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W EAZIRELPFERARMAME. TR F ik, FAARALEEEST AT Rosamine 3% L AR4T 69 F Bk &,
BRAE AR R o Z4R4T 1A Rosamine 12 FRE LT, URCHA AR Bz &, Til@idiZ kR (Michael) 7ok B R F=
5 F AR B 57 BT F Bk A BR R AR AR, 22 R A, AEFBRBRE P IRKA A 10 mmol/L, pHI.5, FEE//KIKARLL
A 1:9, TRRK 35Smin FHT, FAZFRIRAFERAR, AR AZEMFRARKEIE KRR, Fik
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Establishment of Cysteine Detection Method in Food Based on
Fluorescent Probe

HAN Rui, WU Qiong, ZHAO Xin, MAO Shuhong*

(School of Biotechnology, Tianjin Univercity of Science & Technology, Tianjin 300457, China)

Abstract: A novel, simple and sensitive fluorescenct method for determination of cysteine in water, milk, milk powder,
cabbage, apple, pear and radish was established based on rosamine fluorescent probe. The probe was constructed by
rosamine as the signal reporter and phenylalkynyl as the reaction site. Through Michael addition and intramolecular
reaction, the probe could detect cysteine with high selectivity and sensitivity. Results indicated that under the optimized
conditions of phosphoric acid buffer concentration of 10 mmol/L, pH9.5, methanol/water volume ratio of 1:9 and room
temperature reaction for 35 min, the probe selectively recognized cysteine, and its relative fluorescence intensity increased
with the increasing of cysteine concentration. Furthermore, the fluorescence signal of the probe had a good linear
relationship with cysteine in the concentration range from 18.0 to 70.0 pmol/L (R*=0.992) with detection limit of
0.18 pmol/L. Furthermore, the method was used to determinate cysteine in water, milk, milk powder, cabbage, apple, pear
and radish with good recoveries (96.4%~102.97%) and RSD (0.1%~2%). This suggested that the approach would have high
selectivity, sensitivity and the feasibility of cysteine detection in practical sample, as well as a good application prospect.
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2 412 (Cysteine, Cys) J&—Fh KIRTFLE T 7K
R G EAY TR TRE IR, AR R
FARETT . Pra b tERIXT & 4R & R i S UL R
e, M T EMN .. BAEZRMaHE, Ak,
Cys TEAWARTE IR A AL . O3 R 8 (1 o &5 J 2
AR I P BT DA R AE A= fr A A AL A R i &
FEEMEAR., Filt, Cys BE—MRES5 12 T A
Iz, BHHET, Cys Bl ik 2 A4S S 8o A
g5 . B UKL TR . 8GR AR, K
BB TN BB NES, FEEEAGE X S
M Cyso FENCHRETRIMF A BA & et s R
B, HARAEREL, A Cys B R0ME . B THE
S VAR T Cys Kl 28 YaE e B A HiaE ™™,
R AR (Hey) A D H K(GSH) BG5S Cys ZE1M
SER TN 1 P, AEAE 2 TR DECIRENXT Cys R F
P20 oAb, METE IR Cys 20 0IREN 2
T AR ST HT T PR AL TR Cys AAFSE
ficf LA IS

Rosamine J&—JSC kA MERRIE R DOGGLEL, &
FH ARG b B 352 B SO A i P o (an
H,0, . H,S K Cu* ) U 5 L IFIE K/l kiR
Hr1, {H Rosamine Z2{b A5 AT Cys 2GR ER
Fa) gl R R ) S5 AR R eI ST 6 DR . AN T
Rosamine Z5FJ45ME, 7EH: 9 V5| ABEYS Cys YEJHAY
IRBREL I EANE 15, AR T B e B L s Ry
Rosamine HIIZECHRE, #0505 HARG S EA I, I
PG FH TR A5, U5l 3. 3ER . B4R
H Cys Kl o
1 RS
1.1 MRIEEE

