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Research progress on sulfite (hydrogen) ion fluorescent probes
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Abstract: Sulfites and bisulfites have been widely used in textile printing and dyeing, pulp and paper
making, food, and healthcare, which cause the enrichment of sulfite ions (SO%’) and bisulfite ions (HSO3) in
the environment. Meanwhile, endogenous sulfur dioxide (SO,) can easily hydrate with water and transform
into SO¥/HSO5 under physiological conditions. SO?/HSO; can replace the biological function of SO,, and
the abnormal levels can lead to a series of physiological diseases. Therefore, the detection of environmental
and endogenous SO3 /HSO;5 content is of particular importance. Herein, the research progress on
SO3 /HSO; fluorescent probes based on reaction mechanisms such as aldehyde nucleophilic addition,
Michael addition, double bond addition, and deprotection was summarized. The design strategy, sensing
performance, detection mechanism, and application of probes were discussed in detail from multiple aspects,
such as response time, detection limit, probe type, and detection environment. The performance data of
different fluorescent probes were visually compared, with the differences in the structures of fluorescent
probes referred the reasons for the differences in their SO% /HSO; detection results. The reaction mechanism,
design principles, and performance optimization techniques of SO3 /HSO5 probes were then thoroughly
discussed. Finally, the future design direction of SO3/HSO5 fluorescent probes were prospected: The
multifunctional fluorescent probes with high sensitivity, high selectivity, and fast response characteristics
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should be developed to simultaneously detect multiple ions or biomolecules in order to meet to the

complexity requirements of detection environments; Combining artificial intelligence technology to achieve

automated and intelligent fluorescent probes for detection and analysis.

Key words: fluorescent probes; sulfite ion; bisulfite ion; reaction mechanism; detection of samples
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Fig. 1 Detection mechanism (a) of aldehyde group as SO} /HSOj3 nucleophilic addition site and four fluorescent probes (b)
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Table 1  Fluorescent probes with aldehyde group as SO3 /HSO5 nucleophilic addition site
BE R e e e S 2%k
#%F 1 SO3 /HSO; HepG2 4 — 100/80” TURN-ON  pH=6.0, & 2%Z W28 Ml (8]
e 2 S0 HepG2 40 i FliHi 7K <10 8.1 TURN-ON  pH=7.4, & 30% DMSO 2% il [9]
¥4F 3 HSO; HepG2 Fll Hela 4l i 100 0.43 TURN-OFF pH=6.0, 28K [10]
e 4 SO U20S 4, k. A 1800 0.35 TURN-ON  pH=7.4, S [11]
T =" FRSCT R K ; DU20S AR F S PRI ; HepG2 ZIRAEANTIMRANE; Hela M4 ; @Znh

WO N TR IR WA A B T MBS S R BN ;. DMSO WA D FA 2 nmol/L, T IH.

1.2 REZEE C=C $#4 SO3 /HSO: /N i &
1.2.1 Rifwkwhih C=C 4t
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o L AR HLA SR BB ) B S5 A A AR SR FL
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AT ORI Y - EHER R R I g A S
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fis (TPE) FRJFMEES &, WE T HAREES
K6 (AIE) Hik H BA LR ARHE 15 3 B 10 26 645
£t 5( [ 2b ). 5 TPE % 32  2R L i &8 404 > HSO5
B L, inA HSO3 AR, HSO3 -5 4 I itk i 8
I3 By C=C & 4= Michael BB , BEIR T 20719
IR R, 455 nm AL A9 ZESE0R BEAE 20 s PN i 1G5
SR, BER 5 X HSOS KRR >4 27.22 pmol/L (5
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sy, P B S ] e R U 5 # Y S R LT, SO3
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TE 788 nm Ak 2R BTG T %, 515 nm AbAg2E
SCIRE BER, HAE 5 s IR, E 7 X
HSO; AR Jy 3.3 nmol/L (% 2), W5tk &I,
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Fig.2 Detection mechanism of C-4 C=C bond of benzopyran salts as addition site for SO3/HSOj; (a) and four fluorescent

probes (b)
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Table 2 Fluorescent probes with C-4 C=C bond of benzopyran salt as SO3 /HSO3 nucleophilic addition site
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BRER 12 B9 Ry P HAt 16 /N4 S oA AR, R
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Fig.3 Detection mechanism of acrylonitrile-based C=C bond as addition site for SO3 /HSOj5 (a) and four fluorescent probes (b)
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Table 3 Fluorescent probes with acrylonitrile-based C=C bond as SO3 /HSOj addition site

w4t %ﬂ Hol e T (ﬁfil"i/) FREE S Ko 4 i;
4o SOI/F . WIKFAT 20/13  8.16/14.0°  LL#% pH=7.4, &H 80%Z &% ik [18]
BEF 10 SOT MCF-7 4 jfd gt 5 5 : TURN-ON  pH=7.4, %A 10% DMSO 2 Mk [19]
PREF 11 HSOs C6 4 . K E koK 1 L3 pH=7.4, 2%k [20]
%412 HSO; A549 i) — TURN-ON  pH=7.4, &% 10% DMSO 2% ik [21]

DA549 AR NN, Co AHARARF K U BRI 4 ; @57 nmol/L.

