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You may already be using biosensors

5-Optical sensors

p. 2



Measuring heart rate using light

* Measuring heart rate using light = photoplethysmography

* The device measures the change in concentration of red blood cells
as the blood vessels expand and contract

* Expanded blood vessels absorb more green light, contracted blood
vessels absorb less green light.

* The detector measures the reflected light and a software algorithm
converts the changes in light intensity into your pulse rate.

https://edu.rsc.org/feature/the-science-of-smartwatches/4013008.article
10.1056/NEJM0a1901183 k
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Biosensors in the news

TechRadar
° https://www.techradar.com > ... » Fitness Trackers :
The Apple Watch could soon track how much you sweat

21 Feb 2024 — There are sweat patches and biosensors that can already track your
sweat, passing information to, among other things, the Apple Watch. That ...

Sports Business Journal
https://www.sportsbusinessjournal.com » 2024/02/22

Apple secures hydration tracking patent for Apple Watch
22 Feb 2024 — The U.S. Patent and Trademark Office recently issued Apple a new patent for
the measurement of sweat through a wearable sensor.

» Fierce Biotech
. https://www.fiercebiotech.com > medtech > apples-long... :

Apple Watch creeps closer to adding glucose tracking
23 Feb 2023 — For much of the last decade, rumors have suggested that Apple is
aiming to one day bring completely noninvasive glucose tracking to the ...

SD ScienceDaily

https://www.sciencedaily.com » releases » 2017/03

Wearable biosensors can tell you when to see the doctor
10 Mar 2017 — Researchers supported by the National Institutes of Health have revealed the
ability of wearable biosensors, similar to the Apple Watch or ...

The next Apple Watch will reportedly add 3 new health
sensors for diabetes, blood pressure, and sleep apnea

Apple continues exploring the potential of health monitoring tools.
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Biosensors are widely used

Medical
diagnhostics
Glucose meters
Breathalyzer
Ovulation test
Pregnancy tests

Home INR test for
blood clotting

Drug
development

ELISA, SPR
Fluorescence
Cell-based
Microfluidic
Affinity

Arrays and chips
High-throughput

Environmental
monitoring

Air quality

Water quality

Soil moisture

Noise level
Radiation level
Greenhouse gases
UV radiation
Weather

Personal health

and fitnhess

Heart rate monitor

Wearable fithess trackers

Blood glucose
Blood pressure
Oximeter

Sleep trackers
Skin temperature
Smart clothing

®

2

Food safety
Temperature, gas,
pH, moisture, metal
detection

Pathogen detection
Optical sensors for
sorting produce
Pesticide, herbicide
detection

Biotechnology

Enzyme-based
DNA-based
Cell-based
Immunosensors
Microbial sensors
Lab-on-a-chip
Wearable




Nano(bio)sensors

Motivation

 Early detection of disease
biomarkers (pM sensitivity)

e Cheap &reliable
* Point-of-care testing

Nanotechnological solutions promising

Components of a hanosensor

MATERIALS

Metallic NPs, Magnetic NPs
Nanotubes, Nano Channels

NANO
SENSOR
Antibodies Optical
Peptides Mechanical
Oligonucleotides Electrical
Aptamers Magnetic

TARGETS SIGNALS

Swierczewska et al.,
Chem Soc Rev 2011
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Biosensing — Plan for the next lectures

Sensing modalities

* Optical sensors

e Mechanical sensors
e Electric sensors
e Pores

Integration
* Microfluidics

Special application -> next generation DNA sequencing
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Learning objectives

1. Understanding Key Concepts and Technologies

Define and describe the principles of Lateral Flow Assays, ELISA, and Surface Plasmon
Resonance (SPR), differentiating between label-dependent and label-independent
biosensing methods.

2. Application in Scientific Contexts

Analyze data from various biosensors and evaluate their applications in scientific case
studies, particularly in areas like medical diagnostics and biotechnology.

3. Planning and Analyzing SPR Experiments

Outline the planning of SPR experiments and the analysis of SPR sensorgrams,
including understanding the technical setup, data interpretation, and extraction of key
information like association/dissociation rates and binding affinities.