R W RIS AR | 4-VROR | 3-—
LR TNy WAV ER S AT A, et E RERHCE
PR\ F]; L-TH 1% ( L-Alanine, Ala) . L-22 % % (L-
Serine, Ser) . L- KA %% (L-Aspartate, Asp) . L-4i%
i (L-Valine, Val) . L-2 Bt 2 i (L-Cysteine, Cys) .
L-## 24 g ( L-Lysine, Lys) . L-H % 8 ( L-Glycine,
Gly) . L-#H % l& ( L-Histidine, His) . L-{% 2 % (L-
Tryptophane, Try) . L-7% %4 i (L-Leucine, Leu) . L-
% 24 ik ( L-Tyrosine, Tyr) . L-J5 % iX ( L-Threonine,
Thr) . L-ZK N 242 (L-Phenylalanine, Phe) . L-H i
2. % ( L-Methionine, Met) . L-¥5 %4 i? ( L-Arginine,
Arg) . L-53 5542 (L-isoleucine, 1le) . D, L-& Bt H-
AK ( D,L-Glutathione, Glu) . D, L-1= 2 Bt &(/i% (D,L-
Homocysteine, Hcy) . L-J#i & li& (L-Proline, Pro) . L-
HE IR (L-Glutamate, Glu)  s3r#74l, iR A9
BHEA R ] SALEN . BERREN . fifbdl. ZHR 208,
Ay, —SHbE, PUSECORER  srpal, Rkt
FIAST s HlE  OGigal, RiFFEAELA2G0E BRA H];
SEIERAE T R /KIS Sy B 7oK, gz gl 45

EISR/K  HUE ALK s 17 SR 7K Offizké, 500 mL)
W) ] ASH AR T o

FS5 726436003t  Edinburgh 23%]; Tu-1810
PC 24b-A] WAGOGEETE  dbaT S RS A TR
TALLN 7] Bruker AV 400 #ZrEHIRIEIEIL  Bruker
Z5v); PHS-3C pH BREETT B RE AT IRy
HRRAF]

1.2 KWHE

1.2.1 HEHRIASRFRIE  SAURTTE, o 4-TR8H E
(6.3 mmol, 0.9 g). Pd(PPh,),C1,(0.32 mmol, 0.224 g).
Cul(0.63 mmol, 0.95 g) Fl = Z % (12 mL) & F — 1
Y, FHiE /8 JG/K DMF 3, vkoK s 30 mins
WA A 28 (6.3 mmol, 1.3 g) JG/K DMF JEHITASZ
WARZR, ZIRI PRI R . B SN AR R A K T, 2R
ZEEFEEL, FHAR AN NH,C1 & NaCl ¥eiAa HLAH, Jeuk
FPREN T . SR RRZE R 2R, FHRER (i
BEATaAl, YR A 288 25 ATk (v/v, 1: 60), 15
A EAR A, SHplad 12924 P=525 72.5%,

'"H NMR (400 MHz, CDCl;): § 10.02 (s,1H), 7.86
(d,J=8.0 Hz,2H), 7.67 (d, J=8.0 Hz,2H),7.56 (m, 2H),
7.37 (m,3H) .

TR, Bk &% 1(3.4 mmol, 0.72 g) | 3-
T LA FE (8 mmol, 1.322 ) XTI 2L (1 mmol,
0.2 @) F=IUMA, FH 70 mL DN f# e, Iin# s
65 °C, RIWiad1& . FEZE =R, MR NARZRINA 3 mol/L
BEFRENVE R, FH S e 2B, JO/K IR AN T8 Uik
JEFEIGIAFE, I 100 mL —48 e/ FRpE(v/iv=1:1)
FOTRA I, INA PSSR (3.4 mmol, 0.836 g), =Tt
FE 3 ho SRR OTEAE I T 2A0AS S 4T A A oK,
ZRAFREEER R, =324 32.8% . FEMEEEMT,
ZRET P RSB AAAE TS

