ION SENSING REAL-TIME QUANTITATIVE MONITORIZATION OF
ISOTHERMAL DNA AMPLIFICATION

Bruno Miguel Ribeiro Veigas
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OUTLINE

@ Objectives

@ State-of-the-art

@ Application of Field effect based sensors

@ T13,0: sensitive layer production and optimization
@ EIS Label-free detection of DNA amplification

@ Oxides based ISFET sensors

@ Conclusions and Future perspectives
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OBIJECTIVES

Application of Field Effect based Sensors

@ Optimization of Ta,O; thin films for quantitative
real-time DNA amplification

@ Development of the Loop mediated Isothermal DNA
amplification method (LAMP) for cancer biomarkers

@ Monitoring of DNA amplification

@ Real-time monitoring of c-MYC LAMP amplification
through field effect DNA detection.

@ Gene expression analysis — mRNA quantification
(application to cMYC gene)

FACULDADE DE
CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA



PREVIOUS WORK

Production & Optimization

Ta,0; thin films for enhanced pH sensitivity

APPLICATION IN FIELD EFFECT BASED SENSORS

Q Label-free DNA detection

Q Enzyme-based sensors

Real-time DNA detection

FACULDADE DE
CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA



FIELD EFFECT BASED SENSORS PRODUCTION AND
CHARACTERIZATION

Electrolyte-Insulator-Semiconductor

Ta,04
— Al e-beam sputtering Insulator
Sio, evaporation 51& deposition

‘ Semiconductor

Silicon Silicon Silicon

Al back-contact Al back-contact

SiO, etching

) | ®)

—p=0°
—0=25°

pH Sensitivity

_ Depth (nm) | 58.2 mV/pH
ﬁ"} (A) SEM
m | (8) RS
600 1200 1800
Energy (keV)

FACULDADE DE
CIENCIAS E TECNOLOGIA 7
UNIVERSIDADE NOVA DE LISBOA



Ta,0; thin films for enhanced pH sensitivity

mV -0.00
N -0.10 | Linear relation to pH
2 -0.20 |
3 High buffer capacity
2 -0.30 |
[
% -0.40 | Large number of active surface sites
~ .0.50 |
High pH sensitivit
0.60 ghp y

Low processing T
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FIELD EFFECT BASED SENSORS

Electrolyte-Insulator-Semiconductor

DNA amplification
Template-primer

60% C max

Cma:
HH]

Capacitance (F)

Voltage (V)

ERef
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Vg

Dielectric is amphoteric accepts and releases
protons

Surface potencial varies with [H*] inducing a
voltage shift

pH variations modulate the devices characteristics



FIELD EFFECT DETECTION OF DNA

@ Monitoring PCR DNA amplification

(h} B’u T T T )
l l { 14 EIS sensor

% . | DNA quantification through

= 40 J . .

> + b direct detection.

= _ +

1
u . . [ ] [ L] L] L - "

(B) t
c % 20 L I
:% & I 2 { Real-time PCR
ot T 10} . DNA quantification in real
& % _ . 1 time through detection of a

g Opse % * ¢ * @+ x + = "4 fluorescentlabel.

© 6 12 18 24

PCR cycle
@ Monitoring LAMP DNA amplification

Real-time monitoring of c-MYC LAMP amplification through
field effect DNA detection.
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LABEL-FREE DETECTION OF BIOMOLECULES

DNA polymerisation

Polymerase

Polymerase integrates a nucleotide.

“d'
Polymerase

Hydrogen and pyrophosphate are released.
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LABEL-FREE DETECTION OF BIOMOLECULES

FIELD EFFECT DETECTION OF DNA

@ Monitoring PCR DNA amplification

(A) 80 1 - - -
T st " oma

% e } | DNA quantification through

¥ + 1 direct detection.

2 o Label free

*
Oke - L] L] L] L] L. L] L]

c E 20 L I
:% & I ¥ { Real-time PCR
o T 10} - 1 DNA quantification in real m
& % . 1 time through detection of a

g Ope 3 * ¢ ®* ¢ » * =+ *4 flyorescentlabel.

PCR cycle

@ Monitoring LAMP DNA amplification

Real-time monitoring of c-MYC LAMP amplification through
field effect DNA detection.
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LAMP AMPLIFICATION

LAMP DNA AMPLIFICATION MONITORING

1.

