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Recap of Last Week’s Class on Applications

Surface Chemistry — alkanethiols, alkylsilanes, polymers for nonspecific binding
* Nanoscience — interactions of nanoparticles with light (plasmon resonance)

e AFM and STM to Visualize Surfaces
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What We Cover in Today’s Class

* Plasmonic nanoparticles — short recap on plasmon resonance used for rapid tests!
 What is a Biosensor — molecular recognition and performance parameters

* History of Biosensors — Clark electrode and recap of electrochemistry

* State-of-the-art Biosensor: Glucose Sensor — recap of electrolysis

* Remaining challenges of Biosensors — now let’s take a look at the COVID-19 test
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Influencing the Sea of Electrons on Surfaces Using Light

The Free Electron Sea Light as an oscillating electromagnetic field

< Positive ions from the metal

) < Electron cloud that Pr&gggggﬁ: "

doesn’t belong to Wavelength (A)
s any one metal ion

Copynght 1938 by John Wiley and Sens, Inc. All nghts reserved,

Electrons in metal are affected by the electromagnetic field
from light incident to surface
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Effect of Plasmon Resonance

5

Metal

Incident light excites electrons on metal surface

Incident light

<

@ Delocalized electrons

Oscillating field of light interacts with
free electrons

Lesson 12 — MSE 304 - Fall 2024

Electron cloud is perturbed

Incident light

<

— <« —> <} Electron cloud is polarized

Electrons begin to oscillate collectively as a

polarized cloud (plasmon)

CHEMINA



Effect of Plasmon Resonance

Incident light

—

Light wave
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— <« —> < Electron cloud is polarized

Electron cloud is perturbed

Electrons begin to oscillate collectively as a
polarized cloud (plasmon)
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Effect of Plasmon Resonance

Metal
Q0O 0)0) Incident light Reflected light
@0 @ 0)0)
00O 0)0)
Y X 0O
00O eJe)
000 00 Incident white light 2,1%\
00 OO isibl
oo oo (visible range) A
00O 0)0) .
0006 o6 Light absorbed as
o900 00 heat
000 0O .
Electrons resonate with
00O Q0 :
| —. Reflected light short wavelengths

(absorbed)
At resonance frequency, incident light energy transferred

to oscillating electron cloud (plasmon excitation) Relative contributions of absorption and

scattering determined by size and shape

Only specific wavelengths of light are reflected back while . .
of plasmonic particles

others are absorbed or scattered
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Going Back Many Centuries (41" Century): Lycurgus Cup

The glass contains gold and silver nanoparticles 10-100 nm in size

Nanoparticles absorb
shorter wavelengths
(blue and green) and
remaining wavelengths
pass through and is
transmitted

Resonance scatters
green wavelengths
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Lit from front Lit from behind |
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COVID Rapid Tests — Use of Gold Nanoparticles

Test line Control line

First, we need to understand how biosensors work!
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Biosensors For Human Health

P ’ 9,50
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NAs PNAs Aptamers Peptides Antibodies Aptamers Enzymes MIPs DNAnNnzymes MIPs
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Devices

Z

Benchtop equipment Point-of-care devices Wearable devices
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Molecular Recognition Elements/Biological Receptors

Analytes

NAs Proteins Peptides Metabolites lons

2/
o

Interface

Bioreceptors recognitio
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How do Bioreceptors Interact with their Analytes?

Expectation

Bioreceptor

Molecular recognition of
target by bioreceptor

12 Lesson 12 — MSE 304 - Fall 2024

, ‘: x Reality

. distance [A]

Inhomogeneneous
surface potential
- electrostatic steering

solvent effects
- hydrophobic attraction
- hydrophilic repulsion

molecular crowding

@ﬁ&%

Frutiger et al., Chem. Rev., 121, 8095, 2021

Bioreceptor :

«4——&——4———4%—“4——

=5
4
“ ‘ Py

energy [K,T]

sl Ao hydrophobic

cation-1r

- + salt bridge

®-¢  hydrogen bond

o
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Biosensor: Transduces Molecular Binding Event to a Signal

Analyte in sample Biorecognition
matrix element Transducers

Antibody

Data acquisition

Enzyme Electrochemical Read-out and processing

technology and S ———
amplification

Optical
Microorganis

Mechanical

DNA

Cells

Detector Transducer Output system

Bag & Mandal, Smart Innovation, Systems, Technologies, 322, 2023
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How Do We Smell Things?

