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Recent Advances in Fluorescent Probes for Biothiols

Chen, Li“ Li, Junbo” Chen, Dugang™*
(Key Laboratory for Green Chemical Process of Ministry of Education, School of Chemical Engineering and Pharmacy,
Wuhan Institute of Technology, Wuhan 430205)
(School of Chemistry and Environmental Engineering, Wuhan Institute of Technology, Wuhan 430205)

Abstract Biothiols, including cysteine (Cys), homocysteine (Hcy) and glutathione (GSH), play an important role in life ac-
tivities, and the fluctuation of their concentrations is closely related to many diseases. Therefore, it is of great importance to
detect the content of biothiols. Among all varieties of techniques, the fluorescent probe demonstrates tremendous advantages
ascribed to its good sensitivity, high temporal-spatial resolution, noninvasiveness and visualization. Taking advantage of the
commonality and differences among the three thiols, namely, the similar reactive groups of sulfhydryl group and amino group,
and the different molecular size, nucleophilicity, steric hindrance and intracellular contents, various recognition mechanisms,
such as Michael addition, aromatic nucleophilic reaction and concerted addition and cyclization reaction, are all implemented
to realize the specific detection of biothiols. The research progress of thiol fluorescent probes in recent three years is reviewed.
The fluorescent probes that can selectively respond to biothiols as well as to Cys, Hcy and GSH are systemically analyzed and
summarized. The molecular design, recognition mechanism, fluorescence properties and imaging applications are emphasized,,
and the application of biothiol fluorescent probe on monitoring life activities is preliminary introduced. In addition, a perspec-
tive of future development in this area is also presented.

Keywords biothiol; fluorescent probe; cysteine; homocysteine; glutathione; advance
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Figure 1 Molecular structures of three biothiols
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Figure 2 Schematic illustration of the fluorescent probe
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Cys, Hey 1 GSH {E45 ¥ L #0 B A I SiE 1 55 v 1
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¥« i PR AN PO UL 45 A A T 3 AN T 35 ) S R
BB RO M RE SRR A RN, e
PRPE R 22 R AE B, U0 6T AN [ A 5 et
B b3 R AR AR Ak, AN T S B Ao B I ) A S A A 0

WAL W2 BURE 7 — Rl DL 2,4- R 2 IR R R A
(DNBS) AR BT s (1) 2 AT 8K HE 5 7 (Stokes) 7 2+
RIAHRLIE R IERER 1 (Wl 3). BT DNBS HJ5# sk
R S B T N DR BCR AT RS (PET) UM, AT
FEERER > T K. MARE FTTE I LA 4-52 0
K& 2B (HEPES) &2 il (V/V=1/1, pH=T7.4)F N\
BREENS, $ikt5 DNBS KA T HIURA, HH M
SR, AR G ] 1a HETF 5 0, TR A
420 nm ZLF£ 3 480 nm &b, K HSUEN 640 nm. F A, Cys
S PR VA B W D R B R, PRET X Cys. Hey M GSH
BRI BR 43 30 0.114 0.47 F110.35 pmoleL ', H ATi%E
B E RIS T MCF-7 203 st A B I 1 ¢
AL

[E A% LA DNBS AiRBIAL s 158 e EREHE A 2,3 F1 4
(F13). 2019 4F, RAHG DI AL ERAT A9 98
R T KM R ET 2. AR BREE IS 7F 613 nm &b
R BEZIN A A, R AR miA 115 nm. FHE
TR DO R AN B L, AT AR
B CHRET 370 4, DS T HeLa 40 AR AR BE 1) 5%
AR

B 75 2D DURY 56 25 3% I (NBD) Ay 15 51 & [
E T ATBAX 2 Cys/Hey Al GSH (I XGETE 2 G RET 5
(Kl 4). 5 NBD Hysmik B 451, 300 PET AR {HH#
By F 15 GH K. TERENFTAER PBS A CH;CN VR
EEBR(pH="7.4, VIV=8/2)FF IN NEREERS, 2K AN
AR N, Brege e, AT AR S U] NBD A Bt
ML &4 5a, REFBAK Y 625 nm. 4 FT I B A2
ANFEIRE, FrAEm NBD BRI HWA—FE, SEH
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Figure 3 Common biothiol fluorescent probes 1~4
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nm A& TR SIS LS T %, [RIRE 412 nm 4 H 3HT 1M
Wi, 4R KN 419 nm I, REHE 498 nm Abf S
ek i 2R, JEH Cys/Hey -SRI GES L
GSH 58; LA 518 nm UK &, #REF/AILE 573, 6164 727
H1783 nm ALK 4 DNUOGKIN; HEELEERIN Cys/Hey/
GSH K}, 7573 F1616 nm AL 174 65 5 B2 38, ife
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Figure 4 Common biothiol fluorescent Probes 5 and 6
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Figure 5 Common biothiol fluorescent probes 7 and 8
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Figure 6 Probe 9 with aldehyde as the recognition site for Cys
detection
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IS SITE T e EE e, AT 274 10a, K I
8 525 nm, PEFEHG5E H ISR TC AL s sk (R llfR
N 61.7 nmolsL™". 5 Hey Al GSH AL, Cys 7] LL 5484t
LT A R -G oo, I Cys 5 Hey #1 GSH X

