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Table S6-1.Variant and Conditions

Variant: WT

MgCly (mM) 5.0
BaCly (mM) 0.0

KCl (mM) 100.0

pH 8.0

FPs! 92

SNR Threshold®>  0.75
Number of Traces 368

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).

Table S6-2. Folding parameters of smFRET the variant WT inferred from fits to individual
molecules and the population of molecules

Parameter Value Error? SD*
—T
Fits from Individual Molecules' ]]:Ifl((z_l)) gg 83 : gg ;;
Keq 26.8 23.0 - 304 4.1
SNR green 24 23-25 0.5
SNR red 1.8 1.8-1.9 0.6
AG(kcal/mol) -2.2 -2.0--1.8 0.8
Fits from Cumulative Data? I];flfebzllﬁz_(ls )) 13946 Hi:i i i? 0 12.01'6
ku, bu]k(sfl) 0.3 0.3-0.3 0.3
Keg,bulk 12.6 N.D. N.D.
AGpyuik(kcal /mol) -1.5 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).

2 Values determined from fits to bulk data (see SI methods).

3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).
4 Standard deviation.
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Figure S6-1. smFRET data assessment for WT. (A) Plot of fitted values of kgo1q versus
kunfola rate constants for each molecule. Blue lines indicate the value of the camera frame rate
and red lines indicate the value of the average lifetime of the molecules. Red dot indicates
median folding and unfolding rate constants. (B) Histogram of trace lengths. Fit to exponential
distribution shown in dotted red line. (C) Histogram of AG values. Mean value is denoted with
dotted red line. (D) Scatter plot of rate constants versus trace length, kg1 (green) and kynfold
(red). The mean value for each rate constant is shown by larger light green (k1q) and red
(kunfold) circles. Running average of ten sorted values is shown in black to guide the eye to
trends in the data. (E) and (F) Rate constants versus signal-to-noise ratio (SNR) in the donor
channel and acceptor channels respectively; colors as in (D).
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Figure S6-2. smFRET data assesment of aggregate data for WT. (A) and (B)
Determination of the kgo1lq and kunfolq rate constants respectively from an exponential fit (dotted
red lines) to the distribution of lifetimes of all molecules in the unfolded and folded states (see SI
Methods). (C) Histogram of FRET distribution for all molecules. Distribution is fit to a
two-Gaussian model (blue). The equilibrium constant (Kcgq puix) was determined from the ratio
of the fraction of molecules that are in the high FRET peak (red) versus low FRET peak (green)
(see SI Methods). (D) Distribution of the number of transitions per trace.
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Figure S6-3. Randomly selected FRET traces of WT. The intensities of the donor dye
(green) and the acceptor dye (red) are shown. The black line denotes the probability of the high
FRET state determined by a hidden Markov model fit to data (Methods).



Table S7-1. Variant and Conditions

Variant: Nat+2

MgCly (mM) 5.0
BaCly (mM) 0.0

KCl1 (mM) 100.0

pH 8.0

FPS! 92

SNR Threshold? 0.75
Number of Traces 117

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).

Table S7-2. Folding parameters of smFRET the variant Nat+2 inferred from fits to individual
molecules and the population of molecules

Parameter Value Error? SD*
—1
Fits from Individual Molecules! ]];fu((ss—l)) gg 8; : gg 33
Keq 34.2 26.4 - 41.8 3.4
SNR green 2.8 26-29 0.8
SNR red 1.8 1.9-22 1.0
AG(kcal/mol) -2.3 -22--19 0.7
Fits from Cumulative Data? I];:fizllfzz_(ls ; 1(13.15'9 946.18_— 163.3.3 1:15.11'9
ku7 bulk(sil) 0.3 04-0.3 0.3
Keq,buik 14.1 N.D. N.D.
AGpyuik(keal/mol) -1.5 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).

2 Values determined from fits to bulk data (see SI methods).

3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).
4 Standard deviation.
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Figure S7-1. smFRET data assessment for Nat+2. (A) Plot of fitted values of kg
versus kunfola rate constants for each molecule. Blue lines indicate the value of the camera frame
rate and red lines indicate the value of the average lifetime of the molecules. Red dot indicates
median folding and unfolding rate constants. (B) Histogram of trace lengths. Fit to exponential
distribution shown in dotted red line. (C) Histogram of AG values. Mean value is denoted with
dotted red line. (D) Scatter plot of rate constants versus trace length, kg1 (green) and kynfold
(red). The mean value for each rate constant is shown by larger light green (k1q) and red
(kunfold) circles. Running average of ten sorted values is shown in black to guide the eye to
trends in the data. (E) and (F) Rate constants versus signal-to-noise ratio (SNR) in the donor
channel and acceptor channels respectively; colors as in (D).



A Low FRET lifetimes B High FRET lifetimes
04 T U
» 17 k =03s
[ [ 0.3 u,bulk
g 0.3 g
= (=
s S 0.2
c 0.2 c
2 9
§ 0.1 3 0.1
e ra
0 0
0 0.2 0.4 0.6
C Time (s) D
Bulk FRET Distribution x 107
------------------ 4
2 0.03} Neabuic= 141 - 2
[3) (3]
= g3 I
- 0.02 =
5 0.02F I 5 1
c c 2
] ]
© 0.01F . © 1 i
8 &
w L
0‘ e 0 I | |
-0.5 0 0.5 1 1.5 0 50 100 150 200
FRET level # of transitions/trace

Figure S7-2. smFRET data assesment of aggregate data for Nat+2. (A) and (B)
Determination of the kgo1lq and kunfolq rate constants respectively from an exponential fit (dotted
red lines) to the distribution of lifetimes of all molecules in the unfolded and folded states (see SI
Methods). (C) Histogram of FRET distribution for all molecules. Distribution is fit to a
two-Gaussian model (blue). The equilibrium constant (Kcgq puix) was determined from the ratio
of the fraction of molecules that are in the high FRET peak (red) versus low FRET peak (green)
(see SI Methods). (D) Distribution of the number of transitions per trace.
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Figure S7-3. Randomly selected FRET traces of Nat+2. The intensities of the donor
dye (green) and the acceptor dye (red) are shown. The black line denotes the probability of the
high FRET state determined by a hidden Markov model fit to data (Methods).
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Table S8-1. Variant and Conditions

Variant: Nat+3

MgCly (mM) 5.0
BaCly (mM) 0.0
KCl1 (mM) 100.0
pH 8.0

FPS! 92

SNR Threshold? 0.75
Number of Traces 205

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).