4. Designing Research Questions

Formulate research questions and conceptualize how biosensing technologies can be
applied or adapted to address these scientific inquiries.
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Label-dependent sensing methods

Sensing modality

* Absorption requires coupled chromophore
* Fluorescence requires fluorophore, quantum dot
Sensitivity

* Down to single molecule sensitivity (fluorescence)
* Labeling reaction can be a challenge
« Complex samples (patients) = difficulties




Testing positive...

Optical biosensors convert the
biological interaction (e.g., antigen-
antibody binding, enzyme-substrate
reaction) into an optical signal.

5-Optical sensors
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LFA test kit

Budd et al. Nat Rev Bioeng 2023

COVID-19 Ag COVID-19 Ag
@ c c O
T T |—

Extraction tube holder Waste bag Swab inside
sealed wrapper

cg - - s|[ | s|[]

— l | Negative Positive

LFT in sealed packaging |
\_/

Extraction Extraction tube
buffer sachet
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Lateral flow assay (LFA) components

Budd et al. Nat Rev Bioeng 2023
Cellulose Glass fibre Nitrocellulose

—

~5 nm ~7 nm
Antigen Antibody

\/\/\

~10 nm ~40 nm
RNA strand Gold nanoparticle
Wicking pad
g : |
I

Sample Conjugate pad Test line Control line Backing card

- - Capillary action 2> 2>

5-Optical sensors



Lateral flow assay (LFA) components

Budd et al. Nat Rev Bioeng 2023

Cellulose sample pad: absorbs the sample

Glass fibre conjugate pad: stores dried nanoparticle-receptor
conjugates

Nitrocellulose membrane:

— With a test line of immobilized capture receptors

— With a control line functionalized with antibodies that bind to the
antibodies on the nanoparticles

Wicking pad: absorbs the sample on the other end of the test




LFA reactions

Budd et al. Nat Rev Bioeng 2023

Reactions in solution

Test line reactions

@
ka,3 11 kd,3 k \\de

a5 . ka,6

5-Optical sensors

p. 14



LFA detection complexes in different assay
designs

Budd et al. Nat Rev Bioeng 2023

Antibody Antigen Molecular

. X o’

ﬁAntlgen {Antl antigen

antibody
Human
IgG/IgM

Antigen ]{ W
test line

Anti-DIG
antibody

Digoxigenin (DIG)

Antigen Amplicon (DNA)

Antibody Biotin

test line Y Y xX- Streptavidin
test line

T

e Sandwich formationin all cases:

— Mixed analyte-nanoparticle complex binds to test line in a sandwich-type
complex
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Rapid testing for COVID-19

Nucleic-acid-
based test

How it works

Detects viral
genetic material.

Nasal or
throat swab

RNA extracted
¥ and converted
to DNA

PCR amplifies
DNA using
reagents and
PCR machines
A

Usually requires a
centralized laboratory;
some machines can be
brought to test sites.
Variations include LAMP,
CRISPR and
sequencing-based tests
that amplify and detect
DNA in a range of ways.

Antigen
test

Detects proteins on
surface of the virus.

4 |YI TI »
'_':‘ - a—Surface
I ~ antigens
- ~
My 44 ™
4 l' )
Nasal or
throat swab
Sample
added to
liquid
¥
A -~ >
Liquid added

to cartridge

Point-of-care test
that can be done by
non-experts.

Antibody test
(serological)
Detects Blood
antibodies sample
that the |
immune »
system A
produces 5N A
against f‘
the virus.  Antibody
3
/ Blood
sample
“ -~

Blood sample
added to cartridge

Point-of-care test
that can be done by
non-experts.

Nucleic-acid-
based test

What a test tells you

Whether any viral
genetic material is
present, even at
low levels.

Time and cost

Hours/
days

General reliability*

Very sensitive
and specific.

*The chance that a test result is a true positive or a true negative depends not only on a test’s own reliability,
but also on background rates of infection, and on whether a person shows symptoms.

https://www.nature.com/articles/d41586-021-00332-4

Antigen
test

Whether the virus is
present in high
concentrations.
(Whether you are
likely to be infectious.)

Misses infections
with low virus levels.

Antibody test
(serological)

Whether you are
likely to have had
the virus. It does
not detect an
active infection.

