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Fig. 1 Working principle diagram of biosensor
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MoS, 4K i (MoS, NS) bR 5, LT
X DNA HL AL A ARG . Wang 25 500 F1) 380 FH B0 85
Pl e T HA m LA R MoS, NS, M T #E
RAL DNA HL AL 24 (5 IR, X DNA A il BR AR 2
10" mol/L. 7EFETAEWERES T, Sarkar &5 BU 4
T MoS, FET AWLIES , TR 1 Bl pH 5280
T R A ARSI RRAG I, 4 SR 2 B MoS, FET Xf
pH MR R LE =3k 713, KT 2 1B 1Y £ 554 FET,
[[4F, Park %% ™ ¥4 DNA 5 zZn” | Ni*5 &8 & T
i, P KRT FET X H A DNA K 9 B 3 2518
#2451 MoS, FET (9 R (¥ . 7F SERS 1% /&%
J5 T, Jiang % 3 F ] MoS, 44 K ££ 5 MoS, NS #4
T HRKIEEYPUR 19-9 (CA19-9) i) SERS {4 %
2%, BN H AR T7E MoS, 10 I, 774 T R
FEUR IR T, I AT I R B I T R A
WM. Lai % B ZEREER/MoS, UM AR bR K4 g Kok
T (AuNPs) HJ# SERS FEJiE, X454 (CV)
%) KSR ARE 2 1072 mol/L, % T [k 544 )&%, Lin
4 SRR I T MoS, NS iy id AL B e, 3
F IR 4 T MoS, NS HL (G 8as, SCBIX i
PFEAGREI . ], Zhu % B & T TiO,/MoS, 7t -
BB AR, KN B e Edf, 5
BT XA B BE (GSH) ARG, A6 0 BR IK =
107 mol/L,

HRAE LA _E MoS, 40K 5 G b BHE A 4 A% SR i,
R, B HAEMEB T, e MR
ZORIIA T I N, A EAR A L R
MoS, K& AR RE, b HAE AW B 2 07 T A 9%
BEREE, ARICEK MoS, 9Kk 2 A RHE AR RE

SR N R S AT AN, RG] R A
JESEVEREREAT X LE 0T, RS H S, i

TERARA ML IR TT T ) R AT
1 FERAFEMERSFZTEAER

1.1 EXRFEE

FL Ak 2 A W A SR 2 DL AR A SR (5 5 A BT
P, SRR A B LA S TR L B
e HOK. EH, SEEUG BARIARSI BT,

MoS, 44 K5 A BHRE FH T H Ak 27 A Jakt 32 22
SR AR5 A R e B9 AR B s Rt H AR
VIR B T BT . R AL AR IS, B
it [ 72 7E MoS, oK & G M RLERTH , B LR
FHAT PR Z B iE PR 2, AT A A TR 8%
TE TG B AL 2 AB BT, MoS, 40K 52 A 1Rl T s B
PORERIEY/NIONEE: 2R R = C AN 1RSSR Rl
Yoon % B8 #gEE T Au/MoS, Bk F AR WL IEs , 52
T XA R RN, YA 2 7E Au/MoS, - Y 4
WAL (GOx) SHibEsiant, S8EARER
e pira A g AL A (H,0,) FIEZATRERR , M
W HLRAG SRR, B A L I KN S R
WL R L BIOC R, BIVAT 38 Ao 3 AR T S ) 48 2
RTINS R AN 2 R o
1.2 MRHRE

Wu %5 B g HE MoS, b FH T LAk 22 A5 AR
FI I H AL 238 S MoS, NSYE M HL ML, T 2t
5 22 e 0 A% I8, L H X A 0 %) 4G I B A E
mmol/L /K- kTSGR 1) R, WFsE
TR B i i i A P 09 42 J8 90Kk 7 5 MoS, B
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Fig.2 Working principle diagram of Au/MoS, electrochemical biosensor for glucose detection ! *’
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M, FARHE L3 5%x10° mol/L (& 3b), MLT
T 238 00 BB AR R B, O, B FL R
R BRFEAL T 1~2 8, /R T MoS, 41Kk &
B ARHE H AL A AR A A
1.3 HEESHERTLE