Electrophoretic analysis of the a b, _rerene o &
- e /5"-—’
LAMP amplified c¢cMYC product.
Agarose gel electrophoresis of the cMYC NS . 2 .
amplified products (1% agarose gel with 4 =
GelRed" staining). Lane L - GeneRuler™ DNA L BEE v s }
Ladder Mix; Lane 1- cMYC LAMP amplification R RA Tagom Ble s ’ “Fererr Bromme B
product; Lane 2- cMYC LAMP amplification e
. . o -‘ = - <—_= 3
product digested with Hinf I. % Bie - W e
500 bp |
200bp S
100 bp €
Wy — —
Real-time LAMP § 5 [
. . . . . . P ) —’
DNA quantification in real time through detection of a > (Fafe——a) -
——F1 Bic 5,
fluorescent label. ' /?° N [
;! - & -0 o2 |
5 v v/ N L L -
: " E—; 2% . e '3_?@ 12. \x
® L B2
§ 04 / 2% = -j- - 7. B1c "
02 ‘=_='.5 &
/___éz‘/ “ = s
o1 z 20 ' v B v v v . \
[ 5 10 15 20 25 30 35 40 4 5 6 7 8 9 10 1 12
Time (min.) Log initial copy number
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LAMP DNA AMPLIFICATION MONITORING

O] REACTION CELL

Plastic'screws ' '

Peltier'cell
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Aluminum'housing

Teflon'cell l '
[ —

O-ring

Sensor ’

O-ring [ =)

Plastic'base




LAMP DNA AMPLIFICATION MONITORING

@) REACTION CELL

Plastic'screws I '

Thermal heating profile characterization

Peltier'cell
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O-ring

Sensor ’
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LAMP DNA AMPLIFICATION MONITORING

O] EIS REAL-TIME AMPLIFICATION DETECTION

50 - 60 1
45 - y=-12.5x + 149
50 - R%=0.99554
40 -
35 -
40 -
30 -
> £
E 57 E 30 -
53
?] 20 - 101 1010 109 108
15 ol A 20 -
10
10 4
5 1 ° ° o
0 — L H . e . .
0 : : r
0 20 40 60 80 100 7 8 9 10
Time (mln) Log initial copy number

Clear distinction between Positive and Negative LAMP reactions.
Very low sensor drift as demonstrated by Buffer solution measurements.
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lon sensing (EIS) real-time quantitative monitorization of isothermal
DNA amplification.

B. Veigas *°, R. Branquinho ®, J. V. Pinto ®, P.J. Wojcik ®, R. Martins ®, E. Fortunato ®, P.V. Baptista ®
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Abstract

becoming a element in a new generation of biosensors that are a non-optical alternative for real-time amplification and detection of nucleic
acids, at lower costs and easier t itegrate in a miniaturized plaform. Molecular on the pastfew
Reakme quantaive DNA ampficatn s ighy efectv for MOTorng ene expression. Th present work ocuses o the develapment ofa taialum pentoxde (Ta;0.) based sensor s
the real tme abel (LAwP). is detected by
the Ta,0, sensor. iy i real the fed efect
‘sensor was tested within a range of 10°-10% copies of target DNA, and a Ilneal relationship between the log copy number of the initial template DNA and threshold time was observed
allowing for a semiquanitative analysis of DNA template (1], The integration of this sensing technology with reverse transcrption (conversion of MRNA to CONA), could allow gene
expression analysi. This concept offers many of the advantages of isothermal quanitatve realime DNA amplfication in & label free approach and could signifcanty lower the costs

the moleculr diagnosiics of cancer.

Method & Platform Fabrication Results
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(A) Typcal RT.LAVP ampificaton curves for cMYC DNA (A): (8) Relatonsiip between log copies of il
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occur towards more posive potentals, consisien wih an increase of posiive charge near e sensors
Protoype and schemat assembly representaton (Le) and thermal heaiing profle charactrzaton of the  surface, Comparison of the electochemical Ty vales with hose atained fom the tercalatg fluorescence
dye show tha, despite a sighiy lower effciency, the sensor response seems [ be higher han that of the
standard fuorescence method

Conclusions and Future Work

Successful LAMP amplfcaion of cMYC was achieved n the speciicaly developed isathermal ampificaion cell. The amplficaon reacion was moriored in eakme wih the optnized Ta,0.based sensor and a clear
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CONCLUSIONS & FUTURE PERSPECTIVES

Label-free detection (30 mV/mM) and monitoring of DNA amplification were
achieved with results comparable to fluorescence-based methods.

" W Oxide based lon Sensitive Field Effect Transistors
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CONCLUSIONS & FUTURE PERSPECTIVES

Label-free detection (30 mV/mM) and monitoring of DNA amplification were
achieved with results comparable to fluorescence-based methods.

Oxide based lon Sensitive Field Effect Transistors
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FUTURE PERSPECTIVES

" W Reference Electrode free Devices

Device miniaturization

Flexible sensors

Alternative processing techniques:
solution based synthesis; inkjet
printing.

Transparent sensors
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