Variable, but some
tests are very specific.
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COVID tests in England over time

Budd et al. Nat Rev Bioeng 2023

New tests (Millions)

1.5 1

0.5+

M LFTs
PCR tests

Jul2020

[ |
Jan 2021 Jul 2021

Specimen date

|
Jan 2022




Sensitivity: LFA vs. RT-PCR

Budd et al. Nat Rev Bioeng 2023

Infectious

Detectable by lateral flow
Symptomatic

Detectable by PCR

Throat swab

Nose swab

High
>
Lateral flow
test limit of 7 >
detection
-
O
ie)
©
=
RT-PCR
limit of -
detection /
Low
| | |

0 5 10 15

20 25

Days since exposure to COVID-19
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Activity: Next-generation LFTs

Nanozyme-amplified lateral flow test Broto st al. Nat Nanotech. 2022

Cas13-guide RNA
complex: cleaves

single-stranded RNA\ é C\\* Reporter RNA labeled

with biotin (red) and : CN/DAB =Chromogenic

CRISPR reaction Nanozyme-catalysed lateral flow readout

FAM (green) substrate substrate
\/\_/\
e O g W e W M B —— < +H,0,
N *~0 s i Oxidized product
Negative w AntioFAM (insoluble black
sample —— antibody precipitate)
iy

R S "*0 No colour
Nanozyme-

Positive

sample streptavidin
complex

Discuss with your neighbour: 1) How does this assay work? Describe the figure. 2) Why is
a nanozyme-catalyzed readout necessary? For a positive test result, what’s the expected
readout without adding a chromogenic substrate vs. after adding it?

5-Optical sensors p. 19



Activity: Next-generation LFTs

A. Nanozyme-amplified lateral flow test

€ Lateral flow readout

0 049 195 7.81 3125 125.00 500.00
Inc-LIPCAR (pM)

Lateral flow readout (nanozyme catalysed)

0 049 195 7.81 3125 12500 500.00
Inc-LIPCAR (pM)

5-Optical sensors

p. 20



How are LFAs made?

* https://www.youtube.com/watch?v=04iJgz9ugy4&ab_channel=DCNDi
agnostics




Established methods: ELISA-type

biosensing

ELISA: Enzyme-linked
immunosorbent assay

Example shown:
Sandwich ELISA

enzyme

secondary
antibody
g \
primary J&
antibody _zZ \

sample

Z?ﬁl”éﬁies\( \(

solid support

. Sample is flowed over

immobilized capture antibody,
specific for target molecule
(protein)

. Solution containing specific

primary antibody (=detection
antibody) is bound (sandwich
assay)

Enzyme-linked secondary

antibody is added

Enzyme substrate solutionis
added. An enzyme-catalyzed
reaction converts substate into
colored compound (=2
Enhancement)

. Optical detection

5-Optical sensors
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Established methods: ELISA-type
biosensing

ELISA: Enzyme-linked Labels:

Immunosorbent assay Fluorophores, radioactive labeling,

enzymes, antibodies
ernzyme Advantage:
secondary o o
antibody & Specificity, sensitivity
Y \

primary J Disadvantages:
antibody _Z \ Chemistry involved / might not be

sample possible (patient sample)

capture
angbodie;\(/ \(/ Labels might disturb interaction

solid support

5-Optical sensors p. 23



How to do an ELISA

https://www.google.com/search?sca_esv=7e140dff066c04a6&sca_up
v=1&hl=en&sxsrf=ACQVN08DVN3HcQsO9X32SHwWIFQ;iV2Xc9Q:17107
96791157&qg=¢elisa+assay&tbm=vid&source=lnms&sa=X&ved=2ahUK

Ewia55PY3v6EAXX7gvOHHZUQBEKQOPpQJegQIEXAB&biw=1532&bih=81
4&dpr=2#fpstate=ive&vld=cid:d24af6ef,vid:alQT_soh_VO0,st:0




Comparison of LFA and ELISA

Sensitivity

Measurement

LFA 0.1 uM

time uffer
ushing agent
l Parasitized
8| bio

minutes ’ ."_'

ELISA 1 pM

hours

LFA: Ideal point-of-
care characteristics,
but often not sensitive
enough (disease
biomarkers)

