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Abstract

Hydrogen sulfide and its oxidation products are involved in many biological processes, and sul-
fane sulfur compounds, which contain sulfur atoms bonded to other sulfur atom(s), as found in
hydropersulfides (R-S-SH), polysulfides (R-S-Sn-S-R), hydrogen polysulfides (H:S,), etc., have at-
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tracted increasing interest. To characterize their physiological and pathophysiological roles, se-
lective detection techniques are required. Classically, sulfane sulfur compounds can be detected
by cyanolysis, but it is useful in biological imaging. Tag-switch techniques, LC-MS/MS, Raman
spectroscopy, and fluorescent probes have been used to detect Sulfane Sulfur-Containing Biomo-
lecules and their bioimaging. Herein, this review summarizes the techniques available for specific
detection of sulfane sulfur species in biological contexts, in order to provide a useful reference for
the subsequent design and development of more practical detection technology.
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1. 51§

AL A (H.S) 2 NP4k NO Al CO 2 Ja RILHIEE =R RSG50 7. ©EE il L-EhtE i
AR SN P . HRS AEFRRE AT 1 nmol 5 1 mmol Z A%, B35 — &5 IEEES), Wi
MEEFTK. MEES . OUWLLE. UIFET:. SO, Bl FEREE R B R W], H,S AR
JRPE T AR R A TE A ATE R NIEIE R, A — B IERERR IE R 1 HoS WREE, WIWTRE & S EBT /R %%
WERIE . JHIRGAIE. BRI MR RS . BEAk, HoS A=A g iy,
57 R-S-SH. R-S-Sn-S-R. H,S, &, 1E&MAM R RIEE REIER[2]. - Bealm/ b H Ik h
TN 7 B PURAR G R I AEFE R3] HoS, 25 T R I 5 40 B A1 AR 4 28 5 4 22 00 1)
Ca* WIBIE MGG [4]; 12 A HoS FN 22 BR ALY TT BE 2 1 20 405 0 (095 B A= B 22 FE R [5] .

NTIRERAED T HIEDHER, GESRE T MRS RAEY 5 I E R AR ELEE, SR
T (CN-) B A BB SRR R (SCN-) o SR, IX PR BRI V2 AN R FH T AR MDRE A 2 B 1) 4 B
YE, WARH TAIMAALA AN ED BAL . ITER, BREER A YE oAl A s f st
BAMEEAAYE AR, AHESE TR MR ik R . BRIk, ASOR 3T AN RSN 7 v
T ARG it A G () B o R AT 45k

2. Tag-Switch HAR

Tag-Switch AR F 2 H T B R RS IR e 81, JFAR 28 T S-NO e[, &5t ik
F BBt A R (MMTS) LT B A 3 (], b S-NO FE A Bl bA i B JE 28 A (R B B 1], X 2B
i 5L [ 4 A I E — R AR 246 (biotin-HPDP) [6] (4] 1(a)). XA AEM Ak 8 A T FE4E 5555 40 55 1T
TRE—B 00T, 0t dor B R B 5 R 0k M et i P VK (SDS-PAGE) . Sl ENIZE S

TEAEPIZFIF AL S-NO A b, A& T JURRSIN A 1 5 Aol B Ak Ik S R i B: 1R 9T B A - Mustafa
E[TRIE, EALEPIRMESEFEPEREN T, RIEI MMTS A biotin-HPDP, RJRf 7 PEHLE /N B
JFF I st 1 B 2R AT AE M B R A (5 1(b)). Krishnan Z5[814RIE T % — A F il Z. B2 | AA) I A= 20T %
HAR . IAA 5EEEAE BRAGY)HE FHR & AR RS, AR BE S 1) B I3 BERE (D TT) kb 2 R g b i A T A= 7= 4
() B . XA R T FT IR A A, X SR AL A 2, B -PEG2- A W K (|AP -biotin)RE AR IE(1E] 1(c)).

