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Figure 1 (Color online) Schematic diagram of the application of
nanobody in disease biomarker detection.
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Figure 2 (Color online) Schematic diagram of traditional detection methods based on nanobodies. (a) Construction of the semi-synthetic VHH
library [69]. (b) Determination of VHHs’ Affinity, the establishment of double-antibody-sandwich enzyme-linked immunosorbent assay and
determination of assay properties [70]. (c) A diagram of the nanobodies as immunoprobes in ELISAs for human microsomal epoxide hydrolase [73].
(d) VHH overcomes the interference of daratumumab on the detection of CD38 expression in patients with multiple myeloma [74].
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(alkaline phosphatase, ALP)@h#, 4% H 3 2 pi 5 iR 51
SEAEER R —EE. TR R RO
B S HESCIL T ER B PO . AERR R, 9
THEARAE T AT A, Sus et bR £ G
5 (alpha-fetoprotein, AFP), ¥4¢ R KPiiAA1S
ALPRAE, i BB AR 200 I STBORRT G 5, TR R &
RGE BB o i 7% (E3a). fEREIIA R,
A1-ALPA] AL BUIR (i 2 -2 - B 8 7K A AT ER I 1R
(ascorbic acid, AA), J53#& BEILJEMnO,ZK -, F)H
A3,37,5,5- D0 F R R i%(3,3,5,5 - tetramethylbenzi-
dine, TMB)IIAET), M-S B RIE650 nmALIR I
N, B BEREESAFPIREA G, B3NS 15
PRPURRE 2 . H &P BRE S5 A L. Ak, BRgRIp
TR 25 I 5 VE R R 490.148 ng mL ™", BeAE Gt i
FEHE BRI (R IR 92,776 ng mL ™)) R B4 7
1871, fEE M ER AT, Sun KR AAFPHI g
AKPifk 5 55 % 255 A1 (streptavidin-binding  peptide,
SBP)Rl &, FRAFHA XN REL I AL-SBPRE & H A,
ZAlE AR AR IR, HSBPRAET 5 E4EMA
EERE SR AR - R G BN A e 25 & (E3b). BT
RN RGP A 7 7 BRI 2 BRI A
TG, AR — R SRR SN 2 M
T, MWMSEIE T R EHOR. NGk IR LN
TR K2R e T RN P AN I NN 0 6y A TR S S
RIGPESZIR A, XiaoZ ™k R T — Rk T I St
A KRR LM BERNE. 1Z A0S DAY SR AR i 25 74
AL ER, B SpyTag/SpyCatcher 5Im7/CL7H &
ERBIR R R, CIGOKPURR E M2 de. BARI S,
P 3 5l IR I SARS-Co V-2 1% A 76 8 [ A [F] 45 /4 38 1)
YRR, #7537 il A Spy TagBRIm7ARZS; 11 X6 N7 (1) 45
A BB A SpyCatcher 5 CL7M 5 VU BAL B2 g it &, i i
B AR AR A, RO AT IREN R HTAR LY H e it 2H
PR b, TE A MR ALY B 22 R AR, 1X— 454
TEXG NPT T 456 7 S [ SRR T s s e, K
MEEE T 100 m B S e e Wl ) R RE, R T A& 407
VR I R AR AR SR, Guo ™ 3@ id Spy Tag/
SpyCatcher H ZHAE 44 A, HHISARS-CoV-2. FHiH ZRIF
W 47 0E 6 DR 5 B A 9 K Fi 4k 5 Spy Catcherfil &, DL
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AL ZE 2RISR S PRI S5 & 5 R Tl e S 5. A
FeAE G758, WAL RS uLiEA, LHEBLH, mE
INFEAY 910 min, A %FSARS-CoV-2 S14& 1L I &
1.8x107" MRS BR, ShASKIITE B8 26 10 M o4,
FEMER I K 85 R X7 45 5 2% R T P R =
St