'H NMR (400 MHz, CDCl5):8 7.77 (d, J=8.0 Hz,
2H),7.59 (m, 2H),7.39 (m,6H), 7.28 (s, 1H), 6.95 (d,
J=12.0 Hz,2H),6.86 (s, 1H), 3.67 (q, J=8.0 Hz, 8H),
1.34 (t,J=8.0Hz, 12H), ESI-MS: 499.2756 ((M-C1]).
1.2.2 ZHRET R Kl Cys 54tk
1.2.2.1 W BEEN R PSR 0 BR B
0.01070 g ¥4 R FHEE T/KEET 50 mL &I,
REZS, A%, 4% 10 mol/L B, HAEWRCH 1x107° mol/L,
ZAFEIR MR AL EAPR UET TR HERAFRIBGE FEAH G 5R)
K& 22+0.0001 g), JHZKEZE, BeAal 4x107° mol/L fiff
%W . PBS VAW : 100 mmol/L. 518 2% ik (Phos-
phate buffer solution, PBS): pH3~12(pH 1% ) o
1.222 pHXI#4t R 5 Cys dHEAEHBYSZmW W)
FA 0.4 mL FHEEAE LA TN 0.4 mL AN[F] pH Y
PBS ZErhiE# . 0.1 mL 4x107* mol/L #41 R, 0.1 mL
4x107° mol/L Cys A 3.0 mL =& FIK, ¥4 35 min,
BEATYERENA . 582 pH 28105 | A A9 A 22 A X
POERBEAR . ARSI O MR SR S Wk



&

43 4 o

L2

s S FET YO CIREN X B R RIS - 307 -

WK R 565 nm, AHTERSE 10 nm, HB184% 10 nm.,
1.2.2.3 W EFEIXFEET R 5 Cys AH AR 895200
Ml &4 0.4 mL FESEAE A TIILA 0.4 mL PBS 2%
AW (pH9.5) . 0.1 mL 4x10~* mol/L #4541 R. 0.1 mL
4x107 mol/L Cys }% 3.0 mL & ¥ /K, 4:F% 5 min,
INRAAE S AR 2GR o 5 E i g s ] X A 2=
FEXT S G EE S
1.2.2.4 ZOEHE WS4 0.4 mL FAEERESEPIIA
0.4 mL PBS ZZiE# (pH9.5) . 0.1 mL 4x10™* mol/L
e R, REUATHRY 4x107° mol/L Cys s £5 1
7K, #5 4.0 mL £, SEHT 35 min, #EF763ENL ., 2
il Cys ¥ BE 1 AT R 41 R 2 56 A0 XF 58 B (F/Fy) 5
Cys MREEC RN . i, 138 Cys K&t C R Ir
R, ARPEAS BRI 20 DL=30/slop 7, 1144
Cys KR
1.2.2.5 SEPEESCIGAPLFIEIE  mIEA 0.4 mL
FFE . 0.4 mL PBS & HiE % (pH9.5) & 0.1 mL 4x
107 moVL ¥4t REE 1, 4r i A 0.1 mL 4x
1073 mol/L A [F & FEME K 3.0 mL 258517k, A4
RPN E AR, VTR R LR XA AT R AT 2%
S BE ARSI

18 0.4 mL HEE, 0.4 mL PBS Z2riaik(pH9.5).

0.1 mL 4x10™* mol/L #£ 4t R 5 0.1 mL 4x10~° mol/L
Cys #1 2.0 mL & F 7Kg0, 331 A 1.0 mL
HEEIERR (4x107° mol/L), TSGR, TN R
e THurERE.

1.22.6 EEME. FBEtE LEMIESLIS AR E
R AP/ 7KK 22 (1%107° mol/L, v/v, 1:9; pH9.5), FH%¢
AT CICRETHZE SR I R\ Gnm 5 AT R 10 4>
& AR A M BE Cys(5x107° mol/L) Fl#R 41 R(1x107°
mol/L) FE B/ 7K AA 22 (v/v,1:9; pHO.5), 43513 L2
JCHREE, PRI R R . R e R E A .
1.2.2.7 JoksEAEEEs: B iR/KS [ okk AR AT,
BRI, BRI AR E15(240 mL, 40E 0
28) S 850 (—4€ 400 g, N3 16 /M4g, 25 g/4¥),
Wa) A AR HBAE T, A AT AT AR BT . 8 HETRARIR
1.0000 g Wiy, F 59.0000 g 2= 88 TR A, $250, %%
JHo 2005 HEWRFREL 1.0000 g 2445, HIA 59.0000 g
FETFK, 5, A H . FREL 5.0000 g 3. SR
. A N, EROTR)E, EREAH TR,