ELISA: complex and
slow, but high
sensitivity due to large
amplification

Goals:

- fast analysis time (< 1 min)

- very high concentration sensitivity (< 1 pM)
- quantitative readout

- minimal sample manipulation

5-Optical sensors
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Surface plasmon resonance (SPR)

SPRis a gold standard
technique used in the A\
biotechnology industry to -
measure binding kinetics " PAgacitice
and molecular
interactions.

ol
W PLASMONIC
SENSOR Environmental

Monitoring

Organic 6Féfnical
Sensing

/r “& % \
& |
Telemedicine / ;

Glucose Monitoring Disease Detection

f\.p"«,

e

DOI: 10.1007/978-3-319-76556-3_9
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Label-free biosensing:

Surface plasmon resonance (SPR)

Label-free sensor:

The signal is generated only due to the
presence of the target molecule

Surface plasmon resonance:

* Measures biomolecular, protein-protein or
protein-ligand (small molecule, nucleic acid,
lipid, etc.) interactions quantitatively at a
surface.

* Provides equilibrium and kinetic information

* High sensitivity, down to single molecule
level

* Scaleable method - can be miniatuarized /
integrated into a microfluidic chip

5-Optical sensors

M sample

capture
antibodies\ (/

signal [RU]

1000

800

600

400

200

solid support

Measurement:
sensorgram

400

time [sec]



Label-free biosensing:

Surface plasmon resonance (SPR)

A)

4

eflected B)

li
Prism °

Chip surface

A) Buffer > o0 ¢ 0 O

B) Analyt> -- 0L S < v
w

Motsa et al. Biochem (Lond) (2023) 45 (1): 18-22.

Measures change in refractive index at
metal-dielectric interface (most
commonly gold)

Incident polarized light is introduced at a
precise, resonant angle through a prism

This excites collective electron
oscillations called surface plasmons

This interaction creates an evanescent
electromagnetic field at the metal
surface, which is highly sensitive to
changes in refractive index caused by
biomolecule binding

5-Optical sensors
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Label-free biosensing:
Surface plasmon resonance (SPR)

* Bindingincreases the local refractive
index, shifting the resonant angle and
B altering the reflected light intensity

* Resonance angle dip occurs because
incoming photons are being absorbed
A to excite surface plasmons rather than

being reflected

Response signal

Time

* Monitoring intensity shift in real-time:
kinetic parameters and affinity

/ constants of biomolecular
interactions

Intensity

A B
Angle

Motsa et al. Biochem (Lond) (2023) 45 (1): 18-22.




Plasmons in metal

* Metallic bonding: Lattice of positively charged
metal nuclei surrounded by a ‘sea’ of
delocalized, mobile electrons

* Plasmons: collective oscillations of the free
electron gas (=electron plasma)

* Generation of dipoles: free electrons oscillate
relative to fixed positive lattice, they create
oscillating dipole moments.

* Interaction with light: when light is shined on
the metal surface, it can interact with the
electron plasma, inducing plasmon oscillations.

*  Frequency dependence: ability to induce
oscillations depends on factor like light
frequency, metal type, nanostructure size.
There is a specific frequency (plasmon
frequency) where the resonance is strongest.

5-Optical sensors p. 30



Angular dependence of excitation

&d Parameters that influence SPP coupling
efficiency:

gm

n, 1) Matching wavelength (hv): Incident
light must have a wavelength that

g 0 resonates with surface plasmon
\\ frequency of the metal.

2) Incident angle (0): Angle of incident

light affects the parallel wave vector
3) Refractive index (n,) and material component. Only certain angles allow
properties: The coupling efficiency is effective interaction with the SPPs.
also influenced by the refractive index of

the medium through which light passes

(usually a prism is used) and the

material properties of the metal and

dielectric medium (&, and &4).




Equation of resonance condition

&
gm
n
p T —
27 €4€
P ( - ]nsm 0, = -
/u , A’Spp 6d + 6lll

hv \\

The resonance condition can be described by an equation that relates the properties of
the incident light (wavelength A, angle 0) to the properties of the metal (surface plasmon
wavelength A, permittivities of the metal and dielectric medium, defined by €., and €).

