Supplementary Information

A MBene-based electrochemical aptasensor for label-free detection of EpCAM-overexpressing cancer cells

[bookmark: _Hlk123307234][bookmark: OLE_LINK89]Min Lia,1,Yue Jiangb,1, Yang Huangb, Wei Chenc, Yan Lid, Dongxin Lianga, Yuqi Wanga, Qian Qiea, Jiaxian Yuanc, Jiahui Zhanga, Yuan Zhanga, Siyu Yanga, Xin Hea, Zhaoyi Zhanga, Liping Duc,*, Chunsheng Wuc,*, Qiling Lia,*

a Department of Obstetrics and Gynecology, the First Affiliated Hospital of Xi’an Jiaotong University, Xi’an, 710061, China
b The Hong Kong University of Science and Technology (Guangzhou), Advanced Materials Thrust, Nansha, Guangzhou, 511400, China
c Institute of Medical Engineering, Department of Biophysics, School of Basic Medical Sciences, Xi’an Jiaotong University, Xi’an, 710061, China
d School of Computer Science and Technology, Faculty of Electronic and Information Engineering, Xi'an Jiaotong University, Xi’an, 710061, China

1These authors contributed equally to this work.
*Corresponding authors: Liping Du (duliping@xjtu.edu.cn), Chunsheng Wu (wuchunsheng@xjtu.edu.cn), Qiling Li (liqiling@mail.xjtu.edu.cn)

Supplementary Figures


Supplementary Tables


Supplementary References


Supplementary Figures

[image: Figure S1]
Supplementary Fig. 1 | AFM of different surface of modified electrodes. (a) MBene/SPGE. (b) Aptamer/MBene/SPGE.


Supplementary Fig. 2 | Fluorescence characterization of the sensing interface assembly and target recognition. (a) Fluorescence image of bare MBene/SPGE. (b) Fluorescence image of MBene/SPGE after immobilization of the FAM-labeled EpCAM aptamers. (c) Fluorescence image of the FAM-labeled aptasensor after incubation with EpCAM protein solution. [image: Figure S2]

















[image: Figure S3]Supplementary Fig. 3 | Optimization of experimental parameters for aptasensor. (a) Different concentrations of MBene. (b) Different concentrations of EpCAM aptamer. (c) Different incubation times of tagets.  The error bars were calculated by three parallel experiments.



[image: 图片1]Supplementary Fig. 4 | Original western blotting of EpCAM protein levels in HEK293T and Ishikawa cell lines for three repeats.
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Supplementary Fig. 5 | Fluorescence characterization of cell capture specificity. (a) Fluorescence image of the bare MCH/Aptamer/MBene/SPGE sensing surface. (b) Fluorescence image of the MCH/Aptamer/ MBene/SPGE after incubation with EpCAM-negative HEK293T cells (105cells/mL). (c) Fluorescence image of the MCH/Aptamer/MBene/SPGE after incubation with EpCAM-positive Ishikawa cells (104 cells/mL). Cell nuclei were stained with DAPI.[image: Figure S4]



Supplementary Tables

Supplementary Table 1 | Comparison of different biosensors for EpCAM detection
	Analytical methods
	Nanomaterials
	Linear range
	Detection limit
	References

