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S1 — Additional material for section “Proteins with a single binding site”
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Figure S1 - Saturation of protein binding sites predicted from the full description of the system, (equation
(3), as a function of the concentration of free ligand in the aqueous medium, note the logarithm scale on
the x axis. The total concentration of binding sites was 10 uM, and the association affinity was varied from
), 0.1 uM (O), and 0.01 uM (O).
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Figure S2 - Saturation of binding sites predicted from the full description of the system, (equation (3), as
a function of the concentration of free ligand in the aqueous medium, note the logarithm scale on the x

axis. The total concentration of binding sites was 1 pM, and the association affinity was varied from K,

equal to 100 uM (O), 10 uM (

), LuM (

), 0.1 uM (O), 0.01 uM (O), and 0.001 uM (O).
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Figure S3 — Fraction of bound ligand predicted from the full description of the system (equation (3), circles)
for [ Ly ] = 10 uM and different binding affinities: K4=100puM (O), 10 uM (O), 1 uM (O), and 0.1 pM (O).
The lines where calculated from equation (6) (excess ligand approximation). Plot A — fraction of ligand
bound predicted for the “true” binding affinities; Plots B and C — best fit of equation (6) to the saturation

of binding sites observed (note the logarithmic scale in plot B and linear scale in plot C). The dissociation
constants obtained from the best fit of equation (6) are indicated in plot B.



S2 — Additional material for section “Proteins with more than one binding site”
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Figure S4 — Sensitivity to the number of binding sites (7 ) and average binding affinity (Kb) when the
protein saturation profile obtained for the case of different but independent binding sites is analysed with
the assumption that the binding sites are all equal and independent, equation (3), for the case of
KL /KY =k /K" =3 (plots A and B) and K} /K =K' /K" =10 (plots C and D). The effect of the

number of binding sites per protein in the quality of the best fit (®), association constant (® or ®) and
signal variation per ligand bound (), is shown in plots A and C. The variation in the signal from the protein
(O or O) and the best fit curves for n=1 (—), n=2 (—), n=3 (—), and n=4 () are shown in plots B and D.
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Figure S5 — Plots A to C: variation of a hypothetical signal proportional to the number of ligands associated
with a protein containing 3 independent binding sites (Ktl, =10* M?; and Ktl,/KH =Ktl,l/Ktl,H =10 O,
K&/KH = KéI/KéH =3 O,and Kg/KH = KgI/KgH =1 O.Thelines are the best fit considering only one
type of binding sites, equation (3), with the number of binding sites fixed at 1 (thick dashed lines) or as an

adjustable variable (thin continuous lines) (plot A). Effect of the number of binding sites per protein in the
quality of the best fit (®), association constant (®) and signal variation per ligand bound (), for the case

Ktl,/KH = KtI,I/KtI,H =1 (plot B), and representation of the signal variation for the fitting curves obtained
for n=1 (=), n=2 (—), n=3 (—), and n=4 () (plot C). Plot D to F: Equivalent to plots A to C but for Ké =108

M. The corresponding to plots E and F are represented in plots G and H, and | and J, for the case of
K&/KH :KéI/KéH =3 O,and Kg/KH =KgI/KgH =1 O, respectively.



S3 — Additional material for section “Quenching of Protein Fluorescence - Stern-Volmer plots”
Derivation of equations 28 and 29

The master equation for the variation of the signal from the protein in the presence of ligand,
S, is given below (derived from equation (17) in the main manuscript):

S=SO[P]+§S{PE]

leading to the following equation for S, /S :

So _ solPr]

_so[P]+§N1si [PLi]

For low concentrations of ligand, it may be assumed that the proteins have only one bound
ligand. Depending on the relative binding affinities for the distinct binding sites, the ligand may
be always in one binding site (that with the highest binding affinity) or distributed among sites
with similar binding affinities. In any case, it may be assumed that the concentration of proteins
with more than one binding site is negligible, and the above equation simplifies to:

So _ solPr]

n .o’
1
so[P]+ 2 | PL |
l:
where s; is the residual fluorescence of the protein when it has only one ligand molecule that

is in site 7, and [PLilJ is the concentration of this set of proteins. The variable [PLi1 } depends

on the binding affinity for the binding site, Kti, , and on the concentrations of free ligand and
protein:

| PL, | = KL [P][Lw]-
The equation for S;/S becomes:

So solPr]

s SO[P]+isi K [P][Lw]

i=1

Replacing SO/S by its relation with Kqy , and the total concentration of protein by the sum of
all relevant species at low saturation leads to:

o[ (P ERP) 14Kl
1+ Kgy [Lw ] = T =
SO[P]+§siK{,[P][LW] 1+§1;K;,[LW]

7’

and multiplying the left and the right expressions leads to:



1+ %k [Lw ]+ Ksv [Lw ]+ Koy 30K} [Lw] =1+ > [Zw]
i=150 i=150 =

n . . n . . n .
st[[Lw]+Zs—‘Ké [Lw]z}zs—wq, (Ly]- S K. L] =0
i=150 i=150 i=1

. , . . 2
If the ligand concentration is low enough, the terms in [LW] may be neglected

n . .
[[LW] <1 ZS‘KQJ, leading to equation (29) of the main manuscript.
i=150

n . n . .
Ksy[Lw]=2 Kp[Lw]- ZS—IKlla [Lyw]
i=1 i=150

Kgy [LW]:i(l—iJKé [Lw]

i=1 So

Key=3|1-2L |
SV_Z D )

i=1 So

Equation (28) is obtained from the above equation by assuming that s; =0 forall i.



Table S1 — Parameters obtained from the best fit of the simulated results (for proteins with 3 independent binding sites) with the different procedures indicated in the
manuscript. The values indicated for y* are relative to those obtained for the different n in the set for the same fitting method (small SO/S or whole variation). The estimates
within 10 % of the true overall binding affinity are shaded in green, those within 30 % are shaded blue, in the same order of magnitude are shaded yellow, and estimates
deviated by more than an order of magnitude are shaded in red.

: P Parameters obtained from the best fit at Parameters obtained from the best fit of the whole S /S variation
Simulated (“true”) parameters .
small S,/S (assuming s; =0) (up to 10)
[PT] ol | | e | s S i max n=1 n=2 n=3 n=1 n=2 n=3

(10| °° b L R = nk, , | Ky , | Ky L | Ky | s , | kK s , | kK S ,

I A B I T T B R I S B I R D R D Y I I I Y T I I I Y <3 I
0 10 1.0 1.0 1.0 1.1 1.0 1.1 2.0 0 | 10" 1.2 0 1070 1.0 0 1.0
10* 06|03 0 5 0.7 1.0 0.7 1.1 0.7 1.1 0.93 0 10° 0.7 0.04 | 1.0 0.7 0.08 | 21
1 1 1 0 2.3 0.33 1.0 0.33 1.0 0.33 1.0 0.33 0 1.0 0.37 0.16 | 4.8 0.4 0.21 | 11
0 10 0.97 1.0 1.1 1.9 1.1 5.0 1.27 0 10° 1.0 0 10* 1.0 0 1.0
10° 06|03 0 10 0.37 1.0 0.37 30 0.40 50 0.73 0 10? 0.43 0 4 0.43 0.02 | 1.0
1 1 0 10 0.11 1.0 0.11 1.6 0.11 1.8 0.27 0 46 0.17 003 | 2 0.16 0.05 | 1.0
0 10 0.1 1.0 1.0 2.7 33 8.9 0.04 0 10° 0.06 0 10° 1.0 0 1.0
1 06|03 O 8 0.01 1.0 0.01 10? 0.01 10° 0.02 0 4.5 0.01 0 1.2 0.02 0 1.0
108 1 1 0 3 0.002 |16 | 0.002 |1.0| 0.002 | 2.8 | 0.004 0 1.6 | 0.003 0 1.1 0.003 0 1.0
0.1 06|03 0 10 0.07 1.0 0.08 10? 0.08 10° 0.12 0 5.4 0.11 0 1.3 0.12 0 1.0
0.01 06|03 0 10 0.4 1.0 0.4 24 0.4 40 0.72 0 10? 0.43 0 4.1 0.43 0.02 | 1.0
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Figure S6 — Sensitivity of the best fit of equation Error! Reference source not found. to the whole variation
of Sy/Sfor the case of low (left), intermediate (middle) and high (right) binding affinity, and

P.]=10"°M. The variation of S,/S with [Ly ].. calculated from the “true” parameters is shown in
T 0 W IFit

green (O, and =), and that corresponding to different ratios between the estimated and the true K is

shown by different colours: estimated/true= 0.5 (O, and —), 0.67 (O, and —), 0.83 (O, and —), 0.91 (O,
and—),1.1( ,and ),1.2( ,and ),1.5(O,and—), and 2 (O, and —). Note the logarithmic scale for
the x axis in the lower plots.
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