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Supplementary Figures
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Figure S1. Time course of GTP hydrolysis reaction on [°’H]GTP*EF-Tu*Phe-tRNA ternary
complex reading its cognate codon UUC (@) and near-cognate codon CUC (M) codon in the

presence of drugs. Actual rates, k, of GTP hydrolysis were obtained from single-exponential
fits of the curves. Panel A: (Gentamicin) k=25 s™! for UUC and k=5.9 s’! for CUC reading.
Panel B: (Neomycin) k=35 s™! for UUC and k=9.6 s! for CUC reading.



Figure S2
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Figure S2. Effect of Mg?* ions and aminoglycosides on the kinetic efficiency Kcat/Km of GTP

hydrolysis reaction on [°’H]GTP*EF-Tu*Phe-tRNA ternary complex reading its cognate UUC

codon in the A site of mMRNA programmed ribosome.



Figure S3
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Figure S3. Effect Mg?* ions and aminoglycosides on the Kinetic efficiency Kca/Km of near-

cognate codon reading in comparison with that for the reading of the cognate UUC
codon in the absence of drug. Panel A: CUC near-cognate codon; Panel B: UCC near-

cognate codon; Panel C: UUA near-cognate codon.
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Figure S4
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Figure S4. Effect of Mg?* ions and paromomycin on the rate of GTP hydrolysis
reaction on [*H|GTP:EF-Tu*Phe-tRNA ternary complex reading its near-cognate CUC
codon in the A site of mRNA programmed ribosome at a near-saturating ribosome
concentration. Panel A: [Mg®'] dependence of the GTP hydrolysis reaction in the absence
of drugs. The rate estimated from single exponential fits were: 4.5 s at 10.6 mM [Mg?'];
5.3 s!at 15.8 mM [Mg?'] and 6 s™! at 25 mM [Mg?']. Panel B: The time course of GTP

hydrolysis reaction at 25 mM [Mg?'] in the presence of paromomycin. The rate estimated

from a single exponential fit was 79 s\



Supplementary Methods

Mean-time derivation of Kcat and Kca/ K parameters

For convenience the four-state scheme in Fig. 5 of the main text is reproduced blow:

“C 2 C, s Eq. S1

Michaelis-Menten parameters Kcat/Km and Keat for this scheme are obtained using a mean-

time approach (1-3) as follows. The time evolution of probabilities p,, p,, p, and p, for

ternary complex, T3, to be in free state T3 or in ribosome bound states C2, C3 and Ca,

respectively, is governed by a system of ordinary differential equations:

d
dﬁl =k [R]p +0,p,
d X
P i [R]n -k +a)p -6
Eq. S2
d x X
%:kﬂaz_(ky +0;) Ps + 0y P,
d X o
%:kypf(k4I +05,) P,

Here [Rl] is the approximately constant concentration of free ribosomes present in excess

over ternary complex. Mean times z, for T3 being in states “i”” are defined as (1-3):

r :j: p.(t)dt, i=1,2, 3 or 4 Eq. S3

Integrating equation system Eq. S2 from zero to infinite time and taking into account that all

ternary complex is free at time zero ( p,(0)=1), one obtains the following system of algebraic

equations for the mean times 7 :

-1= _kl[Rl]Tl + q2T2
0=k [R]z - (k,+0,)7, + 0z, Eq. S4
0 = k22-2 _(k3| + q3X)T3 + q:l T4

0=k, _(k:I + q:| )T,



Its solution is:

I {1+&(1+q—3x(1+q—:'))}

kl Rl] kz k3| k:l

= d s Sy
k2 k3| k4| Eq. SS
1 ax

7y =—(1+-=5)

’ k3| I(4|

T —L

bk

The mean reaction time starting from free T3 to GTP hydrolysis is the sum 7 of the mean

times T3 spends in states 1, 2, 3 and 4. At low ribosome concentration the mean reaction time

is dominated by 7, so that in this concentration range 7 is inversely proportional to [Rl] , and

the Kcat/Km parameter is estimated as 1/( 7 [R1]) :

(&j = 1 = K, Eq. S6
Ko ), 7[R] 1+a(+a)(1+a}))

m

where we have introduced “discard” parameters as:

a, =0, / k2
a3x| Zq; / k3| Eq. S7
a:l :qL /k:|

X

Discard parameters, a,, ,

determine the probabilities that the ribosomal complexes in Eq. S1

move forward or backward, and a smaller aj, -value means a large propensity of forward

movement in the scheme. The inverse of a minimal reaction time, obtained in the limit of high
ribosome concentration where the contribution of time 7, to the total reaction time, 7, is