Ph

M7 1.00 mL FFEE | 1.00 mL PBS 2% P4
(100 mmol/L, pH9.5) . 0.2500 g ¥£ /5 (F Rk . Ak
K. AEUBEC IR ) B 10.00 mL 25w, 4RI AGE
it Cys brifEfiia W, i AT & R M Cys WR)E
43 B A 0. 20.0, 40.0, 60.0 pmol/L, il A 1.00 mL
4x<107* mol/L ¥4} R, /g R E T/KER EZZ)E,
ST 35 min JE TGN, A IIBRER BT TR
il 5 AAE, MR Cys Rl £ty B =X, i Cys R
BE, T ARRI R R 2E B AR

M4 1.00 mL FEE . 1.00 mL PBS Z& th 4K
(100 mmol/L, pH9.5) ., 2.5000 g F&&h (3., SR FU
sEH®E B)AY 10.00 mL Z I, BN AGE &= Cys
FRUEAEFG WL, T 1.00 mL 4x10~* mol/L ¥4t R, fix%
JE R F/RKERZZE, VA4 35 min J5 1796
M, BAIAR T B TATEC ] S R, AR Cys &
M2t F2 2, B2 Cys WRBE, T AN R vE 25 A
EIgz e
1.3 HEAIE

il Origin2015 X SZ 4 B g $EA7 43 By JHAE A,
FEAEEG E /D EE M R 3 K, BOP- B EEbRE2E
2 BR5SH
2.1 1Rt R % Cys iEHFMIR 5

X Y B IR R R AL R R
—O1 R, e AR T HREN RS MNE 1 )
X} Cys BUZELEME . UnEl 2 AR, 7EH i /KR 22
(v/v,1:9;pH9.5, PBS 10 mmol/L), %%t R(10 umol/L)
BRI 589 nm, i HARFRZ I 100 pmol/L
Cys B, #REF R 225600150 Wi um, [Rn), ik Kok
BF I W 72 2 583 nm; 100 pmol/L GSH Fl Hey 5 #2
PRETD G, (HAR A3/ N B 2 MR A H,S i
AJLTPAHES EEIRER R B o easfb, ik—4
TESZERER R XF Cys 3£, #5358 T Cys A&
AR M H,S A7 HT, R-Cys 20284k . ani&l 3 or
N, MHTIRY) S Cys HAFERT, SRR = AEXT 9
IR I W (P>0.05) , SEUGAE R, 54T
R Alfe R Cys.

22 #REtR 5 Cys HE(EA&EE pH KN SR (E]

pH Xt 3= FAARAH B AE R 2 & SCEZA/E M, an
4 i, BRYESSE R, B pH B9 K, F/F, 2212 1455 ;
Bl S5 T, Deoieni i B i i, pHO.5 B ik Bl kK

Ph

I
HO/©\N/\
-

TCBQ O

Br ” ||

NEGDMF
© " é Pd(pph,),ClL/Cul
CHO

CHO
1

CH,CH,CO,H/TsOH

CH,C1,/CH,0H O X O
AN 0 NS

Sk N

BT REF R B9 AL
Fig.1 Synthesis route of probe R
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R+GSH

g 1.5 R+HCy
1.0 R+other amino acids and H,S
0.5
0
575 660 6&5 6&0 6%5

PR (nm)
&2 5 R X2 IR S H,S 78 FH B/ 7K A 2 v iy e iy
Fig.2 Response of probe R to amino acids and H,S in the

MeOH/H,0
3-.
2_
-
=
)
(=
1_
04
2 22 L= Fgl==ier8
) SE 0 24z
z bbbt b0 EE 570
GOTIIITITTITCTTE
Gusmmdadedeiod To