Table S8-2.Folding parameters of smFRET the variant Nat+3 inferred from fits to individual
molecules and the population of molecules

Parameter Value Error® SD*
=)
Fits from Individual Molecules! I]cci((ss_l)) g; 8? : S;L ;g
Keq 38.6 31.5 - 45.8 4.0
SNR green 2.7 2.5-27 0.6
SNR red 2.1 2.0-22 0.8
AG (kcal/mol) -2.3 -22--20 0.8
Fits from Cumulative Data? I];flf:fzz_( 1S ; 969.i1 866._83-_ 151,3.2 949..01
ku7 bulk(sil) 0.4 04-04 0.3
Keg,bulk 15.9 N.D. N.D.
AGpuk (kcal/mol) -1.6 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).

2 Values determined from fits to bulk data (see SI methods).

3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).
4 Standard deviation.
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Figure S8-1. smFRET data assessment for Nat+3. (A) Plot of fitted values of kg
versus kunfola rate constants for each molecule. Blue lines indicate the value of the camera frame
rate and red lines indicate the value of the average lifetime of the molecules. Red dot indicates
median folding and unfolding rate constants. (B) Histogram of trace lengths. Fit to exponential
distribution shown in dotted red line. (C) Histogram of AG values. Mean value is denoted with
dotted red line. (D) Scatter plot of rate constants versus trace length, kg1 (green) and kynfold
(red). The mean value for each rate constant is shown by larger light green (k1q) and red
(kunfold) circles. Running average of ten sorted values is shown in black to guide the eye to
trends in the data. (E) and (F) Rate constants versus signal-to-noise ratio (SNR) in the donor
channel and acceptor channels respectively; colors as in (D).
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Figure S8-2. smFRET data assesment of aggregate data for Nat+3. (A) and (B)
Determination of the kgo1lq and kunfolq rate constants respectively from an exponential fit (dotted
red lines) to the distribution of lifetimes of all molecules in the unfolded and folded states (see SI
Methods). (C) Histogram of FRET distribution for all molecules. Distribution is fit to a
two-Gaussian model (blue). The equilibrium constant (Kcgq puix) was determined from the ratio
of the fraction of molecules that are in the high FRET peak (red) versus low FRET peak (green)
(see SI Methods). (D) Distribution of the number of transitions per trace.
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Figure S8-3. Randomly selected FRET traces of Nat+3. The intensities of the donor
dye (green) and the acceptor dye (red) are shown. The black line denotes the probability of the
high FRET state determined by a hidden Markov model fit to data (Methods).
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Table S9-1. Variant and Conditions

Variant: ArichU

MgCl; (mM) 5.0
BaCly (mM) 0.0
KCl1 (mM) 100.0

pH 8.0

FPS! 154

SNR Threshold? 0.75
Number of Traces 167

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).

Table S9-2. Folding parameters of smFRET the variant ArichU inferred from fits to individual
molecules and the population of molecules

Parameter Value Error? SD*
1

Fits from Individual Molecules! ]]zfu((ss—% El)g é? : 51)491 iz
Keq 0.1 0.1-0.1 1.8

SNR green 2.7 2.6 - 2.8 0.7

SNR red 2.2 22-23 0.4

AG (kcal/mol) 1.2 1.1-1.2 0.4

Fits from Cumulative Data? I];flfizllfzz‘(ls )) 315.;18 3(1)491 : Z11149 315..38
k’u, bulk(sfl) 9.1 9.3 -8.9 8.4

Keq,bulk 0.2 N.D. N.D.
AGpyuik(kcal /mol) 0.9 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).

2 Values determined from fits to bulk data (see SI methods).

3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).
4 Standard deviation.
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Figure S9-1. smFRET data assessment for ArichU. (A) Plot of fitted values of k14
versus kunfola rate constants for each molecule. Blue lines indicate the value of the camera frame
rate and red lines indicate the value of the average lifetime of the molecules. Red dot indicates
median folding and unfolding rate constants. (B) Histogram of trace lengths. Fit to exponential
distribution shown in dotted red line. (C) Histogram of AG values. Mean value is denoted with
dotted red line. (D) Scatter plot of rate constants versus trace length, kg4 (green) and kynfold
(red). The mean value for each rate constant is shown by larger light green (k1q) and red
(kunfold) circles. Running average of ten sorted values is shown in black to guide the eye to
trends in the data. (E) and (F) Rate constants versus signal-to-noise ratio (SNR) in the donor
channel and acceptor channels respectively; colors as in (D).
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Figure S9-2. smFRET data assesment of aggregate data for ArichU. (A) and (B)
Determination of the kgo1lq and kunfolq rate constants respectively from an exponential fit (dotted
red lines) to the distribution of lifetimes of all molecules in the unfolded and folded states (see SI
Methods). (C) Histogram of FRET distribution for all molecules. Distribution is fit to a
two-Gaussian model (blue). The equilibrium constant (Kcgq puix) was determined from the ratio
of the fraction of molecules that are in the high FRET peak (red) versus low FRET peak (green)
(see SI Methods). (D) Distribution of the number of transitions per trace.
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Figure S9-3. Randomly selected FRET traces of ArichU. The intensities of the donor
dye (green) and the acceptor dye (red) are shown. The black line denotes the probability of the
high FRET state determined by a hidden Markov model fit to data (Methods).
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Table S10-1. Variant and Conditions

Variant: A186U

MgCly (mM) 5.0
BaCly (mM) 0.0
KCl1 (mM) 100.0

pH 8.0

FPS! 154

SNR Threshold? 0.75
Number of Traces 156

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).