X
catl

negligible corresponds to the k., parameter of Michaelis-Menten kinetics and is obtained

using Eq. S5 as:

2 k3| k:l

Koy =1/ (7, + 75 +r4)=1/{ki(1+a;I (1+a;, ))+L(l+aj,)+L} Eq. S8



Introduction of the equilibrium constant K, =q; /k, in Eq. S8 leads to :

kX

catl

=1/ L+L+L1+K23 a; (1+ay,) Eq. S9
k2 k:l k2 K2X3
For near-cognate cases the last term in Eq. S9 dominates and we can use Eq. 6 in the main

text to recast Eq. SO as:

e —1)} LI 51,51 Eq. S10
d; 1+ KJ5

k;=wﬂL+L+i5éﬁ
kZ k4| k2 K23

It follows, therefore, that the Kk, increase by aminoglycosides is expected to be inversely

proportional to the decrease in the effective selectivity d; induced by their presence.

Kinetic efficiency-accuracy plots for initial section

The accuracy, A, of initial codon selection is defined by the ratio between cognate and near-

cognate keat/Km-values (4):

A (ka/Kp) _1va,(+af(i+al)) Eq.S11
(ke /Kp)™ T+ (1+a5 (1425,)

cat

Introducing effective selectivity parameter d :

g _1Hasaan)

o~ T oo o Eq. S12
l+a;,(1+a;)
and using Eq. S6 for cognate (k, / K, )C , Eq. S11 can be re-written as
kca / Km . nc c C
A" = (tk—)l{l +dga, (1+ay (1+a,, ))} =
: Eq. S13
Kt / Kp), Kt / K,
=( cat m)l l_d:lc"'denlc kl - =( cat m)l (l_denlc)"'denlc
kl (kcat / Km)| k1
Solving this equation for (K, / K, )T one obtains Eq. 1 of the main text:
LE I it Eq.S14
Kw J, dy —1



Effective selectivity d)°and intrinsic selectivity D of the ribosome

Taking into account that for cognate discard parameters a;, <<1,a;, <<land that a;; >>1in

near-cognate cases (see the explanation in the main text) effective selectivity d; defined by
Eq. S12 is approximated as:
™ ~1+a™a™ Eq. S15

Using the definition of discard parameters in Eq. S7 this relation can be presented as:

nc 341 nc 341 nc 23 " Y341 nc
k3| k4| k4| k4| k2 k4|

nc _Q_;ngf _ Knc q;C — Knc q;C kz — Knc nc kz

dy —l~aja, = Eq. S16

Here we used the definition of equilibrium constants K, and Kj,, connecting state (Cz, Cs)
and (Cs, C4), respectively:

K2X3 :qg(/kz

< . Eq. S17
K34| =0y /k3|

n

Taking into account that d; ~d;° —1 for large d; values, Eq. S16 explains Eq. 12 of the

main text. From Eq. S16 one obtains:

Ao =1 _ a50ay, _ KayKay ki _ K kit Ea. SIS
do =1 ajay  KyKg ki K Ky N

Again, using that d >>1 and d;; >>1, Eq. S18 explains Eq.13 of the main text.

We now express the intrinsic selectivity D/ given by Eq. 7 of the main text through the rates

and equilibrium constants (Eq. S17) of the scheme in Eq. S1 as:

DM = _a;'caz'c = [qjq_ﬁ}[qi%j = _K2n§ K;:I k_j, Eq. S19

| C AC nc c | wcpc nc
a'3|a'4| k3| k4| k3| k4| K23K34| k4|

Further, using also that the equilibrium constant K,, =¢, /K, for T3 and R: to form complex

C:2 is the same in cognate and near-cognate cases one obtains:

nc nc C
e _ Ky Koy, Ky

=exp| (AG; —AG/,)/RT Eq. S20
TR KKy LG AG) IRT] ’



In the case k;; =~ k;, Eq. S19 simplifies to:

D™ — Ky Ky _ exp[(AG;; _AG;:A)/ RT] Eq. S21

=
K2°3 K3C4I
Assuming that the standard free energy of state C: is the same for cognate and near-cognate

Tss the difference AG,, —AG;, corresponds to the difference in standard free energy for

near-cognate and cognate codon-anticodon helices in state Ca.

