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OBJECTIVE * Create a general method for screening
bacteria and viruses that can be applied
to a major infectious disease of global

health relevance.
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OUR METHOD: Components of a biosensor

A BIOSENSOR THAT
COMBINES A
POLYMER AND AN
ACOUSTIC
TRANSDUCER

LY

A device comprised of a
biological element that senses environmental Absorption
a lock-and-key event and Aptamers, proteins, _

. . . . . . Electrochemical
transmits that information into antibodies, DNA, ...

Absorption

a detectable electrical signal.

BIORECOGNITION

e ANALYTE ELEMENT TRANSDUCER
Our device is intended to be

more than simply a quartz gold _imprints

crystal microbalance (QCM) as

will be explained. oscillation
Polymer imprinted ]/JE,,:g:,
with a targeted —
pathogen Anharmonic detection

technique (ADT)




Imprinted polymer Data processing (Image))

BACTERIA CAPTURE

VISUAL DETECTION

Analyte (model sample):
E. coli-GFP in H,O

S. typhimurium in H,O

Biorecognition element: E. coli (targeted) S. typhimurium
E. coli-imprinted OSX polymer 0D, 0.4 capture ODgqp 0.4 capture
(bulk)

Detection:

Fluorescence imaging

Requirements:

e Labelled or stained bacteria




HOW SELECTIVE IS
CAPTURE?




Sensing: Selectivity
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Two inactivated viruses with similar shape, Influenza A (HK68)
and Newcastle Disease Virus (NDV), were employed as model
pathogens. The polymer film, which was first imprinted with
HK68 and exposed sequentially to suspensions containing
fluorescently labeled NDV and HK68, was able to preferentially
bind HK68 at a capture ratio of 1 : 8.0. When we reversed the
procedure and imprinted with NDV, the capture ratiowas 1 : 7.

A. Karthik, K. Margulis, K. Ren, R. N. Zare, and L. Leung,
"Rapid and Selective Detection of Viruses Using Virus-Imprinted
Polymer Films," Nanoscale 7, 18998 - 19003 (2015).



HOW DOES
CAPTURE HAPPEN?
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Unmodified Monolayer Overcoated

K.Ren and R. N. Zare, "Chemical Recognition in Cell-
Imprinted Polymers," ACS Nano 6,4314-4318 (2012).
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ANHARMONIC

DETECTION *  Measures a variation in mass by measuring the change in
TECHNIQUE (ADT) frequency of a quartz crystal resonator

* Resonance is disturbed by the addition or removal of a small
mass at the surface of the acoustic resonator

Collaboration with: * Inour case, bacteria has a certain affinity for the imprinted

Sourav Ghosh’s research group at polymer on the resonator surface which is “functionalized”
Loughb T o with recognition sites by virtue of the bacteria-imprinted
oughborough University (UK) polymer
Novelty: nonlinear network .
analyzer tom ampter [
e amplitudes, 0 -27.5V ADT SEMSAMDCONTROL | = = iy i 4y - X
* Frequencies, 0.1 to 300 MHz Bt e
n AMPLIFIER | weon i —
* Records complex current and etce == =
voltage sensitivity and RE Tost s Oupur B e o
o Amp.ppu o —=
synchronously at 3 frequencies gty = Smatead s
Odd harmonics signals are !

separated from powerful
driving signal applied near
fundamental resonance
frequency by linear passive
filtering network

ICartridge




ANHARMONIC
DETECTION
TECHNIQUE (ADT)

Collaboration with:
Sourav Ghosh'’s research group at

Loughborough University (UK)

Ball on a spring (harmonic oscillation)

*  Amplitude (size of the bounce)

* Bounces back and forth (frequency)

Principle

Relies on interaction at the surface of a quartz crystal
resonator, causing a nonlinear oscillation that introduces
distortions in the harmonic (or sinusoidal electric current)

The distortion is measured from change in magnitude of the
third Fourier harmonic (3f) current, which is 3 times the
driving frequency (3f).

The deviations in higher odd harmonic responses as a
function of oscillation amplitude are strongly dependent on
the force involved in binding of the analyte under study and
the recognition element as well as the size of the analyte.