Table S10-2. Folding parameters of smnFRET the variant A186U inferred from fits to individual
molecules and the population of molecules

Parameter Value Error® SD*
1
Fits from Individual Molecules! ]]zfu((ss—% 5153 Elg; : gl)i) 12
Keq 0.1 0.1-0.1 1.7
SNR green 3.2 3.0-3.3 1.0
SNR red 2.6 25-2.7 0.5
AG (kcal/mol) 1.2 1.1-1.2 0.3
Fits from Cumulative Data? I];flfizllfzz_(ls )) 314. '20 2?2 ] 411021 314.'10
k’u, bulk(sfl) 8.5 8.7-8.3 7.9
Keq,bulk 0.2 N.D. N.D.
AGpyuik(kcal /mol) 0.9 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).

2 Values determined from fits to bulk data (see SI methods).

3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).
4 Standard deviation.
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Figure S10-1. smFRET data assessment for A186U. (A) Plot of fitted values of kgo1q
versus kunfola rate constants for each molecule. Blue lines indicate the value of the camera frame
rate and red lines indicate the value of the average lifetime of the molecules. Red dot indicates
median folding and unfolding rate constants. (B) Histogram of trace lengths. Fit to exponential
distribution shown in dotted red line. (C) Histogram of AG values. Mean value is denoted with
dotted red line. (D) Scatter plot of rate constants versus trace length, kg1 (green) and kynfold
(red). The mean value for each rate constant is shown by larger light green (k1q) and red
(kunfold) circles. Running average of ten sorted values is shown in black to guide the eye to
trends in the data. (E) and (F) Rate constants versus signal-to-noise ratio (SNR) in the donor
channel and acceptor channels respectively; colors as in (D).
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Figure S10-2. smFRET data assesment of aggregate data for A186U. (A) and (B)
Determination of the kgo1lq and kunfolq rate constants respectively from an exponential fit (dotted
red lines) to the distribution of lifetimes of all molecules in the unfolded and folded states (see SI
Methods). (C) Histogram of FRET distribution for all molecules. Distribution is fit to a
two-Gaussian model (blue). The equilibrium constant (Kcgq puix) was determined from the ratio
of the fraction of molecules that are in the high FRET peak (red) versus low FRET peak (green)
(see SI Methods). (D) Distribution of the number of transitions per trace.
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Figure S10-3. Randomly selected FRET traces of A186U. The intensities of the donor
dye (green) and the acceptor dye (red) are shown. The black line denotes the probability of the
high FRET state determined by a hidden Markov model fit to data (Methods).
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Table S11-1. Variant and Conditions

Variant: WT

MgCly (mM) 0.0
BaCly (mM) 5.0

KCl (mM) 100.0

pH 8.0

FPs! 50

SNR Threshold®>  0.75
Number of Traces 166

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).

Table S11-2. Folding parameters of sSmFRET the variant WT inferred from fits to individual
molecules and the population of molecules

Parameter Value Error? SD*
T
Fits from Individual Molecules! ]]zfu((ss—% Zl)’(l) ;(1) : :1))411 :138
Keq 0.3 0.3-04 2.9
SNR green 2.5 2.4-26 0.8
SNR red 2.2 2.1-23 0.7
AG (kcal/mol) 0.8 0.5-0.7 0.6
Fits from Cumulative Data? I];flfizllfzz_(ls )) 71903 651;(5) ] 51)209 70993
k., bu(s™1) 31 32-31 28
Keq,bulk 0.5 N.D. N.D.
AGpyuik(kcal /mol) 0.4 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).

2 Values determined from fits to bulk data (see SI methods).

3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).
4 Standard deviation.
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Figure S11-1. smFRET data assessment for WT. (A) Plot of fitted values of kg4 versus
kunfola rate constants for each molecule. Blue lines indicate the value of the camera frame rate
and red lines indicate the value of the average lifetime of the molecules. Red dot indicates
median folding and unfolding rate constants. (B) Histogram of trace lengths. Fit to exponential
distribution shown in dotted red line. (C) Histogram of AG values. Mean value is denoted with
dotted red line. (D) Scatter plot of rate constants versus trace length, kg1 (green) and kynfold
(red). The mean value for each rate constant is shown by larger light green (k1q) and red
(kunfold) circles. Running average of ten sorted values is shown in black to guide the eye to
trends in the data. (E) and (F) Rate constants versus signal-to-noise ratio (SNR) in the donor
channel and acceptor channels respectively; colors as in (D).
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Figure S11-2. smFRET data assesment of aggregate data for WT. (A) and (B)
Determination of the kgo1lq and kunfolq rate constants respectively from an exponential fit (dotted
red lines) to the distribution of lifetimes of all molecules in the unfolded and folded states (see SI
Methods). (C) Histogram of FRET distribution for all molecules. Distribution is fit to a
two-Gaussian model (blue). The equilibrium constant (Kcgq puix) was determined from the ratio
of the fraction of molecules that are in the high FRET peak (red) versus low FRET peak (green)
(see SI Methods). (D) Distribution of the number of transitions per trace.
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FigureS11-3. Randomly selected FRET traces of WT. The intensities of the donor dye
(green) and the acceptor dye (red) are shown. The black line denotes the probability of the high
FRET state determined by a hidden Markov model fit to data (Methods).



Table S12-1. Variant and Conditions

Variant: ArichU

MgCl; (mM) 0.0
BaCly (mM) 5.0

KCl1 (mM) 100.0

pH 8.0

FPS! 145

SNR Threshold? 0.50
Number of Traces 94

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).