FRACRA SRS U I 51N 412 45 R 3 o 3 i
GOKPURTHRAR L T A R0e %, SuP & T L&k
YR PUAR-TR I BERR B AL G 5L . %8R A% O )
AFPYLKPUIE, H 5 AP K AMA R 73445 & 2 1 o (com-
plement component 4 binding protein alpha chain,
C4bpo) 45 /IR AL b &, CAbpodh /I8E i 1 bt & R
KW SRR 5 B A%, BRI (EBe), %
BT 9k PR 2 it 23, KIBSRFHHURSE S 71(2)
2.41%). [RINE, gk Pi iR AmR e B R b i A 8 4t
Wi fE—g, T A5 SERUR BIPLE MRS 5. s &
H5AFPE A 5, ALPHEALIRYI/KARAE RAA. B 5, -
BRZARA G J& A A ) (manganese-iron layered double
hydroxide, Mn-Fe LDH)49K F #ILAA 541K —JiZ
N, H PR D6 RS IE 425 nm, [FI, 1Z90K A
G35 A AR %, E565 nmAb & S 5. Kok
S LU AR ] AFPYR B S TEAH S, KalIFR0.013 ng mL™",
T BAWERIER IR IOLAR, A 3EKH
IR S AERPESN, SO R BN, R RAL Sl
KPR - B BRIl L €y 3R T+ 37~213 4%, AT T T oE
RS GuE IR T BRI S b
&, TR AR AN 2 B o 1S, Wt 7¢
TR TUANDS 5 E P2 HIBILHA7 (verotoxin 1
subunit B, VTIB)fl&, FIAHVTIBM B 4RIk )
2N EE A ORI R, N3 LA I R R [ — A
SCHR b AR TR AAEREIND3-VTIB, 4546/ 1R
T TR AN T T #3045, 51.279x107" M, iE ]
AR A e 70 S A S A R 8 Bt 23 7 SRS [R) 5 M 3, 2
TR ISR RCR . W ik B AR 9Ot
IR RN B B B LR AR GOR PR I CoR iy, AT K
B G R BE AL A AR T BOURTE MR R, [RIN FSR Ak 5
FA B SRR W, 2 TF T #se MR HLIE 7
fif 521, FERIA R, XU SPGB RA B A
BHEFLAR DAl SRR, TR AR 2O Fhnid LR Ak
YURPUARNE NG SERER, PAE R NEUR R, 1%
J7VEL VG 90.625~160 ng mL™', K HIR A
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B3 (MO DK SRR & 8 SR T A 7R i . (a) 25 TNb-ALPAIMnO, 2K F (1 BB EOR G 2 70 Bl 52
AFP7EE™. (b) SA-polyHRPYE Jym i FIMR 15 54 i b (8 ELISA R 8% 7 2% 7). (c) % T-Mn-Fe LDHI HL R 5 etk &
ik ?%j?ﬂﬂAl-C%pa-APﬂ-u@[82]. (d) FETZUORGUAR T 00 1) RH SR AR AR ZR AL I VEACL I N PV A A S A K A
177 5. (&) FFR A TP 2 BRI GL 1A R JENBNB A 6 18 8. () HTGPC3guR AL v T BLEIA I 4 BSEAR I Tl
M A GPC3t

Figure 3 (Color online) Schematic diagram of the nanobody fusion protein strategy for disease detection. (a) Schematic diagram of enzyme cascade-
amplified immunoassay based on Nb-ALP and MnO, nanoflakes for the determination of AFP [78]. (b) The schematic diagram of SA-polyHRP as
tracer for signal amplification to improve the sensitivity of colorimetric ELISA [79]. (¢) Schematic diagram of the construction of a ratio fluorescence
sensing system based on Mn-Fe LDH for the detection of A1-C4bpa-AP [82]. (d) Scheme of the nanobody-based sandwich homogeneous split-
luciferase assay for the rapid detection of human soluble epoxide hydrolase [84]. (e¢) Development of luminescent NBNB biosensors for rapid and
quantitative detection of FGL1 [85]. (f) The isolation of anti-GPC3 nanobody and BLEIA for detection of GPC3 in serum [86].

0.52 ng mL™", REUEEAL G EIRTI241%. NLuc (E3d). %G & ] BEE afillbuE, 54

AL, GORPUAR S Y R ICER iR E 0 T IR GPC3Z st PRI SRR, @ —P= kot
AR Y RS ). Yo e R R 1 9% Il 72 7% (bioluminescent enzyme immunoassay,
Ae LR 2 (4 28 HE-3  (glypican-3, GPC3)IguKiiik BLEIA), A4 %X /0T 3 5 1E% N, He2 ™ kgt
GPN2 5 /N gK ) 25 B (nanoluciferase, NLuc)iET TR T 9K PR S 2 294K 5% ¥ (nanoluc
WERE, RS2 R4 G GPC3. Al fEfl  binary technology, NanoBiT)fi# V& B sk AL 251 4H
RV = A AR G 5 ) Refil & 28 I GPN2- oML, EEL T PR N AT P R A K i
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fii(soluble epoxide hydrolase, sEH)A[HZALHIAKPT
RA15A9, 43 7] 5 NanoBi T K 2 (large binary tech-
nology, LgBiT)& /Nl (small binary technology,
SmBIT)BEAT ARl &, JERGH L T Ble J7 ) (N3 54
C iy 3 122 ) X A6 Ak BE A 2 (181 3e). 45 2RZEW],
SmBiT-A9-5 A9-LgBiTH4 i (1) it %) 7E sSEH A 1E I e 5y
MBI CRBE L, P AR IOUE S, B
SAF TR, ZITIERAERE, THRERDER, 2N
5 £130 min, & F]TsEHA PRI, £ fr 8w b b
MA4EE A JEEE L (fibrinogen-like protein 1,
FGL1), 7&K 7 NanoBiT- XN KP4 ah A 1% 8
#%(nanobit-conjugated dual nanobodies biosensors,
NBNB). iZf&&as A @ thir. frmtkom, SRZhH]
TG R MIEREA ST, 5 CEABCA Rt — B4 &
LW I HERPE(EI30™. g2 b, ST 9RGTIR I
BRI R RAE R SR A RIS, B R
I PR AL I 5