Chin. J. Org. Chem. 2021, 41, 611~623



Chinese Journal of Organic Chemistry

REVIEW

T

B 7 CAREEY IR L) Cys ZOEHRER 10 A1 11
Figure 7 Probes 10 and 11 with aldehyde as the recognition site
for Cys detection
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KRy 25 pmoleL™". i Hey MUY BE SR HM/NAE
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FRIEARNR DN, A Cys 5, BES ap-AHFETEH 5
RAE 12-I0 B, AT RE SR B At g 2 (80 1) -m L5,
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KK, 75620 nm AbH B3 ML ORI RS, RIHEE
#4030 %, Stokes f7%4 150 nm, FMFRA 3.2 pmols
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min PR GERE TL T3 KA. BRET Cys RILH
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FHEHRGE T R T PET/ICT XU KAL)
XOGTFIF R R ZOGERE 13(B] 8), Hirr, okt Wb ikt
A PET SRR, HRIE ARG K ICT %
RL AR, SREFEE R A KRG, A
(1) Cys 15 B SR MV J¥g 38 2 o A2 308 5 ZR o RS RH B A 20 Bk
SN, TE 2 min PAERCHEIA 132, 30 min ARG
13b, 7E 446 nm 4bTF 7 2¢ 6 H G am B 1658 3000 %, &
TR 1.4 nmoleL ™', ZEE T =R N 0.782. HAEMK
AT HeLa 40 Cys FIXOE T RE.
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Strongin /N2 IE 1 I FH TR I R T 0 A A
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T O8N T — b LI 7 T 5 A R 31 2 1
PHREN 14 9). BTN PET /EFHT,
PREFTE DMSO 5 HEPES IZeiali(V/iv="17: 3, pH=
THFEREARANR G, TIMAK Cys ReS5#RE R A FE
B 58 /K IMBOR 73 P BROER S B, 467 H N R i, AT
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B9 TIERRER I RIMEAT I Cys IEREE 14~16
Figure 9 Probes 14~16 based on addition-cyclization mecha-
nism for Cys detection

umoleL ", TIRHEEETY DL — B 5l SR I R 5 6 45 A
THRE 20(E] 10), KEFHEKA 673 nm, IR 0.16
umolsL . SHREF 20 8L 1T T 52 IHR0E 1 PRE 21
(K 10), ZHHEK N 631 nm, FIFRA 0.26 umoleL .
RS B T PORIRER 22(K10), BATHEKA
770 nm, KIIFE A 0.1323 pmoleL ™", %R M@ B
LAY DAY R UL 5 P € FR) AR A, 7 RIX 3 7KV R R 1)
Cys. Hey fl GSH. BRIESVIAH RATENDOLI
B XU T (TP e 44T 23( 10), 125 Cys JG#E 611
nm ALK HR G, PORIEER 51 %, AR A 24.1 nmole
L' BRALRIZETE T — R DL B8 R AT A A O
(11 D-A-D B 5% e 84T 24( 10), N T BRIRIRE I A5
5, TR TIPS R b — N IR IREE 2 4],
i PET 1 A RO KIRET 2. R3] Cys Ja RS K
4 615 nm, IEHEEE 11 £5, KIIPRA 1.55 pmol-L ™.