Table S12-2. Folding parameters of smFRET the variant ArichU inferred from fits to individual
molecules and the population of molecules

Parameter Value Error® SD*
1
Fits from Individual Molecules! ]]zfu((ss—% Zl)’é ég : leg i;
Keq 0.3 0.3-0.3 1.9
SNR green 2.8 2.7-3.2 1.0
SNR red 2.6 2.5-2.38 0.7
AG (kcal/mol) 0.7 0.6-0.8 0.4
Fits from Cumulative Data? I];flfizllfzz_(ls )) 311.'36 2?; ] ?921 311.'26
k’u, bulk(sfl) 3.9 4.0 - 3.7 3.7
Keq,bulk 0.4 N.D. N.D.
AGpyuik(kcal /mol) 0.6 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).

2 Values determined from fits to bulk data (see SI methods).

3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).
4 Standard deviation.
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Figure S12-1. smFRET data assessment for ArichU. (A) Plot of fitted values of k14
versus kunfola rate constants for each molecule. Blue lines indicate the value of the camera frame
rate and red lines indicate the value of the average lifetime of the molecules. Red dot indicates
median folding and unfolding rate constants. (B) Histogram of trace lengths. Fit to exponential
distribution shown in dotted red line. (C) Histogram of AG values. Mean value is denoted with
dotted red line. (D) Scatter plot of rate constants versus trace length, kg1 (green) and kynfold
(red). The mean value for each rate constant is shown by larger light green (k1q) and red
(kunfold) circles. Running average of ten sorted values is shown in black to guide the eye to
trends in the data. (E) and (F) Rate constants versus signal-to-noise ratio (SNR) in the donor
channel and acceptor channels respectively; colors as in (D).
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Figure S12-2. smFRET data assesment of aggregate data for ArichU. (A) and (B)
Determination of the kgo1lq and kunfolq rate constants respectively from an exponential fit (dotted
red lines) to the distribution of lifetimes of all molecules in the unfolded and folded states (see SI
Methods). (C) Histogram of FRET distribution for all molecules. Distribution is fit to a
two-Gaussian model (blue). The equilibrium constant (Kcgq puix) was determined from the ratio
of the fraction of molecules that are in the high FRET peak (red) versus low FRET peak (green)
(see SI Methods). (D) Distribution of the number of transitions per trace.
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Figure S12-3. Randomly selected FRET traces of ArichU. The intensities of the donor
dye (green) and the acceptor dye (red) are shown. The black line denotes the probability of the
high FRET state determined by a hidden Markov model fit to data (Methods).
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Table S13-1. Variant and Conditions

Variant: A186U

MgCly (mM) 0.0
BaCly (mM) 5.0

KCl1 (mM) 100.0

pH 8.0

FPS! 145

SNR Threshold? 0.50
Number of Traces 131

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).

Table S13-2. Folding parameters of smnFRET the variant A186U inferred from fits to individual
molecules and the population of molecules

Parameter Value Error? SD*
T
Fits from Individual Molecules! ]]zfu((ss—% 23 23 : 2? 12
Keq 0.2 0.2-0.2 1.8
SNR green 3.7 3.5-3.8 1.0
SNR red 3.0 29-3.1 0.8
AG (kcal/mol) 0.9 09-1.0 0.3
Fits from Cumulative Data? I];flfizllfzz_(ls )) 416.'00 3?(1) ] 8591 406.'90
k., bu(s™1) 43 45-42 41
Keq,bulk 0.3 N.D. N.D.
AGpyuik(kcal /mol) 0.7 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).
2 Values determined from fits to bulk data (see SI methods).
3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).

4 Standard deviation.
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Figure S13-1. smFRET data assessment for A186U. (A) Plot of fitted values of k14
versus kunfola rate constants for each molecule. Blue lines indicate the value of the camera frame
rate and red lines indicate the value of the average lifetime of the molecules. Red dot indicates
median folding and unfolding rate constants. (B) Histogram of trace lengths. Fit to exponential
distribution shown in dotted red line. (C) Histogram of AG values. Mean value is denoted with
dotted red line. (D) Scatter plot of rate constants versus trace length, kg1 (green) and kynfold
(red). The mean value for each rate constant is shown by larger light green (k1q) and red
(kunfold) circles. Running average of ten sorted values is shown in black to guide the eye to
trends in the data. (E) and (F) Rate constants versus signal-to-noise ratio (SNR) in the donor
channel and acceptor channels respectively; colors as in (D).
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Figure S13-2. smFRET data assesment of aggregate data for A186U. (A) and (B)
Determination of the kgo1lq and kunfolq rate constants respectively from an exponential fit (dotted
red lines) to the distribution of lifetimes of all molecules in the unfolded and folded states (see SI
Methods). (C) Histogram of FRET distribution for all molecules. Distribution is fit to a
two-Gaussian model (blue). The equilibrium constant (Kcgq puix) was determined from the ratio
of the fraction of molecules that are in the high FRET peak (red) versus low FRET peak (green)
(see SI Methods). (D) Distribution of the number of transitions per trace.
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Figure S13-3. Randomly selected FRET traces of A186U. The intensities of the donor
dye (green) and the acceptor dye (red) are shown. The black line denotes the probability of the
high FRET state determined by a hidden Markov model fit to data (Methods).
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Table S14-1.Variant and Conditions

Variant: Alt+2

MgCly (mM) 5.0
BaCly (mM) 0.0

KC1 (mM) 100.0

pH 8.0

FPS! 92

SNR Threshold? 0.50
Number of Traces 129

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).

Table S14-2.Folding parameters of smFRET the variant Alt+2 inferred from fits to individual

molecules and the population of molecules

Parameter Value Error® SD*
1
Fits from Individual Molecules! ]]zfu((ss—% Zl)’g ég : :1)); ii
Keq 0.3 0.2-0.3 1.8
SNR green 2.6 2.6 - 2.7 0.5
SNR red 1.5 1.5-1.6 0.3
AG (kcal/mol) 0.8 0.7-0.8 0.4
Fits from Cumulative Data? I];flfizllfzz‘(ls )) 51%08 4?? : IOOE) 518.68
k’u, bulk(sfl) 3.6 3.7-3.5 3.4
Keq,bulk 0.3 N.D. N.D.
AGpyuik(kcal /mol) 0.7 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).
2 Values determined from fits to bulk data (see SI methods).
3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).

