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Abstract

Because biomolecules, such as dopamine, glucose, serotonin, play an indispensable role in the
TEEH .

WESIRH: ER, R B8R, £, W, THE. 8408 Al 2 A BESE A Y 4 AR /7Bt & ).
éﬂhﬂc;@lﬁﬁ 2021, 11(3): 83-90. DOI: 10.12677/aac.2021.113009


http://www.hanspub.org/journal/aac
https://doi.org/10.12677/aac.2021.113009
https://doi.org/10.12677/aac.2021.113009
http://www.hanspub.org

HEAR %

human body, so the detection of biomolecules is of great importance. There are many methods
for the detection of biomolecules, among them, the electrochemical detection method has at-
tracted more and more attention owing to its unique advantages. The graphene-based electro-
chemical analysis system, which is constructed by combining graphite with paper, is a novel
electrochemical detection device. Since it has many strong points, for example easy to make, low
cost, high sensitivity, it can be applied in many aspects. This paper introduces the application of
paper and graphite in sensors and the research progress of graphite paper-based electrochemi-
cal sensors in biomolecules detection.

Keywords

Graphite, Paper, Electrochemical Sensor, Biomolecules Detection

Copyright © 2021 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|

FENRA, G2 EDNTYIB, EAELERFHLIA L3 K A B DR BB . XNy T
PO FAEAR A 5 10 8 220 5 SRR (K R AR A R o DRI RSB AR PR /N G390 5 1 S PR v Y00 7E 50
W Sy bR 2R EE AR s TEY 2 TR I AR 2, & 1A T H AP E—E7 .
G TR %, Bl G iA[2]. B BIKA[S]. (e ROBIE4]5, B e #Em, &
PP mie SR, REETHA MR IRAE AR SRS B Dt IBAT R . AN S I SR, AL I
L IS0 5 55 5 T 52 BARCKBRA],  RTTA AN BURE by o0 ARG . fIfE L SERF T 28R Hifk A0 ikl
TAERRBUL . AW EAW m ST I SIS mAR AR, SRR T
Dyt o> A [5] [6]. FEAL AR REREIE T E ML N TR, ERBEE R MRS R
RECK TR AR I[7]o LR, BEAEPURFRLARGE, BRI TARE IR AR B HrdrRAE
LR TR AR, B AR BRI BEAN IR S () AL A AR AR A WA P R [8] [9]. Horh, BT s
WAL R AR I P 2 A RS R LA A T 0, 3R, AR IR, R RSSO 1 BT A& A
W FEHI A R[10] 0 AN A SR AR AL A AR IR AR BEAT 12, IF HHE 1 SR 4Rk i L2 AR SR AR A 2y
TSI _E AR

Table 1. Comparison of several methods in biomolecules detection
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2. AREMRRBHF LN

ARFTRRL, s A S, AR RARGEREEEINGN. B MARE IS AR
Yrdg 5 HoAth L AR EE BB, A58 PR AR T — L AR B 11]. A s Y22 — W T Y
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Figure 1. Scheme of constructing the graphite
paper-based electrochemical sensor
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BRI EAE A N R A BRATK R [RIIRPRECHH KRRE f,  IX SR RE R T R 4ERF A
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AE, 0 IEA ORI o IR T 8 26 W VA B2 2 M 22 R G AR A T T AR B A A8, X e ok &
JEA BAR R P I, U2 B B B IR o A P9 AR S R R S VR 2 ORI G, 0 e B
AR BTG AN Sy AR MR [31] 0 AT, DI 70 81 4 W P I A 0 e SRS T A ik 0 6 i S A Pl A S 2 [32]
[33]o HH T &7 EALBE AN LA KRR e P, DR b S el 80 267 S A e 1) A 20k 1 et i R e 2B
FRIRER IR IR . 2P Y R ACE AT AT R JFUR & BRI, OF HA B 2 LI, e 4N
PG VEIRRI[34] o PRIL, 33k 4R ET 4k ] P A R BT ATLEE WT LA Ml ) I S AL SR A A RO S, A3 4Rk BT fE
PR IE R HAR S BB, SCREAE A7 B AR A A4 S L o 451 4 Maedeh [35]55 AW 1 —Flog A4 A
AR B AL AR, T B RV & WE IR FEALSE IR 2 o SR AR AR AR AN G B R A% A — bk
ARIAR IR AN — AN AT WURE 12 B BT 2 TR SR B S AE i, T RLHEAT — bk DU PuEAS Il . 10 Fen 5%
N[B6]1H FH — Uk 22 W4 BN ik AN 55 AR AR 45 6, SR A SR RO I e KR 7 s e SR L e A 5
FAREXS — PR 22 U EN R FE AR BEAT A0, AR e R FL A s AR R e (AR b, ST 7 — A B A AN 4 i
HHRE TR K7 i o ORI AR 2 T AR 1 R S R 2 A S e IS S P R 0 B e T T s T
5%, JUIHE & A2 AR P B XA B PR IA SR o Sudkate S5 A [37]E UGB BEE By A7 a2 06 A1
TG 22 WY BRI R P AL 1 AR AT L, T TR AR D AR I o SR SRR 2% AR i
BER AR A R AL TE I o XA AR B 4RI 70 M 2 B T I 4w L T B2 O fek St 0 £ BBt e
B BA BRI