Permittivity: a measure of the material's ability to permit the presence of an electric

field. The permittivity is a complex value in metals due to their high conductivity and is
denoted by the symbol €. The relationship between the dielectric constant (€) and the
refractive index (n) of a non-magnetic material in optics is given by: € = n?




The need for a prism

sensor

hv

prism
My

TIR

Gold film

The prism is needed to adjust the wavevector (momentum) of the incident light
so that it can effectively couple with the surface plasmons on the metal surface.

The refractive index of the prism (n,) influences how the light's wavevector is
altered as it enters the SPR setup. The higher the refractive index, the greater the
enhancement of the wavevector, facilitating the coupling with the SPPs.




Total internal reflection condition at metal
surface (Kretschmann configuration)

sensor

hv

prism
My

TIR
e Evanescent field excites

surface plasmons

> |(Z) Gold film
e Surface plasmons only

excited at a defined angle of SPR

incidence
evanescent wave

* Reflected lightis Z
monitored in a sensor




SPR: Kretschmann configuration

* Ifthe wave vector of the light in the plane
matches that of the surface plasmon the
resonance condition is fulfilled

sensor

 Large energy loss (absorption)

T prism

e Aminimum s hv n,
observed in the
reflected light TIR
(=SPR angle)

Reflected light \
intensity |(Z)

Gold film

SPR
evanescent wave

SPR langle Angle of reflection




SPR: Kretschmann configuration

* Angle of maximal
absorption strongly
dependent on the
dielectric constant within
the evanescent field

sensor

/

* Changesin
refractive index due
to macromolecule
binding: change in

angle proportional e ‘o ~ I(z)
to bound NSURE ® O
macromolecules O

e Macromolecular interactions alter y4

refractive index at dielectric side




SPR: Kretschmann configuration

i sensor
Reflected light 5
intensity . ‘ ‘ I(Z)
® O N
- Shift in resonance angle
proportional to
amount of adsorbed
Z .
. proteins
SPR angle Angle of reflection
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BlAcore biosensor

Reflected light

Incident light
SPR angle
_— Glass slide
i ., V.
Sensor chip — Gold layer

Flow cell microfluidic

sample flow cell

Measurements require very exact measurements of the angle

e Commercial solution: all integrated
« Commercially available chips, contain all the necessary

micrfluidics to perform the assay

BlAcore Tech Brochure
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BlAcore chip

Dextran

% ‘!A &,ﬁ‘ ‘\ ‘A‘/ "'/ matrix
16;‘,’0]. ’ i \'ﬁ ﬂ] ("> Gold layer
;‘1’ / ”

//// Glass

Vi

AN 7 G Biacore Sensor Chip G
{ 8 Dﬂ Series S CMS %
M

Surface attachment chemistry:

Non-covalent
Ni:NTA
Streptavidin-biotin

Covalent
Succm|m|de chemistry 2 amlnes
0 Q\ 0 \\

[l Il
R—C —0—N + R—NH, ——= R—C—I\II—R + HO-N
H 2

o o

Malelmlde chemistry 2 th|ols

\\ \
R—N;jl 4+ R'—SH —— R—N
s
(o} A

5-Optical sensors
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SPR detection principle

Light Reflected light Light Shifted SPR
SPRangle angle

/ Glass slide : — Prism

N ]—Sensorchip
A A A A A Gold layer A A A A A
e @ ® O

; Ligand ® ——— Analyte

binds to
0 ° ligand
— IFC
Intensity Respnarllce Y-axis units:
signa
9 RU: response
1 units

— = change in
| [l | intensity of the
k——— reflected light

Angle Time
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Ligand, analyte, and capturing molecule in
relation to the sensor surface

.— Analyte
P — 1l
1 '— Ligand

—— Capturing

'7 Ligand molecule

—— Sensor chip
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Sensorgram

AN Report
point
= Relative
24
> response (RU)
n
5 Report
- point
2 Y.
= x ...........................................................................................
)
=
o
n
Q2
<
Regeneration
Running buffer Analyte Running buffer solution Running buffer
AN
7

Time (s)
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The sensorgram

Association Dissociation
1000 l L) I ] ' I | I |
i o =10Ks Equilibrium
800 |- [ binding - .
concentration
— 600 |- -
-
o X
-
S 400
o
200
0 |

0 20 400 600 800 1000
time [sec]

Annu. Rev. Biophys. Biomol.
Struct. 1997. 26:541-66

On- and off-rates

RU: response units
= change in intensity of the
reflected light

1 RU = 1pg protein mm—2

kon

L+ R —— LR

Kofr

5-Optical sensors
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What is kinetics?

