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Application of Covalent Organic Framework—Based Electrochemical
Biosensors in Biological Sample Detection
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Abstract Covalent organic frameworks (COFs) are two-dimensional or three-dimensional organic crystalline materials with
nanoscale structural order, which have structural advantages such as high periodicity and modifiability. Electrochemical bio-
sensors based on COFs have the characteristics of ultra-sensitivity, strong specificity, and good repeatability, and have broad
prospects in the detection of biological samples. The synthesis methods and strategies of COFs, the introduction and classifi-
cation of electrochemical biosensors, and the application of COFs in electrochemical biosensing to detect biological samples
are briefly summarized. Finally, the technical bottlenecks of COFs materials in the field of biosensing and their future devel-

opment directions are summarized and discussed.
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Figure 1 Overview schematic of application of covalent organic
framework-based electrochemical biosensors in biological sample detec-
tion
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Table 1 Advantages and disadvantages of three typical polycondensation reactions to synthesize COFsl
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Figure 2 (a) Synthesis of COFs via a molecular organization approach with characterization of each individual crystallization steps®®). (b) The synthesis
process of CTC-COF@MCNT®., (c) Rapid synthesis of TAPB-OMePDA COF catalyzed by transition-metal nitrates!®®!
Reproduced with permission!*?l. Copyright 2017, American Chemical Society. Reproduced with permission*®l. Copyright 2020, Elsevier. Reproduced with permis-

sionl®l. Copyright 2021, American Chemical Society
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A A A R AR ARG I L P R RR AR AR (4155 K
B W(pSCAH B B & 91K KL T (AuNPs) FIBAR i S Ak 4
A (HRP)X BkJE COFs AT DI fb 126, COFs i mfLIR
RAG AL RO B HRP, MR TR 5w LT

Table 3 Sensing methods and applications of electrochemical sensors based on COFs in recent years

R IR IR COF & 18r % Rk 5% Lk
CRC4 hr E G LB CRC fiTA= A Ak FIR AR AL A% [91]
NSCLC? 47 &4l R PD-L1* AN b ¢ R S R [92]
NSCLC Fr & 4746 QiR =T ctDNA EGFR L858R RIS I A RS [93]
BUSTIEGR . SRR IR NGAE I 8 2 (HCG) ERIHE G A AR [94]
pCCe HE IR 1L A PCCCTC! i P [95]
PCad fr WG LB I F B S PR (PSA) WRIE G AL I [96]
bR A Y NO VAT PR R [97]
bR A G NO R K (98]
Bk 2l M3 K AT (AMP) s T A S e e [99]

P
B IR A LA (0TC) FRA R S e A [100]

R

Jokr
B igﬁﬁ T80 (ENR) Rl 2k PR LR [101]
PRz LB ENR. AMP WHRIGE PUL LN [102]
btk 2 ﬂgﬁﬁﬁ‘ HR VD (CIP) A B [103]
KEREH P o LT A YO [85]
£ SR IN RS I £ I RE AT X2 %) (TBHQ) TFRIRNE PN RS [86]
fe AR e 5 KR HUNOV) I A [104]
B ERE LRI # i # R M1 (AFM1) IR A% SEREN (R [105]
o R g AFMI VR YR [106]

“CRC: Z5H%s; "NSCLC: HE/Nffafififi; < PCC: MEES LU, ¢ PCa: HIFIMRNE; ¢ PD-LITAMMAA: FEFPPESETICAR 1 & PR /M4, /PCC-CTC: P&

TSGRt 88 0 M.
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PE. [AIEF, COFs MINIVERESL S5 # 1T LLAR 2 HRP 14544,
BERE TR RN, 2L RS R RV Y 5 X
102~ 107 particleseuL ™", £ | fR (LOD) N 160 parti-
cleseul !, 1% RO H T MrilE IR MIEREA, v L)
X4+ CRC HEAMEREN, TEIGRSH AT FEr R
FHHT .