5.3. MERES

W R (Sialic acid, SA)E — P RIRAFAERIBIOKA G . NIRRT S MR, CAEMER. Bl IR
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RIVER) A HEAF ISR T & BRI AR [39] » 8 1SS e v 18 F) PRk it A D0 A5 3 T 22 1 i PR R
X Yanli Zhou 5¢ A[4018 7> T BN I G5 3-R I R IENNIR Ak 7> T (E AT oAl AT IR 4, FEAR
W TAAERTEOL T, B0 T — e RS R S MR 2 T AL 221 &, 2R R B R AP R
Pk EIUPERRENE, B AT CREhNH T2 %l JLBC 5 WA A e RS R A AR

5.4. 5-8 2 pE
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AT e E B REEMEH . AMEWN - G = & FEANR, fwkik, MRS, JOmaA1E,
WA ARSI, SRR N B-F2 B il K S v U o] e 2% 9 3K B-FR (UK LR B AIE[41] [42]. PRIk, 5-FR /KT
RS XS T2 W7 5-F U AH S A 5 2O B RIME . a0 Maliwan 25 A [4318 i 75 7 58 Fi Bl 3R 111
I Fes0,@AU@SiO- 7 T ENIL SR G MK A MBI & T —Fh s R BUSE AR BEPE I =48 AL 2 A0 7 by
E R SRR ik, B BRI RGN, & T 2SR IR T b 55 Bl I E . kA Orzaria
S N[A4)VRANAN 28 1 B B a2 — MR B8 AU FE 0t 8, IXRf e AL 2 28 1 A SRR R TE B IR A W 4L )
BT E U SR URRTE AR AR E AR, T ST AMA BRI B A 2RI R o I T BT A B R
WA 5T, WA, —RMEMHSEI N, X8 A AR A AR BRI T — ol e & .
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5.5. FRE&

JREZ(Uric acid, UA)Z MR I 2724, =S SEIEnS, LR R 5, & Ml nd 41 Ja A i)
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WA PR MR 2 R T4 SRR RR Y, 1% E A EH T NRMER PRI oGl . s,
Cai S5 N [48]H % T — F ) 2 B4 ) 2 e A SR ARAE v TAE B ) AL A BB R B R TPk R . 22
e PREZRIRTI, 245 A B RIFHEREVER R B, HEGNURRENE.

6. FIRERE

AL RIRI LT 4ty BAT HABMRICTL LU 2 ALoRK O VE RS, SUA B B R PE AN SR04,
R BRI AW BRI AT 5 2 FE AL 2 e MR o - Ak R RO SR S A ST SR, S AR
JRAERE A M o DRI RE R A N SR IRARLBEAT (2 B 1, 54 sk e S P A S AR AR R AT A 2 1
RO BARRRAS . R BUZ . WEE . SRS BEE R AR UL IR BE BE e O 2K, M
B ARRAT SR ARHE HL AL 2 A% IS BRI SZ 2R S AT AL

SE WK
[1] Suhito, I.R., Koo, K.M. and Kim, T.H. (2020) Recent Advances in Electrochemical Sensors for the Detection of Bio-
molecules and Whole Cells. Biomedicines, 9, 15. https://doi.org/10.3390/biomedicines9010015

[2] Nabhar, L., Guo, M. and Sarker, S.D. (2020) Gas Chromatographic Analysis of Naturally Occurring Cannabinoids: A
Review of Literature Published during the Past Decade. Phytochemical Analysis: PCA, 31, 135-146.
https://doi.org/10.1002/pca.2886