Relative response (RU)

20 -

10 4

Association Dissociation

A A

-
500
Time (s)
Kk

A+B — AB

d

Kinetics is a measure of association and
dissociation of a complex within a given
time span. It tells you how fast the
interactions occur.

Association (k,) refers to how fast
molecules bind and form a complex.
(on-rate, units: in M1s™)

Dissociation (k,) refers to how fast a
complex falls apart. (off-rate, units: s™)

Kinetics are determined from the change
in response as a function of time, as
represented in this sensorgram.

5-Optical sensors
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What is affinity?

Affinity is quantified using the equilibrium dissociation constant (Kp) is the ratio of

k : :
the on-rate and off-rate constants (k °%). It describes how much complex is formed
of f

at equilibrium and tells you the strength of a complex. (Units: M)

Lower K = higher affinity:
A small K means high affinity (tight binding).
A higher Kp means lower affinity (weak binding).

Kp value Affinity k.,
(typical) description L+R ——— LR
1pM-1nM Very high affinity Kofr
1nM-1uM Moderate affinity
1 uM=1mM Lower affinity Ky = kon — [LR]

H (weak) kogr  [LIIR]
>1uM Weak affinity

5-Optical sensors From: Cytiva, Get to know SPR kinetics and affinity measurements, Online course p. 52



What is affinity?

* Atequilibrium, or steady state, rates
of association and dissociation are
equal. 5 | «

* Response at equilibrium:

R — CRmax
“ Kp+C

Relative response (RU)
w

* This equation describes how the l
measured SPR response at 1-
equilibrium (R.,) depends on the
concentration of analyte (C), the 1 : : l l

. . 0 5e-6 Te-5
maximum possible response (R.,4x),
and the equilibrium dissociation Concentration (M)
constant (Kp).

From: Cytiva, Get to know SPR kinetics and affinity measurements, Online course



Why study kinetics and not just affinity?

We study kinetics because it gives us more information than affinity alone.
Interactions with the same affinity can have different kinetics, which could have
an impact on biological significance and drug function, such as pharmacokinetics

and dosing.

100 -

Blocked target (%)

Fast kinetics: rapid
binding to, and
dissociation from, the
target.

Frequent administration
required to occupy the
target.

2 ' 4 ' 6
Time (h)

Blocked target (%)

100 -

Slow kinetics: slow binding to,
and dissociation from, the target.
Less frequent administration
necessary because the target is
occupied for a long time.

2 | s 6 8
Time (h)

From: Cytiva, Get to know SPR kinetics and affinity measurements, Online course=



Surface preparation

Capture-based coupling Covalent coupling

Analyte
Analyte

Ligand
Ligand

ermanen

Reversible

Capture molecule

5-Optical sensors From: Cytiva, Get to know SPR kinetics and affinity measurements, Online course= p. 55



Reference surface for kinetics and affinity

Kinetics and affinity measurements should be performed with reference-
subtracted data - more reliable results

Reference surface remains unmodified, measured and subtracted

Reference surface Active surface

Reference
subtraction

e

From: Cytiva, Get to know SPR kinetics and affinity measurements, Online course=



Coupling for kinetics

For kinetic characterization:
* Choose as the analyte the molecule for which the concentration is best

determined
e Attach the other molecule to the surface

* Keep amount of attached ligand low, so the maximum response (R,.,)
from analyte binding is in the region of 10 to 30 RU or lower, assuming that

the ligand is fully active.
* Attach more ligand if that’s not the case.

Why use low ligand attachment levels?

1. To simplify data interpretation by minimizing artifacts from crowding.
2. Toreduce limiting effects of mass transport, the diffusion-controlled
supply of analyte from the bulk solution to the surface (VIDEO)

From: Cytiva, Get to know SPR kinetics and affinity measurements, Online course=



Mass transport considerations

* Mass transportis needed to supply analyte to surface during sample
injection and to remove analyte during dissociation.

