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MUC1 — A high priority tumor marker

Normal mucin Tumor-associated mucin
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Structure of MUC1. PDB ID: 1SM3 . .
Normal and tumor-associated mucin MUCL.

Guidance for the body’s immune system, (magazine.emerck/en/innovation/cancer_immunotherapy/stimuvax1.html),
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Cancer antigen pilot prioritization. Represenfétion of ranking based on
predefined and preweighted criteria and subcriteria.

Clin Cancer Res September 1 2009 (15) (17) 5323-
1 5337; DOI:10.1158/1078-0432.CCR-09-0737
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The MUCL1 Aptamer S2.2 —
A highly affinitive and selective sensing element towards MUC1

Aptamers are artificially synthesized DNA or
RNA that are selected in vitro and can bind to
protein with high affinity and selectivity.

» Low cost

» Easy to synthesize

» No toxicity

» Not prone to denature

Final conformation of the MUC1-G peptide
and S2.2 aptamer interaction

Rhinehardt, K., R. Mohan, G. Srinivas, and A. Kelkar. Analysis and understanding of
aptamer and peptide molecular interactions: Application to mucin 1 (Mucl) aptasensor. in
2015 2nd International Symposium on Physics and Technology of Sensors (ISPTS). 2015.
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Issues in three electrode system miniaturization

Electrochemical Analyzer

» Design difficulties
» Complicated fabrication
» High cost

» Low yield rate

C >
Reference Electrode—"| /

(e.g. Ag/AgCl)

/
Working Electrode Counter Electrode
(e.g. Au) (e.9. PY)

Typical electrochemical three electrode setup
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Two symmetric Au electrode setup and main scheme

Electrochemical Analyzer

Counter and Reference
ode

Working Electr de_ Electrode (Au)
(Au)

Two symmetric Au electrode setup

(target protein) *

MUC1

(sensing element)

S2.2-SH

(redox couple)

[Fe(CN) 5a

[ Au electrode

Aptasensor fabrication scheme
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EIS model fitting for two symmetric Au electrode “"\7,
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Randles, J. E. B. (1947). "Kinetics of rapid

electrode reactions". Discussions of the
Faraday Society. 1: 11.
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Schematic of two symmetric Au electrode equivalent circuit

5 Is there a way to simplify modeling calculations?
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EIS model fitting for two symmetric Au electrode -,_\7__.
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EIS model fitting for two symmetric Au electrode f\r‘
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EIS model fitting for two symmetric Au electrode
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EIS model fitting for two symmetric Au electrode
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Rct ZW Rct Zw
Schematic of two symmetric Au electrode equivalent circuit
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Zlcal,
€= Wiz|/0 Z[log( |Z|Ca l Z(Qcalt [ Q)in,i)z
in,i

i=1
Self-defined error(€) in mlmmlzatlon parameter fitting algorithm

Symbol Meaning
€ Fitting error
wiz10 | Weight for fitting error
ns Number of frequencies

|Z|cqr, i | The calculated |Z| under the i-th frequency

|Z|in, i | The input|Z| under the i-th frequency

@cari | The calculated phase angle under the i-th frequency
@in, i | The input phase angle under the i-th frequency
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Fabrication and detection of impedimetric aptasensor
using two symmetric Au electrodes
(target protein) *

MUC1
(sensing element)*
(redox couple) S2.2-SH
[Fe(CN)i]3' %

[ Au electrode ]

€ Aptamer immobilization:
5uM S2.2-SH in immobilization buffer
(50mM Tris, 100mM NaCl, 4mM KCI, 2.5mM MqCl,,
1mM CaCl,, pH 7.5)
Immobilize overnight

€ Binding buffer:
e 10mM Tris-HCI, 50mM KCI (pH 7.5)

& EIS Buffer:

g oy
10mM Fe(CN)¢* in Binding buffer & Washing:

0.05% Tween20 in Binding buffer

€ EIS condition: Wash for 3min x2

Einit = 0.224V (vs Ag/AgCl) or 0.7V (vs Au)
Vamp = 5MV

Frequency = 101 ~ 10°Hz € Protein binding:

3 ~200nM MUC1 in Binding buffer
« Binding 30min

10 Area per Electrode: 3.14mm?



Results and Discussion

Optimizing the operatlng sensing voltage (Em,t)

Current Density (nA/cm?)
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Results and Discussion

Proof of concept by Thrombin aptasensing

Thrombin
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T — " = 00 IE
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E o] o = e
i Thr 31.6nM 1 ANe— 1
200 k Thr 100nM | Re 7
| v/ = Thr 316nM | 0k |
e Thr 1000nM 1 . I ] ! . ! , | ! |
%0 500 1000 1500 2000 2500 3000 3500 0 Ry 20 2 B0
Thrombin Concentration (nM)
Re(Z) (Q)
Sinale sit ific binding: € Aptamer immobilization:
INgIE site specitic binding. * 5uM HTDQ29-SH in immobilization buffer
B C * Immobilize overnight
max .
AR = —— € Washing:
Kp+C * 0.05% TweenZ20 in Binding buffer
*  Wash for 3min
Bax = 1829.10 » Kp = 129.4nM & Protein binding:
* 10nM ~ 1uM Thrombin in Binding buffer
"Equation: One site -- Specific binding”, © 1995-2016 GraphPad Software, « Binding 30min

