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“F*L " Lecture 9 - Quick Summary

» Different types of measurements » Spectroscopic / Spectrometric methods
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=PFL Lecture 9 - Extra clarifications

* Dynamic light scattering

* LS Instruments

Laser
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Analysis of recorded signal patterns allows to
estimate the diffusion coefficient (D) of the
underlying molecules at a given temperature

Small molecules — Fast diffusion (high D)
Large molecules — Slow diffusion (low D)

DLS connects bio molecule size to its diffusion properties under given conditions (solvent temperature and viscosity):

kpT

Ry —
H 6mnD

Solved for Ry,

Ry - Hydrodynamic radius of the molecule

kg - Boltzmann constant
T - Temperature (K)
n - Viscosity of solution

D - Diffusion coefficient (from DLS)

D

kT

Diffusion coefficient can change with
temperature and viscosity

67TT]RH RH is not affected by temperature (unless

Solved for D

there is conformational rearrangement)



=PFL | ecture 10 - Outline

Today:

« Methods for measuring biomolecular interactions
 Origins of biomolecular interactions

* Allosteric binding

The MOLECULES
of LIFE

Physical and Chemical Principles ' - | ' ;

Reading suggestions:

 The Molecules of Life
« Chapters 12 and 13

Lots of video lessons available. Example: https://www.youtube.com/watch?v=82IYx601WKA



=PrL Summary of biophysical methods and their applications

Biomolecule production

\d

Biomolecule purification
v v v v
Stability Size and purity

n . Secondary structure
Quantification i .

- UV absorbance - Circular dichroism - Differential Scanning Fluorimetry - Dynamic Light Scattering
- FT-IR - Circular Dichroism
- Differential Scanning Calorimetry - Gel electrophoresis (denatured)

v

v v \
Cell/tissue location Structure and dynamics Activity and function

- Fluorescent microscopy




=PrL

Each line depicts possible interaction
between these molecules

Systems biology - A very active and important field of

research that studies interactomes and their impact on
complex biological systems (e.g., cells and tissues)

Bimolecular interactions in different contexts

» The function of a biomolecule is partially defined by the interactions that it makes with other biomolecules
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“F*L " How strong are biomolecular interactions?

* Gibbs free energy (4G) and dissociation constants (Ky) are used to define the strength of interaction

Weak transient interactions Intermediate transient interactions Strong interactions
(sometimes permanent)

e.g., lipid-lipid e.g., protein-ligand

e.g., protein-protein

Ky~103to10° M Ky~10°5t0o 107 M Ky~107to 1012 M
AG’ ~ -16 to -30 kJ/mol AG® ~ -30 to -40 kJ/mol AG’® ~ -40 to -65 kJ/mol



=PFL " Antibodies: Professional binders

 Antibodies are produced by B cells which undergo somatic hypermutation to develop high affinity to foreign
material (i.e., antigens).

~101" B-cells in the human body
~104-10¢ antigen-specific antibodies induced by immunization or infection Binding is achieved through complementatity
~10-7-10-12 M dissociation constants (K;) determining regions (CDR)

Ig heavy chain germline locus

variable

R N
hinge
CH2

light chain

constant

IgK or IgL light chain
germline locus

CH3

Ty

heavy chain

Adapted from Boyd et al., 2014



£PFL  Origins of biomolecular interactions

* Interface for PPl is similar to the protein core: there are VDW interactions, hydrophobic effect, Hydrogen
bonds and electrostatic (ionic) interactions

* Interface has usually a small hydrophobic core (which contributes to increase affinity) and other polar
interactions (that are important factors for developing specificity)

energy (kJemol-1)
&

ion pair

-
o
N

6] hydrogen bond

-20 4

0 20 25 30 35 40 45 50
r(A)

» Matching geometric (shape) and chemical (interaction) properties between the binding molecules
« Small energy terms from individual atomic interactions positively and negatively contribute to the 4G



