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Sensor concept
(i) Photonic Bandgap (PBG) (ii) Molecular Beacon (MB) probe

sensing structure
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Sensor concept

(i) PBG sensing structure: working principle

PHOTONIC BANDGAP SLOW WAVE PHENOMENON
Reflections  produced at the High interaction between the
interfaces of periodic dielectric evanescent wave and the
distributions. propagation medium (analytes)

in periodic structures.
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Sensor concept

(i) PBG sensing structure: working principle

PHOTONIC BANDGAP SLOW WAVE PHENOMENON
Reflections  produced at the High interaction between the
interfaces of periodic dielectric evanescent wave and the
distributions. propagation medium (analytes)

in periodic structures.
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Sensor concept

(i) PBG sensing structure: working principle

PHOTONIC BANDGAP SLOW WAVE PHENOMENON
Reflections  produced at the High interaction between the
interfaces of periodic dielectric evanescent wave and the
distributions. propagation medium (analytes)

in periodic structures.
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Sensor concept
(i) PBG sensing structures: design
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Sensor concept 1756
. . . N 1700
(i) PBG sensing structures: design £ 1650
g 1600
% 1550
=
1500
1450
1400
0.3 0.35 0.4 0.45 0.5
wave vector (2r/a)
’ ' PBG 1
5B
PBG edge
g 10/
£
Optimal parameters Sensitivity P
*
« a=380nm ¢ w=460nm 175 nm/RIU 20
e wi=120nm ¢ h=220nm *Refractive | |
13 e we=1500 nm Index Units T30 1500 1600 1700 1800
wavelength (nm)




UNIVERSITAT
-] POLITECNICA

Valencia Nanophotonics Technology Center &
o’ DE VALENCIA

20C
20C

Sensor concept
(ii) MB: typical application
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Sensor concept
(ii) MB: typical application
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Sensor concept

(ii) MB: immobilization on PBG sensing structure surface

Thiol-ene
coupling (TEC)
chemistry

@

Immobilization

target
oligonucleotide

density: HYBRIDIZATION
14 pmol/cm?
D. Gon_zalez-!_ucas et = > Sequence (3°37)
al" Microchim Acta Target Cy5 AUCGACUUAAUGCUAAUCGUGAUAGGGGUGUCGAU

184, 3231-3238 (2017)

MB SH ATCGACACCCCTATCACGATTAGCATTAAGTCGAT
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Interrogation platform
Range:
* From 1520 nm to 1630 nm PC
Speed:
* From 0,5 nm/s to 50 nm/s
N GPIB USB
llﬁ‘lfi‘lt - ‘ v' ‘
SR |USB e N .~ objective
‘ camera
Diameter output spot: *, SWITCH ‘

0,38 mm
COLLIMATOR CAMERA XEVA 1.7
350HZ
TUNABLE SOURCE
LASER | TRIGGER
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Oligonucleotide detection: photonic chip

wi=140nm

PBG sensor
pair

wi=120nm

20 SEM image of a PBG sensor

PHOTONIC SENSING CHIP

0 Background

l@ 2 MB
L |3 BsA*

*Bovine Serum Albumin

Microfluidic flow direction
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Example of transmission spectrum
(SSC 5x buffer*)

..

—wil40nm ||
—wil20nm

1530 1540 1550 1560 1570
wavelength (nm)

*Saline-sodium citrate
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Oligonucleotide detection: experiment

Target oligonucleotide (0.5 um in SSC 5x buffer)

15 . . L . ! [ l
T W!120nm (pa!r 1 . Oligonucleotide
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& 1 ’ h
c :
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= i
o 0.5 : i
2 |
) i
© !
< :
0) I 7
SSC 5x Buffer

0 5 10 15
time (min)
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Oligonucleotide detection: experiment
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Target oligonucleotide (0.5 um in SSC 5x buffer)
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Oligonucleotide detection: experiment

Target oligonucleotide (0.5 um in SSC 5x buffer)

Lo wil20nm (pair 1) | : OIigLonucIeotideL | 1.5 =°=wil20nm | | | | |
== wi140nm (pair 1) : SSC 5x Buffer —\Wi140nm i Oligonucleotide
- == Wil20nm (pair 2) ;/ . :/
- ——wil40nm (pair 2) i c !
c 1 : c 1 :
~ . — i
£ 3 = :
5 ? < :
o 0.5 ! O 0.5 :
2 i = i
© i © i
o O ' O 0 !
: SSC 5x Buffer i
o) 15 0 ) 10 15 20 25
time (min) time (min)
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Sensor Chemistry
! Biofun*
pair