1.3 ap-ABFNERNH SO /HSO: ML AL A

— M o AR FNEEHE T 2 PSR I K 2
BHA, Y o f-ANHFIENE SOT/HSO5 & A B 1
B, SR Pu gt BHWT , 20 (E 5 KBk,
5 B b 2 By L A 1 350U & 4a),2020 4, CHEN
LR R R I AR IR, B R AR N W T
ZA, I c—=C BEEAS BIDOEHER 13 (B 4b ),
RfiE HSOs BN, IISEIE H I A IS,
WE R EAS A TC A [FE, 593 nm &R 9EE5R
PEHCR R, BESOGHIR K, &b, BRE 13 X
HSO; AR # 0.4 pmol/L ( 55 4 ), K% 13 [
ST ) o 1 7)) o . v LT D [V £ R RS
JKFE T HSO3 1Y L 20 1 Eb 38 B AN

2021 4F, WANG 255 F 1 8- 28t e - & T
WU R ()56 635 14 (D 4b ). MEREH 2 Py
C=C # L5 HSO; & EM B N, S 33tk R
W IR, RS KN 580 nm Zb#EFLZE 510 nm At
oS B NN =S = RS E= S N1 |95 VA =R D7
AT ALY HaO, 5557 M b AL B O R EE 14,
PRI R =AW IR S Wk, R, % 14 58
SEELNT HSO3 A1 HYO, AS N, I B B4 A6 Pk .

28, R 14 XF HSO5H1 H,O, ARSI R 351
2.05 F14.23 umol/L (3 4 ). #EF 14 BAFEARM40
MIFEME, AT TSR HSO;H1 Ho0, 1Y A 36 58 6
1% BLAh, BEF 14 REA RSN KN
pH (3.0~11.5) & FHYCE, PAT ] 72090 F0 b
B RR S HSOS Y RE 0BT o

2023 4E, SOWMYA SRR T —Fif b (6 504G
I HSO3/S05 Y HENeHRET 15 (& 4b ). MFET 15 %
WA HSO03/SO3 )5, ¥ AE1E B BHES 13 it
TR (FoNbidt = R ke, CTAB) $24LAa
FAEAE A ST 0 2 W 3 & 2B s R, 5 B
MG B RS , AR ETE 7 min N AR (A8
BT, S, BEF 15 X HSO5 1 SOF 1 6 IR
A3 0.43 F10.23 pmol/L (36 4), A, 4 15 11
AT b AR AT i 2R 5 HSO3/S03 A AN

2023 4E, I HSOSHI ClIO 43 JIRE 5 C=C ¥t
S M N R AR AR S B I ML, SHANG Z5505F
KT AT EBEPERI HSOsF1 ClO Y AL RE I 41 41
DEICIRER 16( & 4b ). 54T 16 FEAR M AP 1T,
HYEWAE 655 nm AL 41 650G, A HSO;
J&, 655 nm AbFIPEETREFE 100 s N B HTREAE 2 58
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FHATR  RUL, ¥R 16 SEBLT X HSO5#1 ClO A
M, HXF HSO; M1 ClO™ ARz BR 45128 95 A1 130
nmol/L ( % 4 ), W4R4T 16 il 1E L ELA e kA RE 1Y)
RACSE, T = A I S R /KA FR ) HSO 1 CLO
WAk, BRE 16 BB RS, AR N

ZE TR, Lh e f-ANEAIE R SO /HSOS Mk

A S BB E % , SO3/HSO5 5 a - ANHu FIER %
immﬁfFA%ﬁfﬁmﬁ%mﬁwﬁ%%,ﬁ
FrRZHON R, R T b ol sk ik R
FOOCH T, RS RS B R, Hi% I
BIDECHRE X SO3 /HSO3 Y i 1o Bsf ) 5 o PRIt
BERERET S SO3/HSOS 1 5 R 2 2K R
%ﬁ%%ﬁﬁ

HERZ S BN HSO; Fl ClO™ Y% e A%
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Fig. 4 Detection mechanism of a, f-unsaturated ketones as addition site for SO3/HSO; (a) and four fluorescent probes (b)
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Table 4 Fluorescent probes with o, f-unsaturated ketones as SO3 /HSO5 addition site

; N M Litaill ; 5 %
% Sl SRl KT GIMIEREE
B Fsallk7 e R - (umoliL) PRETT HEMEREE ik
¥4 13 HSO; ELTKHE ( ASRKAHRITIK ) 5 0.4 TURN-OFF & 80% DMSO /KA [22]
¥Rt 14  HSO3/H,0,  Hela 40 BETh4n 35, — 2.05/423  wlg pH=7.4, % 30% DMF 2
[ [23]
R R 2 25
¥EF15  HSO3/SO3 Wi 300/420 0.43/0.23 (o, pH=74, ¥ CTAB Zi [24]
¥t 16 HSO3/CIOT  Hela #iifl, BEfn. R 100/60 95/130°  TURN-OFF, pH=74, % 50%DMSO Zmiy  [25]
Ak R, H