K Ui R & E AR TR 1AL G iR B AL
R AR 1 3 5 R WA R DR B AR, SRR
T MRS G o b e — AL T R PR B
A AHZ NG WAL — LRI, 2N AR TE 5 i K
SRS AR ERITE . T slte S ) L
BRI LEZ A H RTS8 5 [ R 55 R AR
RN 2 S WA TS o A 2 FH S I8 P 5734,

3.3 GkBiR-gRA RMEEY)

(RN To [ e R EE P SAR LS PP A A S
BHINE KB, &7 i BEPEGKBURL 55) EAT 15
HE, SR TG B ) R A

TESR & RPRMBET 1, Lidk 4Rl 7 — it
FHRPEARIRTTIR, PR IUE -G RE S 90K
LA 09 A K T S R SR 5 K A RE-8 2 A 44 K (gold
nanoparticles@zeolitic imidazolate framework-8,
Au NPs@ZIF-8)K5ill AFP. F 78 # K5 AFPHE S M4 K Pk
(A1) CAbpafl &, HT it T H AR KL
RUARET, $2THAFPHIERAE I (K4a). 2 BEmRANKIE 2
T3 % LA £ 2k Au NPs@ZIF-81F A A EAA, [ e
REREIRE, %4 A8 2R M 5 #10.0001~100 ng mL ™,
H HEPR0.033 pg mL™, AR bR R B 1 T AT
2. Tang™ 5l i 78 G AL HOR A FL = AL RER T
JAALAAC AU NPs, B2 FL 9K % AR I 1 r
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M. SRR G RAEEE A NGUKPUER, S
e RIS SN R C iy R . e, &
RO 1A Gl A Sk R A R ) . BRI R
BB AU NPs [ RERT /R Ay oA ™). it AviTag/
FHE A FEAL, KRR IR R S A R
BRI G YUK PUARE e, TR E I as A S,
FEAR R U T 1 1 [R]85 1 Pl E AR R T (1814b).
AR RIET PR FIAu NPsZBERE 5 ITIFIX—
VISR, TEHEAR O PeBEEREBOR, B BT
SEAE SN OE AR, T S B
FEL T2 . Wang O — b T3 T 1 5 B
i} (surface-enhanced raman scattering, SERS)F{JH 5
W&, K4S R H RS A S 90K &L BEE 15
A IR TR B [ i Y et bR 7 R 9% EERBD Y 2 41 44
KPUAMNO2 VAT AR, H1tbAe 22 th 2 2R ETFMVP21.
EIREHEE & - A S YUK ESERSIE I, X # ALtk
93 750 5% 2R FARBD IR I IR 11 3£2.23 ng mL™". ¥t
WREMIE— DA E MR O, BRI B SERS-Fi
BRNFG. EIRK SRR, ZRGx
SARS-Co V-2l JE £ [ J 56 B3 B (1A I 25 R 5 Sy
PN T B I 5 T i U B 5 R —BUME H84.6%,
B H R R POEAG TV 77, Ren®S°HIEE T Au-TiO,
YK A BB B R & 6 SR AL B8 (glucose  oxidase,
GOD) 5 MPTAENDOS I T etk Ax W (Au-TiO,@
GOD@anti-ApoE Nb05), H-T-Bil /R 7% ifg BRI 16 - 312
Wr, @It Ti-Of 5 GODI) 3 3 I E M — % H R W [FAE
FH S EILER R = R AR K, 3 TR MEAAE 55 AR K E
REALI T 2 buikss &, Hom 7R ARCE. &Pk
#1.0 pg mL™'~10 ng mL™", KPR AEEE0.42 pg mL™, 3
BRI S B e BRe ), HELISAZE R B —2L