Output piezoelectric current

Input harmonic
potential (1f) /_\/
/\_/ —— a ot ‘ ‘-v : .. "_..:4. - +
v Sio i
" e =i’
A Ay
Third and higher odd

harmonic components due
to nonlinearity of particle-
surface interactions



DEMONSTRATION




ANHARMONIC
DETECTION

" PTFE tubing from flow cell
to syringe (withdraw

mode) \

TECHNIQUE (ADT)

ADT designed and built by:
Sourav Ghosh’s group at

Loughborough University (UK)

Schematic illustration of Syringe pump
experimental setup:

Signal
<~ | generator | ™
N~ /‘j
sample ADT PC

Liquid flow
(syringe pump)

Liquid flow
(from sample)-
- e

} Flow
®_ cell
Pump

PTFE tubing
from sample to
flow cell




BIORECOGNITION
ELEMENT

Preparation of a bulk imprinted OSX polymer

CHs \
: Si o0 CH
Si PES / 3

OCH, \O/I\OHC © C|> \S|/

dil id | Hac—Si/o‘i ’ HsC\Si/ 0/\
HsCO—Si CHs ilute acid catalyst > \o Hac/ ‘/o OHO\ o/ })‘s- o

25°C /O\Si/ HO/Si\/ \Si/\ O/I CH.

/ 3

H
oC 3 O\ \CH3 O\Si/o\Li/CHS
AN
MTMS o

Organosiloxane (OSX) polymer

Pre-catalyzed
inactivated bacterial Cure for ~ 24 h
template on a substrate

surface Benmove
polymer

Rinse and sonicate
imprinted polymer

Bacteria-imprinted

po|ymer M




BIORECOGNITION
ELEMENT

A quartz crystal showing the
top electrode

Schematic of quartz crystal
(view from bottom electrode)

2.0mmx 0.8 mm

Frequency range: 14.275 — 14.325 MHz

Aim 1: Optimization of polymer synthesis

Preparation of an imprinted OSX on a quartz
crystal by dropcasting method

Cleaned Au-coated quartz crystal (sonication in
acetone; EtOH)

Self assembly of thiol groups (full immersion) for 30
min, RT, in closed container; Rinse with EtOH (2X)

Deposition of < 1 pL OSX rxn solution (R=4, 30 min stir, RT)

Dropcast

Imprint with E. coli-GFP template (OD 1) on hydrophobic plastic
with weight (100 g), > 24h

aam | @

Reported dropcast method for thin film coating on quartz crystal resonators:
(1) T. Cohen et al. Int. J. Molec. Sci. 2010, 11, 1236-1252. Whole cell imprinting in sol-gel thin films for

bacterial recognition in liquids.
(2) F.L. Dickert, O. Hayden. Anal. Chem. 2002, 74, 1302-1306. Bioimprinting of polymers and sol-gel phases.
Selective detection of yeasts with imprinted polymers.




BIORECOGNITION Thiol modification of electrode surface

ELEMENT
OCHs OCHj, OCH,
|-|3co§s _ocH, ch0§S _ocHs H3CO§ __ock;
STEP 2: . ) . Autlayer
Self-assembly of SH-TMS on é | I
gold surface (top electrode) Quartzizrysta
v\AuEJ]ayer
O Cleaned Au-coated quartz crystal (sonication in
acetone; EtOH)
lSeIf assembly of thiol groups (full immersion) for 30
min, RT, in closed container; Rinse with EtOH (2X)
Crystal surface SH-TMS Coating
Concentrations tested: coating volume (pL) Approach
1, 3, 5, 19 mM None — _—
< SHTMS 200 Full immersion
Solvents tested: — T
EtOH, toluene SH-TMS 5 Deposition
SH-TMS 3 Deposition
Deposition times tested: SHTMS . ——-—
. . - eposition
30 min, 60 min, 2 h P




BIORECOGNITION
ELEMENT

STEPS 3 and 4:

(3) Deposition of OSX rxn

solution on top electrode

(4) Imprinting with E. coli
(OD 1)

Imprint with E. coli-GFP template (OD 1) on hydrophobic plastic
with weight (100 g), > 24h

Catalyst concentration tested:
0.12 M, 0.29 M, 0.35 M HCI

R values tested:
1.8,2.0,and 4.0
R = molar ratio of H,0 to silane

Varied deposition volume
Varied imprinting weights

Preparation of an imprinted OSX on a quartz crystal

IMPRINTING IMPRINTING
APPROACH APPROACH
#1 #2

! !

