o] A¥A4e 7t A& & 5 9

%l th(Figure 2).

Dye 5ol Hgeleg A7k ¥ @atn Wz
2 24% 4% ¥4 29E=0] S3mel A 73
Moz FA}AL 4smmelNE F7t dohs AL
& % AslchFigure 3).

Dye 5-Hg’ €99 biothiol& 7} & A3} UV-
Vis & HIE doFrh

BiothiolZ}2] 3t WIS ZX(Dye 5 &Y +
Hg' 49 + Cys, Hey, GSHS &%) & 2%, &
£ A2"FEZHo] 513nmo| A Cys, Hey, GSH= Z+Zf
2, 2.5, 1.5F %72 AAdE 9 dye 59 FFE=7tA
%7} st ith(Figure 4).

Dye 59} Hg''o] 2] EFEo] biothiolS H7}st
+= b8 o] A= Benesi-Hildebrand method(4]1)E ©]
g3t A kghE ALY 2w Cys, Hey, GSH
L Z+7h 8.18x10°M7, 5.26x10°M, 3.48x10°M'=
[Ba=3-e=

1/(A-Ag) = 1/k(Ama-Ao)[biothiol] + 1/(Ama-Ag)-+ (1)

where,

A : the absorbance of dye 5

Ay : the absorbance obtained with biothiols

Amax : the absorbance obtained with excess amount
of biothiols

wgtA HHSEEE GSH > Cys > Hey €22 U
ERd 4= 913l dye 59} GSHo| 7 ¥heAo] 22 A

ot e E A A 274 A 4%
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Figure 3. Absorption spectra change of dye 5(20uM)
upon addition of ng+(0~4 equiv.) in acetonitrile/water
(5:5, v/v).
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Figure 4. Changes of UV-Vis absorption for ensemble
dye 5-Hg**(20uM dye 5 and 80uM Hg”") upon addition
of (@) Cys, (b) Hey, (¢) GSH in acetonitrile/water(5:5, v/v).
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Figure 5. Equivalent dependant absorption intensity
change of ensemble dye 5-Hg’*(20uM dye 5 and 80u
M Hg®") in the presence of Cys, Hcy, GSH at 513nm in
a mixture of acetonitrile and water(5:5, v/v).

Figure 7. A/A; 513nm change profile of dye 5(20uM)
to various amino acids(1.5 equiv.). Gray bars represent
the addition of 1.5 equiv. of various amino acids to a
20uM solution of dye 5. Black bars represent the
addition of 1.5 equiv. of GSH to the above solution,
1.0 respectively. 1, Cys; 2, Hcy; 3, GSH; 4, Ala; 5 Met; 6,

Leu, Pro, His, Val, Met,

Arg, Thr, GIn, Ala, Asp, GsH Val; 7, Pro; 8, Leu; 9, Thr; 10, GIn; 11, Asp; 12, Nor,

Nor, lle, Lys, Trp, Phe,
081 Glu, Gly, Cystine, Homocystine _— 13, lle; 14, Trp; 15, Phe; 16, Glu; 17, Gly; 18, Cystine;
19, Homocystine; 20, His; 21, Arg; 22, Lys.

Biothiol 2 A 2]3t ofu|=Alo] dye 59} Hg’ o] &
o] E3tEo| 2 HF o2 Hhgo| dojubx] A|vt GSH
o] M7} | Aol dFL v 7] WE dye
| | . 59} Hg''o] 29| &£3180] GSHE H7t st9<e
400 500 600 biothiol®] T} ofm|AitEo] PGS nmj2=x &

Wavelength (nm) otR 7] Y3 HARSE A ﬁﬂr FANE F
< A= W3/t #F HYonE fZ2 ofnk
4HEo] GSH H7F | Ado] 43S nAA ¢+
o= AL & 4 Sth(Figure 7).

Dye 59} ng*o]ggq Z3lE 0] GSHo| AeA o

Absorbance

Figure 6. Absorption spectra of ensemble dye 5-Hg**
(20uM dye 5 and 80uM Hg”") upon addition of 15
equiv. of various amino acids.

S & 4 9ltkFigure 5). Dye 59 Hg''oleo] &gt = ZE®l oot Ste2s H4 &l 7sd A
23} GSHe| AeiAL 2)3) biothiold} thoFst ofn] =2 A4 WAty £33 G, g8 ot kedtE
- XHAla, Met, Val, Pro, Leu, Thr, Gln, Asp, Nor, lie, < A HIE 9o 71 A Gt ch(Figure 8).