BRULZAb, A —Be TR RE e ok U 4 it 25 P
Cys. BRAKIBZEUSILL 1,8-28 — HIBE 0 BT A= 0 R o e Jk
B, LL 4-(2-%Fk 255 ) M bk 500 g Y5 T A 8BS ) 6k A 6 ik
T IR T AT 25(11 10), FREFREIE R MEHIEE AR
WEEIAN E S, B Cys Ja, KK 550 nm, &l
R4 0.069 pmolsL ™"

R AL Fr O R AT AN RE R AR BT
VN SR G AT BT RO IR AE R (FRET)
(1) LE A9 AR e 26(1 11). FEIREFE W, B PFII
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Figure 10 Probes 17~25 based on addition-cyclization mechanism for Cys detection
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A 55 B SRR IR R LA B TE] =) 272, 4 Cys (%2
LSRR G, FiIE R — b 5 Hi T ORIk
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5, DRe GBI SR, GSH S54REF K AT
TR AR NI 2= e R P20, TR TR
T EEARE, FE GSH RUESHE 1k
TN EHR N, B Hey M1 GSH HIfEEAR ST
TRELXT Cys AN,

FOR AL R T TOLIRED 28(F 13), B UIRE-F
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=7.4,25 C)HEREF MRSy 513 nm, I Hey B
76 3 min W SEREN R A R INBR N, Hh R AT ) 3
HEGER) A R 2-a, i 448 nm AbH BLETWAE, 513 nm
AL IR ST U T T %, TR, A58 6 R S 9 BEFE 625 nm
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Figure 12 Probe 27 based on aromatic substitution-rearrangement reaction for Cys detection
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ITI S hll HOOC™ N N H,
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o
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28b

B3 5 Cys HBRE 28

Figure 13 Probe 28 based on aromatic substitution-rearrangement reaction for Cys detection

625 nm AL FGR 1 EUAE AR (Fase/ Foos) i 5 Hey IR

AR EE. Horh, Cys f1 GSH B HBE 51N

PRI FEE AR 5 e R B PR AR A, T e B R BRI I AN AN 2
PR AEATATT .

BB T B IR 4R E R T IRER 30/ 14). £

Fi Al HEPES (V/V=98/2, pH="7.0){E &AW, Hey fit 5

AEH TG IG 5 10 £,
Xt Hey MIRHIIBR A 54 pmoleL ™.
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BREF OB R A PR I A N A3 2 724 30a, 7 380 nm
TR T T HRM 1.6%I8 N E 4.8%,

fift 1F U 2 BT i Suzuki fBEE RN AR T BA
D-n-A ZEHIITT A B ERER 31(F 14). BT HA ICT
MEREFE T KA ERAIEE) N, #REHELL DMF A7k
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AR EY, BEE R R A K ELGI BN, 6% 0 1o,
Y EIKEILE] 70%H0, WHER A RIR R, H24757K
A T0%IGINE] 99%H), REMKMTEES KEZ, F
Fow ot B GO, 5 5 FE SOE T RIS, R
EFFTTE DMF 5 H,0 WABRIV/V=9 . DA Cys
J&, SN Hey B3 205650 BEAR LLEL, Tuey/leys I L
HFEE 19 5, R TR S Hey RIS
LIS Cys R MAFEIF F e R e, FEERES Hey
(S S Cys BEHRL. 1T GSH M2 e G S BR I1 i N U 5
RO LT s, PR, n]E a5 S5 FE R AR AL
¥ Hey 5 Cys/GSH B IX 73 FF2K. 8% 4T Hey iR
AINLEE, 562 Hey MZZE S EREN RImESE R AR I BT 1%
P& TR, Bt S 5 3 3k 00 i A 0 s S B2 T J 7S 76
ERMEY) 31a, BHKT T ICT RS MM 2¢ S 3 58,
REFH AN 428 nm, KEMIFR v 0.2198 nmoleL ™', Zix4l
RIS T35 HeLa 40 Hey 986 pif%, NAEMIEE ¥
N K% Hey 1RV R 40 1D REFRALA 240 T A,
1.4 BRHRKERMERAIRE

725 WL AE YRR EE h, GSH 240 9 e & AR R
AR I, E4ERRA0 A P9 AL R PR A TRt B
ZEH. BT GSH P& L e AR K, S8
i HHE R AR N AN TR, H GSH 454
PR SNSRI I B, IR MEAR Cys Al Hey —FEBEITR
BRI M T B N, [H I, Rk H Be ik %
PERTI GSH % e EN AR K kAR,