MoS, KM R R LG . RS 25
M FLAL A AL R RR, RIILBE R A 15 1 MoS, K 2 &
AR Ay B AR A AL SR e A 3 T 2
B AT MoS, 5 A bk S At A e Xt 260 B
(1) F A2 AL B BB T X L A3 HT o

BHF BB, MoS, 14 J& 48 Kokr - 1) 1 [
YER &= S r AR T A ARAR R R . Su s 0 4y
T MoS,/AuNPs [ BHAEMIGRGS , RrlEE Sy
(3x107~3x107°) mol/L, # Il B 4 2.8%107° mol/L.
Yoon % B8 4R AW AEAS IR EUTR Au NPs I )
FHAZ AT S B A GOx/Au/MoS, 72 14 il 7 7 b 1%
&A%, Ho MoS, R T TS, Audlisg TR M
IR R, TR H AR S el g oK, A
A R T AR B AR RIS S, R PR =
10 mol/L. A b F - 309 mHF 5% v 2 FH - i Ak 2 4 2

WL EALEE (ZnO) HKAE ) 1 B0/ N
KA (CNTs) o, KM BRFEAR T 2 M0 £
it 4 2 W P AL A AR SRR T P, Zhai 55 7 3 1 3R
T pH ., FMEE MR SR RE, #il45 T Mos,
KA AL AL R, ST R AR T R A
W, W FE B A (0~3x1072) mol/L, 7 &R K
570.71 pA-mmol-L™', 7E M IEAE I, Zhai &
AuNPs 5 MoS, & &, ## T HREE ML 5 19 i 45
Wl AL RS, R T 2 932 pA-mmol L',
Bao % ) 7F MoS,/Au NPs Al |51 A% 1k i 44 >k
2k (CuO NWs) , X 4 45 B (9 & il FR 7T ik =
5x107 mol/L, X} T CuO/Cu Hy Ak 4 WAL 2y
(REUEHN761.9 pA-mmol-L™") ', H R EEH N
7 110.81 pAmmol-L", Li %55 4 T Co/MoS,/
CNTsH A58 FL A 2= AL B, R AR 4R E] A P
)24 5 v S FL PR BN T L AT RS, AR AR T
MFRR, K% 8x10° mol/L, MoS, 44K 4k K
HoAh A e e A A Ak 2 AR A SR AU M RE X
TR,

Table 1 Performance of MoS, nanocomposites and other materials in the field of electrochemical glucose biosensor

R1 MoS,MREESHH R E MM HITEE B TE B U2 AW & RS RERI T EE

Gellky) R LR 3 Fl/(mol - L) KR /(mol - L") EE BTN
kAL GOx/Au/MoS,/Aug K i (nanofilms) - 107 [38]
MoS,/Au NPs 107°~3x107* 2.8x10°° [40]
ZnOYIKE 5%x107°~1.2x107? 107 [45]
BB J#/CNTs 107°~2x107° 4.1x10° [46]
MoS, 442K7E (nanoflower) 0~3x1072 - [47]
MoS,/Au nanoflower 0~1.5%x1072 - [48]
AuNPs/CuO NWs-MoS, 5%107~5.67x107° 5%107 [49]
CuO/Cu 2x107°~2x1072 107 [50]
Co/MoS,/CNTs 0~5.2x107 8x107 [51]

14 MREAREREER

MoS, & & ML 27 A4 Y15 Jfeas B e R
BE R RENE . P B SO, R AR A
5 TS s o o TN ST AR e TR AR,
DO A AR RHE T B S 2R JF HAG I
I FEPE KB B A B, T IR KR
AR, SRR AR R ASRBIFSE A DT i el
715 MoS, 44 A 4 BHR 45 18 SO0 I BRI 2E 17 2%
PE—PHERIES | RETaErE, FIRmAS, A2t
J AR HE Y = RBUEY RIS