Trp, Phe, Glu, Gly, Cystine, Homocystine, His, Arg, Dye 5= 3L 7HAL U FF AAE o]
Lys)s $U3 24 &4 stdch 1 Z3t Cys, £ £ 7] Wi FFA= HIE #FHI =
Hey, GSH®] th2 ojniAilEe] H7H= biothiol ) Skrt. ye 5o Hg''ol €& H7Hgtol wat dye 5
AA o o] 317 B & 4= A tHFigure 6). o] 373w 7t A ch(Figure 9).

ol ol ol il

[ Ala Met Val Pro Leu Thr GIn Asp Nor Ile Trp Phe Glu Gly cysune 7™ His Arg Lys

Cystine

Figure 8. Photos of ensemble dye 5-Hg”* in the presence of amino acids.
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Figure 9. Fluorescent spectra change of dye 5 20uM)
upon addition of Hg’'(0~6 equiv.) in acetonitrile/water
(5:5, v/v).
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Figure 10. Changes of UV-Vis fluorescent intensity for
ensemble dye 5-Hg?*(20uM dye 5 and 8uM Hg®*) upon
addition of (a) Cys, (b) Hcy, () GSH in acetonitrile
/water(5:5, v/v).
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Dye 59+ Hg''o] 29| EFH=o| biothiold H7}
@ & YPPEe wWsE 23
3 A3 Hg'ol e WEo ZAAY dye 59
8 37} 71 biothiolZ H7t & YAME dye 59 &
=R F 748 th(Figure 10).

ofd oftt

3.2 Dye 72| biothiol M4l

Dye 7% AA} uHf 63 AR 7 3& AHESH]
sttt Dye 79 oSS H7KE A He
ol&o] g Z UV-Vis 4 W3S, Agold:
e 4 wsts doy|y TE Jol2ERE F
F= Wss dos|x ekkrh(Figure 11).

Dye 73} Hg''o|21}9] Fat=¢l W3} wtgo=
g &4 AUEFo] s88amollA FRHoR ZFa
T 430nmo A E713HS o 4 lchFigure 12).

=]
T

5t

Hg™Cd® Cu® Na' Pb™ Li* Ni** Ca® Zn* Fe* Fe* Ag’ Mg Cr™*

ions

Figure 11. The absorbance response(Aq-A)/Ao of dye 7
(20uM) towards metal ions(A=588nm).
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Figure 12. Absorption spectra change of dye 7(20uM)

upon addition of Hg?'(0~20 equiv) in DMSO/water
(7:3, v/V).
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Dye 70] Hg''o]&o] Aezog a3t uwrat 1
Setozm 44 el 75T =R Hg''o] Lo (a) 14] i
A W37 EEEA Uelga Agol2oAE

2 WIS UgY = Y, & Sol2sodA=
4 W37 deuA] okt ch(Figure 13).

Dye 72 @3S 7HAL UL FF AA=Z o]
€ = Q7] i FFAE HIE B 2
¢kth. Dye 7¢] Hg’ o] &g 715l wheat dye 79
HL A =7 A cH(Figure 14).

Dye 7%} Hg''o]29] ZFE¢| biothiols 7} 20 400 800 600 100 800
gt A3 UV-Vis a4 a7t eyt on bio- Wavelength (nm)
thiolxt o] Fe+2a WHIt= F LHEFHO] 588nm (b) 18
of| A biothiol 15 71A] QATE] dye 79 T3 = 1.4 4 15 equi
7t A %7} 81 G oh(Figure 15). 124 [Hey)

Dye 79} Hg’'0] 2] &323} biothiol?] 0 equi
X] Benesi-Hildebrand method(4]1)E ©]| &3}
kS AArgt A3t Cys, Hey, GSHS Z}7+
x10°'M™, 6.5x10°M™, 1.47x10°M'2 el

wtA HES<4&E=+= GSH > Cys > Hey €22
vetd 4 9lal, dye 73 GSH ¥hgAJo] 7HE £

oF 2 9lth(Figure 16). 300 400 50 600 700 800
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Wavelength (nm) Figure 15. Changes of UV-Vis absorption for ensemble
Figure 14. Fluorescent spectra change of dye 7(20uM) dye 7-Hg’*(20uM dye 7 and 80pM Hg”") upon addition
upon addition of ng+ in DMSO/water(7:3, v/v). of (@) Cys, (b) Hey, (c) GSH.

Figure 13. Photos of dye 7 in the presence of different metal ion.
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Figure 16. Equivalent dependant absorption intensity
change of ensemble dye 7-Hg*"(20uM dye 7 and 80
UM Hg®") in the presence of Cys, Hcy, GSH at 588nm
in a mixture of DMSO and water(7:3, v/v).
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