DA N nmol/L; @DMF {E N, N-FHEH iR, T,

1.4 IR MBI
fir
WEMRER | nglIeEl | nfk R £R s kbR 45 5 —sul

Seye ki i X L A S B I, YOG R

KA KK gy B g, e XU A

SO3 /HSO HEAT LS 1o, , BT T H B i 3L ie ik & |

Bt DO YRR B 5, SEEXT SO3 /HSOs Y

Kl (& 5a~& 8a ).

1.4.1 vEed 3
2020 4, ZHANG %500 — HIEER3E (T

HEfAR ) FZRIFEEME R TT (24K ) 3l I O S

BERE, TR BT SO3 /HSO K iy L €8 558 5

BREF 17 (1 5b). A SO3 /HSO; 5 L4 B XU [t

NG, SMERRET 17 lALBEiR R, BHIM ICT i /2,

S LM AR SRS kA AR Ak, 525 nm Ab i)

W REERRAIG, 600 nm Ak A2 G50 B B T REAIG,

iR et -5 17 A S EAn

REE, HAMBE A 2.01 pmol/L (£ 5), Fo izl

i T Hela 1 4 20 161 DY SO, AT AP0 A9 A%
2021 4F, LT ZEPTIF & 7 S F 2R I WEmg 13T 21 4k

POCHRER 18 (B 5b), W TARIFwems e £ AT %

. MEREFNEEMKER 5 SO /HSO; 0 A%,

il A 16 R, AR AT 18 WA %L S, B
SR FH RO T B AG 2 A X 75 it 1< 1) 86 5 A AR AR S i
AR < SR s e N /s | B DR 7 L S B R
WE, TERCHL M P o F N AT (TICT) &, flifg
EHABRINDEE, (B C=C 85 SO3 /HSO; k4
PR B A T TICT 2 7%, Pk, #8%t 18 7 682 nm
Wb FR 8 T B R AR . TR, A 18 X
SO3 /HSO;Hy KM FR 4 1.88 nmol/L ( £ 5),

2023 4, LI PO Foob R R B
(FRET) HL3, DA G RIOCH A, FRIfmemk
Yk R Z AR, WitA R T 2 HEr 19 (Bl Sb).
H THREM 3 T4 TP Y C=C i [l 28 st fig i 7= 1
TICT 1478, SEZIRM DR EREAL; FE, Zik
) C=C #7] 5 SO /HSO; & MBI, K,
AL 19 W] [RIAF RGN 25 A5 A1 SO3 /HSO5 155
o MEE R R B RGBS, BEE 19 Z5H R e 2
SN, ZOREI D EERBER N MR R INA SO3 /HSO;
W, BRER 19 2 F L PELE Rt IR, FRET s 2 bk
BELIBE, & EFIEKA 140 nm BUTEHS , TR M ZL (58
AR, AR, TREFXT SO3 /HSO K FR
72 nmol/L (£ 5). Kk, % 19 XEEEA SO, Ak
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YIHARCEWL, AW 88 I Hela #1 L-02 4y
WIS AR % T R

2023 4F, LI ZPBLFrRmgrEkLs i, DL N,N-
TRt R T RE A, R E M e R R A7 TS
A, AR T RERS L] HSO 1Y E R e84 20
(& 5b ). 24 A HSO3 A4 120 s 4, %41 20 7F 450 nm
Ak B D5 B B T, T AE 605 nm A [P G
GRS, WA R R oM, SR, %

/
N4
SO?/HSO5 \ 17

>

L Q
o

S/ J R,
-

Ho, RAARFGHIRTO AR SIEE

K 5

@ES>_//_©"N<
{:*\gij
18

WEWEER S SOT /HSOS AL S AR ALE] (a) & 4 FhoE6HEE (b)

£1 20 X HSOsAYRIFR }y 47 nmol/L (£ 5), HEA
REFAPTTHERE 7 . R A s e B SR A,
A F G A0 M HSOs A, SEBXT L0 . H 2k
22 KT AR S B b HSOs B . bk, 45
B 20 IR R AR SR AT LATE H 2ROE s A8 T T
fliKEEH HSOsM i, I, 4T 20 E B ML 4
il | PRI M I AR ) AR S TR B R A S
b I FH AT 5%

R 2 o N
\Cfﬁ%vf%g% ()w!kﬂig*x
S

19 20

N

Fig. 5 Detection mechanism of thiazole salt as addition site for SO3 /HSO5 (a) and four fluorescent probes (b)