E. coli template - o
SH-coated

1 crystal 1

OSX rxn

SH-coated crystal solution E. coli template
droplet
R Deposition Imprinting
volume (pL) weight (g)
1.7-4.0 <1-5 10-350
<3 <1 100 D
S — P,




BIORECOGNITION
ELEMENT

STEPS 3 and 4:

(3) Deposition of OSX rxn

solution on top electrode

(4) Imprinting with E. coli
(OD 1)

Imprint with E. coli-GFP template (OD 1) on hydrophobic plastic
with weight (100 g), > 24h

Catalyst concentration tested:
0.12 M, 0.29 M, 0.35 M HCI

R values tested:
1.8,2.0,and 4.0

Varied deposition volume
Varied imprinting weights

Example of an imprinted OSX on a quartz crystal

E. coli-imprinted OSX E. coli template used
polymer on thiol- to imprint OSX
modified gold-coated polymer (left photo)

guartz crystal

Deposition Imprinting

volume (pL) weight (g)
1.7-40 <1-5 10 - 350

4.0 <1 100




CAPTURE

Morphological similarity:

E. coli and S. typhimurium are similar in
shape and size: rod-shaped,

~| pym x 2.5 ym

3f Measurements:

Quartz crystal oscillates by short

(100 ms) frequency sweeps with
discrete increases in voltage (0.25
- 12.5V)

Lower signal ratio (at 19.2V) is
likely due to polymer film being
too thick.

Experimental:

E. coli and S. typhimurium
concentrations approximately

1.6 x 107 cells/mL
Capture time: |0 min

Capture of targeted E. coli vs non-targeted

S. typhimurium
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Increase in dissipation (AI') was higher for E. coli than S.
typhimurium: higher selectivity for E. coli when compared
to frequency shift (Af)



Soft/viscoelastic

~-=-= rigid

It gives us an idea of the viscoelasticity of the polymer film on the crystal
It becomes significant when the adsorbed film is not rigid (film and
When the oscillation stops (potential is turned off), the time needed for
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Strong adherence to the

gold surface

What we are trying to achieve
Rigidity

in an imprinted polymer:




Capture of targeted E. coli vs non-targeted
CAPTURE S. typhimurium (3f measurements)

0.09 -

0.08
Morphological similarity: 0.07 -
o o . 0.06 -
* E coliand S. typhimurium are . 0.05 - - gV E. coli
similar in shape and size: = el e
* rod-shaped, ~| x 2.5 pm 0.02 - e
0.01 - —19.2V
0
-0.01
3f Measurements: i (3""“3"5)“ 45 90 95
* Quartz crystal oscillates by short
(100 ms) frequency sweeps with 0.03 -
discrete increases in voltage (0.25 0.026 1
0.02 - . o .
—12.5V) 0.015 - A o S. typhimurium
Lower signal ratio (at 19.2V) is 2«1"‘» il =" ——o6v
. . . 0.005 - - .
likely due to polymer film being ) e e
too thick 0,005 ON\5//40715 20 25 30 35 40 45 50 55 o,
! -0.01
-0.015

Experimental: Time (min)

e E. coliand S. typhimurium
concentrations approximately
e 1.6 x 107 cells/mL 3f signals at different drive potentials. At 19.2 V, E. coli

» Capture time: 10 min signal is 2.9 times higher than for S. typhimurium.




Cellulose acetate polymer as an alternative

to OSX polymer
IMPROVING

POLYMER FILM Polymer imprinted with glutaraldehyde-
THICKNESS inactivated E. coli-GFP

FUTURE DIRECTION:

Detection of captured bacteria by
fluorescence

Sample: targeted Sample: native E.
inactivated E. coli coli (non-target)

Biosensor # cell capture # cells in sample
captured time (mln) x 107

PDMS / fluorescence

OSX / fluorescence 300 30 90

Cellulose acetate / >300 15 20
fluorescence

OSX / ADT 500 10 1.6




FUTURE DIRECTION:

IMPROVING
POLYMER FILM
THICKNESS

Drop casting is a challenge in
creating uniformly thin polymer
films.

Spin coating is a better
approach to creating thin
polymer films.

Cellulose acetate polymer as an alternative
to OSX polymer

TEMPLATE
S bacteria adhered onto surface of a

hydrophobic plastic

STEP 1
Invert Template to imprint

: Scanning electron micrograph (SEM) of
bacteria to polymer surface.

bacterial template imprinted on cellulose
acetate.

pre-polymer solution
spin-coated onto quartz crystal
surface

Quartz crystal for ADT

STEP 2

Remove Template after polymerization reaction is complete.
STEP 3

Wash imprinted polymer to remove any adhered bacteria.

Ii Imprints of bacteria on polymer surface \
.
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