1.4.1 458 RAeR B

B IR I S R S AR AT AR G, BT A SR IR
S HLER (2 YR S GSH IR PEAS . R
RIS IE T OO IRE 32( 15). fEIREFEE T, &
ST DLTE A AR 0, S8 IR R BT M 4 AR
S NVU TG R B 2, 1 T & 7o 2 AR e
P oy a5 R B P AN R BRI A AT DA ORI 1, 98D
REF SN BRI E. TREE 32 5 GSH R4
AT T R o KIS S A A S ) 32a, HORF GSH i
BEHB(K)N 3.7 mmoleL ™", FHUZERE AL TG40
MLy GSH It AT, PREF 32 J2 %% ) 4] 32a 737l 7E 405
F1 488 nm (PR T 15 B SR R S5 il A 487 Al
562 nm, @it m‘fﬁi}#mtME}{{Jc(uos/ugg)T =il
GSH W& . K& Cys/Hey Fl GSH X i #REH B A AHL
EJ’J{JQ%EJ“ WETE, (H TR TN Cys /K
HH AT 100 pmoleL ™", Hey HI & & K, [Fk Cys/Hey
MTEREHN GSH M5 5 TR/, SREFATH Tahis i
D2 A P R AR S5 TR T IE A GSH & & 484k, [
E, Yoon ZEPV4 BT R HL R A5 e 1R ET 33 (] 16).
e GSH RPLJGE, RPN 560 nm #EFE 2
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31a

B 14 ReRYERI Hey ROERER 29~31

Figure 14 Probes 29~31 for specific detection of Hey
488 nm, fE 450 nm WK @i % 6 B F AR (Lass/Lseo) T LA
SEHLXNT GSH HE R, 2019 4, 74k 2505
Rhodol KIHIFIEA D-n-A G5 HIEIEE Gkl & T
Ee R A iREE 34( 15). RN I GSH
R85 70 FR O 00 e A2 30 5 2K ISR B, AN T L BB
HAEEW o LB, fd 688 nm ALY G 5REE B ETR, 1E
560 nm Ak HIHT IR R S 0 ST B G o, DASE G BR FE (1)
FUAB ARk (Isgo/ Toge) SEBNT GSH F & s A, 600 FR A
9.43 umoleL™". i, Cys M Hey HIZINAAE 560 nm Ak
SRS, AREXT GSH IR IE BT,
142 FHEFBBRARARE

H T ER 5T Re 5 AN R I AR D IR BE 2 18] R AR SR % 05 7
AR B R S 7 AR R L BB, R e S OVR A 2-(4-
PRI IR Z ) -4 H-1- 28 FF ML -4- F R AL 35 Ge Rl N ol
16 5 7 AT LA NIR XUETE % ERE 35(181 16), T
EPEMEIB BR LR KR GSH. RET R ATE W] W6 X 8% 5t
WIS, R GSH JG, St BORE ke, KAE

http://sioc-journal.cn/ 619
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/—COOH
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33

B 15 2% T Michael MRS GSH /%5 32~34
Figure 15 GSH Probes 32~34 based on Michael addition

C4Hy00C
3

5¢c

B 16 HTFHEFZIAUA GSH 4 35

Figure 16 GSH probe 35 based on nucleophilic aromatic substitution

AT E AR N R P A2 6 4] 35a A1 35b, K
SRR 54 520 F1 810 nm, #¢ %9 i 3E i 0m, A
PR35> 24 F1 32 nmolsL ™", Cys A1 Hey [ 3 nl LR
ib 5 5E 6 ST IES S5HEA—SAS e, EREA A
P R R BT AEY 35¢, MK GSH 5
Cys/Hey XAk, R, 7% 35 BeAE/N RS R iR X 4y
Jitg A0 9 AL, TR T NIR  BRAGAS I S A4 fih
B, TEIRPRIZ I - BLAG T i B S T 5

2018 4F, Yoon ZEPNEpk T LAZE — HIELI L AT A
(SNp)RIHEFH AT AEMN(CyP) ARG, DA i Sy 1H ) 2
HH [ U TE T 8 AL 98 e iR 36 17). B TURRIA 1)
LR T R T N B TR N, T 5 EURETE
AT UL DX R R 55 7% ), GSH 5 2 R AR SR IZ U
SN, AR NIR RS9 36a A WG K& 574 36b.
PR PL 700 nm BORES, 7E 795 nm Ab KR S5RDEE,
IR 17.1 pmoleL™"; 24LL 390 nm ¥R E, 7F 495
nm Ab & ST, KIBR A 15.3 pmoleL ™', 4RI NIR
POCERFFE. RSB I GSH J5, iR Bohs
BhfEHE I, SEIe R REN S GSH RN 7 5 b HAh &
RREEEL, HFEHX GSH 780 We AL £ 4him iE
B HAT R B £ 1. 2019 4E, Yoon SR g ik 5] A 4y
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TEERI R, DABH B FAE T R Zeobifhk, LAEns ki 25 1k
UG AR, G R T B O Al PR R NIR 58 6 HRET
37(F 18). I GSH A B BR4E L& G BHER 77,
PEIS AR AR S B — AN S A s, (H 5] T AN [H]
MISEAZ 5 B BRI, 2B T AR R RS 74 37a
F137b (5 # AR E LRI & ), E 785 nm AbH ILHT
PR AT e, B VA VR £ TR B B Ak (9 LA
710 nm AFCRBAKCE, 76 812 nm kb6 B, K
MPRA 11 nmoleL . ¥ A B T KA AL 55 S
ZRPL. 2RI CHREE.