5 wEMREL SN SOF/HSOIN AL S B 9SG IRET

Table 5 Fluorescent probes with thiazole salt as SO /HSO; addition site
A N S
e R g TRINEL KU e e Kol R 25
/s /(nmol/L) SCHik
#4H 17 SOT/HSO;  Hela 4 600 2.017 TURN-OFF  pH=74, &4 50% DMSO & mk  [26]
fRFH 18 SOI/HSO;  Hela 4l 40 1.88 TURN-OFF  pH=7.4, %4 50% DMSO WZik  [27]
%419 SOI/HSO;  Hela #1 L-O2 4ilfiil 1200 72 Lo — [28]
®E 20  HSO3 . Bk, B 120 47 [ pH=7.4, & 50% DMSO [k [29]

S Z0ZEH 22 F Hela

i)

DL-02 4t F AN EWNFAME; @A umol/L,

1.4.2 vl=k#
2018 4F, YANG ZEPOUK 5 ms W dh 25 by HLAT Zofr
PRHR ) R, BT T X SO /HS O3 2Rk A L 5] (1Y
Fo o AR e S AR 21 F 22 (| 6b ). MmA
SO /HSO5J7 10 min P, HREFA IR A O H 2R
W, Bt mEE O ke, RHEK B
46 nm [IERE, HAOGIHREZREHM, wCha
AR R LR TRET 21 MDEEGIE Y AR b 35 2 R R
el . ICT 2o P2 9k BH BT B i o 8%E 22 14U31
SOF /HSO5 I, ¥ MmO B %, Bitah
ST AR B IR A R SR N 644 nm b HEFRS =
523 nm b, HPEHREEZBIIM, FOEH i 2
ARt ZHA, T 21 Fit 22 XF SO3/HSO: 1Y
KR 3504 1.09 F1 1.35 umol/L (£ 6), H4h,
TREF 21 122 v] 1T BT-474 20 [t Z 500 Ay P
SO3 HYR

2020 4, VENKATACHALAM Z5BUEL T 1
YeRSETA BT F T R s B AR SOF B S R
PEHRER 23 (K 6b). fIA SO Wi, #4F 23 4+ F

WEA ICT %05 fNA SO3 Jm, 4l 23 5 s03 2
(B & A s v, 03 T A B SR N Y ICT R0,
150 s IWH: 495 nm AL AW SEREIRES , 7E 595 nm &baé
R PEREAL, 460 nm AbZE R EI TR . 2015, B
Bt 23 X%} SO R IFR A 0.57 pmol/L ( 3 6 ), b,
BREF 23 W BA RAFpRe B IR 4n i 8 1, ml
FHF H SR W B SR i (CSRF& RO ) R 41 i
SO3 WA

2021 4, CHEN Z5D2ELF myme we fi7 4= 1y o B
FEAIARTE, AT R HSOs M5 E54Er 24 (18 6b ).
A HSOsJ5, #4F 24 7E 310~700 nm XI5
JEERRA T AE K X (<310 nm ) AW RE 3G i,
WAL A A Tef, HAE 499 nm AL )#E
SREELE 1 min NI T 110 75, HEDOEAE Ryt (75
Y. ZHE, KEF 24 XF HSOs ELA  vEF I FUIRAS:
TIBR (7.5 nmol/L, 2 6 ). Fix4Elr 24 il & il 4e /1%
AR, BERF T KA HSO BIAS I

2022 4F, YT ZEPELF 08 Yt iR & K
R SORLAR R ) BB T, T BT SRR R )
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BT, & WHMR (5) MR T IO BT ke * 969 -

B 2R 25 (L 6b ). I AR HSO3 5 #R % & A
RN, BEIR TS # S, S BAREHAE 475
F1 575 nm &L WG BEREAIR, 7E 700 nm &b 1 56
PEREAR, Btz h LBl d ., iR, e
25 %} HSOs A IIER 47 0.037 pumol/L (£ 6), T
TREE 25 ARG R SR AL TELLAMX I, R
R H UL A= 75 e TP, B, wT DU s A
JH R A 2 A Ry B 0 AR BE Sy A e SO, A7 A W Y B
%,

2023 4F, PENG ZEPUILF 025 TR T L
RUTCHRER 26 (] 6b), T WNIREB LTS FH

a N

0,8
/—Rs SO2/HSO; Rs ~ 2

¥ - > p

\ N*

T 5% (ESIPT) Ml ICT R0, $F9Rhay & 5tk
KIERK BT LA IR, A HSO3HT, 54 26 &
SR Y ICT A0, 855 /9 ESIPT 20 ; A HSO;
J& , HSO; SR kKA MBS N, B3R T 43 iy 38
K%, SEHS TR ICT 3 ZBH M ESIPT R 1
PR, BREFRIRBOGTE 1 BLERS , IR R AR
WA ICE; RN, 625 nm AbRITEGIREE R %,
461 nm Ak AT B I E R, YOLM AR
o, FREF 26 I LIXT HSO3 SR LY (0 1 B 32 s
XF HSO; ARG 9 0.2 pmol/L ( 3% 6 ), AT FH 52
R A dioliE T SO, 117 A 0 1 He £ R B A N