=PFL - Examples of protein-protein interactions

* Protein-Protein interaction via broader molecular surface (sometimes created by multiple protein domains)

Arg1821

‘ \
/
» GIn1815
0
Asp63 .o‘
y " Y/ GIn1811 n
: 3

TTGATAAATATTCTT

* Protein-Protein interaction via a flexible loop (as a single linear peptide)

- Usually created by multidomain proteins
- Up to 40% of all protein-protein interactions in
cells are mediated through linear peptide loops




£PFL  The size of the binding interface

- Buried surface area provides a quantitative readout of the interacting surface footprint created by the
binding between two molecules

Calculated as sum for both molecules

Protein A Protein B

N
o

number of complexes
o

0 -

388888888888

Emc)mr\\—mc)mr\\—'-o
\—\—Nc\lc\lmmwﬁ

buried surface area (A2?)

» For each binding partner, the contribution is on average ~700-800 A2 (which is a fraction of the total surface),

and around 30 amino acid residues are involved in the interactions
11 =



=PFL " Water molecules play an important role in binding

* Another important aspect of biomolecule interactions is the desolvation energy: the energy cost to remove
the water from a surface when you form a complex between two molecules.

» The release of water increases the entropy of the system which has positive impact on binding energy
» Also, ~10-20 water molecules can be trapped at the interface and contribute to binding by bridging H-bonds

bound water molecules

water molecules
trapped at protein
active site

water molecules
released,

12 = entropy increases

aspartate from

o subunit

tyrosine tfrom
B subunit

interfacial interfacial water molecule

water molecules

dG'=dH —TdS

linking two sidechains together



=PrL Protein-nucleic acid interactions

« DNA and RNA are mainly negatively charged due to phosphate

backbone
* Thus, electrostatics plays a key role in protein binding, along with
shape complementarity

protein

« Binding interfaces are rich in Lys an Arg and
depleted from Asp and Glu

» Most interactions are of polar nature (~60%)

- Large desolvation energy penalty

13 =



=PrL Principles of protein-nucleic acid interactions

* Polar interactions are key for developing specificity
for the DNA target

« Specificity comes from interactions with the bases in
the major and minor groove of DNA

« Affinity can be enhanced by using a dimeric
complex binding mode

AGZimer = 2 AG;IODOIHBI’ = ZRT ln(KD,monomer ) = RT ]'n(Klz),monomer )

2
K D,monomer

KD

,dimer ~—

- » This type of multivalent interaction is called avidity
5 AGTACAAACTAGTTTGTACT ¥ * Protein dimers bind palindromic DNA sequences
3 TCATGTTTGATCAAACATGA ¥

14 = Cro repressor— DNA complex



=PrL

Cooperativity and Allostery



cEPFL Response to molecular stimuli

Biological functions are regulated by binding events (i.e., detection of input molecules
produces output effect)

However, the modalities of output effects need to be switchable - Either ON or OFF

transcription
input substrate factor

processing
unit

output product gene
transcription

DNA
regulatory
element

ultrasensitive
response (sigmoid)

graded response
(hyperbolic)

input
[ J

This is usually achieved by changing the state and activity of proteins (via PTMs or
binding), but It can also be achieved through ultrasensitive binding
16 m



cPFL  Ultrasensitivity of binding

Key systems in cells are ultrasensitive, rather than graded, in their response to input signals.

These can switch from off to on over a less than 100-fold change in the strength of the input
signal.

ultrasensitivity reduces
response range
-~

100-fold
change in input

ultrasensitive
response (sigmoid)

relative output

graded response
(hyperbolic)

input

log (input)

Ultrasensitivity is achieved via cooperativity, i.e., ligand molecules appear to “cooperate” with each

other so that the extent of binding increases more sharply as more ligand molecules are bound.
17 =



cPFL Example: Chemotaxis response in bacteria

(A) (@]
See==—Gm» —> —)c:f- PR | hemotaxis * In bacteria, chemotaxis is the directed movement

bacterium e towards sources of food and away from toxins.