	DPV
	MoS2@rGO
	1 pg mL-1-20 ng mL-1
	44.22 fg mL-1
	43

	SERS
	MATT-Au
	1.24 - 75.48 pg mL-1
	530 fg mL-1
	44

	ASV
	GRs–QDs

	100 fg mL-1 - 7.5 µg/mL
	100 fg mL-1

	45


	SWV
	CuS@PEDOT:PSS

	10 fg mL-1 - 1000 ng mL-1
	10 fg mL-1

	46

	SWV
	QZIF-67@Au@MB

	5 pg mL-1 – 100ng mL-1
	3 pg mL-1

	47


	EIS
	MBene
	10 fg mL-1-100pg mL-1
	8.86 fg mL-1
	This work

	Colorimetry
	MSN
	102 – 4×103 cells mL-1
	10 cells mL-1
	48

	SWV
	GO
	101 - 107 cells mL-1
	10 cells mL-1
	49

	EIS
	PAMAM

	104 - 106 cells mL-1

	2.1x103 cells mL-1
	50


	EIS
	/
	30 - 106 cells mL-1
	10 cells mL-1
	51

	PEC bio
	Magnetic nanoparticles
	101 - 104 cells mL-1
	9 cells mL-1
	52

	ICP-MS
	Magnetic beads

	2×101 - 4×104 cells mL-1
	50 cells mL-1

	53


	EIS
	MBene
	101 - 105 celsl mL-1
	7 cells mL-1
	This work


DPV, differential pulse voltammetry; MoS2@rGO, molybdenum disulfide grafted reduced graphene oxide; SERS, surface enhanced raman spectroscopy; MATT, 4-methoxybenzyl mercaptan; ASV, anodic stripping voltammetry; GRs -QDs, graphene/quantum dot; SWV, square wave voltammetry; MB, methylene blue, EIS, electrochemical impedance spectroscopy; MSN, mesoporous silica nanoparticles; GO, Graphene oxide; PAMAM, polyamidoaminedendrimer; PEC, photoelectrochemical biosensor; ICP-MS, inductively coupled plasma mass spectrometry 

Supplementary Table 2 | Clinical characteristics of the study population (N = 44).
	Characteristics
	Malignant cases
(N = 22)
	Non-malignant controls
(N = 22)
	P value

	Age (Mean ± SD)
	55 ± 12
	57 ± 8
	0.4941

	Clinical diagnosis
	
	
	-

	Uterine myoma
	-
	11/22 (50.00%)
	-

	Adenomyosis
	-
	2/22 (9.09%)
	-

	Uterine prolapse
	-
	3/22 (13.64%)
	-

	Ovarian cysts
	-
	6/22 (27.27%)
	-

	Endometrial cancer
	20/22 (90.91%)
	-
	-

	Endometrial atypical hyperplasia
	2/22 (9.09%)
	-
	-

	FIGO stage (2023)
	
	
	

	Ⅰ
	15/22 (68.18%)
	-
	-

	Ⅱ
	2/22 (9.09%)
	-
	-

	Ⅲ
	3/22 (13.64%)
	-
	-

	Not Applicable
	2/22 (9.09%)
	
	

	Histological grade
	
	
	

	1
	6/22 (27.27%)
	-
	-

	2
	10/22 (45.45%)
	-
	-

	3
	3/22 (13.64%)
	-
	-

	Unknow
	3/22 (13.64%)
	-
	-

	Depth of myometrial invasion
	
	
	

	< 50%
	7/22 (31.82%)
	-
	-

	≥ 50%
	9/22 (40.91%)
	-
	-

	Not Applicable
	6/22 (27.27%)
	-
	-

	Distant metastasis
	
	
	

	Yes
	3/22 (13.64%)
	-
	-

	No
	19/22 (86.36%)
	-
	-





Supplementary Table 3 | Performance comparison of different supervised machine learning models for classification of clinical endometrial cytological samples based on electrochemical response signals. 
	
	KNN
	SVM-RBF
	LogReg
	DecisionTree

	Se
	90.91%
	86.36%
	86.36%
	81.82%

	Sp
	68.18%
	86.36%
	86.36%
	77.27%

	FNR
	9.09%
	13.64%
	13.64%
	18.18%

	FPR
	31.82%
	13.64%
	13.64%
	22.73%

	PV+
	74.07%
	86.36%
	86.36%
	78.26%

	PV-
	88.23%
	86.36%
	86.36%
	80.95%

	LR+
	2.86
	6.33
	6.33
	3.6

	LR-
	0.13
	0.16
	0.16
	0.24

	Ac
	79.55%
	86.36%
	86.36%
	79.55%

	YI
	0.59
	0.73
	0.73
	0.59

	AUC
	0.866
	0.860
	0.897
	0.810


KNN, k-nearest neighbors; SVM-RBF, support vector machine with radial basis function kernel; LogReg, logistic regression; Se, sensitivity; Sp, specificity; FNR, false negative rate; FPR, false positive rate; PV+, positive predictive value; PV-, negative predictive value; LR+, positive likelihood ratio; LR-, negative likelihood ratio; Ac, accuracy; YI, Youden index; AUC, area under the curve.


Supplementary Table 4 | List of primer sequences.
	Primer
	Strand
	Sequence (5’ to 3’)
	Method

	EpCAM
	Forward
	AAT CGT CAA TGC CAG TGT ACT T
	qRT-PCR

	EpCAM
	Reverse
	TCT CAT CGC AGT CAG GAT CAT AA
	qRT-PCR

	α-Tublin
	Forward
	ATG GAG CCC TGA ATG TTG AC
	qRT-PCR

	α-Tublin
	Reverse
	CTC AAA GCA AGC ATT GGT GA
	qRT-PCR
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