\
Hep, ROAARGHNTOLRATIREE N

|
=)
24

Bl 6 WIkER Sy SOT /HSO AL R WA IHLE] (a) & 6 BlZaHEr (b)

Fig. 6 Detection mechanism of indole salt as addition site for SO3 /HSOj (a) and six fluorescent probes (b)

F 6 MIWEER A SO3 /HSOS AL 15 (1 e Y3 4T
Table 6 Fluorescent probes with indole salt as SO3/HSO; addition site

. e o D M o e R , . 5%

7% A A A O AL Y| RlEZS =
TEr 6 0y o AL &y Al /(umolL) IS LioRIEZ S it
%kl 21/22  SO3/HSO;  BT-474 4 3007400 1.09/1.35 [L@AILE  pH=7.4, &4 50% DMF KIZE i [30]
4 e 31
WEF 23 Yein z;; A R 150 0.57 S pH=7.4, &4 10% DMSO 425 il B1]
e 24 HSO; Hela 401, 7k 60 7.5% TURN-ON  pH=74, & 25%Z BRI MK [32]
Bkl 25 HSO; Hela 40/ . BEEh {0 — 0.037  TURN-OFF  pH=7.4, Zmhil [33]
i 26 HSO; BEA HepG2 41 /ity 1800 0.2 FEMEE  pH=7.4, &4 20% DMSO MZ M [34]

(DBT-474 4N NS FLIRE A0 AR ; @544 nmol/L,

1.43 kg i

2015 4F, XU P BLFiE R HATEY BA S
PO R  RINEEIRIEERE, UIKAAS) 3% pH
R B SR A, B A R T 20 -1
R EER 2 IR E 27 (I 7b ). IIA) SO & 5%
AR BE SR & 4E Michael IRV, BXIR4rTHY
EHELEM, 376 nm A A DGR BE U GR A TR
AR RICE, AT ERI ., 2, %
Bt 27 XF SO (R INIBR i% 2.76 pmol/L (£ 7).,

2017 4, YANG ZEPObRgnfh i £h i 5 2 (X,
P& T “TURN-ON” BlIZe #4128 (& 7b),
SEER 27 K SOFRIMLEL—FE, SO3 S5#54r 28
MEEE ) C=N %4 Michael AL, BEIR T
JRERET o FROILHEIR R . BEERER 28 W SO3

WEE RGN, WG R A N6, 7E 496 nm
AT EIR BE AR T 29 12 1%, 4318, R4 28 X
SO K HIBR A 91.7 nmol/L ( 3 7)., [N}, ZHff
PESZIERT, BREF 28 HA BARA S, REMEH
T Hela 4 p IR TE SO, 286 RU% -

2023 4, DU 2P A-nik g P9 45 5 b 5 K Fi 1
FEW, 2ot I, T T AR AR A HSO3
FCRERER 29 (& 7b). AR HSOs2 S ntbhe £k i
C=N % A= I L, B3R T #8429 By dLhiik & |
VA TP R S T A R S TS R R B T SRS, IRV
R AN TG, ORI R TR, 2915,
BREF 29 XF HSO; BRI FR 4 10.2 pmol/L ( 3 7 ). 8
EF 29 BAARRAYE . GRS B 4 A, AENS
A A5k R R A T i DY A SO, AR .
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. 7N A N7
|| soymsos | = X
Ry N \N HO
|
Hr, ROAAFEIZH B‘Jﬁ%y’ﬁﬂﬁi
K7 mEmEER SO?/HSOUJ[IEE{E)#TE‘Jﬁ‘iﬁl’lﬁlﬂ%ﬂ (a) o 3 HIFIEHE (b)
Fig. 7 Detection mechanism of pyridine salt as addition site for SO3 /HSO; (a) and three fluorescent probes (b)
T OMEBEER K SO /HSO NS AL A 5 AR £
Table 7 Fluorescent probes with pyridine salt as SO3 /HSO3 addition site
wEt g gaes  PUITR O RIBY ey K b BH
s (pmol/L)
5 27 SO3- — — 276 % pH=7.4, A 30%Z BEfYZE whifl [35]
PRET 28 S03” Hela 4fififd 1800 91.7" TURN-ON pH=7.4, Zfil [36]
W 29 HS03 HepG2 48 10 10.2 TURN-OFF  pH=7.4, &H 50%Z I % i [37]
D07 N nmol/L,
1.4.4 ki PIAEYE, ORI T 40 HSO5 A
2021 4, ZHANG Z5PSL T Ml AL Wit 2022 4, GONG “EPHER PHIZI L 5]