4 Standard deviation.
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Figure S14-1. smFRET data assessment for Alt+2. (A) Plot of fitted values of kgoiq
versus kunfola rate constants for each molecule. Blue lines indicate the value of the camera frame
rate and red lines indicate the value of the average lifetime of the molecules. Red dot indicates
median folding and unfolding rate constants. (B) Histogram of trace lengths. Fit to exponential
distribution shown in dotted red line. (C) Histogram of AG values. Mean value is denoted with
dotted red line. (D) Scatter plot of rate constants versus trace length, kg1 (green) and kynfold
(red). The mean value for each rate constant is shown by larger light green (k1q) and red
(kunfold) circles. Running average of ten sorted values is shown in black to guide the eye to
trends in the data. (E) and (F) Rate constants versus signal-to-noise ratio (SNR) in the donor
channel and acceptor channels respectively; colors as in (D).
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(see SI Methods). (D) Distribution of the number of transitions per trace.
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Figure S14-3. Randomly selected FRET traces of Alt+2. The intensities of the donor
dye (green) and the acceptor dye (red) are shown. The black line denotes the probability of the
high FRET state determined by a hidden Markov model fit to data (Methods).
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Table S15-1. Variant and Conditions

Variant: G212U

MgCly (mM) 5.0
BaCly (mM) 0.0

KCl1 (mM) 100.0

pH 8.0

FPS! 154

SNR Threshold? 0.75
Number of Traces 113

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).

Table S15-2. Folding parameters of smnFRET the variant G212U inferred from fits to individual
molecules and the population of molecules

Parameter Value Error? SD*
T
Fits from Individual Molecules! ]]zfu((ss—% 111_20 13)411 : 1136 }2
Keq 0.1 0.1-0.1 1.7
SNR green 2.8 2.6-29 0.8
SNR red 2.3 22-24 0.4
AG (kcal/mol) 1.3 1.2-1.3 0.3
Fits from Cumulative Data? I];flfizllfzz_(ls )) 316.'29 3(1)2 ] 111427 316.'29
k., bu(s™1) 104 10.7-101 98
Keq,bulk 0.2 N.D. N.D.
AGpyuik(kcal /mol) 1.0 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).

2 Values determined from fits to bulk data (see SI methods).

3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).
4 Standard deviation.
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Figure S15-1. smFRET data assessment for G212U. (A) Plot of fitted values of ko4
versus kunfola rate constants for each molecule. Blue lines indicate the value of the camera frame
rate and red lines indicate the value of the average lifetime of the molecules. Red dot indicates
median folding and unfolding rate constants. (B) Histogram of trace lengths. Fit to exponential
distribution shown in dotted red line. (C) Histogram of AG values. Mean value is denoted with
dotted red line. (D) Scatter plot of rate constants versus trace length, kg1 (green) and kynfold
(red). The mean value for each rate constant is shown by larger light green (k1q) and red
(kunfold) circles. Running average of ten sorted values is shown in black to guide the eye to
trends in the data. (E) and (F) Rate constants versus signal-to-noise ratio (SNR) in the donor
channel and acceptor channels respectively; colors as in (D).
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Figure S15-2. smFRET data assesment of aggregate data for G212U. (A) and (B)
Determination of the kgo1lq and kunfolq rate constants respectively from an exponential fit (dotted
red lines) to the distribution of lifetimes of all molecules in the unfolded and folded states (see SI
Methods). (C) Histogram of FRET distribution for all molecules. Distribution is fit to a
two-Gaussian model (blue). The equilibrium constant (Kcgq puix) was determined from the ratio
of the fraction of molecules that are in the high FRET peak (red) versus low FRET peak (green)
(see SI Methods). (D) Distribution of the number of transitions per trace.
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Figure S15-3. Randomly selected FRET traces of G212U. The intensities of the donor
dye (green) and the acceptor dye (red) are shown. The black line denotes the probability of the
high FRET state determined by a hidden Markov model fit to data (Methods).
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Table S16-1.Variant and Conditions

Variant: G212C

MgCl, (mM) 5.0
BaCly (mM) 0.0

KCl1 (mM) 100.0

pH 8.0

FPS! 48

SNR Threshold? 0.75
Number of Traces 410

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).

Table S16-2. Folding parameters of snFRET the variant G212C inferred from fits to individual
molecules and the population of molecules

Parameter Value Error? SD*
1
Fits from Individual Molecules! ]]zfu((ss—% (2)2 (2)2 : ;é ;3
Keq 0.4 03-04 5.6
SNR green 3.2 3.1-3.3 1.0
SNR red 2.9 2.8-3.0 0.7
AG (kcal/mol) 0.2 0.5-0.7 1.0
Fits from Cumulative Data? I];flfizllfzz‘(ls )) 819.47 7?;1 : ?941 810.67
K, buik (s™1) 2.1 2.1-2.0 1.7
Keq,bulk 0.6 N.D. N.D.
AGpyuik(kcal /mol) 0.3 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).

2 Values determined from fits to bulk data (see SI methods).

3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).
4 Standard deviation.
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Figure S16-1. smFRET data assessment for G212C. (A) Plot of fitted values of kto1q
versus kunfola rate constants for each molecule. Blue lines indicate the value of the camera frame
rate and red lines indicate the value of the average lifetime of the molecules. Red dot indicates
median folding and unfolding rate constants. (B) Histogram of trace lengths. Fit to exponential
distribution shown in dotted red line. (C) Histogram of AG values. Mean value is denoted with
dotted red line. (D) Scatter plot of rate constants versus trace length, kg1 (green) and kynfold
(red). The mean value for each rate constant is shown by larger light green (k1q) and red
(kunfold) circles. Running average of ten sorted values is shown in black to guide the eye to
trends in the data. (E) and (F) Rate constants versus signal-to-noise ratio (SNR) in the donor
channel and acceptor channels respectively; colors as in (D).
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Figure S16-2. smFRET data assesment of aggregate data for G212C. (A) and (B)
Determination of the kgo1lq and kunfolq rate constants respectively from an exponential fit (dotted
red lines) to the distribution of lifetimes of all molecules in the unfolded and folded states (see SI
Methods). (C) Histogram of FRET distribution for all molecules. Distribution is fit to a
two-Gaussian model (blue). The equilibrium constant (Kcgq puix) was determined from the ratio
of the fraction of molecules that are in the high FRET peak (red) versus low FRET peak (green)
(see SI Methods). (D) Distribution of the number of transitions per trace.
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Figure S16-3. Randomly selected FRET traces of G212C. The intensities of the donor
dye (green) and the acceptor dye (red) are shown. The black line denotes the probability of the
high FRET state determined by a hidden Markov model fit to data (Methods).