[31 Zzhu, Z., Lu, J.J. and Liu, S. (2012) Protein Separation by Capillary Gel Electrophoresis: A Review. Analytica chimica
acta, 709, 21-31. https://doi.org/10.1016/j.aca.2011.10.022

[4] Qi, H. and Zhang, C. (2020) Electrogenerated Chemiluminescence Biosensing. Analytical Chemistry, 92, 524-534.
https://doi.org/10.1021/acs.analchem.9b03425

[6] kg, AT WAEEYMERIIMIR[]. T Xz, 1997(4): 1-8.
[6] ARZE75, 11Uk, T OB AR R AR I 72 (0 et R [J]. 15 RBIR 224, 2004, 6(2): 336-341.

[7] Ashley, K. (2003) Developments in Electrochemical Sensors for Occupational and Environmental Health Applications.
Journal of Hazardous Materials, 102, 1-12. https://doi.org/10.1016/S0304-3894(03)00198-5

[8] Guth, U, Vonau, W. and Zosel, J. (2009) Recent Developments in Electrochemical Sensor Application and Technolo-
gy—A Review. Measurement Science & Technology, 20, 1-14. https://doi.org/10.1088/0957-0233/20/4/042002

[9] Miao, P. and Tang, Y.G. (2020) Cascade Toehold-mediated Strand Displacement Reaction for Ultrasensitive Detection
of Exosomal MicroRNA. CCS Chemistry, 2, 2331-2339. https://doi.org/10.31635/ccschem.020.202000458

[10] Yang, H.M., Kong, Q.K. and Wang, S. (2014) Hand-Drawn & Written Pen-On-Paper Electrochemiluminescence Im-
munodevice Powered by Rechargeable Battery for Low-Cost Point-of-Care Testing. Biosensors and Bioelectronics, 61,
21-27. https://doi.org/10.1016/j.bios.2014.04.051

[11] Guo, X.L., Wang, Q. and Li, J.L. (2015) A Mini-Electrochemical System Integrated Micropipet Tip and Pencil Gra-
phite Electrode for Detection of Anticancer Drug Sensitivity in Vitro. Biosensors and Bioelectronics, 64, 594-596.
https://doi.org/10.1016/j.bios.2014.09.086

[12] He, J.G. and Hu, L. (2014) Flexible Lead Sulfide Colloidal Quantum Dot Photodetector Using Pencil Graphite Elec-

DOI: 10.12677/aac.2021.113009 88 it it e


https://doi.org/10.12677/aac.2021.113009
https://doi.org/10.3390/biomedicines9010015
https://doi.org/10.1002/pca.2886
https://doi.org/10.1016/j.aca.2011.10.022
https://doi.org/10.1021/acs.analchem.9b03425
https://doi.org/10.1016/S0304-3894(03)00198-5
https://doi.org/10.1088/0957-0233/20/4/042002
https://doi.org/10.31635/ccschem.020.202000458
https://doi.org/10.1016/j.bios.2014.04.051
https://doi.org/10.1016/j.bios.2014.09.086

[13]
[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

trodes on Paper Substrates. Journal of Alloys and Compounds, 596, 73-78.
https://doi.org/10.1016/j.jallcom.2014.01.194

Mandal, P., Deya, R. and Chakraborty, S. (2012) Electrokinetics with “Paper-and-Pencil” Devices. Lab on a Chip, 12,
4026-4028. https://doi.org/10.1039/c21c40681k

Wang, Y.G. and Zhou, H.S. (2011) To Draw an Air Electrode of Li-Air Battery by Pencil. Energy & Environmental
Science, 4, 1704-1707. https://doi.org/10.1039/c0ee00759¢

Akbari Hasanjani, H.R. and Zarei, K. (2019) An Electrochemical Sensor for Attomolar Determination of Mercury(Il)
Using DNA/Poly-L-Methionine-Gold Nanoparticles/Pencil Graphite Electrode. Biosensors & Bioelectronics, 128, 1-8.
https://doi.org/10.1016/j.bios.2018.12.039

Ng, K.L. and Khor, S.M. (2017) Graphite-Based Nanocomposite Electrochemical Sensor for Multiplex Detection of
Adenine, Guanine, Thymine, and Cytosine: A Biomedical Prospect for Studying DNA Damage. Analytical Chemistry,
89, 10004-10012. https://doi.org/10.1021/acs.analchem.7b02432