T AR A LA 5B EREE 30 18 8b ), AMERRER | Bt T LN D EERER 31 (D 8b ),
FREF I B HSO3 2 FME bkl 2544 & 4= Michael fil TR HSO3 S HR%E 70 AU A& A IR N, 3
BN, AN ) A R -n- 2 K (D-n-A ) 45 TICT 1%, SEUGHEWAE 645 nm LS
¥, NS R 30 P2 AR BRI DO R B AR B, IR CPOE A N A OE, WR TG
b TE 15 s N 620 nm AbRoe s w518 hn, A& AL AR RS, 2605, BRER 31 X HSO3 A il B
SRENLL AN, IR IR i e (A8 iU 210, 149 nmol/L (% 8 ). #4b, #4331 B EA RIFR
ZeVTH R BRAER 30 X HSO; AZIIBR 2 0.11 pmol/L( & JKIEMEFIZR RS a1, v F T 2 BRI B Sy
8 ). I THREN 30 AL AN S BERER RGP A FEASHN Hela 35 40 Mo £ i 4K (9 HSO3.,

R S03/HSO;  SO5 (7
10 &/
j\/jij - fj@ — >R D

ﬁFP RioFIR: AR IS5 H D R4

Pl 8 wemkER Sy SOT /HSO MBS A IHLE] (a) K 4 BIZOEHE (b)

Fig. 8 Detection mechanism of quinoline salt as addition site for SO3 /HSOj (a) and four fluorescent probes (b)

F 8 WEMKER Y SO /HSO MM A i HE T
Table 8 Fluorescent probes with quinoline salt as SO3 /HSO; addition site

S WAL G R/ — 5%
REE Y G i EST SallER I :
Ed| A I 49 e Ao IEE ik il (umol/L) e o I B 455 Sk
¥REF 30 HSO3 HepG2 il . ST 24 15 0.11 TURN-ON pH=7.4, ZZEihilk [38]
%31 HSO; Hela il it Fik 15 49" TURN-ON pH=7.4, ZZiR [39]
RET 32 SO3/HSO; Hela 4. HepG2 I L-O2 4ifg 3600 1.1 e pH=7.4, & 10% DMSO [HZE MK [40]
REE 33 SOT/HSOs Wikl . #Ewh, Meg. AAHME 1800 0.09 LA pH=7.4, & 10% DMSO W& il [41]

r HE AR 5

#4372~ nmol/L,
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2023 4F, LIU 2000 g bk Y oM A, 2L
S 2R, BIHA LT HAT FRET 3¢
NI EERER 32 (1K 8b ). HIARY SO3 /HSO; 5%
BT 32 SR B KU & AR TR N, e T R A2 AR
LA RERS , FREFTE 437 nm AL 196 B W ARG
VR RS 38 R A 677 nm Ab ARS8 IG5 B RS
494 nm AT IR BERESR , TGRS AR N SR,
ZoPHE HREE 32 % SOF /HSO; ASMIER 9 1.1 pmol/L
(£ 8). WA, HEr 32 th A RS ET HAT 5
PR, AT R A2 2 Ak BEGE R P Y SO3/HS O3,
2024 4F, LIU %158 i 206 0 6 v mh b A4t 4
MM Z IR ZE A, JF & T 3T FRET L B9 64T
33 (K 8b), filA SO3 /HSO;J5, SO3 /HSO; 554t
33 [z iR msmkER & A AR s b, 5 BUR B AL 451
PRI . 454 33 76 492 nm AL AW BE B FEA
VW B (0, R (078 Ry ¥ 8 5 7E 604 nm AL DGR IE
VS, 76 516 nm AL PR B G 5E , HAF 33 min
NIk BE(E, 2B A gt ., £i15E,
B4 33 Xt SO /HSO KM BR A 0.09 pmol/L( & 8 ).
TAk, BEEER 33 BEA TR AN, R R S AR B
B BOAS I L R AR S o SO3/HSOs 1 L ( fl e
PRI
gE L RTR, DAMEmMEER | m|WEER o nbmE R s ok
84 SO3 /HSO NS A 5 B D IR AT AR T
K0 40 9 9 SO3/HSO;, 8 1T ELSCRE b

a

1]‘12 R12

HNN SOZ/HSO5 HN
e

{
I\Rls 058 )\ Ry; /H
HAPR AR A A RIS RO AR RS

coo O

SO3 /HSO; WKL, ¥ K T HREHAY R FIE Rl . i HL
WEMEER | ngmREh | nnE R R R ER A5 A I TR
BB KEYE , KEBIRE IR IR 220 pH=7.4 B8
(g N AR ULR S S ER R RSP S k7 XA NE 2 0]
SO3 /HSO3 [ Wi b7 B [ 45 K, Heise 1A B i 1 1ok >R
Pt mgme £ | ngwedh | e ER Fms kiR 2% SO /HSO;
IR AR R ) & 7 1]
1.5 X=N #5 SO /HSO; /N B {if &
1.5.1 C=N4t

