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Table S1. Sequences of oligonucleotides.

Name Sequence (5" to 3')
2G19 CTGGCCAGGTACCAAAAGATGATCTTGGGCCCGTCCGAATGGTGGGTGTTCTGGCCAG
GATGCGTGGGCGAGGTACCAAAAGATGATCTTGGGCCCGTCCGAATGGTGGGTGTTCTCGCCC
2G19-Z
ACGCATC
V7tl TGTGGGGGTGGACGGGCCGGGTAGA
V7tl-Z TATGCGTGGGCGACTTTTGTCGCCCACGCATATGTGGGGGTGGACGGGCCGGGTAGA

Table S2. Comparison of electrochemical VEGF aptamer sensors.

Year Principle LOD Detection Labels Ch'emxce}l Reference
Range Conjugation

2009 104 pM - - - [1]

2010 Field-effect transistor- 400 £M _ i} R 2]
based assay

2012 100 fM - - - [3]
Streptavidin-
26 f
2012 napg 20Mto alkaline Yes [4]
26 pM
phosphatase
2014 1nM - Hemin - [5]
i i 32 1
2015 Differential pulse 0.3 pM to Methylene blue Yes (6]
voltammetry pM 120 pM
Streptavidin-
2015 30 nM - alkaline Yes [7]
phosphatase
2.5 pMto -
2017 0.7 pM 320 pM Thionine Yes [8]

Alternating current

2016
voltammetry

6.2 nM - Methylene blue Yes [9]
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3.9 pM to
2017 . hyl 1 Y 1
0 Square wave 3.9 pM 2.6 M Methylene blue es [10]
1 1f 1 h
2019 voltammetry 0.3 fM M to Gold/graphene Yes [11]
120 pM quantum dot
2015 0.48 2.5 pM to i ) (6]
. pM 250 pM
Eectrochemical 260 £M t
2015 impedance 26 M © - . [12]
7.8 pM
spectroscopy (EIS)
2019 176 fM - - - [13]
2015 Non-Faradaic EIS 104 130 M to Magnetic beads Yes [14]
pM 26 pM
100 fM to
201 ™M Methyl 1 Y 1
018 Photoelectrochemical 30 10 nM ethylene blue e [15]
assay 10 fM to Porous carbon
201 f Y 1
019 3 M 100 nM spheres s [16]
2012 50 nM - GDH Yes [17]
2012 15nM - GDH Yes [18]
Amperometry
6 pM to .
2016 4.6 pM 20 pM Platinum Yes [19]
250 pM to .
- 105 pM 25 nM GDH - This work

Preparation of GDH-fused ZF

An Aspergillus flavus-derived dinucleotide-dependent GDH structural gene was synthesized by
GenScript Inc. (Piscataway, NJ, USA), with codons optimized for expression in E. coli. After the
removal of the sequence encoding the secretion signal peptide, the gene fragment was fused at the
N-terminal of Zif268. Additionally, Strep-tag Il was added to the N-terminus of this Zif268 for affinity
purification. The constructed gene fragment was cloned into the Ndel and HindlIIl sites of the
expression vector pET-30c(+) (Merck KGaA, Darmstadt, Germany). For recombinant production, E.
coli BL21(DE3) (Merck KGaA, Darmstadt, Germany) was transformed using the expression vector
and used for culture. The transformant was cultured at 20 °C in an autoinduction medium (LB
medium containing 50 pg/mL kanamycin, 0.5% (w/v) glycerol, 0.2% (w/v) a-lactose, 0.05% (w/v) D(+)-
glucose, 25 mM (NH4)2504, 50 mM KH2POs, 50 mM Na:HPOs, and 1 mM MgSQOs). After 24 h of
incubation, the cells were lysed in a French press, then the Strep-tagged ZF-GDH was purified using
Streptactin super flow plus (QIAGEN, Hilden, Germany).

Purified GDH-fused ZF was assayed for GDH activity by spectroscopic assay. The enzyme
solution was mixed with reaction buffer (10 mM Tris-HCl, 100 mM NaCl (pH 7.0), 0.06 mM
2,6-dichlorophenol indophenol (DCIP), and 0.6 mM phenazine methosulfate (PMS)). Then, the reaction
was initiated by adding D(+)-glucose, and the rate of the reaction was determined by monitoring the
decrease in absorbance of DCIP at 600 nm using a Bio Spec UV 1200 instrument (Shimadzu Corporation,
Kyoto, Japan). The amount of an enzyme that reduced 1 umol DCIP is defined as 1 unit (U), and
16.3 mM™ cm™ was used as the molar absorption coefficient of DCIP at pH 7.0. Based on the obtained
enzyme kinetics curve, the maximum rate of reaction toward glucose (Vmax) and Michaelis constant (Km)
was determined.
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Figure S1. Kinetic parameters of purified AfGDH wild type and ZF-GDH.
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Figure S2. Predicted secondary structure of VEGF-binding aptamers after fusing ZF binding site. The
prediction was performed by m-fold web server (http://unafold.rna.albany.edu/?q=mfold).
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Figure S3. Binding specificity of ZF-GDH. ZF binding site harboring aptamer (2G19-Z) or the original
VEGF-binding aptamer (2G19) were immobilized on streptavidin micro titer plate, and detected by
ZF-GDH. Error bars indicate standard deviations (n = 3).
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Figure S4. VEGF concentration dependency on the microtiter plate. Various concentrations of VEGF
solution were incubated in the antibody-immobilized microtiter plate and washed. The captured VEGF
was detected by GDH-labeled 2G19-Z. The GDH activity was detected with the redox dyes, PMS and
DCIP and the calibration curve was obtained. The lower detection limit was 250 pM (S/N > 3).
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Figure S5. Effect of self-assembled monolayer (SAM) modification effect on non-specific absorption
of ZF-GDH. Bare gold wire electrode, SAM modified, or SAM-Antibody modified electrode were
incubated with 100 nM ZF-GDH and washed by TBS. The residual GDH activity on the electrode was
measured by  chronoamperometry in  the  presence of 1 mM  electron
mediator (m-PMS: 1-Methoxy-5-methylphenazinium methylsulfate) and 100 mM glucose. The
response current was measured by using platinum counter electrode at a potential of 0.1 V (vs.
Ag/AgCl) using VersaSTAT4 potentiostat from Princeton Applied Research (Princeton, NJ, USA). The
delta current is defined the subtraction of background current before addition of glucose from the
plateau signals after the addition of glucose. Here, “+” indicates the incubation of each molecule with
the gold wire electrode, and “~” indicates the lack of incubation. Error bars indicate standard
deviations (n = 3).
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