SR EP HA R T — R TR GSH
R LRI RE 38( 18). [IREHAW I GSH
Ja, APMEN: —MEMAER GSH, BODIPY
ANEETHERIERUR, Ak 38a IFFEBED s gk (e A8
REE, REFEK 530 nm ZLEE 562 nm, KR A
13.6 pmoleL™'; 7 —FE AL £ GSH, AR T
PR SR BL A, A i 38b FEFIE B ¢ ' B B (i AR R 41,
RAHEEM 562 nm L0 EN 597 nm, KL LE
(Isor/Ise2) B3 4.6, FIFRA 7.9 nmoleL ™", M5
GSH W5 Ll A, 1 At 2 A 0 76 A8 7] 2% A
AR PR L A 0.1, SR AR AN 10 7%
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36 36a 36b

37a 37b

B 17 ST I5E R R GSH #4] 36 A1 37
Figure 17 GSH Probes 36 and 37 based on nucleophilic aromatic substitution

GSH GSH
il L =0
excess

GSH

39a

K 18 GSH ¥4l 38 fil 39
Figure 18 GSH Probes 38 and 39
1) Cys # Hey V. 5 min, 2Xf#4R%EH7E 530 nm AL 5% LIHHIROET AIE B AERE 39(181 18), T Ekifk N
K, 24 h JE XA T HR . GSH . 76 DMSO 5 H,0 HIRERRH, &K
MR Y R, AR DR T — R TP 2k M OB INE] 50%F, T TICT %08, #EFHIPOEHmE
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WA RBP4 7K AN 50% 389 N 51 80%
B, BT AIE 208, 2G5REEREINE) 11 %, RAFHAK M
638 nm 23 586 nm; T 2475 K E M 80%IE N 99% KT,
BT REMR T, G50 2 FE 5 B K A
B BRAR. R%ETH7E PBS 5 DMSO KR & ERTH(Vv=
111, 120 min) R A5, AR S, BT GSH 1
oy TEE R R FLR AL SREF kg 2 (R AH EAEH, B3R
FLRe (AR LR e A SR A B OB, P I 21
W s B ASE 2 o B0 40 il 25, AT AR B 1 2K 4] 39a,
PR BRELE 500 nm AL3E 0, 7E 631 nm LbiEb, B
B LR RGN, KPR 0.61 pmoleL ™' iZ5EHAR
AT DA MRS I B b 4 A R 1A % &K, IEReH T
I3 HP s B A, TR S RS W e R e 1A
H

2 HiIESRE

I T T AR AR P R o G PR AU ) Bt Tk
LRI R 32K, 73 0lZR8 T X% Cys. Hey il GSH B f
EEEMEM DO EIRE, HE—RMELANA T AR
ML, [RIB XHRER 2T vh s AR AT A% R
UL, ATLAE B, EXT B AR I FE R, 4R sk
S =P vivk = 5 N =T =1 01 Ok paScY el I S = B TR e
H R FISUOE TR 1N, S 30 i AN A %
KRRLH, KT A ST D T OREEME.
Pem THRFERE, MRRGERERESGE. BAR
LT ROICFE VO EIRE I, Sk TSN F1E
IR A2 5y BRAR F BRI KBRS, IREE 6
EHIF R SR TR RS, fEARZRIEXBE IR, 1
AU A RAFED, (B RAMAEE—LE ) (1)fEE R
BERZ IS E VE B e A (2)PRET7E4H P PY ¥ B RE
TR AR, RIS, (3)AHHE P =l fi 5
Bk BE 22 S UK S B IRE IR B I R N T 4R B ff o
X, R TR AR R, A ENT
A ITAERELE, Regs ARE) AR .
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