Signals transmitted to higher
regions of the brain

Olfactory
bulb

Olfactory 4N LN AR
receptor cells ——%0 L ! Olfactory receptor
| cells activated and
send electrical signals

Odorants bind to
receptors

Odorant
Air with odorant receptor

. . molecules ) .
Richard Axel & Linda Buck e e Simple Scence
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The World’s Best “Biosensor”

Olfactory epithelium

Back of nasal passage that houses
sensory receptors

Humans Dogs
5-10 cm? 60-170 cm?

Olfactory bulb

Brain region responsible for
processing smells

Dogs have 40x larger olfactory
bulbs than humans relative to
total brain size

Olfactory receptors

Back of nasal passage that houses
sensory receptors

Humans
5-6 million

400 different types
of receptor proteins

Dogs
220-300 million

800-1200 different
types pf receptor
proteins

Dogs are estimated to be 10,000 — 100,000 x more sensitive to certain odors than humans

15 Lesson 12 — MSE 304 - Fall 2024




Mimicking Nature: Deep-Learning Inspired Electronic Nose

(a)
-
Odor ’/l

Sensor array

(b)

Raw data Data augmentation Feature extraction : .
Electronic nose mimics

mammalian olfactory system
(using specialized gas sensors)

Object

89"
.
- W e
»
y
.
‘O

o ‘ | ' - 7| |
Olfactory receptor cells Olfactory bulb Olfactory nerves  Olfactory cortex
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How to Read Out the Signal of a Biosensor

Buffer solution Buffer solution Q

Large analytes (e.g., proteins) 9 )

Analytes ) )

SPA Bioreceptor Bioreceptor

“"':i{ : ;‘ﬂ; ,
NE? \5T2 N2 N\(7? \¢(7 NYIE NNO NN N2 N\’

|

—l ransducer —l ransducer

- -
Mass
"\ Z A4
Charge Signal readout Signal readout
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How to Read Out the Signal of a Biosensor

Buffer solution
Langmuir isotherm

Large analytes (e.g., proteins)

AR e o Bioreceptor

Q I 2 N2 N7

; Assumptions:

 Uniform binding sites
j * [Independent binding event
* No multi-site binding

Sensor response
o

ransducer

-
N4

Signal readout
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Concentration — What Do these Values Mean?

1M = 1mol/L = 6x10% molecules/L

Note: Avogadro’s number: 6 x 102> molecules/mol

1M ~ 1x10*molecules/100 um3

)
=
100 um O
— . o
o %o ) 0
°l o o] ¢ o| o o
@ oo o o o N
o |00 o' ® ¢ o i c
o Yoo o.{ ‘e o $
S e e _ e @ o
0 ®
1 uM ~1 billion 1 pM ~1000 1fM ~1
1 11 10 9 -8 -7 6 -5 -4 -3
Single molecule of salt in 0 analyte Log [Analyte] (M)
several Olympic-sized
swimming pools!
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How to Read Out the Signal of a Biosensor

100
Q
> 80
S
o 60
S 40
-?é ,,i Ky=1nM
= oYY
K-Im-ﬁ-'I : 111109876543
d = "k K | 09 8 T 5S4
[AR] a a 0 analyte Log [Analyte] (M)
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How to Calculate the Equilibrium Binding Affinity (K,)

100

g %

= 80 {f

: ,I

2 60

m /

g ;é

S 40 '

8 ,§ Ky=1nM
YF 20

s+ AN

I 1110 9 -8 -7 6 -5 -4 -3
Log [Analyte] (M)

o

¢ — [AR] Target-bound receptors

[RO] Total number of receptors 0 analyte

X0
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How to Calculate the Sensitivity and Limit of Detection (LOD)