DOI: 10.12677/aac.2022.122019 150 it it e


https://doi.org/10.12677/aac.2022.122019
http://creativecommons.org/licenses/by/4.0/

Hid, THM

R FoAt R RS . A S-NO HIE#EVEA R . Doka ZF[9]4hiE T —FpJyik, fEZE—BAHH
IAP-biotin 5 BEAE ALY EE I SR, 4BV RAL I & B e e B B R A R A ik b, Bl
A B AP R 1A 1) £ 1 5T T DASE W BRSSO R I e, TR AR B 4 (1] 1(d)) . AR
BOR, ABATE & 7 EE IR AN/ BRI A P A IR B . EASE R, RMINEAZ IR
PR R L LA B AR 520 . Zhang S8 [10]4R3E 1 — bt xt il SRAL R A B AT S Btk i 7 . AT R T
— T 39 B8 1 L O 551 R G A R E M (MSBT) . MSBT STREEFE ALY [ B, 43 ) A & Bk A — 4%
B Y, MSBT A1 R B A 7 b — B B ) s R ys PR G 5, (5628 W) 3R R 1K U AL ) A2 ) 22 (CN-biotin)
REMEHEATRp e MR B (1&] 1(d)). 48 Tag-Switch $ARKFE MG, W Jim S i 2 25 A1 3R IE AR i AN/
B EA, WAL ZO6RIPRICHE R R M BN A N & BRI 2 AR R AT R AL 9O R [11] . IX 2
Tag-Switch H AR gk & BRA Y70 T BB T IR 4 7 RAFHIE AL, FF AT RER ] &6 AEY) 70 715 9L
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Figure 1. (a) Proposed mechanism of the tag-switch technique for the detection of nitrosothiol modification in
proteins. (b)~(e) Proposed mechanisms of tag-switch techniques for the detection of cysteine per/polysulfides in
proteins

1. (a) BREFXREARKEMELRP S-NO EFRHE]; (b)~(e) ATRNEBDRS SRS FHIHH
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3. LC-MS/MS

LC-MS/IMS B R, EFetkss, MM SRea, S ZNHETAY. . B8, EE,
G REE & AN . FEMTH LC-MS/MS Al AEIFE dhv b S B AP oy T, B S B A b AR an — R —
ER(MBB)KAE S e 1k, IR Z B S MBB KA, A4 ] 38 5 = e itk i e e A
DUESFN RS BT 20 AT [12] (] 2(a)). 1da ZE[10]RFH LC-MSIMS 7341 1 71N BRLCo JIE H 5 Fh 2 BRAL I IR 7K
Fo fATEET MBB B A Z AL, 1B SR (CysSSH) . A bt H ki i 4k 4
(GSSH). Mt H Ak Z 854k 1 (GSSSG) %,  FHAS IR L5 B A= 4 3 7 18 ML AN i v 5 P A A b 4R
M, T MBB Hs#sE M, FRES B MmN G W ST R AR [13]. Bk, 5 —Fibe bt
) p-(4-F2IEHIE) 2 HE M 2. N (HPE-IAM) B BER A S B, nI e e &4, A2 5 iR 26
i 4 (15 2(b)) . Akaike 25 AR B HPE-IAM A5 72 B 7 8 L 3004 e v 1) & MoK BR AL 401 22 3
A, I R TR tRNA & S AE )& B R RO B S 5 SR A4 i B T A% s [14] . LC-MS/MS
B RAEY S TEBERRIE, w0 REEERIEPR RN S RAED T, AR TS mE

Yo 5 HIAE AL o
a o (6] ? P
g W
Br S‘Sn\R

Monobromobimane (MBB)

HPE-IAM

Figure 2. Chemical structures of MBB (a) and HPE-IAM (b)
[E 2. MBB (a)#1 HPE-IAM (b)&91L 54544

4. PISRIR

RGP 21 (SERS) & —MIERNEAS W H AR, BAR SR, SERS BACH) 2N,
LG FH T SR B K BRI MREAR I P8 . B, Shiota ZE[15]F F 2% BAR & 499K M BEHLIE 51 (GNF)
RO Ao 20 2R YR 2 TRAL B2 (5 5 - GNF P=AEVE 2 BRI T, FEREXT A ATt AT KT AR vl Ak o
AATTHG X —BEA S T IN BB ot B 400 By [ 25 R RS 2 (R A D R AR RS, RNV Z R &4
A LAFE 480 cm ™ 4k SR oA — Mg AE . Honda 25 [ 1611 I R RERY) SERS H AR IR 51 -5 52 46 P S8 107 it 24541
FIM SR SRR . A ATIAEE W 40 e WL 2251 480 om AL SERS 155, FoR MR R AR E SR
Vo R BE N ST I B AR EOR, ATRE SR IREA EIR AR T, IR AT
WALTT 7 R ) TR .