Chase of GTPase deficient ternary complex from the ribosome

We now estimate the mean time of GTPase reaction on a native ternary complex T3 chasing
a GTPase deficient ternary complex Tsa assembled with GTPase deficient EF-Tu mutant in
which His84 is replaced with Ala (5). Assuming that the native and mutant ternary
complexes are identical, except that the mutant T3a hydrolyzes GTP extremely slow (5), we
can describe GTPase reaction by the following scheme:

k

X
Ky

2C, =2 C, —is

R1 -|-T3 <

G2 a3

kl N\
R +T3A < ’CzA <
5} a3

Eq. S22

Here, k;,, is the rate constant of GTP hydrolysis on the EF-Tunssa mutant in Tsa. The
probabilities p,, p, and p, are the probabilities of the ribosome to be in states C2, C3 and Cs4
with bound native T3, respectively. The probabilities p,,, p;, and p,,are the probabilities

of the ribosome to be in states Cza, C3a and Csa with bound mutant T3a, respectively. The

probabilities p, is the probability of the ribosome to be free.

The system of differential equations that describes the time evolution of these probabilities is:

10



d
d_r? == [T, ]+ Kk [Ta] i+, p,

%ﬂq [T.]p —(k, +0,)p, +ap,

%z Ky P, — (Kyy + )P + % P,

%: Kyt Py = (2 +0%) P, Fa- 523
dZiA =K [Tsa] P = (K, + 0,) Pop + O Psa

dg;A =Ky Py = (Kyy + ) Pys + 0y P

d X X
Zi[m = k3| Psa — (k4AI +0,, ) Psa

The algebraic equation system for the corresponding mean times is obtained by integrating
equation system Eq. S23 from zero to infinite time given that all ribosomes are originally in

state Caa (1.6. Pp,,(0)=1):

0=—(k, [T3] +k, [T3A])r1 +0,7,

0=k [Ty]7, —(k, +a,)7, + a3,

0=k,z, —(k;, +q})7, +Q;,7,

0=k, 7, —(kj, +0;,)7, Eq. S24
0=k [Ta]z, — (K, +0,)7,, + 0375,

0 =Ky7y0 = (Kyy +05)730 + 03y 74

1=Ky 75, — (Kia + 03,74
Solving this algebraic system and taking into account the definitions of discard parameters in

Eq. S7, one obtains mean times of the states in the upper branch of the scheme in Eq. S22 as:

kl [T3] {1+ a2(1+ ai;(I (1+ az)l(l ))} k:l 2'4

1 X X X
2 :k_(1+a3|(1+a4|))k4|74 Eq.S25
2

]' X X
ry =—(1+ay )k, 7,
31

11



Summing up all the equations of equation system S24 one also obtains K,,7, + K} ,,7,, =1. It

follows that the product k;,z, in Eq. S25 has the meaning of the fraction of GTP hydrolyzed

through the upper branch of the scheme in Eq. S22. For the low branch one obtains:

kT
TzA:ikLTzﬁ'MTl
Q, g,
kT
=_(1+_)k4| 4 k_i 1[ 3A]2'1 Eq. 526
3 ) ER

qs q3 al qz )

k T
Q4| q3 qz

The sum, 7, , of the mean times in the low branch of Eq. S22 dominates the total mean time

ch»

of GTP hydrolysis:

Ton = DA T AT T4a =

k[T
' [qu] kzrl(ki+(1+k—3x')ix)+

2 41 3

Eq. S27

+{L+L+ (1+ K )(1+—)}kj, 7,
9 Oy O Ay 0,

Taking into account that in the cognate case the equilibrium is strongly shifted to state Cs

relative state Cs, and hence, Kj,, =0q;, /K,, <<1, and using definitions of discard parameters

in Eq.S7 one simplifies Eq. S27 to:

~ K [ 3A] 4 ( 1 )+{L+M}k:lr4 Eq 328

a, K g 6 G
In the cognate case a;, <<1 and aj <<l both in the presence and absence of

aminoglycosides. Using this and the explicit expression for 7; from Eq. S25 one obtains:

T, ~ {1+[T3A]}1+a2~ 1 +[T3A]1+a2(— LWL Eq. S29
: [T3] a2 qzlagl [Ts] az 2 Q3 qz

12



The last term in the expression in square brackets, 1/q, is very small at low Mg*"

concentration, the rate constant k2 should be faster than the kcat of cognate GTP hydrolysis

and, hence, 1/k, is also very small. Neglecting these two terms in Eq. S29 one obtains:

L1t (—)H [T“‘]} L ]}(l K Z4n) Eq. S30

2 3 [TS] K3C4| [T ]

