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1. Surface-based binding

1.1. Import data

1.1.1. Input file

KinGenie can parse files generated by Octet (Sartorius) and Gator instruments, and
common comma-separated-values (CSV) files.

A) Octet Biolayer interferometry (BLI)

Import the files with extension .frd. There should be one file per sensor. Data from
multiple sensors can be imported simultaneously, if all of them share the same
metadata.

B) Gator Biolayer interferometry

To import the results from a Gator BLI experiment, many files need to be imported
together: the comma-separated-values (csv) file with the traces data, that contain the
words ‘Assay’ and ‘Channel’; the files describing the metadata, named Settings.ini
and ExperimentStep.ini.

C) CSV file
For multi-cycle kinetics, the CSV file should have the following columns:

e Time: time data in seconds

e Signal: signal values at each time point

e Smax: integer, useful to identify if the Smax parameter should be fitted
globally or not

e Analyte_concentration_micromolar_constant.  analyte  concentration in

micromolar units

For single-cycle kinetics, the CSV file should have one extra column:

e Cycle: cycle number for single cycle kinetics

Note: CSV example files can be exported from the Simulation panel.

1.1.2. Processing

Given a certain experiment, the sensor traces can be processed in the following
ways:
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e Alignment of the association phase: For each step, labelled in the metadata
as a step where the association occurs, the mean of the last ten points from
the previous step (should be the baseline) is calculated and subtracted from
the association step and all subsequent steps.

e Baseline subtraction: Given a group of sensors and a reference sensor, the
signal from the reference sensor is subtracted from the signal of the other
Sensors.

e Average: Given a group of sensors, a new sensor is created with the average
signal.

e Inter-step correction (Alignment of the dissociation phase): For each step,
labelled in the metadata as a step where the dissociation occurs, the
difference between the mean of the first n points and the mean of the last n
points from the previous step (should be the association) is calculated and
subtracted from the dissociation step. The value of n is selected by the user.

e Merge steps by index: Given the index of a certain reference step, the next or
previous step inherits the step type. For example, if step 5 (dissociation) is
selected as reference step, and step 6 (baseline) as “step to merge”, both
steps will be labelled as dissociation.

e Merge by step name: Given a step type, such as association or dissociation,
all steps coming a step of that type, will inherit the selected step type.

Given two experiments, the sensor traces from one experiment can be processed in
the following way:

e Subtract experiment: Given two different experiments with an equal number of
sensors, equal number of steps and time step, the signal data from one
experiment is subtracted from the signal data from the other experiment,
sensor by sensor.

For a more precise analysis of surface-based experiments, it is recommended to
perform double-reference. In other words, to subtract, from each sensorgram, the
signal produced by a sensor with ligand and without analyte, and the signal
produced by a sensor without ligand and with analyte (at the same concentration).
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1.2. Analysis

1.2.1. Creating a Dataset

Once the traces are imported and preprocessed, they can be combined for global
analysis. Traces with the same sample ID will be fitted with global kinetic
parameters, such as K, and k.. Additionally, traces with the same sample ID and
same S, ID will be fitted with a shared S,,., parameter, if the option to fit the data
linked by S,. is activated. The S, parameter is related to the theoretical total
binding capacity of the sensor. Usually, the S,., parameter should be shared only if
the association and dissociation curves were performed with the same sensor,
commonly referred to as single-cycle kinetics.

1.2.1. Region of interest

Surface-based binding experiments contain two types of steps where (un)binding
takes place: association and dissociation. During the association phase, the
concentration of the analyte is kept constant, while during the dissociation the
concentration of the analyte drops to zero. Both regions can be fitted with shared
kinetic parameters. Alternatively, it is possible to fit the association phase, or only the
dissociation phase. When fitting the dissociation phase, the k  is estimated, but not
the K.