2022 4F, ZURE AL T — RS IR P ST
BefA 1 2 A B (PD-L 1Y) A s A i B A 22 A A i s,
FI T AE /N0 B il e (NSCLO) RS I (B 3). %Ak B fs 45
G T N EHHELL K (2D COF NSs) 5 i
FE U] [R] o 4 ] S & P 51 (CRISPR)Cas  12a i&E K R 5t
HATESBA. HE9 Kk 73Rkt COF-367
NS(AuNPs) &1 () L AF H A 55 35 008 1 A% I 2% 11 H 1k
VRS, AR RIS LM ECY 1.2 X102~1.2 X107
particlessul. ™!, & FR(LOD)A 38 particleseulL ™!, fF K
2R TR MBS IR S . AR g N T
SIMTIEPR LS AEAR, BCINIX 43 1 AE /N0 i il 76 2 R fi
FEN, FEIGIE T %A% B F T2 W e/ 40 i it (T 4T
PE.

Liu SEOSEE T 7 —Ffo0URE (A 255 AR 5 ) i 28 2%
B, ORE DU R RS DU R R 2N R AN BA R A e
(PCC-CTC)(KE 4a). Hrp#E a8 i 2 T LA A AUHESE
(149K B (COF @Pt) % F B I A AL VI B F0L P, DAASOK

CHO

Ouwsr™ ™ MB-aptamer

s Activator DNA ‘_‘Q Inactive Cas 12a

B3 FIT NSCLC I AR ) H Ak 2 A AT S8 (R v 7 2 P12
Figure 3 NSCLC clinical analysis using the proposed biosensor®*
Reproduced with permission!®?. Copyright 2022, Elsevier
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Ho0, i JFE T HLAR 220 87, FEAEA R TR B B 2EXT 3,31,5,5'-
DY HH L B R i R R A . 1 AR RS Va2~ 10
cellssmL™!, #BR(LOD)AN 1 cellssmL ™. 1 F %5 828
o 0 248 e AR DA o R B A DR H IR (GSH), 45 SRR IR |
2 BN K A 23 B B A o R SR e SR A P i 1R A A ) B
ARt FIE, Wit 7 — R T 9OKE R A T 0 € &
GSH 2 ek 2%, ZaR4Rm i & T 218 5 AIKAR,
A) vz T GSH R,

EAERENZ, 78 2020 4F Wang ZEPUFT Liu &0
HIBEFE R, SR A T — Fh e ) 2R A G2 SRS & sk
JE COF: N4 Ab i f5 1 B AR Vi A R ZURBE N IR & (1%
FEFERS AL 1 min), Zoid i B Yk ss 5 A H RIS 3
COF 7=y, SZPL T =i FERIE COF [ faifH 14 & p.
42 IEZNE

PUERTEEIT . Aol BP0l SS9 2 N AT
YRIT AR By, RIS, PuAz 28 i IE Bl 1 4H TR B AR T
kit U DU IR B, KRS RS R,
B T NBMEES S KRRS04 4%
AXESRTI, PSR IR AR T 78 0 RIS . = &)
ERVEIIOLES, X SEBRAEA P AE 28 R o AT R R AR
e, DASEIIN IR R BT AE R e B EIRR
PrAE =M e B A5, COFs 5 &RarK e 1

&), § o

with target

~ COF-367 NSs o AuNPs G exosome

,Q Active Cas 12a
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ghfy, MR ALK EIE ARG A AL S non HERZE A BAR
FH 8 8 A B 1R PR 2 PR TR, B A 2 PR A 55 R A
PUAER A EAEFRE 7, M SEE0 R BUE 3 Tt

Liu WIS T —MEE THEEEAILE L
(Co-MOF) FUxt 25 — H i B 34 ML 42 (TPN-COF) [
HEIKEH Co-MOF@TPN-COF, JETiZ 45T & 1)
Fhrid B ERE RS THTRNERES R
(AMP)(® 4b). BT EA8 n-n HEBUAH BAEH AU,
Co-MOF@TPN-COF 42K Jv | 1] L& & K& 1) i A %
AL KA TETEE N 1.0 fgemL™'~2.0 ngemL™!, ¥
TFR(LOD)Y N 0.217 fgemL™". Ay 7 AL HAE SLBRAE L 2
TR E M, 105 ZHH T IE 500 REFGBE A ML
T KRG AMP BRI, BE S [EDICR S5 A R
Ml Z£(RSD) &5 R B, Frd Hh 1) T AMP A I 3
8 AR S B i A T TE IR A

Zhou FFUONETFIERL T — RAI4E T COF Al
(Ce) & J& A Ml HE 22 (Ce-MOF) 9 40 Kk 2+ 1k Wy
Ce-MOF@COF, Jf LA =5 FUiz JUR R £ (MCA)1E A