Table S17-1.Variant and Conditions

Variant: C109U

MgCly (mM) 5.0
BaCly (mM) 0.0

KCl1 (mM) 100.0

pH 8.0

FPS! 48

SNR Threshold? 0.75
Number of Traces 550

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).

Table S17-2. Folding parameters of smFRET the variant C109U inferred from fits to individual
molecules and the population of molecules

Parameter Value Error? SD*
1
Fits from Individual Molecules! ]]zfu((ss—% ?”21 32 : gg gg
Keq 7.2 6.2-84 6.3
SNR green 3.2 3.1-33 0.8
SNR red 2.5 25-26 0.7
AG (kcal/mol) -1.5 -1.2--11 1.1
Fits from Cumulative Data? I];flfizllfzz‘(ls )) 72245 62? : ;940 712..85
k’u, bulk(sfl) 0.6 0.6 - 0.6 0.5
Keq,bulk 3.6 N.D. N.D.
AGpyuik(kcal /mol) -0.7 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).

2 Values determined from fits to bulk data (see SI methods).

3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).
4 Standard deviation.
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Figure S17-1. smFRET data assessment for C109U. (A) Plot of fitted values of ksoq
versus kunfola rate constants for each molecule. Blue lines indicate the value of the camera frame
rate and red lines indicate the value of the average lifetime of the molecules. Red dot indicates
median folding and unfolding rate constants. (B) Histogram of trace lengths. Fit to exponential
distribution shown in dotted red line. (C) Histogram of AG values. Mean value is denoted with
dotted red line. (D) Scatter plot of rate constants versus trace length, kg4 (green) and kynfold
(red). The mean value for each rate constant is shown by larger light green (k1q) and red
(kunfold) circles. Running average of ten sorted values is shown in black to guide the eye to
trends in the data. (E) and (F) Rate constants versus signal-to-noise ratio (SNR) in the donor
channel and acceptor channels respectively; colors as in (D).
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Figure S17-2. smFRET data assesment of aggregate data for C109U. (A) and (B)
Determination of the kgo1lq and kunfolq rate constants respectively from an exponential fit (dotted
red lines) to the distribution of lifetimes of all molecules in the unfolded and folded states (see SI
Methods). (C) Histogram of FRET distribution for all molecules. Distribution is fit to a
two-Gaussian model (blue). The equilibrium constant (Kcgq puix) was determined from the ratio
of the fraction of molecules that are in the high FRET peak (red) versus low FRET peak (green)
(see SI Methods). (D) Distribution of the number of transitions per trace.
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Figure S17-3. Randomly selected FRET traces of C109U. The intensities of the donor
dye (green) and the acceptor dye (red) are shown. The black line denotes the probability of the
high FRET state determined by a hidden Markov model fit to data (Methods).
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Table S18-1. Variant and Conditions

Variant: TL-AllU

MgCly (mM) 5.0
BaCly (mM) 0.0

KC1 (mM) 100.0

pH 8.0

FPS! 256

SNR Threshold? 0.50
Number of Traces 124

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).

Table S18-2. Folding parameters of smFRET the variant TL-AllU inferred from fits to individual
molecules and the population of molecules

Parameter Value Error? SD*
1
Fits from Individual Molecules! ]]zfu((ss—% 455_85 338 : 5287 gg
Keq 0.1 0.1-0.1 2.2
SNR green 0.7 0.7-0.8 0.2
SNR red 1.4 1.3-15 0.5
AG (kcal/mol) 1.2 1.1-1.3 0.5
Fits from Cumulative Data? I];flf:llfzz_(ls)) g; (538 : 2(13 161(73
K, buik (s™1) 56.5  58.5-54.5 384
Keq,bulk 0.9 N.D. N.D.
AGpyuik(kcal /mol) 0.0 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).

2 Values determined from fits to bulk data (see SI methods).

3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).
4 Standard deviation.
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Figure S18-1. smFRET data assessment for TL-AllU. (A) Plot of fitted values of k14
versus kunfola rate constants for each molecule. Blue lines indicate the value of the camera frame
rate and red lines indicate the value of the average lifetime of the molecules. Red dot indicates
median folding and unfolding rate constants. (B) Histogram of trace lengths. Fit to exponential
distribution shown in dotted red line. (C) Histogram of AG values. Mean value is denoted with
dotted red line. (D) Scatter plot of rate constants versus trace length, kg1 (green) and kynfold
(red). The mean value for each rate constant is shown by larger light green (k1q) and red
(kunfold) circles. Running average of ten sorted values is shown in black to guide the eye to
trends in the data. (E) and (F) Rate constants versus signal-to-noise ratio (SNR) in the donor
channel and acceptor channels respectively; colors as in (D).
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Figure S18-2. smFRET data assesment of aggregate data for TL-AllIU. (A) and (B)
Determination of the kgo1lq and kunfolq rate constants respectively from an exponential fit (dotted
red lines) to the distribution of lifetimes of all molecules in the unfolded and folded states (see SI
Methods). (C) Histogram of FRET distribution for all molecules. Distribution is fit to a
two-Gaussian model (blue). The equilibrium constant (Kcgq puix) was determined from the ratio
of the fraction of molecules that are in the high FRET peak (red) versus low FRET peak (green)
(see SI Methods). (D) Distribution of the number of transitions per trace.
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Figure S18-3. Randomly selected FRET traces of TL-AllU. The intensities of the donor
dye (green) and the acceptor dye (red) are shown. The black line denotes the probability of the
high FRET state determined by a hidden Markov model fit to data (Methods).
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Table 1: Variant and Conditions

Variant: L5B

MgCl; (mM) 5.0
BaCly (mM) 0.0
KCl (mM) 100.0

pH 8.0

FPs! 256

SNR Threshold®>  0.50
Number of Traces 83

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).

