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Supporting Figures

Figure S1. (a, d) Top-view and (b, c) side-view SEM images of TiO2-Co3O4 NW arrays on FTO-

coated glass substrates.



Figure S2. Elemental mapping of a representative TiO2-Co3O4 NW for Ti, O and Co distribution 

over the NW.

Figure S3. EDX of a representative TiO2-Co3O4 NW.



Figure S4. XRD patterns of the pristine TiO2 NWs (blue curve) and TiO2-Co3O4 NWs (red curve) 

grown on FTO substrates. XRD pattern of a blank FTO substrate is also displayed for 

comparison. The peaks of FTO are indicated by asterisks.



Figure S5. Energy bands of Co3O4 and TiO2, and the electron transfer process of Co3O4/TiO2 

interface under a simulated sunlight illumination. All the energy levels are referenced to NHE 

scale. CB and VB are conduction band and valence band, respectively.



Figure S6. (a, b, c) Photocurrent versus time data of the TiO2-Co3O4-ATPase NWs for cell 

extracts (1 × 105 cells/mL after 1:100 dilution) from solutions of HUVECs, HeLa and H1299 

cells. The sizes of the active sample area were 0.02-0.06 cm2.



Figure S7. Stability test of a TiO2-Co3O4-ATPase NW biosensor for ATP detection over a 

month. The sizes of the active sensor surfaces were around 0.02−0.06 cm2.

Figure S8. Schematic of the TiO2-Co3O4-ChOx NW-based PEC sensor for cholesterol detection. 

Under sun light illumination, H2O or H2O2isoxidized by the photogenerated holes over the TiO2 

NW anode to generate O2, which conducts as an efficient electron acceptor of FAD/FADH2. 

During this cycle, cholesterol is oxidized to cholesterol-4-ene-3-one. On the cathode (Pt), the 

photogenerated electrons reduce water to produce H2. The sensing signal represents the current 

flowing through the circuit.



Figure S9. Stability test of a TiO2-Co3O4-ChOx NW biosensor over a month. The sizes of the 

active sensor surfaces were around 0.02-0.06 cm2.



Table S1. Analytical performance of the present integrated TiO2-Co3O4-ATPase NW-based 

photoelectrochemical detection of ATP, compared to previously reported literatures.

Methods Materials Linear Range
Detection 

Limit
Reference

The present method TiO2-Co3O4-ATPase NWs 0.14nM-10 μM 0.14 nM
The present 

work

Fluorometry

Ribonucleopeptide

Oligonucleotide

DNA-Ag nanoclusters

10-7-10-3 M

0~2×10-6 M

0-1000 μM

﹤10-7

25 nM

0.2 μM

S1

S2

S3

Colorimetry DNAzyme-Aptamer 100 μM 10-6 M S4

Odor-Based Sensor Tryptophanase ELISA-like - S5

Optical ATP Biosensor Enzyme 10−3 mM to 1.5 mM 1μM S6

Logic Gates Sensors
Three-Dimensional DNA 

Nanostructures
0-600 nM 20 nM S7

FET Sensor Aptamer 1-1000 μM 1 μM S8

Chromogenic Sensor Zn(II)-Cyclam 0~2×10-4 M ＜ 0 M S9

Photoelectrochemical 

Biosensor
Bio-Barcode Amplification 0-100×10-8 M 3.2×10-9 M S10

LOD = limit of detection; LR = linear ranges;



Table S2. Analytical performance of the present integrated TiO2-Co3O4-ChOx -based 

photoelectrochemical detection of cholesterol, compared to previously reported literatures.

Methods Materials Linear Range Detection Limit Reference

The present method TiO2-Co3O4-ChOx NWs 0.5 nM-50 μM 0.2 nM
The present

work

Electrogenerated 

Chemiluminescence
Hemin-Graphene Nanosheets 0.17 mM to 1.12 mM 0.06 mM S11

Fluorimetric Biosensors Alginate-Silica Microspheres 1.25 to 10 mM less than 1.25 mM S12

Amperometric Biosensor

Carbon Nanotubes

Chitosan/silica-MWCNT

ZnO

Pt nanoparticles

2.5-10 mM

8.0×10-6 mM~0.4 mM

1.0 to 700.0 nM

Up to 4.0 mM

less than 5 mM

1×10-6 mM

0.37nM

0.2μM

S13

S14

S15

S16

Electrochemistry
Nickel Oxide-Chitosan Film

Cuprous Oxide/Chitosan

10-400 mg/dL

10-450 mg/dL

43.4 mg/dL

15.9 mg/dLcm-2

S17

S18

Microfluidics Nanobiochip
nNiO and MWCNTs

CNT

nNiO

0.25-12.93 mM

1.25-10.0 mM

1.5-10.3 mM

0.03 mM

25 mg/dL

0.16 mM

S19

S20

S21

Electrochemiluminescence Luminol S22



Solution-Gated

Feld Effect Transistor
ZnONanorods 0.001-45 mM 0.05 mM S23
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