HEFE SOT /HSOs BA MU B )G, LA Wss
) C=N Stk Ik, SBEOEES ZEAR 1L,
SEELRGI (& 9a), 2020 4E, ZHANG %ML myme
W A, WA R T BAT ICT 5 ESIPT MUA VML
HlEIE LI (NIR ) HORZEEHRE 34 (B 9b), H
RFPAAE NIR K38, R4 34 245 r—CN
VERWH T LT, BT 4 F NI ICT 800z, WyuE
W8 &R 43 10 % A 5 3 23 4 b AR AT OB
ESIPT 8407, #E—30hn THRE 34 ILHIR R . 4
BREF 34 WP HSOsRY, C=N #1E W45 i
N7, 5 HSOs &MU NG, B3R T H4r 34
AyIEREIR &, [RIBHWT T ICT A1 ESIPT &0, S$3%
HIAW ) 2 S M 660 nm 4L i F£ 3] 460 nm AL,
POLH AR GAE e, HESs N (F£9) HimT
SEPLT HSOs RN . 381, 8%t 34 7 HI T Hela
LRI SO, 117 A= ) B AN .

v lE A Al

Bl 9 C=N )y SOT /HSO ML AL (a) K 3 BI5EeHEr (b)
Fig. 9 Detection mechanism of C=N bond as addition site for SO3 /HSOj; (a) and three fluorescent probes (b)

29 C=N 4 SO3 /HSONNBA £ B 5 LR 5
Table 9 Fluorescent probes with C==N bond as SO3/HSO; addition site

we RwgR gepem PR BRI e KA >
s (umol/L) SCik

¥REF 34 HSO; Hela 4l 5 0.16 L pH=7.4, &K 30%Z B9 2% ik [42]
BREF 35 HSO;5 Hela 4fi g 360 0.183 L 8 L 3 pH=7.4, Sk [43]
BEF 36 HSO; A kK — 7.6 TURN-ON pH=6.0, /KIFH [44]

2021 4F, HAN ZEW UL F RIS A Y 475k
37-[(2- W s 5 0 ) FHY B 1-4- IR, 1835 B T IRl s
HA AIE f1 ESIPT $#P:) HSO: 84t 35 (& 9b ),
A HSOsHT, 4 35 BAT ALE (& SHRHE; A
HSO;3J5 , HSO; 584l 35 i C=N #E & A T ai s v,
IR THREF Y ILHEIR R, TTHI S5 T H ALE 00 Al
ESIPT i3 #2, SRS 35 18 575 nm AL 2608 i

FHFRE, 512 nm AbAYDOEER RS, PR AT LAY
B ARk, SEPL T AT HSO; HE R AN L (A ARG
215, % 35 XF HSO A PR A 0.183 pmol/L(
9). JAb, BKER 35 TR RN PR AR L HIE LA %,
Al YRR S HSO3; 41 35 B Zh 1 T1% Hela 40
AL R EEDOE UL
2023 4F, ZHAO ZUILIA 1L SBA-15 BEA RN A
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WREFIA, &4 2 4 C=N 4H 2 > N—H 81y
P A BB b, A R T gL AL
SBA-15 A AbiE#REN 36 (K1 9b), S A HSO3)m,
HSO;43 5 C=N %% & Michael IS N, FEAER
£t 36 7F 383 F1 398 nm Ab (2o BE B Wi . 48
T AT 36 X SO AYKEIIBR A 7.6 pmol/L( 9 ),
Ji8h, REE 36 AT LITESK A B b Al HSO5, nlH
F 3K th HSO5 ) SZBRAGI .

1.52 N=N 43%
T S0 2 o FL AT B U T e A A D e T
%ﬁﬁﬁﬁw,ﬁﬁiﬁﬁﬁ TR AZ I 8O3/

HSO; 25 N=N @& Ak, sz, M
SEPRASIN (& 10a), 2015 4F, LI ZE95F] ACE T
BRI, JFE T BAXE (1A 445 F4 1)
SO3 /HSO; I RDEFREEH 4T 37~40 (& 10b). 5
HAb A YA LB M FAI b, BREF 37~40 Xt
SO3 /HSO; HA 1o Y 7 0% | 0k 45 P 00 37 3 %%
HOETFFOE T2 R, BE 37~40 i

a Ry~
"N S03/HSO; .

N-Ris

mﬁﬁ%ﬁ% IFBRERS TE RSN R T A=Y SO3/
HSO; 1 5 i A7 a2 A I o SR FH RO 2 e 5 i
ﬁﬂu&?%m%ﬁﬁﬁwmﬁﬁ%ﬁiﬁﬁ,ﬁ
FRINGEET A B T W R i A 40 20 SO3™HY
Iy ATELL (£ 10),