2 RN EEEEMERSTHER

2.1 EAX[RE

FET % i M (source, S). Wt (drain,
D). it (gate, G) ALk, FI MR st fin i F&
SEPLE R AY AR A . Zhang BRAE AL Y A T MoS,
FET AL 8%, FF X GLE & 1 DNA JFAI Y
R, F DNA A 7E 15 8 AR Au/MoS, %1, 4
DNA 5 H %} DNA % 45 4 B} 23 F# 4% MoS, 14 18 #1 %}
SR B 1 R A, (T 2 IRER A L 2
EVA I, [R]ERHA E ne H, {f Mo, 74 1B 4
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Fig. 4 Schematic diagram of MoS, FET for DNA detection [’
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fii FoAE FET I H 7 i B A e KA L%, 2016 4F
Desai % " R8T LASA CNTs Al , 5 T 74
T JEAUHM 1 nm (57438 MoS, FET, XX} FET 4=
YL IRASAE RO . B R B | 4 REUE S
TR TERIZER, 1A PRIEES AT & i A8
B B o ASHIF 5% 70N 2H Shan %5 57 3 Y A 1 MosS,

® X ZEMoS,
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MR EI<1 s. AHLLTHUHRGE, A58 FET X%
K6 0 8 BB 4% A5 ((3.3%107°~1.09x107) mol/L) 5,
MoS, FETKIFERIFBHTE ((3x107~3%107) mol/L).
XF T ZnO FET, SARRARFREE 14 Se R I [
R R S TR)7E 10 s DL 550 BB RIS AT R
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Fig. 5 Construction schematic diagram and detection for glucose, nuclear matrix protein and cell keratin protein by
MoS,FET
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YR IEARBED], o] LIXEAR R B s e s i 7
[ A (& 5b) B, Hp Xz & E M (anti-
NMP22) S54ifEfa i (anti-CK8) AR 53
BIE 22,7107 mol/L 1 1.9x10™ mol/L, I H
TEERFVNG TIE B #E A5
23 RS ETLE

MoS, 91K 5 G R 4 S 3R TE D) RE AL AT LA
ARGER R, BRI 0 W B, MCE FET
FIZR I TR R AT/ LS PERE . AR 434 MosS,
Yk A MRS A BB FET A% 8% 88 X i 41 i
LS VEVLE (PSA) FIDNA BRI RE R 7%t 1
G307 o

Park % 7 Fl H & W % = 2 A I RE b
(APTES) 1&1fi MoS, FET, SZ3 PSA ARG, #5
I 5 B A 100 pg/L~1 pg/Lo X He T H 81 0 5%,
APTES &1 i) 7k 4 K 28 FET %) 5 7 88 J%5 FET 1
X PS A FAKEIEE M 5 pe/L~500 ng/LAIT100 pg/L~
100 pg/L, A] W MoS, FET E. A B 5& i 46 I 3 i .
Lee 55 ') LBR FET (TR A T2, FIFafl4e
J165 PSA BYPLIAR [ %E £F MoS, FET &8s &1, i
e PSABTIRGI A SHURSS &, ST PSA KGN,

K FRAK 2= 1 ng/L., fix i Zhang % " 71 il DNA Y
AT AR 49 2K 235 ¥4 18 i MoS,,  Hiv 3 A4S0 ik Ay A7 1 3
, BEANTSE YR, RG] LS RGE T
&, {#i MoS, FET A=Y I8 A8 X PSA F Il =1 R
B, KRN 1 pg/L~100 pg/L, 0 BRAK =
1 pg/L.

BT FET A RAaCHE, A58 50K HN T 4%
Fl DNA [ £ o Lee 55 ) F ] MoS, FET £ il
DNA /Bt (5-CTGTCTTGAACATGAGTT-3"), H
KB 107 mol/L., Mei 5%/ INA 1 Wik — e
i 5 i (PMO) -DNA & 7 MoS, FET
V5B |, X} DNA R B (5-TGAGGTAGTAGGTTG-
TGTGGTT-3") A 7AM, PR 6x10™"° mol/L,
Ak, WEFE A TE I I M R MoS, I & A Au NPs,
FH B G FE R I DNA 231, DI 25 53 Sb 4G I
FEREEA R 21 S5 AR DNA R B, Kol FRAC 2
107 mol/L *', W[ W, MoS, FET 7 A= ¥y 6 I 45 ek
HABE RN REE, XTCEER/R T MoS, FET A
FRIEES T 12 N, ARSI A 0 ) 5 Ty By
BEA E R B HME . MoS, 44k 5 4 1k e HoAth
WERHE FET A= A% AT MERE O X HE AN 2 T 7 o