30’50 3 x standard deviation of zero analyte signal

LOD =
as Sensitivity = Slope of the signal
de 10 ¢ !
® 0§
e 8 £
o
2 6
g o + a:>
O BT g, A L S SO oV Py o
= = a 4 dS _ sensitivity
P = Nonspecific binding 7,
= » 2
)
5
= Limit of detection (LOD) 0
0 200 400 600 800 1000 I 110 9 -8 -7 6 -5 -4 -3
Analyte concentration [fM] linear scale! Log [Analyte] (M)

0 analyte
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The Detection Range is Dependent on the K, of the Bioreceptor

9

=100 7
-

= o

5 o

< Kg=1uM 7

= o

O 50 5

O K =1mM 7

e (Non- S

3 specific binding) @

O 0

& pM nM uvi mM

Analyte concentration I 11 10 9 -8 -7 -6 -5 -4 -3

Log [Analyte] (M)

0 analyte

P3
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Different Signal Transduction Mechanisms of Biosensors

Conductometric Colorimetric
Interferometric
Potentiometric
Fluorescent
\/v Amperometric .
Electrochemical Optical Luminescent
Biosensors Biosensors

Piezoelectric

Acoustic wave

Vargas, et al., Biosensors, 8, 2, 2018
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History of Biosensors

.'
p -
s
< -

Microbial Needle

U Sensors  gjectrode v “ ; ?’«}o
rea (TPepiaasibanme ) U0 pegude substrate
o b?:::;::zr biosensor 1975 1982
Fluorescent Biosensors
ApeE - 1990 2000 2010

1956 v NanoBiosensors
1976 1983
Leland Clark b&’;‘égne;;r E1|'12y6nze Tizz:al Biostator Immunosensors

The “Father of Biosensors” electrode Probe

§ e— -~

Tilmaciu & Morris, Front. Chem., 3, 2015
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Electrochemistry: Relationship between Chemical Reactions + Electricity

Electricity: movement of electrons e — e - — e- Reduced Oxidized
(reducing agent) (oxidizing agent)

Certain chemical reactions =2 create electricity

; \
€ - Conductive wire |
@ @ F e e'® w

Oxidation & Reduction
Reactions

Oxidized RedQCed
Compound A Compound B

Electricity =2 make certain chemical reactions happen

Pull Push
BNORe=-5

30
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Galvanic/Voltaic Cells for Electrochemistry

4 2e- B
y—
@ @ Electron flow /e' - e e\
T Salt bridge l
(w0 Gy o
@ ()

N

y Cu*™
Zn
" ) " /
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' ()
)

Zn




Standard Reduction Potential of Different Metals

Half Reaction potential
Vd v + 26 = 2F +2.87 V
2e"
“Phb* + 2 =  Pbp?* +1.67 V
€ [Cl + 2 = 2Cr +1.36 V
o)
S Agt + 1l = Ag +0.80 V
-
N >
O Fe3* + 1e +— Fe2* 2 +0.77 V
BT TR S P :
@ @ Stronger pull for § :Cu»* + 2 —  Cu é- +0.34Vv : Cu will pull electrons
90 PN NSNS SN EEEEEEEEEEEEEEEEEEEEEEEEEssEnEnsSd4EEEEEEEEEEEEEEEEE fr m Zn
electrons & 2H* + 2 = H, £ 000V ©
O) -
- Q
Q Fes* + 3¢ +— Fe 5  -0.04V
Under standard conditions: o 1 A , - 0 013V
. = o+ e +— w -0.
e 25°C (298 K) ? =
— CD
e 1 M concentration for reactants/products g Fe>* + 2 — 2 044V
= O
* Relative to the standard hydrogen 7n2t 4+ 20 — S ~0.76 V
electrode (0.00 V) S
ARt + 3e +— @ -1.66V
Hy <« 2H™ + 2e
Mg2* + 2 +— -2.36'V
28 Lesson 12 - MSE 304 - Fall 2024 il i le — —3.05V




Galvanic/Voltaic Cells for Electrochemistry

2e =
Electron flow/ e—e— e-\ Cathode
T Salt bridge l Where reduction happens
@ @ " .. BB
(? ()
O )
Anode () (0.)
Where oxidation happens N \ Cu’
pp ‘. \@*/
Zn
Zn
" / N /

29  Lesson 12 - MSE 304 — Fall 2024 /n (S) — Zn2+(aq) + 2e” Cu2+(aq) + 2e” - Cu (S)



Clark Electrode Measures Ambient Oxygen Partial Pressure

Clark Electrode was originally designed to measure oxygen concentration in blood

. Reaction

! chamber

Amperometric
Biosensor

Leland Clark Ohm’s Law
The “Father of Biosensors” V = IR

- Gold cathode
An amperometric biosensor measures the current Porous membrane
generated by the oxidation or reduction of an analyte
at an electrode, with the current being proportional EE'
to the analyte concentration.