5. RIS

GOCRE G /N> T EER AR, A5 B AR T RN A 5006, AT A T3 4R M AN 2 23 (1 S
g . FHTEITA IR S SR A0 7 I A SOEIREE . Hu SE[17HRIE 1 — AR BUR 2R 58
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1 (psGFP), TERIRAF/EMITEILT, %l)\ X R TR I T R i, 0% GFP Atk A B 1A,
MIfT 51 GFP e B 2 PR ET R ik 7 56 f A 80 ) {5 5 JOR A U A PR 285 D 6, AR R O ER T 4
HHMR, hdE— BT,

NG TR BAERA S RS F@EMERERE, KA KESHAY ST /N TR
Fk . Xian FIEPAHIAE T — R HVEF KRR 9L % [18]. SSPL il SSP2 43 l5 —ANKEH, #EAIHI T
Jho PINRE B — N REEHE, W SRR SO AR BRI . %S RARTE T N B RS ISOR
FeH, FEAERRZUR 9615 5 (K 3(a)). SSPL AT SSP2 [k et o, SittRibEA(Na,S,) M 5, il
SN 25 451 50 1%, (HAEEBERR. GSH. H,S & H A ST A/ T RN AYIE . b, B—FhiE
£t SSP4 mI R AN R N SR AEY) 7, HLEA PR NAL S 3(a)), )2 T ERER AR 40
B4 [19] [20]. Xian FEIPAEHRIE 1 FH TR0l HoS, 786 EREH DSP-3,  HAL 5 (1) 2--5- 1 5 o5 HT R s 2
I'% HoSn KA SEIZIUTE L&A s b e, el s+ A B KIS RO G HT, P2 ARz 2ot

(& 3(b)) [21]. F—FRE PSP-3, HHRES S HoSy RSB RS A BB (e, dE— 0B RRseR
7‘6@ AR BN eSS, HHLEES SSP-3 AHIFI(1 3(c)) [22].
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Figure 3. (a) Chemical structures of the SSP series and the proposed reaction mechanism with sulfane sulfur. (b) Chemical-
structure of DSP-3 and its reaction mechanism with hydrogen polysulfides; (c) Chemical structure of PSP-3 and its reaction
mechanism with hydrogen polysulfides

3. (a) SSP RINM U FEM R E R FHIE; (b) DSP-3 M FEMRE R FMHIE; (c) PSP-3 MLFLEHRH K FHL
b2
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SSP, PSP il DSP R4 &R AT R G IR ET . Takano 81K 1 — Pl i i G HREr SSip-1 7]
NAMAM A S T. SSip-1 FaFHMRREEBINARAIOL, SHE Y TR
B RS GURL 1) 2 IBERE SN, AT = AR5 ZN . i —2B A 5 mM 1] GSH B, BB 4L 7 A
MBI R (E 4(a)) [23]. ZEREAEIT R T —F B A GRS E RS SSip-1 DA, &5 SSip-1
)= LB RS RAR I AT AR, TREFIE AT 5 BRI 0 M M BR B /K AR, BB GSH iR, AT
R SSip-1. M#REF S AS49 A & JEENIN NaoS, 5 Won il )y et o, #—Li¥ & 30 min J5,
FCHREE T FE(K] 4(b)), FESE RSN NapS, J5, 2GR IG 3R, #— P E 30 min 5, HOGIREH
DO o X AR B2 /b mT DU ST =0k, B8 SSip-1 AT DART I HAS ) H 3 40 i 22 B Ak & [4]

PEOCIREN B TC B R AR 7 FAE TR AR A 2 R AR B E A R TR, RS TSN 7
TR AR P FOCIRET IS T E R E, EERAY S TR AP ThREA A fE e A . DRI,
Bk — 5 R S B0 CREE R T ST T AW T A
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Figure 4. (a) Chemical structures of the SSip-1 and its reaction mechanism; (b) Chemical structure of SSip-1 DA and
its reaction mechanism with hydrogen polysulfides
4. (a) SSip-1 WL FLEMI R R NHIE; (b) SSip-1 DA MLF LM R R BHIE

6. &it
ASCREA T OB S T G BAL IR 2 550 0) FEA T AR . 3o 2 7 4 (30— 45 R JEE R S B T
WAL EH SR IE AR AL G R I S B T AL, S5 AR R RIS A A B TR SR T

FEEIE JF AR 2 K AR BEA S B A SRR o DRIl BE— 2B IR R E B 43 T R A AR ) AR R B
AERE L
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1) BERH AL TARTREEHOFEATTE 2019YNXMO01;
2) HRTTRMAE A BT 6B A3 & I H cstc2020jsyj-zzysbAX0061 .
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