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A Label-free Immunosensor based on Ionic Liquids Modified Mesoporous
Silica for Simultaneous Determination of Two Tumor Markers

Lin, Jiechua* Zhang, Huihui Shao, Meijia
(College of Chemistry and Molecular Engineering, Qingdao University of Science and Technology, Qingdao 266042)

Abstract A label-free electrochemical immunoassay strategy was proposed for the simultaneous detection of two tumor
markers, carcinoembryonic antigen (CEA) and a-fetoprotein (AFP). The functional mesoporous silica was synthesized for the
construction of the label-free immunosensor. The Si-OH groups on the external surface of the mesoporous silica were termi-
nated by trimethylchlorosilane (TMCS), while the Si-OH groups on the internal pore walls were modified with amino groups.
The electrochemical substrates of ferrocenecarboxylic acid (FCA) and methylene blue (MB) were co-immobilized inside the
channels of the ionic liquids (ILs) modified mesoporous silica (MPS), respectively. The monoclonal antibody of CEA
(anti-CEA) and the monoclonal antibody of AFP (anti-AFP) were respectively co-immobilized inside the materials of
FCA-IL-MPS and MB-IL-MPS. The ITO slide was separated lengthways into two uniform parts by insulation glue so as to
avoid the cross-talk of the two portions. Finally, the suspension solutions were coated respectively onto the different areas of
indium-tin oxide (ITO) electrode. The double-analyte immunosensor was constructed by the probes of CEA and AFP onto
the different areas of ITO. When the double-analyte immunosensor was dipped into the sample solution, the antigens of CEA
and AFP reacted with their corresponding monoclonal antibodies on the different area of the modified ITO electrode. After
the immunological reaction, the nonconductive immunoconjugates formed inside the MPS channels. With the increasing
concentrations of CEA and AFP antigens, the spatial blocking and impedance on the sensor surface increased, thus the elec-
tric response transfer from the solution to the electrode surface was blocked and the DPV currents decreased. The electro-
chemical signals for CEA were detected by using FCA as the electron mediator. The electrochemical signals for AFP were
detected by using MB as the electrochemical substrates. Then, the simultaneous detection of CEA and AFP could be
achieved. The electrode modification process was further characterized by cyclic voltammetric measurements and electro-
chemical impedance spectroscopy. IL units inside the mesopores could promote the electron transportation through the pore
channel. To clarify the adsorption of FCA and MB into the mesopores of ILs-modified MPS, the IR spectra were recorded.
The linear ranges of CEA and AFP were 0.5~80 ngemL ™" and 0.5~100 ngemL ™" with the detection limits of 0.1 ngemL™"
and 0.1 ngemL ™" (S/N=3), respectively. The fabricated immunosensor shows appropriate sensitivity because of the good
electric conductivity of ILs. It is an alternative to the multianalyte detection of antigens or other bioactive molecules.
Keywords immunosensor; double-analyte detection; mesoporous silica; label-free determination; tumor markers
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Figure 1 CV curves of the modified ITO electrodes in 2 mL 0.1 mole
L ' BR (pH 6.5). (a) bare ITO; (b) CEA (20 ng/mL)+d; (c) FCA/MPS/
ITO; (d) anti-CEA/FCA/IL/MPS/ITO; (e) FCA/IL/MPS/ITO

Acta Chim. Sinica 2014, 72, 241—245



W F F R

IS, PRAT 134 SR H Ak 2 A8 i B % ot b i 1
AT TRE— DRI, 45K 2 Fros. %4 )it
DRI T G SN S AR e F IR A A R A U,
BPHARLE MPS LIS W BRI HEFL Y L IR .
AFP Gabric e S PR i R E M b, BTtk
PG IR AR 2 (CV) RIS it B BT (BIS)RL M BEAT T RAE, 45
At S3, S4 fis.

1 a:ITO
20 b: FCA/IL/IMPS/ITO
’ c: FCA/IMPS/ITO
1 d: anti-CEA/FCA/ILIMPS/ITO
e: MPS/ITO i
1.5+ f: CEA/anti-CEA/FCA/IL/IMPS/ITO =
= L N ] .
= ' " l- L]
o » [ ] ] E m
<104 "t
f\ll .l ...Ill...- ...I .-l
L] hu
0.5+
T T T T T

Z'lkohm

B 2 HEA 100 mVes ' B, fEFA 0.1 molL™' KCI #1111 2.0
mmoleL ™" K[Fe(CN) ¥, AN & H AR (¥ BELAT

Figure 2 Nyquist plots of different electrodes in a 2.0 mmoleL '
K;3[Fe(CN)g] containing 0.1 molsL ' KCl at a scan rate of 100 mVes ™'

23 HREBENEFGRMK

G A SR (1)1 B B TR I R B2 L pH
B W N R RIE . BT IAEA SOt ik 5
DI HEAT T PRI 42, 25 B 1] S5 s, Sl
pH {HIEFEN 6.5 Jlid¥s s i AE 545 10 ngemL ™'
CEA HiJ5R1 10 ngemL ™" AFP HUS v iR &, 1A
oF 928 S5 N (1) B 1) RO 6 e B AT TR AL . K
S5 0J UL L AR Bt A I ] (9 2 K BRI, il AE 30
min (CEA)A 25 min (AFP)Ab#a T-se. Mk, AT &
I (AL RE R 30 min. A RV IIPLAGHL AR 35 C.
24 GREMNERTIEHLZE

TATH A Gabric AL e BR A, MR G2 SN Hip
IR, [ T CEA A AFP [f &, Al
JRERANPE 3 Fiw, ISR ) R SR AN B S
CEA Fl AFP HUJst AR B, B0 23 ) 5 A0
(2 AE TTO  HUBRAN [R] DX 35 N (R Hidde kAL S s I
IV, 45 MPS FLINJE e 41, BEAE DU FE 3
TN, A AR R T (10 223 [R5 BELRT PHTZ 8 14K, 3 ik L
155 MU 32 B PO R R T R BELAS 5, % DPV i
159 .

TERAGI LI T, BAR R T Sebrid b 2=
9% 52 CEA I AFP [¥) DPV #h £k B R0 TAF 2k (& 4). 1%
J7EAG I CEA FI AFP It T7 R 53 0k Ip=25.016—
0.2445 C ([CEA]HI [p=25.742—0.2291 C ([AFP]). %}
CEA MR MG 0.5~80 ngemL ™!, LA K R
$0.997, FrIFR K 0.1 ngemL ™" (S/N=3). X} AFP [{iH}

Acta Chim. Sinica 2014, 72, 241—245

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

ITO electrode

insulating glue
@& FCA/IL/MPS (MB/IL/MPS)
=77 1% PVA % BSA (0.5%)
Y ant-CEA 4 CEA

Y anti-AFP @ AFP

0.1 mol/L BR(pH8.5)

MBgea*" “\FCARug

B3 febrid e il E CEA Rl AFP (15 0 &
Figure 3 Diagram of the label-free determination of CEA and AFP
based on electrochemical immunoassay
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Figure 4 DPV peak currents of the proposed immunosensor in 4 mL 0.1
molsL "' BR (pH 6.5) after incubating with the sample CEA and AFP
separately at the concentration of (a) 0 ngemL '; (b) 0.5 and 1 ngemL " ';
(c) 1 and 5 ngemL"'; (d) 5 and 10 ngemL'; () 10 and 25 ngemL "; (f) 35
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Figure 5 Diagram of the synthesis of probe for CEA (A) and AFP (B)
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