Here, K;, 7,, is the fraction of GTP hydrolysis due to a very slow GTPase activity of the
mutant EF-Tu in Tsa. We note that k;, 7, ,is always smaller than one since K;,z, +K;,z,, =1.
Taking into account that in cognate cases Kj,, <<1, the expression above shows that the first
term in the expression in square brackets in Eq. S29 and Eq. S30 dominates 7, . Under
standard conditions of chase experiment [T3] >> [T3 A] and assuming that that k;, z,, can be

neglected, one obtains a genuine mean dissociation time of GTPase deficient ternary complex
as (see Eq. S30):

1+a 1 1+a 1 1+a 1
Taiss,) = Z'Kc e = z*kc — Eq. S31
a2 4Iq3 a2 q4la3l a2 4Ia3la4l

Eq. S31 explains Eq. 10 of the main text. Moreover, using Eq. S31 one obtains for the ratio

c c .
Taist / Taiso -

T((j:isl _ a;oajo ﬁ _ ascquo _Y% qzc. k3c| qzo _ K3c40 Eq. S32

C C C C C C C
Taso 858y Ky o a50y, q3 k3oQ4| Kl

Eq. S30 shows that the increase in mean dissociation time of GTPase deficient T3 corresponds

to the decrease in equilibrium constant K;, by an aminoglycoside.
It is easy to show that 7,, given by Eq.S26 coincides with 7, given by Eq. S30, i.e. 7, = 7,,
and the chase time is dominated by z,, . Further, setting r,, =7, 1in Eq. S30, the genuine

dissociation time 7., can now be obtained from the chase time 7, determined at

13



arbitrary T3 and Tsa concentration and under conditions when the fraction , k;, 7,, , of GTP

hydrolyzed by the mutant EF-Tu in T3a cannot be neglected:

[T] 1

Taiss,l =~ Ten ’ c Eq S33
e " [TSA]+[T3] 1=Kyp 7o

Here, the last term in Eq. S33 is estimated using the experimentally measured rate k;,, ~

0.0024 s of dipeptide formation with T3a in the absence of chase. We note that this rate,
measured here at 37°C is about eight fold faster than the GTP hydrolysis rate of 0.0003 s at

20°C measured for EF-Tumns4a previously (5). The chase time 7, dominates GTP hydrolysis

time, 74, , and also the time, Tyip » of dipeptide formation measured in our chase experiments

so that 7, ~ 7y, . Eq. S33 explains, therefore, both the first correction factor {1 +[T,a]/ [T3]}

and also the second correction factor (1-Kkj,7,) we wused to obtain 7y, from

experimentally measured 7, .
Combining the approximate equality 75 /75, ~ds; /dy with Eq. S32 and Eq. S18 one

obtains:

aC aC kC TC- dnC ancanc
30%0 Rar _ Taisi  Jeo  %0%0 Eq. S34

C C Cc C nc nc 4 NC
a3, Ky The g a;ay)

It can be recast as:

nc 4 nc nc 4 Nc c
a3I a4I ~ a303‘40 . I(40
C AC

c c c
a'3I a4I a30a40 k4I

Eq. S35

Taking then into account the definition of intrinsic selectivity (see Eq. S19) one obtains:

Eq. 836

This corresponds to Eq. 11 of the main text.

14



To obtain Eq. 13 of the main text we again combine the approximate equality
Toa ! Theo = Uog /dy with Eq. S32 and Eq. S18 in which discard parameters are expressed
through equilibrium constants of the scheme in Eq. S1. One obtains:

Kiw _ Taw  Ger Ko kil

= ~ ~ = Eq. S37

C C nc nc nc
K Taso e Ko Kio

It corresponds to Eq. 13 on the main text.

Effect of aminoglycosides on the binding affinity of T3 or ASL for the
ribosome

The overall affinity of a ternary complex T3, assembled with GTPase deficient EF-Tu, to the
ribosome depends in a simple manner on its binding affinities to the different ribosomal states

in the scheme in Fig. 5 of the main text (see also Eq. S1 of SI). First we note that:

[Cz]:[Rl]I: :I/Klz
[C3]:[C2]/ Ky Eq. S38
[04]:[03]/K3X4| :[ ]/(K23K34|

The fraction of unbound ribosomes is then obtained as:

[Rl]_ 1 1 1 R
R g ey Eq. 539

The effective equilibrium dissociation constant Kj between free and T3-bound ribosomes is

then given by:

Ky =K, /(1+—(0+ !