« Tumbling away from toxins depends on
phosphorylation of CheY, thus on [CheY-P]

chemical
attractant

Se< K,+[L] 3.0 x 106 + [CheY-P]
chemical
repellant

Sigmoid curve

clockwise 1.0 4
rotation

o
@
!

l

tumbling

o
@
L

Kb ~ 3uM

o
S
s

* Increase from 2 to 4uM concentration of CheY-P
results in 100% switch to clockwise movement of
the flagellar motor

« Bacteria uses this motion to make a sharp turn S
. CheY:-P concentration (uM)
18 = away from the toxin

clockwise rotation of flagellar motor
o
o
.

o
!




cPFL  Ultrasensitivity and Cooperative binding

(A)
input

gend « For cooperatively binding an allosteric
— 6 m==))  graded output mechanism comes into play as a first
. binding event induces some effect that
roterm allows also a second binding event
aIIosterlc
transition
“<_ “ —>a —>a « Allostery is thus not a direct effect
between binding sites, but a mechanism
) o o that happens at a distance
transcription factor weak binding of strong binding of
the first protein the second protein
Yo e
DNA with two

inverted binding sites

. The possibility to have such a mechanism at distance is routed within the architecture of
the protein itself. There is a specific network that permits the cooperative behavior

19 =



=PrL

20 =

Cooperativity and Allostery

In positive cooperativity the binding of the allosteric ligand B increases the affinity - on the
opposite for negative cooperatively the affinity is reduced

(A) positive cooperativity binding site

opens

$:5:6:8

Pela Pelp Pel gel A
Kb1>-Kb2
(B) negative cooperativity
bmdmg site
closes i
Pela Pelp Pel gel A

Kb1<1Kb2



£PFL  Sigmoid binding isotherm

« Let'simagine 2 protein states, T (lower affinity) and R (higher affinity)
* As [L] increases, bound states of type R increases

1
091 R state binding isotherm
. 0871 for stronger site
S‘ 0.7 1 (KD2 =1 ].tM)
§ 06 T state
KD1 KD2 i«"’ 03 binding isotherm
2 04 for weaker site
.% 05 ] (Kp1 = 10 pM)
(<) g
* ° 5 ® \O O\ %o 02
O\/ < / 0.1 1
@ Kp2 Kp1
V\O I
o) O 0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16
Q O e © [L] ligand concentration (uM)
* ® O
8 \/@ - ® (@) '
&) K @
O \ /\ ® t o
~— € @ :
- - ® sigmoid binding isotherm
low ligand concentration intermediate ligand very high ligand concentration 2 for allosteric system
T state concentration R state 3
mixture of T and R states g

0
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
[L] ligand concentration (uM)

2z1= * The binding isotherm is a mix of 2 states yielding a very sharp increase at ~2uM concentration



=PrL

22 =

Allostery in hemoglobin

Myoglobin is found in muscle tissue and is a
monomer - local storage of oxygen

Hemoglobin in blood and is a tetramer - transport
of oxygen from lung to tissues

O3 pressure O3 pressure

In tissues in lungs
100 —

c 80

.©

+—

o

S 60 -

+—

®

[7p]

4~

CICJ 404

o

8 201 - myoglobin

= hemoglobin

O T T T T T T T
0 20 40 60 80 100120140

partial pressure of
oxygen (mm of mercury)

Myoglobin has a graded binding while hemoglobin has cooperative
binding to O,

Average Oz concentration is 0.1 mM (30-100 mmHg partial pressure)

Difference in concentration of Oz in lungs and tissues is only ~3 fold -
that is why hemoglobin needs to have a ultrasensitive response

Hemoglobin binds O, in the lungs (higher partial pressure) and
releases it in the tissue (lower partial pressure)