Table 2 Performance of MoS, nanocomposites and other materials in the field of FET biosensor

R2 MoS,MRE MBI RE M BITEFET £ Y% RTUsERERIXT EE

Gpllky) R LT Rl Z2E R
PSA [ER2uP/ S 27 5 pg/L~500 ng/L - [57]
VaE Sy 100 pg/L~100 ng/L 100 pg/L [58]
MoS,/APTES/GA 100 pg/L~1pug/L - [59]
MosS, 1 ng/L~1 pg/L 1 ng/L [60]
DNA U fii /4 4%) 2 -5 5 5 1 2 /Mo$S, (B-SA modified MoS,) 1 pg/L~100 ug/L 1 pg/L [61]
MoS, - 107 mol/L [62]
DNA (PMO)-DNA/MoS, (morpholino-MoS,) - 6x107"° mol/L [63]
MoS,/Au NPs - 107" mol/L [52]

24 MREAREREER

ULAER, MoS, FET 7645 ¥4 A sk H A R
=N AT N T ER N AV AN
KL ORI SR TR R R T R T B
JL4E MoS, FET A& s B 2w i IR 2 AW
A3 TR, AR IR A3 A= ARSI A 2 45 B AE 2% o
VW, X ARSI B i A ) 0 R A DN A
Al , HFEAPR T AR i 2 S
Mo [, KZHFET #REAEMUT IR EE TR,
Tk SN R KA | B X R e R T
P, WOARARBMIFA DI T Z AL IR 5 A s ik

FEVEAIRIRE, ST Hh 2 2 R I B 4 S P A
W, wesh, WFHTE. — A R AR

ARiEH .

3 AEREERALSHHEMERSFRTEN
i

31 EARRE

SERS & S — O 5 43 F Z [R5 P K
S, BT AR MR AR S RN S REAE
SCELER A . H AT SERS B AU, 5 1y B H g 1
5 ML | (electromagnetic, EM) 5 fk 2% 14 5%
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BXC, %: ZHmBMAMBEEMERE PN 195~

HLH (chemical mechanism, CM) . H.r EM ¥R
i B, FEASPDECA T, @R mE
RSN, A R AR T A B T IR (LSPR)
MG (Elea'™ ), M4 )mZRimmJmum Sk,
HE T 4 = W B 7E 42 2% 1 43 1 1Y SERS 17 5,

I, LSPR#IA N & EM 5 ) FEZR IR . CM
HERR IR W SRR B Z A BAE R, I
T Z Y R far RS B AR LR G E . 3R SERS
& 3% 1 14 5 A% R S 3K R FROBIL I 3[R P A Y
gER e

(@) (b)
‘ : Pt NPs
EER]
: iR
Au Pt NPs MoS 5
YPRA AL

-‘ ' ‘ : Au NPs
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Fig. 6 Schematic diagram of local surface isobaric resonance induced by incident light excited nanoparticles
and CV detection by AuPt/MoS, SERS sensor
Eo RigFRESFEHTERTEEFIF FHAuPYMoS, SERSIEREZE MR
(a) ABDEBEAKR 75 RIS T B O THAR R E I Y, (b) AuPt/MoS, SERSTEIZ A IS i L 50 i 70,

Mandvakar %5 ) #) # T 4 -40 (Au-Pt/MoS,)
SERS & JE&#5 T CV A, MoS, 44K b kL 2 A
F &GN A, AT Z R CV, it
SRR RS o T4 2R 1AL A FEL T DUREE A R IR
Vi, XTIT MoS, 40K A BHEGIUE T W b+
AEHE, S MoS, KA &M R RN i R
ALE /N IR N5 K s L R b, IR - A A ELAE
R R R BRI CV, B RS (E 5 52
PRSI, HAS I B B A ] 6b FTR
32 WRHE

Hif, MoS,C &9k BA SERS &, {HH:
P2 BRSOV NOR B T R A 7 B AL S AR AR
Sl Rk n, REAMP 2GRS, R
H YR RSO K AR B2 MoS, NS i S
BT~ A TR, B8 MoS, NS X 37 I 49y 14 Wi B R
71, PR RS, ST P P 6G (R6G) 1Y
R, 5 RALF MoS, NS A L, HA 5 5 B 1
6.4 % . SunfF 7 MIE T AF B TR A2
MoS, X%} R6G R, HE5EACRA R 1045