URL.:graphpad.com/guides/prism/7/curve-fitting/index.htm?reg_one_site_specific.htm
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Three electrode configuration MUC1 Aptasensor D‘?
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Two symmetric Au electrode MUC1 Aptasensor | ’\Q "
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Comparison of Three electrode and Two symmetric Au electrode set

Up"‘\f'\ Y

Proof of concept MUC1 3 electrode MUC1 sym. electrode

Electrode setup
Target
Negative

Einit

Vamp

R, and Conc. Relation

K of Apt and Target

B,..x Of Apt and Target

Two sym. Au electrode Three electrode

Thrombin
X

0.7V (vs Au)

+
129.4nM

1829.1Q

MUC1 MUC1

BSA BSA

0.244V (vs Ag/AgCIl) 0.7V (vs Au)

smV

+@ +|(BSA: -)

15.11nM 15.92nM|

7906.50 17084.40Q
2Ry = Rct,

Two sym. Au electrode




Results and Discussion

DNA sequence specificity towards MUC1 and BSA

Im(Z) (kQ)
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—BSA & Random2smer-SH__

— Bare
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== BSA 200nM

BSA 3.125nM A

.5””1I0HH1I5‘” 20
Re(Z) (kQ)
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Im(Z) (kQ)

Im(Z) (kQ)

3 BSA & S2.2-SH
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Results and Discussion
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 Rnd-SH + MUC1
e Ky =11.7nM
« B, =4339Q

« S2.2-SH + MUC1
« Ky =17.9nM
« B, = 15655Q
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Conclusion

1)

2)

3)

4)

Optimal operating sensing potential for symmetric impedimetric aptasensing in
contact with [Fe(CN)g]3> was identified at 0.7V (vs Au).

Specific EIS detection of MUC1 (3-200 nM) were performed and K, value of
16.31+1.44nM were obtained.

Validity of the two symmetric Au electrode equivalent circuit model was

confirmed by comparing R values in different electrode setups.

Sequence specificity of the binding event was confirmed by comparing S2.2 with

25mer random DNA sequences.
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Microfluidic integrated Au interdigitated electrodes (M-AuID\:I:) \7,\7_
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Symmetric Au electrode in Microfluidics

M-AulDT setup and main scheme

Electrochemical Analyzer

s 0

Waste

Counter and Reference
Electrode (Au)

(Au)

(target protein) *

MUC1 0

(sensing element)

(redox couple) 5’SH-(CH)g-S2.2
[Fe(CN) 3+

1 ]» » S SS 8S SS SS

[ Au electrode [
20 Aptasensor fabrication scheme




Symmetric Au electrode in Microfluidics

Cyclic Voltammetry of M-AulDT

30 .

20 |

Running buffer:

Flow rate : OulL/s

10mM Tris-HCI
5mM MqCl,
50mM KCI : _
5mM Fe(CN) 3% 20 ——0.5V/s |
: —~—=y VIS
-30 ¢ : !
-0.5 0.0 0.5

30 : vy 30 L1

20 Flow rate : 0.2ul/s
10
< 0 .-
— — 0.1V/s |
-10 ——0.2V/s 1
—1VI/s
-30 . L . . . . ]
-0.5 0.0 0.5
V (V)

21

1 (nA)

» The increase of flow rate adds to the supply of Fe(CN)g>/#

-0.5

Flow rate : 0.4ulL/s




Symmetric Au electrode in Microfluidics

Electrochemical Impedance Spectroscopy of M-AulDT

Bode Plot : |Z| vs Frequency

Bode Plot : Phase vs Frequency
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Symmetric Au electrode in Microfluidics

Real-time M-AulDT MUCL1 Aptasensing

90
80
70t
60 |
a S0
< 40}
® 10uM S2.2-SH N 30}
@ 10uM BSA 20
® 200nM MUC1 10
in Running buffer
90
Flow rate: 0.2uL/s sl
EIS conditions: 60}

Frequency = 100Hz
Amplitude = 5mV

Re(Z) (kQ)

Phase (°)

O |Z| vs time

(L
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0 1000 2000 3000 4000 5000 6000 7000
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© Re(Z) vs time :

© ©
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0 1000 2000 3000 4000 5000 6000 7000
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» BSA non-specifically binds to electrode
23 » MUCI lowers Re(Z) but increases Im(Z) and Phase
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Real-time Impedance detection system using NI™ LabVIEW _,_\T_.

Function generator NI Instrument (USB-6210)

— 1
] o - ) i

M-AulDT Chip
Power supply PC & LabVIEW

Measurement circuit

24
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Real-time MUC1 non-specific binding EIS detection "“\72‘;\’/ /
using NI™ LabVIEW P4
|Z| vs time Phase vs time
100 60 B & I SET 4 _
80} o0 7
605 40 |
g | > -30
N 40 £ 20
20¢ 10
0 A T TR T 0 . ) f ) . ) ]
0 500 1000 1500 2000 0 500 1000 1500 2000
Time (sec) Time (sec)
0 ~ 1100sec : Running buffer * Flow rate = 0.1uL/sec
1100 ~ 1700sec: 90nM MUCL in Running buffer * InitE=0V
1700 ~ 1900sec : Running buffer * Frequency = 100Hz

* Amplitude = 5mV

» Phase vs time tends to exhibit lower long-term noise
> |Z| vs time tends to exhibit lower short-term noise
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