2016 4, TAVALLALI Z:V5m Wi SRer 5 2 4
LR cu(IHEF, e HTREm sos/
HSO; IH4EE 41 (] 10b ) HiorT-45 44 (R {1 058
Sy It LT B R RS, RO KA. A
SO3 /HSO5J5, SO3 /HSO;4x 5 N=N f# & 4= i ag ,
ERERE 41 AR5y, S B MAE 441 nm &b
(¢ G B PR S5 A8 5, R OJCORAR A S (ot 497
F1 343 nm ZLAYIROEEE R RE, 227 Fil 576 nm Ab I
HCREZ T E T, A A AR AL, 2T,
TEER 41 X%} SOT/HSO; YRR 0.09 umol/L (&
10). 7346, BREF 41 BA RAFKRE MR 5% pH
KrFE AR R R NI SO3/HSOs 1Y
AL AL

RieoNm

703S/ \R15

Forf, Ru IR A RIS TR

X
b ¥z
g
N
X | N
— ZN
v
=z \N/ |
| Iry(X=NH)
X X N ol
, NS 0> Ir,(X=0)
/N\Ir = Ir(X=S)
I, N 38~40
I 7

37

2

SO;
OOy
N

) 2

—03
HNA: -NO, OaN—CU\NH
41

10 N=N 4 SO3 /HSO AL s iR AL (a) B 2 BIZOLHE (b)
Fig. 10 Detection mechanism of N=N bond as addition site for SO3 /HSOj5 (a) and two fluorescent probes (b)

10 N=N N SO /HSO MM A7 4 B R4
Table 10  Fluorescent probes with N=N bond as SO%/HSO; addition site

i s s i Jif G R/ N— Z%

Rl G R X e DRIEIN

BREF K10 4y e A6 A o l/min (umol/L) BRAER K 24 55 -
e 37~40 SO I BRATEE e L BUI 3 TURN-ON pH=7.4, %7 2% DMSO MZE  [45]
A 41 SOF/HSO;  HkK 1 TURN-ON pH=7.4, ZEwhif [46]

Mz, L C=N fil N=N 4} SO3 /HSO3JZ i
P B SR, LA ) o AR ] 6 A SR AEORE e A
R, HRER N HE R R E . (RIS R T 24544
PO KA @ C=N 1l N=N Rtk 7 (k4
B2, SO3/HS O3 5 A AR % A il B S I 2 1 PR 5
Btk R, SEBE MK BREBRS, FER
SEREBL R B A LG A5 R 2% . R, 5 SO3/HSO;

SV B C=N fll N=N # R K5 5V REE .CN
T NGH, X e T80 & A IR N o R, 42 m ek
RUDECRE I BE B, JE AR RIF ST I T 5 S5 M AT .

2 BHREPES SOF /HSO; %5 Et

2.1 ZEBERBEREEEARFRPE
SCHRARGET, Z RS IR TR AR A TR
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JHR RV R R B A B A L FE IR AR 251, SO3
AT DL P51 o B 2 TE TN R TR X R SR I AR (]
112 ),2022 4F , % B A I F [/ i B AT AIE 5 ESIPT
KRR YR, FE L5 T 5] A BER RR R FE A
BEHA T RS HET 42 (E 11b), LBENTR
BEER9T I AME T Sk ey ESIPT 200, SEURE 42
ILRER i ATE SO0 5 S0 (02 . 7ER4ER 42
A SO R, LEBENRREEHRES SOF IV imi i B, Y
K43 N ESIPT iﬁzﬁ%ﬁi%ﬁ@ﬁﬁ 570 nm Kb Y 5%
S R, W R B A, &t
BLER 42 X SO5 E’JT"(ﬂll By 0.88 pmol/L( & 11 ),
R EM, BWE 42 T HAW AIE 5 ESIPT &)
*JL%'J? e T RER BRI R R AARUE M, [R] AS fid k
M BECIRET DI R T B, R4h T ATE 985%
lﬁiﬁfﬁﬁiﬁaiﬂﬁﬁ@wﬁo WAL, BE 42 BRI
20 0 75 1 N R A A M SR T, T LA S B IR
TR N SO3 FAG I
2022 4, WANG ZEUL L s Wg ks A M E o6t
LA, O WS TR ER L AR SR T R PR U
SO MIZELHRE 43 (& 11b). M4IMA SO )5, 2

a
o CH;
_ SO3/HSO5
Ris —_ R:s
o\g/\)k [:[N
NI\/@ H Y 44

(o]
Rix, NO, SOZ/HSO;
C >Ry

AR HIR AR RIS 5B H

11
Fig. 11
SO3/HSO; (a) and five fluorescent probes (b)

#1

PR PR ER JE AWM 25, 7E 10 min N 466 nm &b fY7¢
IR R T 120 £, 2, REE 43 XF SOFHY
FEMIBR A7 0.15 umol/L ( 38 11), H4h, #4F 43 HAf
T R | v e R AR N PR S R R
FH 155 20 16 LA K /) BSU 98 7600 28 i A 780 mh A Y54 A
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Detection mechanism of acetyl propionate ester and 2-chloro-5-nitrobenzoic acid groups as addition site for
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Table 11  Fluorescent probes with acetyl propionate ester and 2-chloro-5-nitrobenzoic acid groups as SO3 /HSO3 nucleophilic
addition site
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