* Observed rate of analyte binding is the net result of mass transport and
interaction rate.

* Three scenarios:
1. Fast mass transport, slow interaction rates: observed binding

limited by interaction rate. Rate constants relevant for interaction.

2. Slow mass transport, fast interaction rates: observed binding
limited by mass transport. Rate constants will reflect mass transport
processes, not relevant to interaction. This should be avoided.

3. Mass transport and interaction rates similar: observed binding
represents both processes. Evaluation possible if interaction model
takes mass transport processes into account.

From: Cytiva, Get to know SPR kinetics and affinity measurements, Online course=



Minimizing the effect of mass transport
limitation

* High flow rate for analyses, low ligand level:
Ensures that absolute rate of analyte binding is low, less likely to be limited

by mass transport.

* Check:

Run assay at multiple flow rates and check how this affects the obtained rate

constants.

1. Kinetic constants remain unaffected by flow changes: interaction
probably not mass transport-limited

2. Faster kinetics are obtained at higher flow rate: interaction is limited with
respect to mass transport.

From: Cytiva, Get to know SPR kinetics and affinity measurements, Online course=



Analyte concentration

* Knowing your analyte concentration is key because it directly affects
kinetics.

* Analyte concentration between 0.1 and 10 times the expected K.

* Highest concentration should reach steady state, if possible.

* Unknown Kp: pilot experiments with wide range: 2-1500 nM, adjust and
narrow if necessary.

Too high: conc.too narrow Too low: poor curvature Ideal: conc. widely spread

X X v

5-Optical sensors From: Cytiva, Get to know SPR kinetics and affinity measurements, Online course=

p. 61



Analyte concentration for affinity

* On the right: concentrations are too low, Ky is outside concentration range.

D KD

3 X 5 24

« x

@ T @

2 2

] K s 151

S X S

[%2] [72]

o o

(] ()

2 , ERERE

2 . : /

o <

o o

05 4 7
04’ 0 }2(
0 1.00e-8 2.00e-8 3.00e-8 4.00e-8 0 2508 5.00e-8
Concentration (M) Concentration (M)
5-Optical sensors From: Cytiva, Get to know SPR kinetics and affinity measurements, Online course= p. 62



Two experimental approaches

Multi-cycle kinetics Single-cycle kinetics

5-Optical sensors From: Cytiva, Get to know SPR kinetics and affinity measurements, Online course=

p. 63



Analyte association time for kinetics

* Association time should be long enough to allow for sufficient curvature of the
sensorgrams for at least some of the injections.

Examples of both good (left) and insufficient (right) curvature:

\ 6 i
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Analyte association time for affinity

Association time for affinity assay should be long enough to allow the injections

to approach steady state.

 Timetoreach steady state is related to analyte concentration and dissociation
rate.

* |f some concentrations but not all reach steady state, the value will be close but
not exact.

* If none of the concentrations reaches steady state, the value does not
represent K.

* Measuring before steady state is reached,will lead to an underestimation of K
and the actual affinity will be stronger. _ /“\\
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Activity: SPR quiz

Question 1:

You want to assess the affinity of a protein-protein interaction using steady-state
affinity analysis. The estimated affinity of the interaction is 20 uM. What would be a
suitable concentration range for your analyte?

A. 2-200 pM in two-fold dilution steps (eight concentrations)
B. 15-25 uM (three concentrations)
C. 1-20 uM in two-fold dilution steps (six concentrations)




Activity: SPR quiz

Question 1:

You want to assess the affinity of a protein-protein interaction using steady-state
affinity analysis. The estimated affinity of the interaction is 20 uM. What would be a
suitable concentration range for your analyte?

A. 2-200 pM in two-fold dilution steps (eight concentrations)
B. 15-25 uM (three concentrations)
C. 1-20 uM in two-fold dilution steps (six concentrations)

Answer: A. For reliable assessment of steady state affinity, the concentration range
should extend at least 2 x K. Thus, a suitable concentration range is 0.1-10 x K.




Activity: SPR quiz

Question 2:

You are setting up a kinetics experiment. What do you need to take into account for
highest data quality?