(C__ et
poolq [eaoydag

R COF RAFE, M H 9K 5 &Mk
Ce-MOF@MCA 4% 1 F Tl -8 2 (OTC) M ohrid
HAL ST AR AL IR A% (B 4c). 75 COF MRHIIA R B H
T TRIE A A 2R, A U AN FERT 30 min. H
H s MCA ) Ce-MOF@MCA Z46#1%f OTC #Efi
EARRIE m AR ). G R TEE A
0.1~0.5 ngemL™", FMFR(LOD) N 17.4 fgemL™". XJSZr
FE S RTINS0 28 TR W, 1ZAE ISR AR IR
WSEFRAE L) OTC Al v HoA R R & R, A Bk
RTINS AR A bR R E AR T B E AR
YD & ROE AR BT 6.

Lu ZEUOIE ¥ 788 P v R AL B i T 3 A AL
WG gKRL T R RS G5 E TAPB-PDA-COFs/
AuNPs, FEF1ZA R 5 1 i fb 2 A5 s T B A U 8L
WP AL(ENR). R4 SR FH I 8 T R R B 1) 75 AL 2
IS ST COF Mmid R G ae: Kadai i 51
5153 B SRR VR B 7 8 2% 1 R BCE 10 min, BEJS
TR  Pelk S 5 M B RIS 5 COF 724, %Ak e

Zict 8
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] i .
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Figure 4 (a) Illustration of the dual-mode microfluidic device for PCC-CTC detection'®. (b) The schematic diagram of the construction of the
Co-MOF@TPN-COF-based aptasensor for detecting Ampicillin®®®. (c) Schematic diagram of the fabrication procedure of the Ce-MOF@MCA-based
aptasensor for detecting OTC!%), (d) Synthesis of COF, COF@NH,-CNT and COF@NH,-CNT/GCE®. (¢) Schematic representation of HuNoV detection
using the electrochemical biosensor!!*

Reproduced with permission!®). Copyright 2022, Elsevier. Reproduced with permission/®l. Copyright 2019, Elsevier. Reproduced with permission!!®]. Copyright
2019, Elsevier. Reproduced with permission!®*]. Copyright 2020, Elsevier. Reproduced with permission!'*4l, Copyright 2022, Elsevier
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£ 0.05~10 pmoleL ™" F1 10~120 pmoleL " £ P Bl 14
BT 0.041 pmoleL™ FIALINIFR(LOD). 7EX 1A%
PRAESEPRRE S R EAE ENR A SEMEVEAE AT T A
TR IR 2% 1 8 1 VR (PBS) B A8 -l It b HEVR I T VAN 2
HIRFER) ENR WK S2R00FE S, AR RERIH T
5 1 18] Y& 3R (96.7% ~ 102.2%) Ak RSDs (0.9% ~
6.4%), W4 BT R T VIS 2400 R (P R
4.3 BmEN

WK, VR 0 B R S A I S IR 2 I 2 Y
1o, B 2 AR A B SRR DX ) S
FUOL A i AU (R R 4% — B A 522 T e A
A, HorR AR 2 RGBT B AN 5 AR AN
B AR, Rk, gL, S RH R B R
I IR 2 0 A R UK.

Sun 2B COFraps [l € fE R IEH REIL RGN KB
(NH,-CNT) # 4 HAE 10 75 3Bk F Al (GCE) - il 15 Ha Ak
1% 3% COFraps@NH-CNT/GCE, T AL Sk
HHRRIR BRI (A 4d). [FIREHL, 76 COF #RHE & b B
AR AR T A SR TR, A AL VR AT R
PRIEAT A Ab 3, A R NAYFERS 5 min, SEIL T COF
PRI P A . AR IR R MV A 0.2~100
pumoleL™!, £ ¥l B (LOD) & 7.75 X 10® pmoleL ™",
COFraps@NH2-CNT & ISR it 1 ORI FRis PR 3R T
UL RS0 S MR Z R R T B Re . EXSPRISE A
FEM A AT T SRR, BT i EUCE A 87.8% ~
126.9%. ML, %A% AR T S BB it Hh ok i Rat J (14 4 30
HAT 5 80 €% 2 (HPL.C)AH 24 e 1