30 Lesson 12 — MSE 304 — Fall 2024 C H E M f: N A
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Clark Electrode Measures Ambient Oxygen Partial Pressure

Silver anode ﬁ

Gold

cathodel:" 6

G ©

o™
Br-

\ A v
- g—
0,
- -
0,

Leland Clark Porous membrane
The “Father of Biosensors” :

(EH
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Clark Electrode Measures Ambient Oxygen Partial Pressure

Silver anode

E?=+1.23V ‘ (oxidation)  [ow
Redox processes are 0, +4H* + 4e~ - 2H,0 | 4Ag + 4Cl- - 44gCl + 4e™
nighly favorable so -
Gold cathod
spontaneous process y dh , yoc =-0.22V

(reduction)

Electron flow between
electrodes generates
current directly
proportional to the
partial pressure of
oxygen in the sample

Porous membrane

ner

O

This work became the basis for the first glucose sensor

0
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Glucose Biosensor — Transformative for Human Health

A Invasive B Minimally Invasive C Non-Invasive
Glucometer Continuous Glucose Monitor Wristwatch
Patch

Todaro et al., Front. Chem., 10, 2022
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Glucose Sensor - Incorporating an Enzyme (Biological Catalyst)

OH OH

D-glucose D-gluconolactone

Glucose l
O oxidase ®)
H%O T 0 g HOHM T RO
HO "OH HO O

Catalyst: substance that accelerates the reaction rate without being consumed in the process

Catalysis: affects kinetics and not thermodynamics (it makes kinetics faster by decreasing activation energy)

Substrate Products

Enzyme-substrate
complex

34 Lesson 12 — MSE 304 - Fall 2024



Intermolecular Interactions Between Enzyme and Substrate

OH Substrate Products

L Glucose ?H O
NN O oxidase “ 0
PN+ 0 — == KON\ o+ o, B
D-glucose Py D-gluconolactone
Enzyme Enzyme-substrate Enzyme

complex

Product
(gluconolactone)

b

Fuel

Sy (glucose)

Tyr-68
_ r-110

T

Flavin
cofactor

Bauer, Biomolecules, 12, 3, 2022
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How Can Enzymes Catalyze Reactions?

Substrate

Enzymes lower the activation
energy of chemical reactions,
allowing reactions to occur faster
at the temperatures and conditions
found in biological systems.

Enzyme-substrate
complex Enzyme

Reaction without enzyme—v-f;"'TfanSition

" 4 “, state (S¥)
/ \
’ \
Transition
state (ES¥) %
§ Enzyme catalyzed reaction
= Substrate(S) + 4
. Enzyme (E) /7
—t—
Binding ES CataIYSiS P';ELTC Products (P
release
@ LibreTexts"
Reaction Coordinate CHEMISTRY

X0
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Glucose Sensor — Detection of Hydrogen Peroxide as Readout

37

Glucose |
oxidase K

D-glucose

Monitor decrease in O, as
proxy for glucose

Lack of sensitivity — small signal
change since O, levels high in

biofluids ASignal

S_

- AConcentration

Lack of specificity — O, sensors
influenced by changes unrelated to
glucose (respiratory, temperature)

Lesson 12 — MSE 304 - Fall 2024

Monitor increase in H,O, as
proxy for glucose

Higher sensitivity — H,O, not
abundant in the sample prior to
enzymatic reaction

Higher specificity — H,O, is direct
product of enzymatic reaction

CHEMINA



Oxidation of H,O, on the Surface of Platinum Electrodes

Half Reaction potential

Fo, + 22 = 2F +2.87 V

Pb** + 2¢¢ = pPp* +1.67 V

Cl, + 2 = 2CrI +1.36 V

Ag* + 1le +— Ag +0.80 V

Fes* + 1 +—=  Fe* +0.77 V

Cu* + 2 +—— Cu +0.34 V

Enzyme (oxidized) Enzyme (reduced) AR | 000V

Standard reduction potential for
Oxygen Hydrogen peroxide H,0,: B?=+0.695V

So onidation =-0.695V
Platinum electrode

HZOZ =y 02 SEY 1 O A T 1 b The oxidation process is hon-spontaneous!