Andres, W.M., Scott, T.P., Manish, J.B., et al. (2007) Patterned Paper as a Platform for Inexpensive, Low-Volume,
Portable Bioassays. Communications, 46, 1318-1320. https://doi.org/10.1002/anie.200603817

Thom, N.K., Lewis, G.G., DiTucci, M.J., et al. (2013) Two General Designs for Fluidic Batteries in Paper-Based Mi-
crofluidic Devices That Provide Predictable and Tunable Sources of Power for On-Chip Assays. RSC Advances, 3,
6888-6895. https://doi.org/10.1039/c3ra40701b

Zhao, C., Thuo, M.M. and Liu, X. (2013) A Microfluidic Paper-Based Electrochemical Biosensor Array for Multip-
lexed Detection of Metabolic Biomarkers. Science and Technology of Advanced Materials, 14, Article ID: 054402.
https://doi.org/10.1088/1468-6996/14/5/054402

Wang, P., Wang, M.Y., Zhou, F.Y., et al. (2017) Development of a Paper-Based, Inexpensive, and Disposable Elec-
trochemical Sensing Platform for Nitrite Detection. Electrochemistry Communications, 81, 74-78.
https://doi.org/10.1016/j.elecom.2017.06.006

Gutiérrez-Capitan, M., Baldi, A. and Fernandez-Sanchez, C. (2020). Electrochemical Paper-Based Biosensor Devices
for Rapid Detection of Biomarkers. Sensors, 20, 967. https://doi.org/10.3390/s20040967

Santhiago, M., Strauss, M., Pereira, M.P., et al. (2017) Direct Drawing Method of Graphite onto Paper for High-Performance
Flexible Electrochemical Sensors. ACS Applied Materials & Interfaces, 9, 11959-11966.
https://doi.org/10.1021/acsami.6b15646

Ren, T.L., Tian, H., Xie, D., et al. (2012) Flexible Graphite-on-Paper Piezoresistive. Sensors, 12, 6685-6694.
https://doi.org/10.3390/5s120506685

Santhiago, M., Henry, C.S. and Kubota, L.T. (2014) Low Cost, Simple Three Dimensional Electrochemical Pa-
per-Based Analytical Device for Determination of P-Nitrophenol. Electrochimica Acta, 130, 771-777.
https://doi.org/10.1016/j.electacta.2014.03.109

Li, W.B., Qian, D.P., Li, Y.B., Bao, N., Gu, H.Y. and Yu, C.M. (2016) Fully-Drawn Pencil-On-Paper Sensors for

Electroanalysis of Dopamine. Journal of Electroanalytical Chemistry, 769, 72-79.
https://doi.org/10.1016/j.jelechem.2016.03.027

Nikos, G. and Tsierkezos, U.R. (2012) Oxidation of Dopamine on Multi-Walled Carbon Nanotubes. Journal of Solid
State Electrochemistry, 16, 2217-2226. https://doi.org/10.1007/s10008-012-1647-1

Kasetty, R., Matti, M.R., Pamula, R., et al. (2013) An Electrochemical Sensor Based on Poly Film Coated Electrode
for the Determination of Dopamine and Simultaneous Separation in the Presence of Uric Acid and Ascorbic Acid: A
Voltammetric Method. Colloids and Surfaces B: Biointerfaces, 106, 145-150.
https://doi.org/10.1016/j.colsurfb.2013.01.025

Zhou, Y.Z., Zhang, H.Y., Zhang, J., et al. (2013) Electrochemically Sensitive Determination of Dopamine and Uric
Acid Based on Poly (Beryllon II )/Nanowires-Lapo4 Modified Carbon Paste Electrode. Sensors and Actuators B, 182,
610-617. https://doi.org/10.1016/j.snb.2013.03.057

Contreras, F., Lares, M. and Magaldi, L. (2010) Influence of Dopamine and Metoclopramide on Hemodynamic Para-
meters in Patients with Type 2 Diabetes Mellitus. Revista Latinoamericana de Hipertension, 5, 43-52.