=PFL  Allostery in hemoglobin

oxygen

* Myoglobin is found in muscle tissue and is a
monomer - local storage of oxygen

 Hemoglobin in blood and is a tetramer - transport
of oxygen from lung to tissues

heme group
myoglobin hemoglobin

conformational

galem el 005 X 06
gg‘rll 00‘02700‘027 7 ©0

T state T state R state R state R state
(empty) (one O bound) (one O3 bound) (two O5 bound) (four O bound)

« Sigmoid binding curve arises from positive cooperativity
« Hemoglobin passes from the tense T state to the relaxed R state where affinity is increased

23 =



=PrL

Degree of cooperativity - Hill Coefficient

« Log version of the isotherm (X axis) is often used to evaluate cooperative binding
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« Slopes for both binding regimes is always 1 - true also for cooperativity
« At intermediate [L], slope is different from 1 and called Hill coefficient:

24 =

The value of the Hill coefficient is greater than 1 for positive
cooperativity and less than 1 for negative cooperativity.

]= log[L]-log K|,



=PrL

Experimental methods to measure
biomolecular interactions

25 m



=FFL " Characterization of biomolecular interactions

* The strength of interaction  The location of the binding site » Competition with other molecules

Determine Kd, Ka or AG

150 -

-

o

o
|

Yy
-~ v C

FP Signal (A.U.)
W
o
|

| I I NN EN N BN B B H B N R
0 2 4 6 8 101214 16 18 20 22 24 26

Concentration of SH2 (uM)

/Interaction quantification methods:\ @

- _ Structural biology, computational Interaction quantification methods,
- Isothermal Titration Calorimetry predictions, and mutagenesis structural methods, functional
- Surface Plasmon Resonance approaches. (e.g., enzymatic) assays
- Fluorescence Polarization

\- Nuclear Magnetic Resonance )

N AN J




=PFL  General assay principles - Saturable binding

* The assays typically involve keeping one molecule at constant concentration and gradually adding
(titrating) the other molecule which results in formation of increasing number of complexes

« Complex formation is monitored using different spectroscopic or calorimetric methods

Saturation

Protein A

Protein B

.
W o
- b
i, ~“ s
: 1":"‘7,“
s ooy - e
L e

¢

Complex Formation

Protein A concentration

« The experimentally measured complex formation data is plotted as a function of concentration
which results in binding curve (sometimes referred as isotherm) which is used for the
calculation dissociation and association constants, kinetic and/or thermodynamic parameters

27 m



“F*L " Two different ways of assessing binding

Thermodynamic approach Kinetic approach

What is the difference in free energy How fast does the ligand bind the protein?
between the unbound and bound state? How fast does the complex dissociate?
o ) association rate
before bindin
m— ligand e protein-ligand
+ a»
- complex
5 ka P
- free energy of —_—
) standard solution <
? of ligand kd
S | Boiy i BGhing
« | of protein . o
1 ‘ PI— protein  dissociation rate
standard solution
of complex v P+L — P.L
Measuring the energy change at steady Measuring the rates at which system achieves
state to calculate K equilibrium (k, and k) to calculate K

ko kg _[PIL]_ . _ 1
AG’= RTInK, k, k. [PsL] " K,

28 m a on



EPFL Isothermal Titration Calorimetry (ITC)

« Binding characterization requires not only to know K4 but also to know how enthalpy and
entropy changes balance: AG" = AH" - TAS® — [TC permits to measure this

ﬁ syringe
) 7
_ needle e
::ilerence\ | )| _ dropwise injection 1CROCA, [
N ; ; of ligand
T

thermally isolated chamber |~ Protain solution

L\

Example device

* Load one biomolecule to the solution while maintaining constant temperature
« Titrate small aliquots of the biomolecular binding partner
* Record changes in heat upon binding of ligand to protein

29 m



EPFL Isothermal Titration Calorimetry (ITC)

« |ITC relies on direct measurement of the heat released upon binding
* Heat is released if the reaction is exothermic; opposite for endothermic

R R TR
| | | 1 | |
first drop &
of ligand ;g mtegral 93
added <
E integral = g,
(e
°
@
% | integral under
“| curve =q;,

time
Molecules of Life (0 Garland Science 2013) total heat released = q
=q1 +Q2+¢I3
* The more biomolecule is titrated the less heat is released as less blndlng partners are available
for interaction until full saturation is reached.