Lastly, if the end of the association phase reached equilibrium, because binding
occurred too fast (due to very fast on-rates), and there is not enough curvature in the
association phase, the steady-state signal versus ligand concentration curve can be
fitted. Overall, the regions of interest for the fitting are:

e Association and dissociation (K, and k. is fitted)
e Association (Ky and k. is fitted)

e Dissociation (k. is fitted)

e Steady-state (K, is fitted)

1.2.3. Models

In the models below, L refers to the immobilized molecule (ligand), and A to the
molecule flowing at constant concentration in-solution, also called analyte.

1.2.3.1. One-to-one (kinetics)

The system is described by the chemical equation:

A+ L=AL
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The differential equations for each species concentration are:

d[AL] _
o = [AllLIk,, — [AL]k,
A4l _ _
DL = (ALl — [AllL]k,,
G = [ALk — ALk

where k,, is the association rate, and k. is the dissociation rate. The equilibrium
dissociation constant is related to k,, and k. as follows:

k
— _of
Kd_k

on

The signal S evolves according to the ordinary differential equation (ODE):

as _ Koy o
= IS, =) kS

where % is the rate of change of signal over time and S, is the total binding

capacity. The analytical solution of the ODE is:

t

—v
S(t, Seq, SO, V) = Seq + (S0 - Seq) -e
where

S (ALK,S )=-4

eq " d T max

VAALK k) = Ko

Overall, there are three variables to be fitted: k., Ky, and S,..«. S, corresponds to the
initial signal.

Note: If the dissociation phase is analysed alone, excluding the association phase,
then we fit the initial signal. On the other hand, the K, parameter can not be fitted.
The analytical solution for the dissociation phase is:

't
_ . of f
St Syk, ) =S, e
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1.2.3.2. One-to-one (steady-state)

In this model, the association phase is assumed to have reached equilibrium, and
the signal, at a given analyte concentration is described by the following equation:

S [A]
S([AK,S ) =-ta_

d’ “max K d+[A]

where S is the signal at equilibrium, R,., is the maximum theoretical response that
could be observed (at infinite analyte concentration), [A] is the analyte concentration,
and K, is the equilibrium dissociation constant.

Note: One important assumption of the steady-state model is that all sensors have
the same binding capacity. Therefore, for a correct application of the steady-state
model, it is important that all biosensors present the same amount of immobilized
ligand.

1.2.3.3. One-to-one (mass transport limitation)

The system is described by the chemical equations:

bulk ~ surface

L+ A =LA

surface T

The equilibrium between A, and Aguce implies that the concentration of A at the
surface of the biosensor, where the ligand is immobilized, is different from the
concentration in the surrounding solution.

The differential equations for each species concentration are:

d[Abulk] _ [A]

dt - ktr

surface ktr [Abulk]

1k

surface” on

L -
= [LAJk . — [L][A

dt I}

AA o)
surface —
" = [LA]kOff + k_[B]

1 = [L][A 1k

— A
bulk ktr[ surface surface” on

LA = 1

Jk — [LA]k,

surface” on

ff
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where k, is the transport rate constant, k,, is the association rate, and k. is the
dissociation rate. Two non-redundant ODEs that provide a description of the system
during the association phase are:

ds

Tdt = (koff[Asurface] /Kd) ’ (Smax - S) - koffS

d[ASuT ace] dS
e =k (Al - 14, D -

dt surface dt

]

dS H H surface
where —— corresponds the rate of change of signal over time and dtf

corresponds to the rate of change of the concentration of Ag,qace OVer time. [A]O is the

total concentration of A.
Overall, there are four variables to be fitted: ks, Ky, ki and Spa«.

Moreover, during the dissociation phase, when the concentration of A is zero, the
differential equation required to describe the evolution of the signal is:

ds Ko
- = (= koffS) /(@ + (k_tr)(Smax - 95)

Note: This model can only be used for fitting if the association and dissociation
phases are selected.