&
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Electrolysis — Driving Chemical Reactions with Electricity

( e v Pull Push
Water splitting , _
_ Half Reaction potential
Reduction
/ +e + 26 2F +2.87 V
+1 -2 0 0 Oxidation ‘4t 2%e¢ —  Pp2* +1.67V
H;0 — Hz + Oz  number e
\ o 7 : 0y + 26 + 4H* = 2H,0 +1.23V :
Oxidation Ag®* + le — Ag +0.80 V
Stronger pull Fe* + 1e =  Fe* +0.77 V
X for electrons
V4 v Cu* + 2 — Cu +0.34 V
.
Oxygen Hydrogen e PO g+ E—

We can force this reaction to happen using electricity

0
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Electrolytic Cell - Driving Chemical Reactions with Electricity

Reduction
F N
Hzo — HZ —+ 02
U «
Oxidation

Applying a potential drives non-spontaneous
redox reaction

O

; . Operating potential applied to overcome
’ ’ H,0O activation energy barrier to drive reaction

Plus some salt or acid

Wikipedia

We can force this reaction to happen using electricity

30
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Glucose Sensor Requires an Operating Potential

D-gluconolactone

Monitor hydrogen peroxide
on the surface of Pt electrode

Operating potential
+0.6 — 0.8 V due to oxidation
potential of H,O,

Enzyme (oxidized) Enzyme (reduced)

Oxygen Hydrogen peroxide

Standard reduction potential
Platinum electrode FO = +0.695 V
e

H,O +2H" + 2e” -» 2H,0 3
20,(aq) € y) QHEM%?NA
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Success of the Glucose Biosensor — Robust System

OH
H,O O
22 HO
HO + 02
HO "OH
D-glucose

~ ‘ -
. . -

ENZYME (Ox.)

Ox;}gen

Highly specific and robust
enzyme

42 Lesson 12 — MSE 304 - Fall 2024

Platinum electrode

Detection window for H,O, doesn’t
overlap with other species in blood

Glucose OH
oxidase G L RO CM Io.,.
HOA— BLOOD GLUCOSE
LEVELS CHART

D-gluconolactone

RISK  SUGGESTED ACTION

mg/dl

LEVEL mmol/L

MEDICAL ATTENTION
MEDICAL ATTENTION
MEDICAL ATTENTION
MEDICAL ATTENTION

VERY HIGH
HIGH
HIGH
HIGH

DANGER - HIGH 315+ 17.4
HIGH 280 15.6
HIGH 250 13.7
HIGH 215 n

\
. —
T

BORDERLINE 180 MEDIUM CONSULT DOCTOR
ENZYME (Red.) BORDERLINE 150 MEDIUM CONSULT DOCTOR
BORDERLINE 120 MEDIUM CONSULT DOCTOR
Hydrogen peroxide

MEDIUM CONSULT DOCTOR

HIGH

LOW 70
DANGER - LOW S0

MEDICAL ATTENTION

Clear values associated with healthy
and disease states (diabetes)




Success of the Glucose Biosensor — Concentration Range

Vitamins

Hormones Globulins .
Albumin

Amino acids

Glucose

Neurotransmitters

Picomolar Nanomolar
10-12 10-°
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1. Nonspecific Binding (NSB) in Complex Environments

Expectation (phosphate buffered saline) Reality (biofluids such as blood)
. mM (10%)
) & /. SBs
NG £ “‘l'))s"’;«"f“ L2l
O A - ; ‘\1‘ “',,,\': <y

&

YLy

NANZ NG NN \)r/

N\ 4
Signal readout

;s‘\‘\
':‘
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Most Existing Diagnostics are Limited by Nonspecific Binding

Non-specific binding induced noise at low concentrations limits diagnostic biosensors

Nonspecific binding

Measured signal
%
-

Limit of detection (LOD)

0 200 400 600 800 1000
Analyte concentration [fM] linear scale!