Ozcan, A, ilkbas, S. and AtilirOzcan, A. (2017) Development of a Disposable and Low-Cost Electrochemical Sensor
for Dopamine Detection Based on Poly(Pyrrole-3-Carboxylic Acid)-Modified Electrochemically Over-Oxidized Pencil
Graphite Electrode. Talanta, 165, 489-495. https://doi.org/10.1016/j.talanta.2017.01.007

Nomura, Y. and Segawa, M. (2003) Neurology of Tourette’s Syndrome (TS) TS as a Developmental Dopamine Dis-
order: A Hypothesis. Brain & Development, 25, 37-42. https://doi.org/10.1016/S0387-7604(03)90007-6

Yang, P.H., Wang, L.S. and Wu, Q. (2014) A Method for Determination of Glucose by an Amperometric Bienzyme
Biosensor Based on Silver Nanocubes Modified Au Electrode. Sensors and Actuators B, 194, 71-78.

DOI: 10.12677/aac.2021.113009 89 it it e


https://doi.org/10.12677/aac.2021.113009
https://doi.org/10.1016/j.jallcom.2014.01.194
https://doi.org/10.1039/c2lc40681k
https://doi.org/10.1039/c0ee00759e
https://doi.org/10.1016/j.bios.2018.12.039
https://doi.org/10.1021/acs.analchem.7b02432
https://doi.org/10.1002/anie.200603817
https://doi.org/10.1039/c3ra40701b
https://doi.org/10.1088/1468-6996/14/5/054402
https://doi.org/10.1016/j.elecom.2017.06.006
https://doi.org/10.3390/s20040967
https://doi.org/10.1021/acsami.6b15646
https://doi.org/10.3390/s120506685
https://doi.org/10.1016/j.electacta.2014.03.109
https://doi.org/10.1016/j.jelechem.2016.03.027
https://doi.org/10.1007/s10008-012-1647-1
https://doi.org/10.1016/j.colsurfb.2013.01.025
https://doi.org/10.1016/j.snb.2013.03.057
https://doi.org/10.1016/j.talanta.2017.01.007
https://doi.org/10.1016/S0387-7604(03)90007-6

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

https://doi.org/10.1016/j.snb.2013.12.074

Soni, A. and Jha, S.K. (2014) A Paper Strip Based Non-Invasive Glucose Biosensor for Salivary Analysis. Biosensors
& Bioelectronics, 67, 763-768. https://doi.org/10.1016/j.bios.2014.09.042

Gutierrez, E.A., Mundhada, H. and Meier, T. (2013) Reengineered Glucose Oxidase for Amperometric Glucose De-
termination in Diabetes Analytics. Biosensors and Bioelectronics, 50C, 84-90.
https://doi.org/10.1016/j.bios.2013.06.029

Mohammadifar, M., Tahernia, M. and Choi, S. (2019) An Equipment-Free, Paper-Based Electrochemical Sensor for
Visual Monitoring of Glucose Levels in Urine. SLAS Technology, 24, 499-505.
https://doi.org/10.1177/2472630319846876

Kong, F.Y., Gu, S.X,, Li, WW.,, et al. (2014) A Paper Disk Equipped with Graphene/Polyaniline/Au Nanopar-
ticles/Glucose Oxidase Biocomposite Modified Screen-Printed Electrode: Toward Whole Blood Glucose Determina-
tion. Biosensors & bioelectronics, 56, 77-82. https://doi.org/10.1016/j.bi0s.2013.12.067

Chaiyo, S., Mehmeti, E., Siangproh, W., et al. (2018) Non-Enzymatic Electrochemical Detection of Glucose with a
Disposable Paper-Based Sensor Using a Cobalt Phthalocyanine-lonic Liquid-Graphene Composite. Biosensors & bio-
electronics, 102, 113-120. https://doi.org/10.1016/j.bios.2017.11.015

Matsumoto, A., Sato, N., Kataoka, K., et al. (2009) Noninvasive Sialic Acid Detection at Cell Membrane by Using
Phenylboronic Acid Modified Self-Assembled Monolayer Gold Electrode. Journal of the American Chemistry Society,
131, 12022-12023. https://doi.org/10.1021/ja902964m

Marzouk, S.A.M., Ashraf, S.S. and Tayyari, K. A.A. (2016) Prototype Amperometric Biosensor for Sialic Acid Deter-
mination. Analytical Chemistry, 4, 1668-1674. https://doi.org/10.1021/ac061886d

Zhou, Y., Huangfu, H., Yang, J., et al. (2019) Potentiometric Analysis of Sialic Acid with a Flexible Carbon Cloth
Based on Boronate Affinity and Molecularly Imprinted Polymers. The Analyst, 144, 6432-6437.
https://doi.org/10.1039/C9AN01600G