UTERES
K3 MRS H,S XHRER R-Cys RIS

Fig.3 Influence of amino acids and H,S on the R-Cys system
3.0 1
2.5 1
2.0 1

1.5 7 \

1.0

F/F,

5 6 7 8 9 10 11 12
pH
Bl 4 pH X4 R 5 Cys M EAEFR M

Fig.4 Effect of pH on the interaction between R and Cys

{B., Cys ¥ pKa=8.0, flHEZ&1AFITF Cys FIEAN
i, fEF Cys 54 R AHEAEPY, kb, 7R
T s A ) SR B ARAR BAE R R . anlE S BT,
BEAH B A IR SE K, F/F ) SR, Y4 AR R ik
35 min B}, F/F, ik 35 KA, 2 )5 B BEAIG, nlEE
TR IR T A o A AR R TR
2.3 Cys $MZe M SEE & IR

FI PG FEARMIFEEREF R 5 Cys AHEAE
JH, 55 E 6 Fion . BEZE Cys MR, IR R0
SRR UAEE R, SRR 589 nm W2 % 583 nm,
FREF SIS & = Michael TS SR Y o 24
Cys WA 70 umol/L i}, F/F, ik FR KA, 25, 4%
LMK Cys WRJE, F/F, ZRAb AN i, 1A SR 3K 51 SP-

3.0 4
2.5 1 [\

2.0 4 J

F/F,

1.5 P

1.0 4 R 'l/.

0 10 20 30 40 50
(A (min)
&5 mE LTRSS R 5 Cys AHEAE 5
Fig.5 Effect of response time on the interaction
between R and Cys

2.84
2.1 _;
=14
/ 30 45 60 75

0.7 | Cys (x107 mol/L)

0 v . v s —

575 600 625 650 675 700

HA (nm)
K6 AR Cys 5IREAREN R DI AR b K e o JiE
HLE 5 [Cys] 2 &

Fig.6  Spectral changes of probe R induced by different [Cys]
and the relationship between F/F, and [Cys]

H=WEEN 0,16, 18,20, 30,40, 50, 60, 70, 80, 90, 100 pmol/L.

Paut, 22l T F/F, 5 C. KR ML, Cysik B 15
18~70 umol/L JuFIN 5 F/F, et 5, Hek iy
2l F/F,=0.01244[Cys]+2.052 (R*=0.992) . HPats
)RR 334 28 2. DL=3o/slop®, ] 45 4 iR £ R X
Cys ¥R >4 0.18 pmol/L, 54 /i C i iE 1Y Cys 7%
FCHRETRI FRE > A1 LY, A ST A FRBSATR (= 1) o
24 EEM. EMHEFREMNE

HHZCCEWFE T 2 & PE . IR
Mo X34 R(10 pmol/L) [ FH B /7K AR 2R (v/v,1: 95
pHO.5)#EAT T 10 IR E I S50, S Gom BEAH XS R I
ZEN 2.49%, RUIREFEIZIER K. @ 1 h NE
REF R X Cys 2GR, B i BRET R IR ET 20
ma] 1N 24 SR BRET R LG WA B 1Y) 55% Xt 10 AT HEC
WS TR, DGR BEEARME R 254 2.61%, TESCEIR
A EIE
2.5 EREF R X Cys MSZHIRAASR

¥4t R 5 Cys Al gEEAIMLCUNE 7 7R, Rosa-
mine ‘H 2L HABRAV B FHE YT, H 9 v AL
HAIMLT o, pAVRIFNEE (B ) (48 = 52 i PR,
LAY T RE NS AL & 2 Michael B N . S+
S I, FETFIR 2 PRI TR 25 FEEO SR PRI 2
FERE AN AT 5 Cys 28 Michael HIRTE s B=hn-&
Wy, b n] P —H KA 43F N retro-aza-aldol K2 W I 2%
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Table 1 Comparison of the designed probe with other published Cys probes
B4 2N (pmol/L) R (umol/L) EE PR
HO,C 0
o O 0 o — 0.58 [26]
A0
o}
oA
O 6~20 0.29 [27]
X
AN O 0 \I%/\
§ Piey
\ Cl
N
— 1.77 [28]
o
NN )
A oA LN % 30~200 1.4 [29]
o1 I
cl
Ph
Il
O 18~70 0.18 AW
A
OO
S N a
= HOOC n
HOOC 7S HNYS
NH,~~ph { "Ph O
O e O o . HoOC_ N