FEH AR AT MBI JTH, ChenZ %k 7 T
For I O B bR AN 52 55 4 (human epididymis
protein 4, HE4) 116 HL AL 22 0 AL BB . 1A% I 2% DAGY
KBUAAS R B I b I < Ja A AU SR A K BRONERET,  F)
RHES GG 5, TERCYE SR R (El4c).
V2 A% S TE i PRAE AR X 43 b SR It s s e MR RS E
P, RS RS E B RO ERA RIFR—K
Y. fEZAER AR TED, FREAHET S5
HE RS BGRR[0 R R A AR, T2
HIIRRE LTS 5 1R, SEIN R B AR KN 52
PR R, 2 IR K. Giménez
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Figure 4 (Color online) Schematic diagram of disease detection using nanobody-conjugated nanomaterials. (a) Schematic diagram of the fabrication
process of immunosensor based on AuNPs@ZIF-8 nano-composite and A1-C4bp heptamer [87]. (b) Overview of Nano2RED assay development and
characterizations [89]. (c) Scheme for the preparation of Nb3@nPCN-224 [92]. (d) Schematic diagram comparing the detection signal responses of
Nb11l and Nb55 functionalized GFET biosensors to spiked serum samples of HEV-3 ORF2 [94].
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2t 0% 0k P BB 37 300 1445 (graphene  field-effect
transistor, GFET)/E NV &, it 3EeAN 77 20 R 1A 1%
AU 98 955 B 1 B 2 HE2 2% 1 (hepatitis E virus open
reading frame 2 protein, HEV ORF2p)HI 4N K544 LA
5E, I LI & A v ARy S B, E e s
X HE VLR ) =4 7 P e A s il (B 4d).

25 b, GURMPRAOATVE Ny E EE R AR Bk, &
LA PR LIS s iR S 3R A%, B AR AR A HLMURR
6. B RS, T E S TOR, A9
KPuihp)mRe G T, R TGPk rEfa e
P REE . ERCHE BRI OB, ERm R IHiE
Wi ZhAS I R RS I R A AN R AR AR
B H AT RIS 2 40 TSR0 =R M B, B iR 5k
FEAR B RFEARE . KR e M A AR A A IR
AR TE R, R F AR AL T

3.4 YORGUA T PR AR S PRI BB RO
AR5 T

Y S A T AR LR s 4RO PR T B 0 b o
YIRS R SRR, KT 102 AR K SR AT T
Gt ir(Esa). 2T Web of Sciencel% CaiE e 5
4, RICEMN20155E M L1305 Fa b 2T+ 22025511
22053 A b, SR KR EIT20%; RG] ZMN
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Figure S (Color online) (a) Annual publications and citations of nanobody disease detection technology. (b) Bibliometric network analysis based on

1077 documents.
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SRS A S AR BB IR R =5 T, VRARIRE 1A
RPARRVE FEDURE B IL S, X EETHE N AR
R mRER R PR AR VA SR Bt 1R
JAE QR GUALE IR bR SV I B P (3 C S
R, ARG TH v 2 HhR. AR PR TR A 2
Kt A GKBUR A ) ST A T4, & —
Folv s S ) S AN B 3 T B AR LA A R A S5 A A
A2, HHTHERR. B BRI R & 8K
PUPR A7 AN MBI b 2 e N0 £ £ 15 93 #,
F R AR 2O B A AR I o O VR PR e
PR, k= SR 2 HERRIR SR S BEBOR T 65, RIS A
T R A A A R IS 2, X DA 2 I PR 2 4
AL ZARER RIEDHTHISEPR K

B N LR RESEB N FORIRAL R &, 9Kk
TREEARRN R G TR L. mEE. &
AT RS S N TR BEIR B R A TR B R
KK M EEARBUAE LU R I ANERE: (1) K2 HOR
RLE VR S IR SRS, B RS R E A R . IR
A BER/MRNARRSET 6, A RBH iR EOR
WA RIR, T8 RIFAF R RGHERIERCR T
BN SR R 1T T 2Z AL S, A5 R TN
KPR & RBCRGTHIERIIE,; (2) fHIITHELM
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S5 N TR, MRS SiE R Pk,
AR LA SR UG R 5 B HTR I SS &2k A ),
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Abstract: The precise detection of disease markers is crucial for the early diagnosis of diseases, disease monitoring,

and the evaluation of treatment effects. Nanobodies, distinct from traditional antibodies, possess advantages such as

small size, good stability, and strong tissue penetration. In recent years, they have been widely applied in biomedicine

and therapy, biomedical research, and in vitro diagnosis and detection. This article focuses on the outstanding

advantages of nanobodies in disease marker detection, such as high sensitivity, high specificity, and shorter response

time. It reviews the representative research progress of nanobodies in disease marker detection, analyzes and

summarizes the structural advantages of nanobodies and their efficient development strategies and techniques, lists the

applications of nanobodies in traditional detection, fusion protein strategies, and nanomaterial coupling, analyzes the

challenges faced by nanobodies in disease marker detection applications, and looks forward to their future development

prospects.
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