Jy E— A5 MoS, 1 SERS 61 5 T 4 1 1
5N 5UFF MoS, 5 ELA 1 HE R AN, 1Y Bt 4 s 44 K
Wik &2 A /E b SERS 2K, BE ] LLR #h B — MoS,

MR 2 G R B 7, IR SRFEA
HSRALN, [RIBE A E AR e e, NI T
SERS PERE . Zhai % ™ FI|H B T S ZIH AR 7E
JZ MoS, #4645 T Au 44K [R] 35: 54 51 /F & SERS
FLJE, X CV IR FRAEZE 10" mol/L, STk
1 19 Wang %5 7' F) F Au@Ag 1) X 4 & 49 K [ 31)
SERS LR AL RE CREMIFR A 7.2 107 mol/L)
FHEE, R BREEAS T S AR, 5 Au NP/fA 48
J#5/Ag SERSFLJiE 7 AL, R FRFFAR T 2 4
%%, Su%s: " i MoS,/Au NPs [ SERS %t JiE 7] JE
WAL SERS “T”, SEEXT R6G 43F FUAE N
FHLE T —) Au R, b & om IR 24 2.5 7%,
FH T B — 1 MoS, FE K, Ho7 2o 55T 10 7%
(&l 7a). Singha %5 77 F| /K #4145 T AuNPs/
3D-MoS, 44K 4k SERS JEJIK,  Ffml HyAs A IfiL 775
FIIELI R (E17b), RBREE] 1072 mol/L.
33 EEESEHXTEE

MoS, 91K 5 & MBHE A SERS JE IR, H45
P BT | Tl B SR S e R R X AR g 1 R o
AE T MG SRACR , AR5 ¥ X MoS, 44K 52 G 4k
SO AR SERS JEN R I BB T8 L AHT

Qiu%s " HINaOH Zb#iRE (Si) (i H & m
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Fig. 7 Detection of R6G molecule with AuNPs@MoS, and detection of bilirubin with MoS, NFS
El7 AuNPs@MoS2ilIR6G 4 FFIMoS2 NFsi& il AT =
(a) AUNPS@MoS, 2445 A5 B k£ s 1 1] B S R e BER6GA> T IISERSYEHE 1™, (b) MosS, NFsifil £ J5UHT A LA 2 MoS, NFsif IHZL % 1k

Ty me

TE 4 FRIEAR,, #EE T MoS,-4: 734 Si ) SERS
LI, AL TR AL B MoS,/Si SERS FEJE, X i
FEARG I BRI R 107 mol/L. Qiu s 7 F1JFH MoS/
Au NPs [4550 Z5 8 SERS B IR 2%, T4+
AN, A BRAEE 22 107 mol/L., I LA, WFST
HI R “ZHURE” 45109 SERS FL%, SLPTERE
5% . Medetalibeyoglu %5 ) 3% ] 4-%i 3 2 I iR
FRiC i Aw/MoS, A1 K AEAE R IR bt (CEA) 1Y
SERS ¥4, 5 Fe,0,@AuNPs/d-Ti,C,TxMXene 4%
4, M SERS LIRS, TR CEA, 2ty [l
7 (10°~100) pg/L, FMBRATi50.003 ng/L. XLk

T MIPs Au@MPBA  (4-55i SEAR IR &1 () Au NPs,
H b P F0 R 46 55 A1) 0 7 B R A W BE 1)
SERS f& Jggi B, H A BRFEAC T 4 50 2.
Criado R ZH ' F] F Au@Ag NCs/MoS,/Si0, & &
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Table 3 Performance of MoS, nanocomposites and other materials in the field of SERS biosensor