* Inrare cases, the reaction does not release or takes up heat, no enthalpy changes and ITC
cannot be used to measure binding

30 =



EPFL ITC - Data analysis

« |TC allows to determine different thermodynamic properties for a specific interaction:

Time (min)
0 30 60 20
1 v 1 v 1 v 1
U_ P N
T””N’””“”
o .
G
2 27
,D I " 1 v 1 v I v 1
T ] affinity: Ka=1/Kp
1%
o £ A
E 5 - B N O = . h Il = = enthalm’: &H
D Il B = |
£ .10
m H .
9 o - stochiometry: N

T 1 L] ] LJ 1 ' 1
0 0.5 1.0 1.5 2.0
Molar Ratio (ligand/protein)

31

AG =RTIn Kp =AH" -TAS’

Measure change in heat (Enthalpy: AH")

Fit integrated heat of single injections to
obtain titration curve: slope is Ka

Determine stoichiometry of interaction (n)

Calculate entropy (AS") and Gibbs free
energy (AG")



=PrL

2 m

ITC Example - High vs Low Affinity

Very similar compounds exhibiting different binding affinities to the target protein (blue)

Time (min) Time (min) Time (min)
O 30 60 90 120 150 180 210 0 30 (58] a0 120 150 180 210 o 30 60 90 120 150 180 210 240 270
| d I T | ! I 5 | g [ T I ¥ T T T T v T T T T T v T L T T T T J [ s [ L | J T J T 1T T T 7 I '
IO ™ 1T T 1 T
il‘;‘ L 4 L 4
E!
= -16F 4k 4+ .
2
&
°
32! 41 F 4 F E
T 1t ! W ]
g 16 - 1T NH, ]
g | 1 L J
2 ‘CMP
E 39| - -~ - 5C =N —
e
(= | /& 1 0 | /g
L N o W, -0 N o
0 -_ — — — — — P —
g ~° AN o
=2 HO OH
Sl TR - .
_BD OH i — |
| " | L l L | L | L l L J | i | I I | I | | L | L 1 L l L 1 L | L l
0.0 0.3 10 15 20 2.5 30 0.0 0.5 1.0 15 20 25 30 00 05 1.0 1.5 20 25 30
[2CMP]./[RNase A], [3'CMP],/[RNase A], [5'CMP]./[RNase A],
High Intermediate Low



cPFL  Fluorescence polarization

« Fluorescence polarization or anisotropy is a phenomenon where the light emitted by a
fluorescent molecule has different intensities in different polarization planes

« This effect is dependent on the rotational and translational speed of molecules (correlation
time) which is a function of molecular weight.

: . Small Rapid
Light Polatizer molecule rotation Fast _
source ool tumbling III rumbling ambing
olarize : :
1 .% (HD I I I excitation _,.* \ -*. - %/‘ Depol_arized fast tumbling
Depolarized  Polarized light : \@ . emission D—{:} N —
excitation excitation ~ LI
light light * ligand fluorophore
bound : bound t :
o :i:r:u{;irarig:ﬁs; higuhnpalr:r?zeartion
Ight Polarizer Slow
SOUIEE tumbling
Polarized I II
 _ %’ @ m eAcistion —'(3 D — m/ Polarized - Fluorescent labeling of at least one binding
Depolarized  Polarized light Vi \% «— emission ) ) )
excitation - excitation partner is necessary for this experiment
ight ight .
Large  Slow - Usually done by chemical attachment

complex rotation

« Small molecules tumble very fast in solution and give weak signal with plane-polarized light,
showing no or low FP

« Large molecules tumble much slower and give high FP signal

3 m



cPFL  Fluorescence polarization - Binding Isotherm

« Binding of phospho-tyrosine (pY) peptide with fluorescent dye at N-terminus to SH2 domain
» Measure FP at different SH2 domain concentrations (pY peptide concentration constant)

« SH2 concentration at which half-maximum FP is obtained corresponds to Ky of this
binding reaction.