1.2.3.4. One-to-one (induced fit / two-step)

The system is described by the chemical equations:

L+ A=1LA
int

LA, refers to an intermediate complex that changes to LA after an induced fit step.
The differential equations for each species concentration are:

d[LA_]

dtmt — [L] [A]kon + [LA]krev - [LAint]kc - [LAint]koff
_dc%]- =1 int]koff — ] [A]k‘m
dlA] —
de LA, ] kOff [L]1Alk,,
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d[LA
at [LAint] kc o [LA] krev

Two non-redundant ODEs that provide a description of the system during the
association phase are:

ds

—1=(—k

7 ; kon[A])S1 — kofsz + k

of

of f max

as
2 —_—— — —
7 - kcsl + ( kc krev)SZ + chmax

The total observed signal at any time is calculated as:

=S =S5

total " max 1

In multi-cycle kinetics, the initial conditions are:

1 max

Overall, there are five variables to be fitted: K, ko, Ko, Krey AN Spax.

Note: This model can only be fitted if the association and dissociation phases are
selected. One important assumption of this model, often omitted, is that the signal
generated by the intermediate and induced complex is the same.

1.2.3.5 One-to-one (conformational selection)
The system can be described by the chemical equations:

—
inactive active

+ A= LA

active

L.«ive refers to the ligand in an active conformation ready for binding, while L acive IS
not capable of binding. The differential equations for each species concentration are:

d[L ]

inactive —_ [

dt k. — [L 1k

active® rev inactive” ¢
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dliL ]
active — [

a0 1k, = L, el ¥ey — (L

inactive” ¢ active” rev

active] [A] kon T [LA] ko

ff

A4l _ —
= [LAlk,, — I, JTATK

dt

active on

d[LA]
.~ [L

1[Alk — [LA]ko

active on ff
Two non-redundant ordinary differential equations that provide a description of the
system during the association phase are:

das
7 = (_ kc - krev)Sl o krevSZ +k

rev max

das
— ==k [A1S, + (= k_[A] =k, _)S,+k, [AIS

dt max

In multi-cycle kinetics, the initial conditions are:

The total observed signal at any time is S,. Overall, the ODEs contain five variables
to be fitted: kg, Ko, Ko, Koy @Nd Spay.

Note: This model can be used for simulating curves, but it is not available for fitting.
One important assumption is that L., and L. are in equilibrium before the
interaction with the analyte.

1.2.3.6. Heterogenous analyte

In this model, the system can be described by the chemical equation:

A+ L=AL Vie[l,N]

where A, corresponds to the i-th analyte. Briefly, a Langmuir 1:1 interaction between
each analyte A, and the ligand (L) is assumed. The set of ODEs is:

dR.
L

dt on,i i
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where the subindex i refers to the i-th analyte. And & is defined as:

N g
5=1- 73 —

]'= 1 maxj

Note: This model can be used for simulating curves of a mixture of two analytes, but
it is not available for fitting.

1.2.3.7 Summary

Model name Type of analysis | Parameters Simulation | Fitting
(excluding S,,.,)

One-to-one Equilibrium Ky, k YES YES

(steady-state) d» Dot

One-to-one Kinetics K, YES YES

(kinetics)

One-to-one (mass

transport Kinetics Ky, Ko, K YES YES

limitation)

One-to-one

(induced fit / Kinetics Ky, Ko, Koy Krey YES YES

two-step)

One-to-one

(conformational Kinetics Ky, Ko, Koy Krey YES NO

selection)

;'r?;‘f;fegenous Kinetics K1, K1, Koz Koz YES NO

1.2.4. Signal and fitting

The one-to-one (steady-state) and one-to-one (kinetics) signal is calculated using an
analytical equation, while for the mass-transport-limitation and heterogeneous
analyte models we solve the ODE using the solve ivp function from scipy, that
numerically integrates a system of ordinary differential equations given a set of initial
conditions. Last, for the induced-fit and conformational-selection models, the ODEs
are solved using the matrix exponential method.

Back to TOC



Regarding the fitting, all models are fitted by applying non-linear least squares, as
implemented in the curve_fit function from scipy. To aid the fitting algorithm, each
parameter is constrained between certain bounds. If the parameters are too close to
the bounds, the fitting should be discarded.

The standard deviation of all fitted parameters is then computed using the square
root of diagonal values from the fit parameter covariance matrix reported by
scipy.curve_fit function. These values are an approximation (underestimation) of

the real errors. Relative errors are calculated as 100 * (std( 0) / 6) where 6 refers to

the estimate of the parameter and std(g) to the standard deviation.