L{o}g

S WO, S
ﬁov Yo b

T >-Ph

) +

K7 #EFR 5 Cys g

Fig.7 Possible interaction mode of probe R with Cys

FHICHPY, 254t R 5 Cys VEFIIA R L ESI-MS #F5E
JMIESE T iR W #5458 . R-Cys IR &R 1Y) ESI-MS J&it
FEE] FAFAERT N 2 088 MR([M']) 4T85 T4, iF—
# leXT R-Cys IR R 5S84 MR 92 00HE, KL
TG X RIRET R S Cys IV SR T MR
J P, MR B i fdifd o ettgnm . HAA S Cys JRghty
fY Hey F1 GSH B vl 5#4 R & 4= Michael Ik
R, AR PR Bl F1 2, 2 )5 50 IR S AR 2%
1&g 101824 URFRIE i MR & 51285, AN THuHEr R %)
Cys MRS,
2.6 Mot

IS UEIRED R XTI BRAE S b Cys &l (g Al 47
PR, A& B SPE RIE 7 R, W T 405 WKy . 5 SRk .
FIRKFE S Cys S hE. S I E vianf 2, ) 2F
W WKy . W IR KA A R K FE TP INGE HE Y Cys bR
HEAG#& W, DU AE ISR, ange 2 IR, iRk, [k
K AR R S ARAGIN E] Cys, FISE. SER . B AL

B N Cys W HIN 4.37. 6.56. 4.87 1 4.58 ng/kg,
HEAh, ARFEFRES T Cys [FIRERAF 96.4% F1 102.8%
Z 6], FHRARUER 22 7E 0.1%~2% =2 [8], 23246
T K AR WKy SR SES . RS hp
Cys AU mIE, n] FHTSLBREEM ST o
3 ZEip

Cys S EHrEMY o, HAEE M 5238 T
MATEE . ARF5TE I FE Rosamine 2% Y6 40F 8
BRI AN SPRBL I NASE 25, PR A v R iR
Cys P2 6#R%t . 7F pH9.5 & /KR £, i 84 vl i@
i Michael Il & 43 F W 3R 1k &2 W SE E10XF Cys
FBEREPERIN . SEBRRESH ST R, 2R ET AT T RAR
B Cys e G2, (RIS Rrekatt, /KisE
AR . BHAET, 3E T 2O6EE K I R AR & b
Cys WFgE /b Z 25 R M T Cys Kl i) i =
. = LEPERYIE T Rosamine o G4 Amr
% HEM -
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Table 2 Determination of Cys in real samples
FET CyshrifEMA Cysill3E [ (%) HERARUES 2 (%)
0 ND
B sk 20.0 19.5+0.3 97.5 0.8
40.0 39.3+0.1 98.3 0.2
60.0 60.7+0.2 101.2 0.1
0 ND
H ke 20.0 19.6+0.2 98.0 0.6
40.0 38.9+0.3 97.3 0.2
60.0 58.9+0.3 98.1 0.1
0 ND
Ay 20.0 20.3+0.2 101.5 0.9
40.0 38.6+0.1 96.4 0.1
60.0 61.5+0.4 102.5 0.1
0 ND
e 20.0 20.5+0.4 102.5 0.7
40.0 40.5+0.3 101.3 0.2
60.0 61.7+0.1 102.8 0.5
0 4.37+£0.3
Eise 291 7.48+0.4 102.7 0.6
13.8 18.3+0.3 100.5 1.0
19.7 24.3+0.5 100.9 0.8
0 4.87+0.4
b 2.56 7.47+0.3 100.5 0.9
12.2 17.3+£0.5 101.2 1
17.3 22.5+0.4 101.5 0.7
0 6.56+0.3
. 0.51 7.16£0.3 100.7 1
6.43 13.2+0.3 101.5 0.8
11.6 17.9+0.4 98.9 0.5
0 4.58+0.3
5 2.01 6.63+0.3 100.6 1
8.60 12.9+0.4 97.7 0.8
18.5 22.6+0.5 97.9 2
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