Chen Z5BSIET Co;0,@TAPB-DMTP-COF K& 44
BHOE A AR RS, T IRl e & S s T
FXF B (TBHQ). B TAPB-DMTP-COF 5% )2 #2 At
ZEFRIBIE A B T TBHQ 4T MGt Co*' i
UYL ERAERAET, SRR R I A2 M3
AT E(0.05~1.0 A1 1.0~400 pmoleL™), &l fR(LOD)
490.02 pmolsL ', Jy T ¥R T ILAF B 1 5 W A PE A% S B
N FH EIRTAT I, e T AR B8 %) 5 pmolsL™' TBHQ H AN
FFRE T T PR, JR0e T A& R &
TBHQ. 541" HPLC MIEAHLL, AR A RX 5 2
FLSERE A TBHQ A Fs FE I o EL 2 3L

Zhao “EUOE I RE I AN A AL E S2/4 05 & S o R
5T 9k B A& M oE (MB@Apt@WPSA@Au@COF@
FesO)E NS SERER, W8 T —FhBERL 7 N K18 Wi 5
(HuNo V) [ P9 PR 57 14 R0 Je A G AR 1) 92 0 X
T2 A A s, FH T AL R 32 B/ 97 19 5 S MR A
HuNoV(/& 4e). it COF@Fe;04 T8 Au NPs Fl4%
7y 7k WPSA, JEHEEB IR R BN EA S T 5
#6871, BN WPSA@Au@COF@Fe;0, &M
W5E T AR SR, 2RISR 2.5~
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2.5X10° copysmL™!, faillfR>4 0.84 copysmL . L 4Huji
T EEAR LY, 125 B X I PRASE A (A ) 2 I HH B v 1)
REEUEFWER . FE, SRS E GIL4 Al GIL3 £
BURYLE R, X HuNoV GIT 4Rk HIEiLS] 74%, H
HuNoV ) RIIAS I $2 (it 1 48 K 7110 75 .

TEPRZ A S A S I 5 b, F 7 N SR U
PR RN B INYE S COFs TEAF N H 424 2 Thik s ou fig 5
SR BTG, COFs 5 H A KA RIS T
FARE YK 5, I RS 1 DhRE AR M. 7EXT s
BRAE it (0 FAL A D o, AR BRI R AT BTt
RE 77, XX ARKAIFET COFs 1 H Ak 24 W 4% Jk 38 f s
B . FH 48 G B

5 HiLS5RE

COFs fRBLH 170 T ™18 AT P4k, 2Rk
(R NS 5 7V ER T COFs Z5M I 2 REE, T T
EAESS SHORA 2 DR AL 16 5 T A e 5, 261
COFs il % ) FL AL 2 A W A TS BAT R B R e 1k o
RIS . SRR, SRR SR R Rk
COFs ffill #ifiFe B a8 S5 Xl R AR _ B0 FEA
SRSEIRARIEACT . F 5 DR S R il 46 2% 1 2 18]
M & T2 T COFs MEHKINFISZR, —J51H, 240
% 5L BR 1 7 COFs ERINAT 7L iz L. 53 —J7
I, BAREHE T COFs MAEMIME RS IR RIS
GRS R R AW E T R R = AR <X B
HGRAG SRR By “Er L7 T2,
R AT COFs Wb A E Yt st &A™, SEal
W AEDERTT RIP TSl =, [N, A0 RALR
(1 COFs T RAGAE TP I BL. 3+ DA EHAIS,
AERARIRH LN R OFZ COFs 5701 I HAR M
DhRet e, Bt IFREE COFs Mg i ffi 1& M T2 FEn
IR E YRR B, DLt — b i A =2 A W A T
NiFH. @ik COFs [l rik, ffLRiERiAe. .
F— 20 R BAR 2 28 S 2, T A a1 B 1A 13T ) 2% i 42
S5 R FHEEA S COFs MEMEM AL A5 1 T
SRR, B E TR R A ) SN SR A AR RS R 2L
K. @R KRALAE COFs HIBE—LIFRITTL, thfeLEyfe
AL TR LRSI et B, IS TiRE D T iE
B, Nk 2 5E T BAT IR SRR AR
0, SEBEZ 8 TRRTTE.

B2, #T COFs LA B s A YR
A AR B2 R, Aol COFs 1R & B SRS A1
Jrik, SEHLG 2RI f R B PRIEAS I — IR
WEIENES. MERE SIRFARR AW KRS 5
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IRl (R SEBR SE A
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