30
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2. Very Few Number of Molecules Within Sample Size

Stochastic process — probability of the biosensor seeing such a low concentration of target diffusing to the surface?

Sample Size
Volume, Concentration and No. of Addressable Molecules

(D 10,2,2 I 1 I I I I
L TN S O O S SN ST o7 M.
100 um 20 [ : 7
« ad . 8 %8—19 _ i S
° D 10 bt T oM g
e o 107 F s : -
' oo o = lo_ig B : =
® | o o| ©® ® o ) %814 B "'LHM' _
@] ® 0 .‘ 9 ® 6] 3 1013 ' -
oo o'g [°°¢ P & © 10*2 j b 1.aM 4=
o Yoo oe . . 7 %810 § -
7o ® Wgtw - 2 O 10° ‘ g ApM 7
o 10 s s | -
e :1182, s z -
1 ;M ~1 billion 1 oM ~1000 1 1 ~1 ?_: i S . S > A &
o 10* s s .
. 103 B ATTTUTIITITY iy " ETTTTRTTRy ARy 1T T alV . -
Sk T
Single molecule of salt in 10° ' i -
several Olympic-sized 108 100%™ 1072 10° 10° 103 10°
swimming pools! laL 1fL 1pL 1 nL 1pul 1 mL 1L

Sample Volume (L)

9
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Few Molecules in Large Volume - Diffusion to the Sensor Surface

Stochastic process — probability of the biosensor seeing such a low concentration of target diffusing to the surface?

Making it stick: convection, reaction and diffusionin
surface-based biosensors

100 um
< 1 > , Todd M Squires &, Robert J Messinger & Scott R Manalis
O ® v Nature Biotechnology 26, 417-426 (2008) | Cite this article
oo o
® 9] 1) ® ® O
@ 0 O 5] O
o o0 o°9g ® %60 > o ¢ Flow rate
- o . > ﬂ
® oo o I ® o
® o o o O /
0 ® : "\
11: U 7 *\“\
1 uM ~1 billion 1 pM ~1000 1fM ~1 7 P ——
f
Co &
Single molecule of salt in &0 ,,."‘wI (Dt)1/2
several Olympic-sized — <
swimming pools! ~Ut

Kinetics of target binding to

Solution with target .
bioreceptors

concentration (c,) flows with
velocity (U) through channel
based on diffusion (D)
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3. Challenges of Bioreceptor Specificity in Addition to NSB

:l"‘,f-‘\nl '{, \\- I"/, -\'I" ',"—-\\‘
LU 2N (] Interferent
Analyte R s .
| L) (nonspecific)

:/- ‘-"
," ‘I' l'.
. ’ ~
S | B T
\‘ I.‘ ] —_ ——
U //

4
)
| ) v
\

Need for bioreceptors
with high affinity (low K,)

L\ — S

w 10! 10" 10° 108 10¢ 10° 10° 10 10° 102 10 1 vaﬁes
NSB Specific | NSB_ NS|_3

(irreversible, binding (irreversible, (reversible)
strong) weak)
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Bioreceptors Can be Cross-Reactive to Nonspecific Molecules

Reproducibility crisis: Blame it on the antib

Monya Baker

Nature 521, 274-276 (2015) | Cite this article

Non-’garget —
e Cross-reactivity: binding
to other non-targets ANTI Bo n I ES

Batch-to-batch Antibodies are the

Target
protein

\

Binding

Antibody

BY MONYA BAKER

\ vari ability workhorses of biological
experiments, but they are
| littering the field with false
findings. A few evangelists
o are pushing for change. i A 7
Sensitivity to e e |
environment .-~ |
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4. Challenges of Continuous Monitoring

Highs missed by

fingerpricking self monitoring w fnoonrf::our?nugs j;ﬁ:ose
 of blood glucose (SMBC) “

) Fingerpricking

:?i Normal
E . range
> 100 ’ . 1

O |

O

-

G ' Lows missed by '

o L fingerpricking SM BC_I
IME U ==www- R -
3:00 6:00 9:00 12:00 15:00 18:00 21:00 24:00
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Continuous Measurements: Reversible Binding to Bioreceptors

Highs miSS.Ed i - Continuous glucose
fingerpricking self monitoring '\,\J\,\ monifforingiata
~ of blood glucose (SMBC) ‘I ® Fingerpricking

P Y A e ‘ .....................