In the case of the one-to-one (steady-state) and one-to-one (kinetics) models, we
also provide the marginal asymmetric confidence interval. Briefly, the lower and
upper bounds of the 95 % confidence interval are given by the values of K, (or K.)
satisfying

_ criticalValue
RSS(K ) = RSS,(1 + -2

where RSS, is the residual sum of squares using the best estimates for all the
parameters, RSS(K;) is the residual sum of squares using a fixed value of Kj (fitting
again the other parameters), n is the number of data points, p is the number of
parameters, and critcialValue is the critical value of the Fisher-Snedecor distribution
with n - p and 1 degrees of freedom and a confidence level of 95 %.

General note:
In the kinetics models, the S.., parameter can be fitted globally or locally. It is
recommended to fit the S,., parameter globally only in the case of single-cycle

kinetics where all the association and dissociation phases were performed with the
same sensor.

1.3. Glossary (surface-based binding)

Analyte Biomolecule that is kept at a fixed concentration
and remains in-solution

Association phase Phase of a surface-based experiment where
the concentration of the analyte is kept constant
and flows over the surface

Baseline Phase of a surface-based experiment where
the biosensors measure the signal of the buffer.
A step of this type is required before the
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association step.

Biosensor

Disposable reactive surface used to immobilize
the ligand and detect binding

Dissociation phase

Phase of a surface-based experiment where
the concentration of the analyte is dropped to
zero and the signal diminishes due to the
dissociation of the complex. It comes
immediately after the association phase

Double-reference

Method of background correction where, for
each biosensor, the signal of the reference
sensor is subtracted together with the signal of
a sensor without immobilized ligand and with
analyte to correct for non-specific binding to the
surface

k

Ks Equilibrium dissociation constant (Kd = =)

Ko Rate of dissociation of the complex in the
reaction: PL - P + L

Kon Rate of formation of the complex in the
reaction: P + L — PL

Ligand In a surface-based experiment, the ligand refers
to the biomolecule that is fixed to the surface,
and is usually a protein. On the other hand, in a
solution-based experiment, the ligand moves
freely in solution and could be a small molecule

Loading Phase of a surface-based experiment where

the ligand is flown at a fixed concentration to
immobilize it

Reference sensor

Sensor with ligand and without analyte used to
correct for buffer background and instrument
drift

Smax

Maximum theoretical binding capacity of the
sensor. Depends on the amount of loading and
is usually unique for a given sensor and
experiment

Steady-state

Condition of a chemical reaction where all state
variables remain constant, such as the
concentration of the biomolecules.
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2. Solution-based binding

2.1. Import data

2.1.1. Input file
A) A CSV file with the following columns:

e Time: time data in seconds
e Signal: signal values at each time point
e Protein_concentration_micromolar: protein concentration in micromolar units

e Ligand_concentration_micromolar: ligand concentration in micromolar units

2.1.2. Processing

Given a certain experiment, a time cutoff can be selected such that all traces will be
truncated at the specified time point.

2.2. Analysis

2.2.1 Creating a Dataset

After the traces are imported, inside the ‘2. Analyse’ tab, a dataset for analysis can
be created. Curves with the same SamplelD will be fitted with shared kinetic
parameters.

2.2.2. Models

2.2.2.1. Single exponential

In this model, the signal Y of each curve is fitted using a single exponential function:

where a, is the intercept term, a, is the pre-exponential term, k. is the observed rate
constant, and t is the time in seconds.

Note: In this model, the k., values are fitted individually.

2.2.2.2. Double exponential

In this model, the signal Y of each curve is fitted using a double exponential function:
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_kobs,l't _kobs,Z.t
Y =a + a - e + a - e

where a, is the intercept term, a; and a, are the pre-exponential terms, k.51 and Kups 2
are the observed rate constants, and t is the time in seconds.