K23 K3)(4I

) Eq. S40

Using this equilibrium constant the fraction of T3-bound ribosomes is:

[Rbound ] _ [T3X ]
[Rat] [Tsx } +Kj

Eq. S41

15



The same type of analysis applies to the binding of anticodon-stem-loop ASL constructs (6)
to the ribosome. In cognate cases, K;,, and the product K;,K;,, are small and ribosome-
bound T3 is predominantly in state Cs4 with monitoring bases in contact with the codon-
anticodon helix and the 30S subunit “closed” (6). Eq. S40 simplifies therefore to

Kg = K,K5 K3, , so that the 15-fold increase in ASL affinity caused by paromomycin (6) is

accounted for by the 15-fold decrease in K, as estimated here from the increase in

dissociation time of the GTPase-deficient ternary complexes. In near-cognate cases, Ky, in
Eq. 40 is much larger than one (6) and remains larger than one even after paromomycin

addition. Hence, the overall binding constant Kj° decreases but slightly, as observed.

Reduction of a four-state to a three-state scheme for initial codon
selection

In general, three (Eq. 17 in the main text) and four (Eq. S1 here) state schemes exhibit distinct

kinetic patterns, but in special cases a three-state scheme with effective k)5, and g,

parameters may behave as a four state scheme (Pavlov et al , 2017). One such case arises
when there is comparatively rapid equilibration between Cs and C4 of the four-state scheme of

Eq. S1. Under this condition the four-state scheme can be reduced to a three-state scheme

with a combined state C34 and compounded rate constants K5, and ., .

k, k X
Rl +-|-3 y: RN C2 <_—)2 C34 Kes) 5 Eq S42
[t} e

Indeed, assuming Cs and C4 equilibrated in the scheme in Eq. S1, one obtains:

01 [Cou]= 05 [C] = ) [Cu ] k qiqu
31 41

k3|
k3| +q:|

Eq. S43
k:3| [C34] = k:l [C4] = kfl [C34]

Eq. S43 implies:

16



X
I‘<34I

Q.3 =05 1+K3X4| _—
q-
1
KX =k ——
e3l U K3X4|

Data analysis

Data were analyzed using Origin 7.5 (OriginLab Corp.). For cognate as well as fast near-
cognate reactions, the rate of GTP hydrolysis (keTp) was estimated by fitting data to a single
exponential model. For the slow, near-cognate measurements, where also the slow exchange
of [*’H]GDP and [*’H]GTP on EF-Tu have to be considered, the following model was used:

[*H]GTP-EF-Tu -aa-tRNA+Ribosomes — = [ *H]GDP - EF-Tu —- ,[*H]GTP
Eq. S45

\ Kex_GTP

[*H]GTP
The rate ketp for the near-cognate reaction was estimated by joint fitting the data for near-
cognate and its corresponding cognate reaction, assuming that they have the same plateau
(P) for GTP hydrolysis, the GDP dissociation rate from EF-Tu (kex cpp), and the GTP

exchange rate on ternary complex (Kex_ctp). The following equation was used for the fitting:

[3H]GDP _ P- kGTp e*(kew +kex_are)t efkexiGDP t )+ bg ) Eq S46
[3H]GDP+[3H]GTP kex_GDP - (kGTP + kex_GTP)

Kinetic efficiencies, Keat/Km for both cognate and near-cognate reactions were calculated from

the GTP hydrolysis rate as (k,, /K, )™ =k /[R], where [R] was the concentration of

cat
active ribosomes. Control experiment in which ribosome concentration was doubled resulted

in doubling of ketp validating that the measurements were conducted in Kecat/Km -range.

17



Supplementary discussion
Rodnina and coworkers used fast kinetics and Tss with fluorescently labeled tRNA to estimate

the rate constants of the following scheme:

R+T,&—=C,==C,—— Eq. S47
in the presence and absence of paromomycin (Par) (7). In this and previous studies (8,9) rate

constant Kk , was directly estimated as the rate constant k, of the single-exponential

fluorescence decay observed in a chase experiment. In this experiment a pre-bound

fluorescence labeled near-cognate ternary complex ( T, ) assembled with a non-hydrolysable

GTP analogue was chased by addition of a large excess of non-fluorescent cognate T3(7). In

this situation a dissociated fluorescence labeled near-cognate T,, cannot rebind and the
kinetic scheme for its dissociation is given by:

R —" Eq. S48

The inference (7-9) that k , ~ k, is invalid because the decay time 1/k, depends not only on
k, butalsoon k,, k, and fluorescence parameters of T, in states C2 and Cs. To see this

we first consider two extreme scenarios. In the first k , >>k, and the equilibrium before the

chase is strongly shifted to C. In this case, which pertains to non-cognate and some error-

resilient near-cognate T,,S, it is clear thatk, ~k | so that the chase experiments provide
almost no information about k ,. In the second scenario, which mainly pertains to cognate
and error-prone near-cognate T,;S, Kk, <<k, and the equilibrium before the chase is
strongly shifted to Cs. In this case, T,; originally in state C3 , requires the average time

1/k , to transit to state C2  from where it either dissociates with probability
Py =k, /(k, +k ) orreturns to state C3 with probability k, /(k, +k ;). The number of trials

before dissociation is given by 1/ p, =1+Kk, /k , with each trial taking time 1/k_,. The total
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dissociation time is then the number of trials multiplied by the trial time:

1/ky =(1+k, /k ) /k, . It follows that k , = (1+Kk, /k_,) -k, meaning that the approximation
k , =k, underestimates k , by a factor ~ (1+Kk,/k ), which, in cases k, >k , , may take

values considerably larger than one.
A more general treatment of the kinetics of this chase experiment that takes into consideration
also the fluorescence parameters involved is outlined below. It shows that, indeed, the

approximation Kk , ~k, underestimates k , by at least the factor k,/k , that can be large
under conditions of no initial selection (7-9). We note also that, since k, and k; in the
scheme in Eq. S47 are obtained from a “global fit” with fixed input values of ki, k , and
k, =ky (7-9), the estimates of k, and k, will also be affected by the underestimation of k ,

to an unknown extent.

Kinetics of the chase experiment in near-cognate cases

The fluorescence F(t) in the chase experiment is given by:
F(t)=FC,t)+ F,C,(t)+ FC, (1) Eq. S49
Here, F3, F2 and F1 refer to the fluorescence intensity per unit concentration of T, in states

Cs, C2 and free state Ci, respectively. Introducing:

AF, =F, -F
Eq. S50
AF, =F, - F
one obtains F(t)-—F, =AF,C,(t)+AF,C,(t) . Here F;=FC;() is the background

fluorescence when all fluorescing T,, has dissociated from the ribosome. The decay of

fluorescence during the chase is conventionally described (7) by the reduction in “relative

fluorescence” f(t) defined as:
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FO-F _ AR C,(t) +AF—F2C2 (t) Eq. S51

B I:B B

f(t)=

Introducing f, =AF,/F; and f, =AF,/F, , f(t) simplified to:
f(t)= f,C,(t)+ f,C,(t) Eq. S52
Time course f(t) of fluorescence decay in the chase experiment can be easily obtained by

solving the following equation system for the concentrations of complexes C2 and Cs in the

scheme in Eq. S48:

dC,(t
% = —(I(2 + k71 )C2 (t) + k72c3 (t)

" Eq. S53
dC,(t , |

Jt( ) k,C,(t) -k ,C,(t)

The solution takes also into account the initial condition that right before the chase start the
ribosome-bound T;; has been equilibrated between states Cz and Cs. The solution shows
that f(t) is described by a two-exponential function as: f(t)= Ae ™™ + Aje™™ with the rate
constants 4, and 4, given by the two eigenvalues of Eq. S53:

/11 = ﬂ“slow ~ k—z L
K, +k,+k Eq. S54
Ay = Aoy ® k, +k, +k

Further, using a mean-time approach (1-3) it can be shown that the k,-value obtained from a

one-exponential fitting of f(t) is well approximated by:

ky~k,——t Eq. S55

k2

_ Eq. $56
PRI NTATS a
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Parameter o depends on rate constants k, and k , and also on the ratio f,/ f; of fluorescent
parameters. We note also that 0 <« <1 (see Eq. S56) and that the expression for k, given by
Eq. S55 coincides with the expression for the slow eigenvalue in Eq. S54 when o =1.

The value of k_, is then estimated from Eq. S54 as:

k, +k , +ok k, +k
2 -2 —l>kd 2 -2
k., k.,

k., =k,

Eq. S57

This shows that identificationk , ~ k, underestimates Kk , by at least a factor of k,/k , .
Furthermore, with the estimated value f,/ f, =0.3(9) and when k_, <k, parameter a~1

and the underestimation becomes even more severe:

k, +k,+k,
K.,

k., =kq Eq. S58
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