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Determination of the cysteine residues in the surface-confined biomolecules
by using electrochemical desorption and fluorescence detection
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Abstract; To develop a method for the detection of surface-confined peptides containing cysteine
residues or oligodeoxynucleotides (ODNs) whose 3’ ends modified with thiol groups, and a thiol-specific
fluorescent cross-linker, N-(9-acridinyl ) maleimide ( NAM) was used. The peptides studied herein
include both the oxidized and reduced forms of glutathione, and a hexapeptide (FT). Peptides are first
attached onto the activated 11-mercaptoundecanoic acid ( MUA ) -terminated alkanethiol self-assembled
monolayers ( SAMs) and then derivatized with NAM. The cysteine residues was determined by using
electrochemical desorption and fluorescence detection. GSH concentration as low as 40 pmol - L™ can be
measured. The fluorescence intensity in the case of FT is about 3 times as high as that for GSH, which is
consistent with the molar ratio of cysteine residues in these two molecules. The analytical performance of
gene analysis was also evaluated through the analyses of a complementary target and targets with varying
numbers of mismatching bases. The method described here is simple, sensitive, reproducible, and does
not require sophisticated analytical instrumentation and separation procedures.
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GESREFERERXNESE S HEGTRER MK
Western A HT A B ™, X 2605 835 FE TR )
BRPEHENSKRBELT. BRTENETRE
STFHK, BERFWARAER. Wi, #GHE
K. FTESBEAL, RATEREBERETIEANA
B FERE. RFAES, FTHBE"IART
Ferrocene-maleimide (Fe-Mi) 3 H B T X H B &
B 5 A GSH, FT L) K& DNA fj# #ll, Baca
20121 sp /1 Biotin-maleimide %25 1 [ & 10 & 3 2 10
ERRMEBIRHATHE, REFIABEMER Fc
ERARE/MAEBORERE Y, TR TR
T B 2 R E AW 4 F R R, b, &
BhEL B A B 41 TR B0 A T A () 2R B A 4
R it R,

EHmENEY TR DELRIDE A RER
H AL 2 5 4 2 B R A8 DU DT, N-(9-my
BE ) D3R BE ik (NAM ) 2 —Fp il E i 25 1 4 7 o 1
FL,NAM R SR BEE B (Mi) BB 5SmERFR
HEE B EN NAM FRIREBEBABERNTOL
XA E & Hisayuki 4" R AT NAM #RiE A4k
WEE BN ERERREEANRCRRER BN ZE
KRR ALE D SHBIREHNEFHEAERERBH
%, Kamata 27" F NAM # U i JE 2055 88 11 41k
IR GSSG i3 B H B B GSH, AR BF 5K A NAM
PR T REEENEREN S & DNA,
BN £ KDL & DNA SR [ & 2 v B B B 45 1 1Y
SHRRE, ZHRREBRTRES L3 HmEHK
HES NAM R RMEE . 5B &MT BB
3R T R B 4, S 0 5 B 4 9% D6 R B SR B X & K
Z & .DNA FHR RS,

MRS HE

WEBEEREA  F2500 BB KIEH (B L
/AF]) \CHI660B B 4k % T fF 3% ( CH Instrument, 3
H),=HRESE:SBHK(99.999% B4 2.0 mm)
A R AR 5 50 B AR A X B AR 5 Ag/ AgCL (0 KCI
) Bk AS LR ( LERENSEERAH)

o R B4R AL B A Bt H K (reduced/ oxidized
forms of glutathione, GSH/GSSG) , #HHE: +—FR (11-
mercaptoundecanoic acid, MUA) , [ N-Z &-N-(3-—
ZEEWR)] & = W I (1-(3-( dimethylamino )
propyl) -3-ethylcarbodiimide hydrochloride, EDC) , N-
#2 3 38 3 Bk B ( N-hydroxysulfosuccinimide, NHS) ,
HR=(2-BEZ ) B4L S (Tris [ 2-carboxyethyl ]

phosphine hydrochloride, TCEP ) , & & & ¥ & B8 £
(ethanol amino hydrochloride, AE ) , Tris-HC1 3 ity F
Sigma 7y &) ; N9-IY BE -, 3k Bk W % ( N-(9-acridinyl )
maleimide , NAM) ( H ZX[f]{2) ; 75 Bk ( H-Lys-Cys-Thr-
Cys-Cys-Ala,FT) (Bachem 24 8] ) ; ER T REHRHE
e S E R IR 3w RE( L
BAET),FIWTF:

W3R4T :5 -amino-( CH, ) ,-TTT TTA GAC ATG
CCC AGA CAT GCC C-3’

584 JC Bg #E 45 . 5'-CTC GGT TGG ATT TGG
GCA TGT CTG GGC ATG TCT-3'

PO B, L 42 BT 8 5 . 5/-CTC GGT TGG ATT TGG
GCA TGT CTG AGT AAG GCT-3’

J\BRE4E AR #E & : 5'-CTC GGT TGG ATT TGG
GAA AGA CAG AGT AAG GCT-3'

W4 :5'-TCC AAC CGA G-SH-3'

BEIREL ZE vh A W (PBS) 10 mmol - L' BEMR L,
pH 7.4, £ Jk. EDC/NHS. AE ff PBS fit ], TNE
Y% : 10 mmol - L' Tris-HC1, 1 mmol - L ™" EDTA
F10.1 mol - L™" NaCl; ¥ & DNA fI%i % DNA
TNE Fi#l. ZRAKBI I K EBF K. BraR
FHARARE . A ERYEZRT HST,

HEHFALESFL HESERLAE™,
SRR Z BB A EY S min, KT, #it
BB AR 4 mmol - L' MUA W ZBEBR + &
W12 h, AZ BB RERKGE W REAASK
T ARISHERETRE M 75/15 mmol - L'y EDC/
NHS ¥ 40 pL, SN 40 min, ZIRZBK % T
HBEASKKT,

kK DNA fJRMEEE GSH/GSSG/FT i
FEEEZ: K 2 mmol - L™ GSH 40 pL F1 2 mmol -
L™ TCEP 4k FUR AW BN E LR A3 i1 s
WRE ,KESAE TR 4 ~6 h, “IKFAREAKpBE
Frr)a , AKKTF, 0.1 mol - L' AE A FH Mk
WA S GSH S Br i g 2 , 3 F) i (6] 2% 40 min, FT,
GSSG 4 3B R GSH, B GSSG A% TCEP,

DNA F4FMREEE X =W " 7438 : LT
AL AR R T AN 1 pmol - L™" 42 DNA %9 (#
FKIFEE) 40 pL, kB 4 ~6 h, AWK T
HE, ASWK T, RIEH 1 pmol - L™ 58 &L R B
A FIBL H B R4S BE A ¥ A DNA ¥R 40 pL i n 3]
BAR R , 22 38T H] 24 3 he JJ5 , 7E AR R TE W0
1 pmol - L™ 2 DNA ¥ ¥ (AW R4 ) 40 pL, %
B A 6 h,



- 88 - #& 24 Acta Pharmaceutica Sinica 2008,43(1) ;86 — 90

NAM HEEMELERM % LR BiHEFn
HAREHZE 1 mmol - L™ NAM BT BRI+ 20 h,
Y AR AE 0 TAE AR, X AR F1 B He AR
ArEIR B AN Ag/AgCl Bk, 7E-1L2V T
0.1 mol « L™" KOH ¥ 18 & {/ B #% 300 s, Z5 5
MUA 5@k M Au-S BB BT BRER
R i 0 RS Y B 9B

BRI ME oI bR BB R 5 %
SR . BRI N 360 nm, 7E 470 nm " [ iFH —
BRI NIE, WH GRS BT Z kIR DNA FRZ
5 NAM R A iR -&9 .

ZR5i1Tie

WA 1 s, B EE 2 B RRE K MUA JE R —
EEEAFN G 4% 82K R A EDC 5 NHS
¥ MUA B3REEL N NHS BER: AW B R 5 2K
M EEEEEH B2 REMmE B IRE, TCEP
AT B 1L GSH w1 i 24 P 12 5% 2 4% & 1k b — %Ak
a8, EEH A £ 8P A TCEP T B A5 44
B U B8 RO BREEBE AAL o R, R
"5 NAM 1Y maleimide FEFH 3§ B M4 &, 4 B5E
BT o 0 TRBE M P IR v i I O PR e AR e T R
Bk, 0 RS Ry A A P R P I OB B, SRR
L GSH fE A RIKZ ,NAM 4 F P i) Mi A 5
GSH e E MR SH 5 RS &, LI EE/R 2y
11,4 SH 5 NAM 4 B %8 W FOLRE,
B Xt AR 22 I (B 22 19 GSH E &
1 GSH g%