120

0 Background
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120

1 MB
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120
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140
120
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* Biofunctionalization
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A. Ruiz-Tértola et

al., Biomed. Opt.
e A e Express 9(4), 1717-
e S 1727 (2018)
.g L 4
target === = @\"1100)
% oligonucleotide pe E AA P
| hybridization > 208 g :
: >
i wavelength more than
one order of
A magnitude
target -
oligonucleotide o .'
(n [ ]
| hybridization > é AM AA~80 pm
e .
3 i | A. J. Qavi and R.
- Y Sl Bailey, Biosensors
wavelength 49, 4608-4611
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Influence of the MB conformational change on
evanescent wave

VOOO sz

—jf

oligonucleotide

HYBRIDIZATION

Very robust biotin-streptavidin

recogniticon
& Bayer EA and Wilchek M, Methods in
28

enzymology 184, 49-51 (1990)
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Influence of the MB conformational change on
evanhescent wave: experiment

1+ e MB ,' ﬁ"' “.x."b '(.‘\-J
—— MB+St 1 ! o, ¢’
Cnal MB+St 2 L |
g 0.8 i :" Oligonucleotide
- AR detection 1020 620 345
£06 J -
ﬁ Oligonucleotide : . (pm)
@ 0 4 i injection : : | . i
2 N RiCalibration ;565 3330 .1890
LI N 1 (pm)
ot . SSC 5x Buff o I
" e, o L SSC 3x Buffer Normalized
0 f‘ ~fq9.,;,w, A : oligonucleotide 0,654 0,192 0,183
= ' — ' ' detection
0 5 10 15 20 25 30

time (min) *SS5x buffer to DIW (Deionized water)
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Influence of the MB conformational change on
evanhescent wave: experiment
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Influence of the MB conformational change on
evanescent wave: discussion
A So significantly large positive shift
measured for the direct
direct detection oligonucleotide detection

o

SMALLER POSITIVE NET SHIFT

\ *

time

net shift

relative shift

The MB conformational change
removes the streptavidin from the
St displacement surface providing a PBG edge
backshift (decrease in the index
refractive)
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Influence of the MB conformational change on
evanescent wave: discussion

LABELLING THE MB WITH HIGH
REFRACTIVE INDEX PARTICLE

N
direct detection

_

time

relative shift

net shift

particle
displacement

32
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Influence of the MB conformational change on
evanescent wave: discussion

LABELLING THE MB WITH HIGH DETECTION OF LOW MOLECULAR
REFRACTIVE INDEX PARTICLE WEIGHT TARGETS
N
direct detection 1
direct detection
& & N
4= S = >
ﬁ time 3 time
v >
= [ net shift
= © net snirt
[ g
net shift biomolecule
displacement
particle
displacement
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Influence of the MB conformational change on
evanescent wave: discussion

LABELLING THE MB WITH HIGH DETECTION OF LOW MOLECULAR EXCITATION OF SEVERAL
REFRACTIVE INDEX PARTICLE WEIGHT TARGETS OPTICAL MODES
A
direct detection T .. coth
direct detection Wave e
&£ & N Pk e
g ime g e ! =
= = net shift -
1) - =
] v —
net shift biomolecule Z
displacement S
particle
displacement
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Conclusion

* OLIGONUCLEOTIDE DETECTION
* Efficient recognition === Label-free detection
* Remarkable PBG edge shifts (~1100 pm) === Extremely high sensitivities
* Higher sensitivities by properly selecting the dimensions == Sensor footprint below 100 um?
* Sensor configuration === Promising candidate for multiplexed photonic sensing chips.

* INFLUENCE OF THE MB CONFORMATIONAL CHANGE ON THE EVANESCENT WAVE
* Different interaction for streptavidin-labelled and non-labelled MBs with the evanescent wave
* Exploitations:
* Replace streptavidin with a higher refractive index particle
* Direct detection of low molecular weight targets

* Design of the photonic sensing structure exciting several optical modes
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