Perry, M., Li, Q. and Kennedy, R.T. (2009) Review of Recent Advances in Analytical Techniques for the Determina-
tion of Neurotransmitters. Analytica Chimica Acta, 653, 1-22. https://doi.org/10.1016/j.aca.2009.08.038

]Madhurantakam, S., Karnam, J.B., Brabazon, D., et al. (2020) “Nano”: An Emerging Avenue in Electrochemical De-
tection of Neurotransmitters. ACS Chemical Neuroscience, 11, 4024-4047.
https://doi.org/10.1021/acschemneuro.0c00355

Amatatongchai, M., Sitanurak, J., Sroysee, W., et al. (2019) Highly Sensitive and selective Electrochemical Pa-
per-Based Device Using a Graphite Screen-Printed Electrode Modified with Molecularly Imprinted Polymers Coated
Fe304@Au@sSio?2 for Serotonin Determination. Analytica Chimica Acta, 1077, 255-265.
https://doi.org/10.1016/j.aca.2019.05.047

Orzari, L.O., Cristina de Freitas, R., Aparecida de Araujo Andreotti, I., et al. (2019) A Novel Disposable Self-Adhesive
Inked Paper Device for Electrochemical Sensing of Dopamine and Serotonin Neurotransmitters and Biosensing of
Glucose. Biosensors & Bioelectronics, 138, Article ID: 111310. https://doi.org/10.1016/j.bi0s.2019.05.015

Minta, D., Moyseowicz, A., Gryglewicz, S., et al. (2020) A Promising Electrochemical Platform for Dopamine and
Uric Acid Detection Based on a Polyaniline/Iron Oxide-Tin Oxide/Reduced Graphene Oxide Ternary Composite. Mo-
lecules, 25, 5869. https://doi.org/10.3390/molecules25245869

Yang, Y., Li, M. and Zhu, Z. (2019) A Novel Electrochemical Sensor Based on Carbon Nanotubes Array for Selective
Detection of Dopamine or Uric Acid. Talanta, 201, 295-300. https://doi.org/10.1016/j.talanta.2019.03.096

Huang, X., Shi, W.S., Li, J., et al. (2020) Determination of Salivary Uric Acid by Using Poly(3,4-Ethylenedioxythipohene)
and Graphene Oxide in a Disposable Paper-Based Analytical Device. Analytica Chimica Acta, 1103, 75-83.
https://doi.org/10.1016/j.aca.2019.12.057

Cai, W.H., Lai, T. and Du, H.J. (2014) Electrochemical Determination of Ascorbic Acid, Dopamine and Uric Acid

Based on an Exfoliated Graphite Paper Electrode: A High Performance Flexible Sensor. Sensors and Actuators B, 193,
492-500. https://doi.org/10.1016/].snb.2013.12.004

DOI: 10.12677/aac.2021.113009 90 it it e


https://doi.org/10.12677/aac.2021.113009
https://doi.org/10.1016/j.snb.2013.12.074
https://doi.org/10.1016/j.bios.2014.09.042
https://doi.org/10.1016/j.bios.2013.06.029
https://doi.org/10.1177/2472630319846876
https://doi.org/10.1016/j.bios.2013.12.067
https://doi.org/10.1016/j.bios.2017.11.015
https://doi.org/10.1021/ja902964m
https://doi.org/10.1021/ac061886d
https://doi.org/10.1039/C9AN01600G
https://doi.org/10.1016/j.aca.2009.08.038
https://doi.org/10.1021/acschemneuro.0c00355
https://doi.org/10.1016/j.aca.2019.05.047
https://doi.org/10.1016/j.bios.2019.05.015
https://doi.org/10.3390/molecules25245869
https://doi.org/10.1016/j.talanta.2019.03.096
https://doi.org/10.1016/j.aca.2019.12.057
https://doi.org/10.1016/j.snb.2013.12.004

	石墨纸基电化学传感器在生物分子检测上的研究进展
	摘  要
	关键词
	Research Progress on Graphite Paper-Based Electrochemical Sensor in Biomolecules Detection
	Abstract
	Keywords
	1. 引言
	2. 石墨在传感器上的应用
	3. 纸在传感器上的应用
	4. 石墨纸基电化学传感器
	5. 石墨纸基电化学传感器在生物分子检测上的应用
	5.1. 多巴胺
	5.2. 葡萄糖
	5.3. 唾液酸
	5.4. 5-羟色胺
	5.5. 尿酸

	6. 结论与展望
	参考文献