WE 2 Br7s 78 472 om i 3E GSH 5 NAM JE &,
HIZE EIGRBE LY 295. 6 (I £k A) s MTER A
FWARMA T, GSSG FEZH I MHE & A ¥ B M FTOETE
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Figure 1

S (#Z B) . &¥ NAM HY5 GSH F MirE smAs
R R LA R, W S B BN AL — B
AHFEMEER. HWE CyERERTAHR GSH,
[R5 i NAM, 285 k17 3 4k B fi BT 48 21 9 5 5t
LR, BEAR B 52 0L 58 BE 3R B NAM B 3F ¢ 57 1 R R
AT AW, bR eGSR W], %7 bk AT AT OR X3k T [
EH GSH &,
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Figure 2 Fluorescence detection via electrochemical
desorption in the cases of 2 mmol - L' GSH (A),
and 2 mmol - L' GSSG (B), and no GSH (C)

2 GSH T/ RRNR

W% GSH MBI, ZOLE B M2 R, WA
KT 4 wmol - L7, i €8 1 B & , 5% 638 BE 14 3
MR, J7 B PR % 40 pmol - L', W0 3 i,
3 FT BN

R T H— BRI R A 1T EE R TR
HEEMTH 3 NP RERRER FT(E 4), FT
J— ¢ 5 & Lys-Cys-Thr-Cys-Cys-Ala 9 75 Jik, &
SRMER « SHEH— MBS aREEg
% FT A, Brifl 45 @ I I 9 OksR BEE R 874.7, &5
B 2 # GSH 1§85 TP EES (295.6) M 1, HiA

Schematic representation for the cross-linking of GSH and the subsequent fluorescence detection (for

clarity, the alkanethiol, peptide and NAM molecules are not drawn to scale)
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Figure 3 Dependence of the fluorescence intensity on
the concentrations of GSH. The concentrations of GSH
used are respectively 40 pmol - L™", 400 pmol - L',
4 nmol - L', 40 nmol - L', 4 pmol - L' 0.2
mmol - L' and 0.4 mmol - L'

2524 2.959 , Z%MEIEHF S FT 1 GSH 43 F Cys I
RI3:1 MY A, BT GSH 5 FT W& MIER, B
ST R/NERE  F B B e AR R T A TR
A R I TR R L R BT &R Cys £
BT EB&aH.

1000

Relative intensity
= (= =]
> =3 >
= = =3

w
o
S

<

350 400 450 500 550 600 650

Emission wavelength/ nm

Figure 4 Fluorescence detection of surface-confined
FT and GSH. A: 2 mmol - L™' FT; B; 2 mmol - L'
GSH

4 “Z=RB"HZRWEL DNA

BITEEF YR B 3R I [E < K # R DNA JF 3
AT . B SETE S i AR SR T B E | EAL K DNA 8
BECIIRIRET) , 38 2o B R B #h B X SR U, 46 3R #R 41
S¥ R DNA 2032, B )5 #L A DNA 5 5 54k 4 46 3
BEFR . RA NAM Xt P #1461 B B30 2 AT A4,
AR5 I S ri A S T R B SR BB IR

HH R DNA SHRTE FHIE LB, 5
SRPBEVE(E R K, 396. 8, PUBHEEA IL ALY, 3t 5R

FEWE 2 [, (8 K 239.7, MM S SRR
VCE B EE B Nk 8 A, BB AE 5 I&ME K 50.71,
HESZAILENK 12.78%, FREREH, Y&
WS FP SRR EH T2 T AE, A e R
[E1 e S I SR TR 45 4, 4 T 3 g Y e O & % X
W B T B AN AR S T A AR K I R e, AT Bk — 2
MRS NAM BB

&t

W HMES NAM W RBSHEER, BT
R R E 2 E I GSH B 8, 1l R
A3k 40 pmol - L', FIBY, RAZE T HEM T HE
B FT L R84 DNA, FT W% LR EA R
GSH 1 3 £%, % H{EH FT 5 GSH w3 4 i BE /R 1b
Y& . BRI S DNA SRR T 2L,
I g 5 S DG T /A BB R DL TR B PR 3% 615 B,
B kxt DNA FHI A B A B R, Wik
2 T 55 A I K F B0 ek R R A
RE G B RO R
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