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EXPERIMENTAL SECTION

Reagents and materials

All reagents and apparatus are provided in the Supporting Information Materials and
apparatus: Sodium phosphate monobasic dihydrate((NaH,PO4-2H,0), sodium
phosphate dibasic (Na,HPQ,), calcium chloride (CaCl,), cytochrome ¢ and MUCI1
Prestige Antigens were purchased from Sigma—Aldrich (St. Louis, MO, USA). The
aptamer of MUCI1 and the aptamer of E. coil O157:H7 were synthesized by Sangon
Biotechnology Co., Ltd. (Shanghai, China), and the sequences of the oligonucleotide
for synthesizing Apt-QDs are listed as followed:

MUC-1 Apt:
GCAGTTGATCCTTTGGATACCCTGGAAAAAAAG*G*G*G*G*G*G*G*

E.coil O157:H7 Apt:
TCGCGCGAGTCGTCTGGGGACAGGGAGTGCGCTGCTCCCCCCGCATCGTC
CTCCCAAAAAAAAAG*G*G*G*G*G*G*G*

The preparation of DNA functionalized QDs
The procedure for synthesizing DNA functionalized CdTe: Zn?** QDs was provided in

our previous work in detail.?

The fabrication of paper-based analytical devices
Photolithography was chosen to pattern the paper in this article, and the detailed step

descriptions were listed in our previous work.!

In-situ preparation of cyt.c embedded nanopaper

The nanopaper was prepared by sequentially adding 2 pL of cyt.c solution containing
phosphate solution and 2 pL of aqueous calcium chloride solution (CaCl,) onto the
cellulose paper. To be specific, the 1mg of cyt.c was first dissolved in 1mL of PBS
buffer solution (0.1M, 10 mM NacCl, pH 7.4), forming 1mg/mL cyt.c solution. The in-

situ synthesis of cyt.c embedded nanopaper begun with adding 2 pL cyt.c solution
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(Img/mL) into the detection zone of the paper chip, followed by adding 2 pL CaCl,
(200 mM) into the same place. Then the paper was quickly dried for 10 min at 37°C,
forming nanostructured morphology. Finally, the nanopaper was stored at room
temperature for further usage. For comparison, cyt.c was also added on the cellulose
paper using the same condition without addition of CaCl,. To compare with cyt.c
embedded nanopaper, the morphology and performance test of cyt.c absorbed cellulose

paper were also evaluated.

Evaluation of the effect of inorganic component on the fluorescence of QDs

In addition, the fluorescence of QDs in the cellulose paper containing CaCl, and PBS
was also tested to evaluate the effect of inorganic component on the fluorescence of
QDs. Specifically, 2 pL. of CaCl, solution (200 mM) and 2 pL. of PBS buffer solution
(0.1M, 10 mM NacCl, pH 7.4) was added in the the detection zone of the paper chip.
Then the paper was quickly dried for 10 min at 37°C. Red, yellow, green QDs were
added into the as-prepared cellulose paper containing inorganic calcium phosphate
component and pure cellulose paper, respectively. The paper after reaction was placed
under the Ultraviolet lamp, and the fluorescence of each array zone of was captured by
smartphone-camera. The photo was analyzed by Image] software, and the pixel

intensity was retrieved.

Storage stability of cyt.c embedded nanopaper

The activity of cyt.c was evaluated by the quenching efficiency to the fluorescence of
QDs. To demonstrate the storage stability of nanopaper, the cyt.c embedded nanopaper
and the cyt.c absorbed cellulose paper containing same concentration of cyt.c were
placed at room temperature to quench the fluorescence of the QDs every ten days for

two months, respectively.

Cyt.c absorbed paper based aptasensor platform for E. coli detection
2uL of cyt.c solution (5.0 mg/mL) was added to the in the the detection zone of the

paper. Followed by quickly dry for 10 min at 37°C to get the Cyt.c absorbed paper. 90
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uL of dilution of E. Coil O157:H7 (103> CFU/mL) was incubated with 10 uL of E. Coil
O157:H7 aptamer functionalized green CdTe: Zn*" QDs (25 uM) for 45 min under
agitation at room temperature. As control, the background zone was placed with
standard buffer free from E. Coil. Then 2 pL of the reaction solution above was dropped
into the nanopaper for 5 min. For each sample with different concentration of E. Coil
O157:H7, three parallel experiments were conducted to ensure repeatability. Finally,
the nanopaper after reaction was placed under the Ultraviolet lamp, and the
fluorescence of each array zone of the nanopaper was captured by smartphone-camera.