A. Ligand level is not critical if you use a high flow rate.
B. Run the experiment with high ligand levels and at a low flow rate.
C. Run the experiment with low ligand levels and at a high flow rate.




Activity: SPR quiz

Question 2:

You are setting up a kinetics experiment. What do you need to take into account for
highest data quality?

A. Ligand level is not critical if you use a high flow rate.
B. Run the experiment with high ligand levels and at a low flow rate.
C. Run the experiment with low ligand levels and at a high flow rate.

Answer: C. Low ligand levels and at a high flow rate result in the highest data quality
and minimize impact from mass transport.




Activity: SPR quiz

Question 3:

You are setting up a kinetics run with capture and need to choose a suitable assay
format for your experiment. In what situation would it be better to choose multi-
cycle over single-cycle kinetics?

A. |l have a limited amount of ligand so would like to consume as little as possible in
my experiments.

B. | cannot seem to find a regeneration condition that is good enough.

C. My capture is a bit unstable and the ligand is slowly dissociating during the
analyte injection.




Activity: SPR quiz

Question 3:

You are setting up a kinetics run with capture and need to choose a suitable assay
format for your experiment. In what situation would it be better to choose multi-
cycle over single-cycle kinetics?

A. |l have a limited amount of ligand so would like to consume as little as possible in
my experiments.

B. | cannot seem to find a regeneration condition that is good enough.

C. My capture is a bit unstable and the ligand is slowly dissociating during the
analyte injection.

Answer: C. The cycle time in a multi-cycle kinetics experiment is shorterthanin a
single-cycle kinetics experiment, and multi-cycle kinetics is thus less sensitive to
drift and unstable capture.




Activity: SPR quiz

Question 4:

Determination of binding kinetics and steady state affinity place different demands
on experimental data. It is usually not possible to meet both these requirements in
the same experiment. However, on some occasions it is possible. Below, you see
three sets of binding curves. From which curve setis it possible to extract both
kinetics and steady state affinity?

A B C
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Activity: SPR quiz

Question 4:

Determination of binding kinetics and steady state affinity place different demands
on experimental data. It is usually not possible to meet both these requirements in
the same experiment. However, on some occasions it is possible. Below, you see
three sets of binding curves. From which curve setis it possible to extract both
kinetics and steady state affinity?

A B C

Answer: C. In this data set, most curves show very nice curvature. The association
rate is fast, and thus, all curves reach steady state binding.
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More resources

 https://www.youtube.com/watch?v=0E-NxmsULps

* https://www.sprpages.nl/sensorgrams/quiz

 https://www.youtube.com/watch?v=BZFFPB5zGxg&ab_channel=Carte
rra

* https://portlandpress.com/biochemist/article/45/1/18/232564/A-
beginner-s-guide-to-surface-plasmon-resonance
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Applications of BlIAcore biosensor

* Widely used to characterize binding reactions of

biomolecules (ligand-receptor, protein-protein, DNA
etc.)

* Quantitative and label-free sensing Determination of
kinetics* and equilibria

* Inhibitor screening

* Biomolecule self-assembly on a surface

* Can be difficult to interpret due to diffusion, multivalency, avidity




Connections

* https://connections.swellgarfo.com/game/-NtNaldpLBmWXRgPx1z0O




A note about connections:
Refractive index changes

SPR and Refractive Index Changes:

* InSPR, achange in the refractive index at the surface of a sensor chip (typically a thin
metal film) is crucial. SPR measures changes in the refractive index near the sensor
surface that occur due to molecular interactions (such as the binding of a biomolecule
to the sensor surface). These changes alter the resonance condition of surface
plasmons, which is detected as a change in the intensity or angle of reflected light.

TIRF and Refractive Index Changes:

* TIRF, onthe other hand, doesn't rely on changes in the refractive index for its primary
function. Instead, it utilizes the phenomenon of total internal reflection to generate an
evanescent wave at the interface between two media (like a glass slide and a sample).
The refractive index difference between these two media is important to achieve total
internal reflection, but it’s the evanescent wave, rather than refractive index changes per
se, that is key in TIRF. This wave penetrates only a short distance into the sample and is
used to excite fluorescent molecules near the surface.