— 100

3:00 6:00 9:00 12:00 15:00 18:00 21:00 24:00

We need fast kinetics

(high ko)
[AIIR] _ k" 1

To detect analytes at low > Kd — — —

_d -
concentrations [ AR] k Ka

We need strong binding (low K,)

We need to engineer/redesign bioreceptors to overcome this mismatch
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5. Tissue Response to Implanted Sensors Prevents Long-Term Use

d

€) Chronic Foreign
Native Tissue Acute Injury Body Response

Chronic BBB Re-Inju
Tissue Strain :

N
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{

2

BBB - 11/
Microdialysis . Astrocyte & Neuron (perfused) Blood Cell ~ Membrane/ECM Bound Pro-Survival/Growth Factor
Probe

% Microglia ¢ Pericyte (E?BB oeifusiont Plasma Molecules -+ Soluable Pro-Survival/Growth Factor
oss of perfusion

® Macrophage »<~Activated Astrocyte @ Progenitor Cell "+ Inflammatory Cytokine
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Size Matters: Miniaturization of Sensors

Microglia activation hours after implantation

Carbon fiber
electrodes
(20-60 pm?)

Microdialysis
probes
(30,000-70,000 pm?)

—_—
=
=
S.
<)
~
=
=
7

Planar silicon
electrodes
(3000-15,000 pm?)
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Let’s Go Back to The COVID-19 Test: Antibody Sandwich Assays

Secondary

sie  OARS-CoV-2 Nucleocapsid Protein

Protein

Membrane
Protein

SAvelope . TN N
Protein

W Nucleocapsid
protein

Nucleocapsid protein in high abundance and
stable in nasal swabs

IMAY N N2 N\¢Z
antibody
Visualize binding of gold nanoparticles

(AUNP) by eye NEWS

MEDICAL
LIFE SCIENCES
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Antibody Sandwich Assays are Commonly Used in Biosensors

Secondary
Y W antibody

Y

e
Primary po-—
i Y NN N

Visualize binding of gold nanoparticles Need a detector (expensive) to visualize
(AuNP) by eye fluorescence
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Challenges of Antibody Sandwich Assays

‘.
-

é-§ a“é-

— T (S

Ay

Steric hindrance at the surface
Density of bioreceptors need to be optimized
False negatives (not enough AuNPs bound)

>

N\
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Nonspecific sticking of the gold nanoparticles
To the surface, to primary antibodies, etc.
False positives (too many AuNPs bound)




The COVID-19 Test Uses and Antibody Sandwich Assay

Q 2
"4 g Filler “backfill”
i molecules can be
_9 % used to minimize
A : nonspecific
binding
Steric hindrance at the surface Nonspecific sticking to gold nanoparticles
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Lateral Flow Assay Optimized to Detect COVID-19

Targeting high viral loads with nucleocapsid protein (don’t need high sensitivity)

Simple sample matrix (nasal/throat swabs)

. l'\‘ 'I\‘

Test line Control line

Yes/No test — not quantitative!
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Next Week: DNA Aptamers for Biosensing on Semiconductors

Ag/AgCl
Reference

. Aptamer-functionalized
... semiconductor channels .-~

-.------.-------.--------

Drain

-

Nakatsuka et al., Science, 362, 319, 2018
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Summary of Today’s Class

* Plasmonic nanoparticles — short recap on plasmon resonance used for rapid tests!
 What is a Biosensor — molecular recognition and performance parameters

* History of Biosensors — Clark electrode and recap of electrochemistry

e State-of-the-art Biosensor: Glucose Sensor — recap of electrolysis

* Remaining challenges of Biosensors

* How the COVID-19 rapid test works

Exercise Session: Real-world applications of biosensors for human health (glucose and neurotransmitters)

X0
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