SH2 domain

Saturation

N
o
<

(8)]

o
L=
n

Kq= 0.66 % 0.07 uM

~ Y peptide B ' ' ' '
PDB ID: / pY pep 0 1 2 3 4 5

1LCJ [SH2 domain, uM ]

FPU (abritrary units)

34 m



cPFL  Fluorescence polarization - Example applications

 FP can be used for two different assays:
— To determine binding affinities of a binding partner labeled with fluorescent dye

— To measure affinities of a non-labeled ligand/compound/drug that competes with a
fluorescently labeled binding partner

Polarization
. emission
Slow tumbling filter
Fluorescent
. . Peptide I
Polarization al
excitation 9 $ $ $ b
filter :
Higher FP [Protein]
signal
= -=> Fast tumbling
Depolarized Polarized C“'“vlm““d i
excitation excitation \ ﬂ
light light ﬂ $ o
Lower FP [Compound]

signal
35 m g



=PFL  Nuclear Magnetic Resonance (NMR)

36 m
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=PrL

Nuclear Magnetic Resonance for binding analyses

 NMR is a structural biology method, which is used to study molecular parameters of biomolecules

while in solution

 Individual atoms are separated in NMR spectra based on their local chemical environment and
this is measured as chemical shifts (8) expressed in parts-per-million (ppm)

NMR sample tube
(400-500 pl protein needed)

TH-5N HSQC spectrum

105.0

Peptide chain

-109.4

- 113.8

-118.2

15N (ppm)

122.6

M

Each peak corrresponds to one

G62 °V55
9°F 8 o _ .
=% U,
JE617 o7 ¥ 00
® 53 * *
L4 ) o L
a5t E54® we " é& o
g - a °;° % @ ]
@ n&ol &
g 'o e
L [ 28 -] <
P&“‘@ ’0
© & > D -
@
LIS 2
o D
® <)
@ |50
9.9 9.2 8.5 7.9 7.2 6.6
TH (ppm)

covalently bound N-H pair

» Binding evens cause the perturbation of local chemical environment which can be used for

37 m

qualitative (i.e., structural) and quantitative (i.e., dissociation constant) characterization of binding



£PFL  Nuclear Magnetic Resonance for binding analyses

« One binding partner (e.g., Protein B) can be isotope labeled with ®N and used for collection of
'H-1SN HSQC spectra while gradually adding the binding partner (e.g., Protein A, unlabeled)

« Measure chemical shift changes (A8 = 8,.5 - 8g) of H-N functional groups in amino-acids

105 T ..
_ se I\ L , H-15N HSQC spectra
é ! N R T
> 115 2 't
i O TRy ‘
-:-' - ® & i-"':(_ .
o -G EETTN . Saturaton
Protein A 125 o . ; o—o—o* T109
: 1H (ppm) o ®
(Ligand) — .
j C - 0 -
oy v 50% maximum
' : 199 o G138 s "'I/
—_ Cr ~ i
’ S8 O F * © 1/ Kd
j : | o “ o
, ’ Protein B 5 10 o i
s c:109 :) *
112 - g Protein A concentration
NMR Tube ' 1H (ppm) |

* The binding isotherm is a plot of A8 over Protein A concentration
* = « The concentration at which half-maximum A8 is reached corresponds to K|



cPFL - NMR - Examples of high and low affinity curves

« Maximum signal intensity is not the main determining factor when it comes to binding. Its role is to
provide a dynamic range where complex formation can be readily detected