Table 2: Folding parameters of smFRET the variant L5B inferred from fits to individual molecules
and the population of molecules

Parameter Value Error® SD*
=T

Fits from Individual Molecules! ]]cif,((z_l)) 466.98 322 : 2067 4218
Keq 0.2 0.1-0.2 5.4

SNR green 0.7 0.7-0.8 0.3

SNR red 1.6 1.6 -2.0 0.9

AG (kcal/mol) 1.3 0.8-1.2 1.0

Fits from Cumulative Data? I];:f:iri_(ls )) 181'.47 162'_81 __ 1101' 53 2;1
K, buik (s™1) 389 403-376 219
Keg,bulk 0.3 N.D. N.D.
AGpyuik(kcal /mol) 0.7 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).
2 Values determined from fits to bulk data (see SI methods).
3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).

4 Standard deviation.
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Figure 1. smFRET data assessment for L5B. (A) Plot of fitted values of kgq versus
kunfola rate constants for each molecule. Blue lines indicate the value of the camera frame rate
and red lines indicate the value of the average lifetime of the molecules. Red dot indicates
median folding and unfolding rate constants. (B) Histogram of trace lengths. Fit to exponential
distribution shown in dotted red line. (C) Histogram of AG values. Mean value is denoted with
dotted red line. (D) Scatter plot of rate constants versus trace length, kg1 (green) and kynfold
(red). The mean value for each rate constant is shown by larger light green (k1q) and red
(kunfold) circles. Running average of ten sorted values is shown in black to guide the eye to
trends in the data. (E) and (F) Rate constants versus signal-to-noise ratio (SNR) in the donor
channel and acceptor channels respectively; colors as in (D).
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Figure 2. smFRET data assesment of aggregate data for L5B. (A) and (B)
Determination of the kgo1lq and kunfolq rate constants respectively from an exponential fit (dotted
red lines) to the distribution of lifetimes of all molecules in the unfolded and folded states (see SI
Methods). (C) Histogram of FRET distribution for all molecules. Distribution is fit to a
two-Gaussian model (blue). The equilibrium constant (Kcgq puix) was determined from the ratio
of the fraction of molecules that are in the high FRET peak (red) versus low FRET peak (green)
(see SI Methods). (D) Distribution of the number of transitions per trace.

59



Intensity (AU) Intensity (AU) Intensity (AU) Intensity (AU)

Intensity (AU)

Random Traces

>

2000 fifh | ‘ || b il H‘l'[ M \u w \ Il 3

Mru'm,.\ iy M\ M, \un“ru;»:,;)u O L !Mrm.\ A 2

1002 ‘y“i \Inx | \ h , i 'l. A” mnl J i) Hw l il J mnmL }m /‘W' W‘W i \nl\lm \nLqu ‘ \ ‘ ”‘li\u' ‘1 JIMHI‘ 85§

0 1 2 3 4 5 &
Time (s)

2000 i \ ' 1 £

o)

N‘,M‘ }\I " ‘ w \ f ’H “1 JN‘W |.|~ \“ \‘ W |‘H”““ \" h 1 IMU ‘\ 4 " N" \‘ “ ,\" " Hi“‘\\\ ll‘ M\ ‘M M i ‘ IW ‘ MI‘W “"'H "i“ ‘WI

o 2 4 6 8 10 12 e
Time (s)

>

20001 | | IN | 1 £

1000} \\»M“M [ H‘ i M \ ‘ J\f‘ ““"\ I \\I ‘. m U} lm } ‘l \ \ | }\ \A\l‘ U‘H ‘.h ‘ u \‘\» " I‘ \ fi‘ “ w ﬁ‘\“”“ i 'W”“ Il u‘ J\’ 35§

0 L ' v 1 =

0 0.5 1 15 2 25 3 35 4 45 5 e
Time (s)

o000l il e I iR

1000 ‘ ‘NH‘.\ ”'H' |‘||‘H‘”1' \W!‘“w,“”l““ 4”‘\\]!‘ ‘ WW y“ ” L Mﬂ \M "l“ H ‘M f ‘[ \H“ | \IM H“ “M‘INW’ '” 'J . i ‘ i “ H' \Nj\ \‘ ﬁ“ l m i g.5§

0 2 4 6 8 10 12 &
Time (s)

>

3000 T n l ‘ ; ‘ Il \ 1} ‘ \V A ’ E

2000} [ 'M’l 1 1 W iy il “g <}‘ W,ww il wl | mwu w 1 YL ,gh «4 im ‘l m WW“ 538

10004 urﬂ“un H T ?(“ il “‘ LM ‘ W» M iy ' #N‘n 'W," ‘ ..J “ ' ( | l il o g

o o.5 15 2 25 3 35 4 45 5 &
Time (s)

Figure 3. Randomly selected FRET traces of L5B. The intensities of the donor dye
(green) and the acceptor dye (red) are shown. The black line denotes the probability of the high
FRET state determined by a hidden Markov model fit to data (Methods).
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Table S20-1.Variant and Conditions

Variant: A225U/A226U/C223U

MgCl, (mM) 5.0
BaCly (mM) 0.0

KCl1 (mM) 100.0

pH 8.0

FPS! 256

SNR Threshold? 0.50
Number of Traces 90

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).