The photo was analyzed by ImageJ software, and the pixel intensity was retrieved.

Nanopaper based aptasensor platform for E.coli detection

90 uL of dilution of E. Coil O157:H7 (10>-10° CFU/mL) was incubated with 10 pL of
E. Coil O157:H7 aptamer functionalized green CdTe: Zn?>* QDs (25 uM) for 45 min
under agitation at room temperature. As control, the background zone was placed with
standard buffer free from E. Coil. Then 2 puL of the reaction solution above was dropped
into the nanopaper for 5 min. For each sample with different concentration of E. Coil
O157:H7, three parallel experiments were conducted to ensure repeatability. Finally,
the nanopaper after reaction was placed under the Ultraviolet lamp, and the
fluorescence of each array zone of the nanopaper was captured by smartphone-camera.
The photo was analyzed by Imagel] software, and the pixel intensity was retrieved. The
fluorescence changes induced by the E. Coil O157:H7 was calculated as followed:
(F/Fo)/(Fo/Fo) =F/Fq

Real sample analysis for E. Coli

The performance of the nanopaper based platform for E. Coli analysis in real matrices
was evaluated by river water as model sample. The same procedure in standard buffer
was conducted for various concentration of E. Coli (103, 104, and 10> CFU/mL) in East
Lake water. And the recovery of E. Coli from the lake water was calculated by

fluorescence intensity in real matrices with that in standard buffer.



Cyt.c absorbed paper based aptasensor platform for MUCI detection

2uL of cyt.c solution (1.0 mg/mL) was added to the in the the detection zone of the
paper. Followed by quickly dry for 10 min at 37°C to get the Cyt.c absorbed paper. 90
uL of diluted MUCT1 solution in Tris-HCI buffer (10* nM) was incubated with 10 uL of
MUCI aptamer functionalized red CdTe: Zn?>* QDs for 60 min at room temperature.
As control, the background zone was placed with Tris-HCI buffer free from MUCI.
Then 2 pL of the reaction solution above was dropped into the nanopaper for 5 min.
For each sample with different concentration of MUCI, three parallel experiments were
conducted to ensure repeatability. Finally, the nanopaper after reaction was placed
under the Ultraviolet lamp, and the fluorescence of each array zone of the nanopaper
was captured by smartphone-camera. The photo was analyzed by ImageJ software, and

the pixel intensity was retrieved.

Nanopaper based aptasensor platform for protein MUCI detection

90 pL of diluted MUCI1 solution in Tris-HCI buffer (10-103 nM) was incubated with 10
uL of MUCT aptamer functionalized red CdTe: Zn>* QDs (25 uM) for 60 min at room
temperature. As control, the background zone was placed with Tris-HCI buffer free
from MUCI. Then 2 pL of the reaction solution above was dropped into the nanopaper
for 5 min. For each sample with different concentration of MUCI, three parallel
experiments were conducted to ensure repeatability. Finally, the nanopaper after
reaction was placed under the Ultraviolet lamp, and the fluorescence of each array zone
of the nanopaper was captured by smartphone-camera. The photo was analyzed by
ImageJ software, and the pixel intensity was retrieved. The fluorescence changes
caused by the MUC1 was calculated as followed:

(F/Fo)/(Fo/Fo) =Fi/Fq

Real sample analysis for MUC1
The performance of the nanopaper based platform for MUCI analysis in real matrices
was evaluated by human serum. The same procedure in standard buffer was conducted

for various concentration of MUC1 (102, 103, and 10* nM) in 20-fold diluted human
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serum, respectively. And the recovery of MUCI1 from human serum was calculated by

comparing fluorescence intensity in real matrices with that in standard buffer.

The specificity of the nanopaper based aptasensor platform

The specificity was evaluated by replacing the target MUC1with BSA, SA, and AFP.
90 uL of BSA, SA, AFP and MUCI at same concentration (10° nM) as well as blank
buffer were incubated with 10 uL. of MUCI1 aptamer functionalized red CdTe: Zn?>"
QDs for 60 min at room temperature. As control, the background zone was placed with
Tris-HCI buffer free from MUCI. Then 2 pL of the reaction solution above was
dropped into the nanopaper for 5 min. For each sample with different concentration of
MUCI, three parallel experiments were conducted to ensure repeatability. Finally, the
nanopaper after reaction was placed under the Ultraviolet lamp, and the fluorescence
of each array zone of the nanopaper was captured by smartphone-camera. The photo

was analyzed by Image J software, and the pixel intensity was retrieved.
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Figure S1. The EDS mapping of pure filter paper.