Note: In this model, the k.. 1 and ks, values are fitted individually.
2.2.2.3. One binding site
The system is described by the chemical equation:

A+ B=AB

The differential equations for each species concentration are:

d[AB]

= [4][Bk,, — [4B]k,

<L = 4Bk, .~ [Al[Blk |

d[B]
dt

= [4Blk,,, - [AllBIk,,

ff

where k,, is the association rate, and k. is the dissociation rate. The equilibrium
dissociation constant is related to k,, and k. as follows:

One ODE is required to calculate the species concentrations:

WL — (4] - [4BD((B,) — [ABD=- - [4B]k,,

where [A] is the total concentration of A, and [B] is the total concentration of B. The
initial condition is that [AB] equals zero at t = {,. The parameter {, can be left at zero,

or fitted. The total signal is obtained as follows:

Y(®) =Y ([A] - [AB]) +Y,((B] — [AB]) +Y_ ([AB])

where Y,, Y, and Y,, is the signal produced by free (unbound) A, free B and the
complex AB.
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Note: Y,, Y, and Y,, can be fitted or left at zero.

2.2.2.4. One binding site (induced fit)
The system is described by the chemical equations:

A+ B=AB.
in

t

AB. = AB

int

AB,, refers to an intermediate complex that changes to AB after an induced fit step.
The differential equations for each species concentration are:

= [4B.

int on

Ik, — [BIIAk

dBL _ [4p

m Jk

o — 1BllAlK

int

—“= = [Bl[Alk,_ + [ABlk - [AB, lk — [AB_lk

rev

of f

d[AB]

2L = [4B_1k_— [ABlk

rev

The initial condition is that [AB;,] and [AB] equal zero at t = 0. By using the law of
mass-conservation, only the two last ODE are required to obtain the concentration of
all species:

[A] = [4] - [AB_] — [AB]

t

[B] = [B] - [AB,_] — [AB]

The total signal is obtained as follows:

Y(®) =Y ([A] - [4B]) +Y,((B] - [4B]) + Y ([AB, 1) +Y_([ABI)

ab,int

where Y,, Yy, Yan @and Yy, is the signal produced by free (unbound) A, free B and
the complex AB;,; and the induced-complex AB.

Note: Y,, Y., Yaintv Ya Can be fitted or left at zero. Y, can be assumed to be equal
to Y.
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2.2.2.5. One binding site (conformational selection)

The system can be described by the chemical equations:

—
tnactive active

+ B=AB

active

A.qive refers to the molecule A in an active conformation ready for binding, while
Ainacive 1S not capable of binding. The differential equations for each species
concentration are:

dlA ]

dt - [ active] krev N [Ainactive]kc
daB] _
. [AB]koff B [Aactive] [B]kon
d[Aactive]
dt =1 inactive] kc N [Aactive] krev N [Aactive] [B]kon + 14 ]kOff
d[AB] _ B
e [Aactive] [B]kon [AB]koff

The initial condition is that at t = 0, [A.cive] @aNd [Ainacive]l @re in equilibrium, and [AB]
equals zero. By using the law of mass-conservation, only the two last ODE are
required to obtain the concentration of all species:

[A I=14]1-1[A

inactive

The total signal is obtained as follows:

Y@®) =Y (4, J+[A__ 1) +Y,(B) +Y (4B])

inactive active

where Y,, Y., Ya.nt @nd Yy, is the signal produced by free A (active or inactive), free
B and the complex AB.

Note: This model is still only available for simulation, but not for fitting.
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2.2.4. Signal and fitting

To calculate the signal of the different models, the ODEs are solved using the
solve _ivp function from scipy, that numerically integrates a system of ordinary
differential equations given initial conditions.

Regarding the fitting, all models are fitted by applying non-linear least squares, as
implemented in the curve_fit function from scipy. To aid the fitting algorithm, each

parameter is constrained between certain bounds. If the parameters are too close to
the bounds, the data is automatically re-fitted with broader bounds.

Contact details

For further assistance, please contact us:

el spc@embl-hamburg.de
®EMBL (c/o DESY), Notkestrasse 85, Build. 25a, 22607 Hamburg, Germany
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