R3  MoS,HARE AW #R E it B EESERS & ¥ & BB I BERI XTI LL

FE B

o G eN | I PR S CHR
Jii:§E; MoS,-pyramid-Si - 107 mol/L [78]
MoS,-MS@CF-AuNPs - 107" mol/L [79]
CEA Fe,O,NPs@Au NPs/d-Ti,C,TxMXene 107~100 pg/L 0.033 ng/L [80]
MIPs Au@MPBA 0.1 pg/L~1 g/L 0.1 ug/L [81]
AFP Au@AgNCs/MoS,/SiO, 1 ng/L~10 pg/L 0.03 ng/L [82]
AuUNS@Ag@SiO, 3 ng/L~3 mg/L 0.72 ng/L [83]
Au@AgdKER 0.5~100 ng/L 0.08 ng/L [84]
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Fig. 8 Schematic diagram of glucose detection by MoS, nanocomposite colorimetry
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Fig.9 MoS, colorimetric sensor detection of cholesterol and choline
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Table 4 Performance of MoS, nanocomposites and other materials in the field of colorimetric biosensor
R4 MoS, K HESMHBTEL & &Y ERTUSIERERIXTLL

GGl [ZEs ARG/ (mol - L") Her I B/ (mol - L) 225 3CHR
HIEINE MoS, NPs - 7x1073 [95]
PVP-MosS, 1072~107 3.2x107™ [96]
Cys-MoS, 5x107°~107 3.35x107 [97]
ws, 5x107~3x107 2.9x107 [98]
Au’ 1.8x107~1.1x107? 2x107° [99]
Fe,0,/MoS, - 2.4x107 [100]
Fe,0, 5x107°~107* 3x10° [101]
MoS,@MgFe,0, 5x10°~2x10 2x107 [88]
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Fig. 10 Schematic diagram of the principle of MoS, nanocomposite dual-mode biosensor
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Fig. 11 Schematic diagram of MoS, NS dual mode biosensor and H,0, detection by fluorescence and colorimetric
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Table 5 Comparison of the performance of MoS, and its composites in the field of dual-mode biosensing

RS MoS,E MR H i B WK & RTusi BRI XS LE

Rk R LT 2kl (mol - L") R P 225 3CHR
GSH MoS, QDs/MnO, NS P % 107%~2x107 9x10™ mol/L [109]
F H2J#QDs/MnO, NS 7 5%107~107° 1.5x107" mol/L [110]
T £/MnO, NS 7 2x107~6x107 2.2x107 mol/L [111]
WITIRE MoS,/Au SN % - 10 CFU/ml [112]
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Abstract In recent years, nanomaterials have provided a new research approach for biosensor technology and
greatly improved the performance of biosensor. Molybdenum disulfide (MoS,) nanomaterials have been widely
used in biosensors due to their unique properties such as large specific surface area, adjustable band gap and high
electron mobility. This paper introduces electrochemical, field effect transistor (FET), surface-enhanced Raman
scattering (SERS), colorimetric method and dual-mode biosensor based on MoS, nanomaterials. Among them,
MoS, electrochemical biosensor uses the redox reaction between target and biological probe to analyze the
concentration of target. It has the advantages of high sensitivity, fast response speed and simple operation, but its
experimental cost is high, so low-cost experimental methods need to be developed in the future. When MoS, acts
on FET, it is used as the channel material to contact the analyte, and the gate applies bias voltage to realize the
current change. It is small in size and high in sensitivity, but there are few reports on the detection of
biomolecules in actual human samples. Therefore, it is necessary to focus on solving the problem of compatibility
between sensor and biological solution in the future. MoS, nanocomposite SERS biosensor can be combined with
chemical enhancement and electromagnetic enhancement to achieve singlemolecule detection. Its sample
consumption is small and no special treatment is required, but the large-scale optical analysis system of its
detection process is complex and expensive. Therefore, the simplification of optical analysis equipment and
detection system is a problem to be further studied. MoS, nanocomposite colorimetric biosensor utilizes its
peroxidase activity to catalyze the color change of the chromogenic substrate. It has the advantages of easy
operation and low cost, but its sensitivity is not high and the reaction time is long. Therefore, in the future, it is
necessary to find high-performance MoS, nanomaterials to achieve fast and highly sensitive detection. MoS,
nanocomposite dual-mode biosensor is based on one material to form two detection signals, combining two
analytical methods for substance detection, with strong specificity and high accuracy. At present, how to extract a
variety of information and apply it to dual-mode detection is still the focus of research, and the integration of
detection instruments in dual-mode sensing will also be the trend of future development. Based on the analysis
and conclusion of this paper, which provides ideas for the further application and future research directions of

MoS, biosensors in the field of biological detection.
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