Figure S2. The EDS mapping of cellulose paper adding PBS.

Figure S3. TEM image of aptamer functionalized QDs.
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Figure S4. Fluorescence intensity ratio between the QDs incubated in cellulose paper
containing calcium phosphate inorganic component (Fi) and the QDs incubated in pure

cellulose paper (Fy).
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Figure S5. The conformation of protein-Apt-QDs complex in nanopaper platform

with different charged target protein.
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Figure S6. The performance of the cyt.c abosorbed paper for the E.coil O157:H7
analysis.
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Figure S7. The optimization of the concentrations of cyt.c for pathogen detection.
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Figure S8. The optimization of the ratio of DNA to QDs for pathogen detection. (The
final concentration of green QDs: 25 uM, and the primary added E. coil. Aptamer was
set according to the ratio above.)
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Figure S9. The performance of the cyt.c abosorbed paper for the MUCI analysis.
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Figure S10. The optimization of the concentrations of cyt.c for protein MUCI
detection.
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Figure S11. The optimization of the ratio of DNA to QDs for protein MUCI detection.
(The finial concentration of red QDs is 25 uM, and the primary added MUC1 Aptamer
was set according to the ratio above.)
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Figure S12. Specificity of the assay for MUCI detection with different nontarget

protein. Experimental conditions: 1.0 mg/mL cyt.c, 1 pg/mL different protein, 25 uM
red QDs.

Table S1. Recovery results of E. coil O157:H7 in lake river.

Spiked bacteria Fi/Fq in standard

(CFU mL] buffer F\/Fqin lake river ~ Recovery [%]
103 1.0994 1.0907 99.21
10* 1.1304 1.1125 98.42
10° 1.2506 1.2368 98.89

Table S2. Recovery results of MUCI1 in human serum.

Spiked protein Fi/Fq in standard F/F; in human

R 0
(nM) buffer serum ecovery [%]
102 1.2328 1.1488 93.19
103 1.8868 1.6991 90.05

104 2.0456 1.8874 92.27
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Table S3 Comparison of the reported sensor for E. coli and MUC] detection.

Targe
Method Range of detection LOD Reference
t
Electrochemical
E. coli 103-107 CFU/mL 10° CFU/mL 1
Impedance Spectroscopy
ELISA 103-107 CFU/mL 10® CFU/mL 2
Gold nanoparticle-based
102-105 CFU/mL 148 CFU/mL .
Immunoassay
Chemiluminescence 4.3 x10°-4.3 x 1.2x103
4
Immunoassay 103 CFU/mL CFU/mL
Nanopaper-based
102-10° CFU/mL 103 CFU/mL This work
Aptasensor
MUCI GO-based aptasensor 0.04—10 pM 28 nM 5
QDs-based aptasensor 0.8-39.7 uM 250 nM 6
Electrochemical Assay 0.05-1.5 uM 50 nM 7
Carbon nanospheres
0.1-2.12 yM 7.05 nM 8
based Aptasensor
Nanopaper-based
10-10° nM 10 nM This work

Aptasensor

1. Y. Li, R. Afrasiabi, F. Fathi, N. Wang, C. Xiang, R. Love, Z. She and H.-B.

Kraatz, Biosens. Bioelectron., 2014, 58, 193-199.

2. M. R. Akanda, V. Tamilavan, S. Park, K. Jo, M. H. Hyun and H. Yang, Anal.

Chem., 2013, 85, 1631-1636.

3. A.-R. H. A.-A. Hassan, A. de la Escosura-Muiiz and A. Merkogi, Biosens.

13



Bioelectron., 2015, 67, 511-515.

Y. Zhang, C. Tan, R. Fei, X. Liu, Y. Zhou, J. Chen, H. Chen, R. Zhou and Y. Hu,
Anal. Chem., 2014, 86, 1115-1122.

Y. He, Y. Lin, H. Tang and D. Pang, Nanoscale, 2012, 4, 2054-2059.

A. K. H. Cheng, H. Su, Y. A. Wang and H.-Z. Yu, Anal. Chem., 2009, 81, 6130-
6139.

F.Ma, C. Ho, A. K. H. Cheng and H.-Z. Yu, Electrochim. Acta, 2013, 110, 139-
145.

C. Li, Y. Meng, S. Wang, M. Qian, J. Wang, W. Lu and R. Huang, ACS Nano,
2015, 9, 12096-12103.

14