« The initial slope of the curve shows how quickly the system reaches saturation in response to
different concentration of the ligand and is a better indicator of strong/weak binding

Kq ~ 0.04mM
b (Higher Affinity)
=
8 K, ~ 0.53mM
_% (Lower Affinity)
2
a

0 02 04 06 08 1
Total ligand concentration (mM)

« Similar rationale regarding the slope can be applied to FP and ITC measurements

39 m



cPFL NMR also allows to determine molecule binding sites

« By completely assigning each peak in an NMR spectra to the corresponding amino acid, one can
identify which parts of the protein are being perturbed the most due to binding (in terms of the
chemical shift change)

TH-5N HSQC spectra

8 118 - '.m. =
119 ‘ ws i ?
—E MI77 &
- 120 4 e 0103,
121 ~ . . egm;
- Ligand 330 2
122 F104
+ Ligand 9'2 9'0 afs ?6 8'.4 y Amino acid sequence
'H (ppm)
_ _ _ _ _ _ o _ Gray = Not perturbed
» This provides the basis to identify the most likely binding site Yellow = Weakly perturbed
on the protein surface, although in practice the analysis can Bl = Strongly pertubed

be complicated by long-range effects of interactions
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=PrL  Surface Plasmon Resonance

« SPRis a kinetic method for measuring association and dissociation processes between molecules

« SPR-based instruments use an optical method to measure the refractive index near (within ~300
nm) a sensor surface

Ligand

Dextran -~ .f"f

Metal Surface':

Light Source
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lection

Detector

Reflection

----- Reflected Light
;- Absorbed Light

eeveesess Flow Cell

One binding partner immobilized on surface
of flow cell (constant concentration)

The second binding partner continuously
flown over

In case of binding the thickness of the layer
increases, perturbing the optical properties.

Binding results in increase in refractive index,
which is measured in real time

Result plotted as resonance units (RUs)
versus time (the sensogram)



£PFL  SPR - Experimental workflow and output

« SPR experiment goes in phases where different components are loaded at different times

« Following the immobilization of the first molecule, its’ binding partner is loaded over the SPR chip,
causing the signal to increase (association phase) reaching saturation after some time.

* Then a solution without any binding partner is run over the chip which causes the bound molecule
to gradually dissociate from the chip (dissociation phase)

& ..0 ° \ w .. . A
‘ \\\// ‘ Q \ /l} Association (k)
\/ Steady state \\’\/ S-.
0 Dissociation \ // E__ Dissociation (k _)
- : \\\/J : \\\\/ g off
o \/ End of Regeneration g
Ol mjection o
Start of o’
injection
Wl lwi >

42 = Time Time (S)



cPFL SPR Sensogram - Example

« Example: Binding of immobilized SH2 domain protein to engineered monobody protein
« Fast association and very slow dissociation rates result in high affinity interaction

 Kinetic rate constants: Association Dissociation
* ka = kon is the association rate constant (M-'s-1) 0,
* kq = korr is the dissociation rate constant (s™)

N
o
ik

Response Units
o 3

ki kg _[P][L] 1 0 100 200 300 400 500
T - =Kp=— Time (s)
k,=3.79x10° M 1s™
ky=2.72x103s™"
K4=7.2 nM



=PFL  SPR: Same affinity but different binding kinetics

- For most drugs: dissociation rates are optimized to be very slow to ensure long residence times
and continuous selective inhibition.

KD=kd/ka

oD

Kg = 1.0 nM
[A] = 10 nM

5 Interactions
Different k, and k,
Same K,

=il o

6O |

40

ka (M-1s)

kq (s)

Responze, RU

ap | 1.00E+03 § 1.00E-06 I
1.00E+04 § 1.00E-05 [
D 1.00E+05 § 1.00E-04 —
;.i';:;ceiaﬁnn Dissociation Phase 1.00E+06 § 1.00E-03 [ —
oy L P I . , , , 1.00E+07 J| 1.00E-02
i) 200 400 aon aom 1000 1200 1400
time, seconds .
Number of complexes Fraction of complexes that
formed per second in decays per second. eg 10-?
1M solution s means that 1% of

complexes decay per second
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=PrL

ITC

Pros:

- Label and tag free

- Measures AG, AH, AS

- Measuring affinities in the
mM -> pM range

- Inexpensive hardware

- Can be used with small
molecules

Cons:

- High quantity of sample
required

- Only 1 sample at once

- Dependent on heat change
upon binding

- Does not provide kinetic
constants
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Pros:
- Straightforward to use
- High-throughput

- Can be applied with small

molecules
- Easy to implement for
competition assays

Cons:

- Limited applications

- Fluorophores can impact
binding

- Requires significant
change in MW to detect

- Does not provide kinetic
constants

Comparison of different methods

Pros:
- Provides information on
binding sites

- Can be applied with small

molecules
- Additional structural
insights on the molecule

Cons:

- Needs labeling with
isotopes

- Limited to low MW
biomolecules

- Applicable to low-affinity
interactions (uM-mM)

- Does not provide kinetic
constants

SPR

Pros:

- Label-free

- Measurements of kinetic
parameters

- Wide range of affinity values
can be measured

- Reusable sensor chips

- Excellent reproducibility

Cons:

- High quality protein needed
- High quantity of protein
needed

- Not very sensitive for small-
molecule binding

- Expensive hardware




=PrL Summary of biophysical methods and their applications

Biomolecule production

\d

Biomolecule purification
v v v v
Stability Size and purity

n . Secondary structure
Quantification i .

- UV absorbance - Circular dichroism - Differential Scanning Fluorimetry - Dynamic Light Scattering
- FT-IR - Circular Dichroism
- Differential Scanning Calorimetry - Gel electrophoresis (denatured)
v 2 v v
Cell/tissue location Structure and dynamics Activity and function Interactions

- Fluorescent microscopy - Surface Plasmon Resonance
- Biolayer Interferometry
- Isothermal Titration Calorimetry

46 = - Nuclear Magnetic Resonance




=PrL Summary

47 =

Molecular binding in protein-protein complexes is the result of the balance between multiple
contributions in order to optimize affinity and specificity at the same time (i.e., hydrophobic, H-
bonds, salt bridges, interfacial water)

ITC experiments allow to dissect the thermodynamic parameters of molecules binding
FP and NMR are other useful techniques to quantify binding parameters
SPR can provide information on kinetics (association and dissociation rates) of binding

Ultrasensitive binding is often required in biological processes and it can be achieved by
allosteric (cooperative) mechanisms

Positively cooperativity is described by sigmoid binding isotherms (instead of hyperbolic) and
is characterized by a Hill coefficient greater than 1



=PrL

Macromolecular binding in bioengineering

Deciphering molecular rules of binding Systems biology of cells, tissues, organs

Approach: systematic

a. " . ;
Protein molecular surface Interaction fingerprint extraction of patches

_—— hydrophobic
,‘ electron donor =\
% oy | =17} —pocket
- i q} knob A
: T/ —positive charge %

Lirme dinieldindE)

« Patch center points
b =Patch radius
= Geometric features

Chemical features

) D

Shape Distance-dependent Hydropathy Continuum Free electrons/

Corentration

index curvature electrostatics protons "I
Bruno Correia: https://www.epfl.ch/labs/Ipdi/ V. Hatzimanikatis: https://www.epfl.ch/labs/lcsb/
Matteo Dal Peraro: hitps://www.epfl.ch/labs/lom/ Bart Deplancke: https://www.epfl.ch/labs/deplanckelab/
Patrick Barth: https://www.epfl.ch/labs/barth-lab/ Felix Naef: https://www.epfl.ch/labs/naef-lab/
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