Table S20-2. Folding parameters of smFRET the variant A225U/A226U/C223U inferred from fits
to individual molecules and the population of molecules

Parameter Value Error® SD*
1
Fits from Individual Molecules? ]]zfu((ss_l)) 69i 79 4761)-— 1725?9 g}
Keq 0.2 01-02 36
SNR green 1.1 1.0-1.2 0.5
SNR red 1.5 1.4-1.6 0.6
AG (kcal/mol) 1.2 09-12 0.7
Fits from Cumulative Data? I];flf:llfzz_(ls)) 3(2) gg : 33 5(1)
K, buik (s™1) 68.3 70.5-66.2 37.1
Keq,bulk 0.5 N.D. N.D.
AGpyuik(kcal /mol) 0.4 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).

2 Values determined from fits to bulk data (see SI methods).

3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).
4 Standard deviation.
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Figure S20-1. smFRET data assessment for A225U/A226U/C223U. (A) Plot of fitted
values of ko1lq versus kunfola rate constants for each molecule. Blue lines indicate the value of the
camera frame rate and red lines indicate the value of the average lifetime of the molecules. Red
dot indicates median folding and unfolding rate constants. (B) Histogram of trace lengths. Fit
to exponential distribution shown in dotted red line. (C) Histogram of AG values. Mean value is
denoted with dotted red line. (D) Scatter plot of rate constants versus trace length, koq (green)
and kunfola (red). The mean value for each rate constant is shown by larger light green (kgo1q)
and red (kunfold) circles. Running average of ten sorted values is shown in black to guide the eye
to trends in the data. (E) and (F') Rate constants versus signal-to-noise ratio (SNR) in the donor
channel and acceptor channels respectively; colors as in (D).
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Figure S20-2. smFRET data assesment of aggregate data for
A225U/A226U/C223U. (A) and (B) Determination of the kgo1q and kuntold rate constants
respectively from an exponential fit (dotted red lines) to the distribution of lifetimes of all
molecules in the unfolded and folded states (see SI Methods). (C) Histogram of FRET
distribution for all molecules. Distribution is fit to a two-Gaussian model (blue). The
equilibrium constant (Keq puir) was determined from the ratio of the fraction of molecules that
are in the high FRET peak (red) versus low FRET peak (green) (see SI Methods). (D)
Distribution of the number of transitions per trace.
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Figure S20-3. Randomly selected FRET traces of A225U/A226U/C223U. The
intensities of the donor dye (green) and the acceptor dye (red) are shown. The black line denotes
the probability of the high FRET state determined by a hidden Markov model fit to data
(Methods).



Table S21-1. Variant and Conditions

Variant: J6/6a BP

MgCly (mM) 5.0
BaCly (mM) 0.0
KC1 (mM) 100.0

pH 8.0

FPS! 288

SNR Threshold? 0.50
Number of Traces 73

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).

Table S21-2. Folding parameters of snFRET the variant J6/6a BP inferred from fits to individual
molecules and the population of molecules

Parameter Value Error® SD*
—1

Fits from Individual Molecules! I]cci((ss_l)) ég? 622 : }(2)259 gg
Keq 0.1 0.1-0.1 2.4

SNR green 1.3 1.3-1.5 0.6

SNR red 1.6 1.5-18 0.6

AG (kcal/mol) 1.2 1.1-1.3 0.5

Fits from Cumulative Data? I];flf:fzz_( 1S ; 180'.01 (135%5_ _18:3 ?g
Ky, bui(s™1) 95.1 98.1-92.1 744
Keg,bulk 0.5 N.D. N.D.
AGpuk (kcal/mol) 0.4 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).

2 Values determined from fits to bulk data (see SI methods).

3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).
4 Standard deviation.
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Figure S21-1. smFRET data assessment for J6/6a BP. (A) Plot of fitted values of k14
versus kunfola rate constants for each molecule. Blue lines indicate the value of the camera frame
rate and red lines indicate the value of the average lifetime of the molecules. Red dot indicates
median folding and unfolding rate constants. (B) Histogram of trace lengths. Fit to exponential
distribution shown in dotted red line. (C) Histogram of AG values. Mean value is denoted with
dotted red line. (D) Scatter plot of rate constants versus trace length, kg1 (green) and kynfold
(red). The mean value for each rate constant is shown by larger light green (k1q) and red
(kunfold) circles. Running average of ten sorted values is shown in black to guide the eye to
trends in the data. (E) and (F) Rate constants versus signal-to-noise ratio (SNR) in the donor
channel and acceptor channels respectively; colors as in (D).
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Figure S21-2. smFRET data assesment of aggregate data for J6/6a BP. (A) and (B)
Determination of the kgo1lq and kunfolq rate constants respectively from an exponential fit (dotted
red lines) to the distribution of lifetimes of all molecules in the unfolded and folded states (see SI
Methods). (C) Histogram of FRET distribution for all molecules. Distribution is fit to a
two-Gaussian model (blue). The equilibrium constant (Kcgq puix) was determined from the ratio
of the fraction of molecules that are in the high FRET peak (red) versus low FRET peak (green)
(see SI Methods). (D) Distribution of the number of transitions per trace.
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Figure S21-3. Randomly selected FRET traces of J6/6a BP. The intensities of the
donor dye (green) and the acceptor dye (red) are shown. The black line denotes the probability
of the high FRET state determined by a hidden Markov model fit to data (Methods).
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Table S22-1. Variant and Conditions

Variant: J6/6a BP Cy3b/Atto674N

MgCl, (mM) 5.0
BaCly (mM) 0.0
KCl1 (mM) 100.0

pH 8.0

FPS! 265

SNR Threshold? 0.25
Number of Traces 93

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).

Table S22-2. Folding parameters of smFRET the variant J6/6a BP Cy3b/Atto674N inferred from
fits to individual molecules and the population of molecules

Parameter Value Error? SD*
—1
Fits from Individual Molecules! ]]jfu((ss—l)) 1104490 5191.65__ 11262._07 g;
Keq 0.1 0.1-0.2 2.5
SNR green 1.9 1.7-2.0 0.6
SNR red 1.9 1.8-2.0 0.4
AG (kcal/mol) 1.2 1.0-1.2 0.5
Fits from Cumulative Data? I];flfizllfzz_(ls; 133 1;;1 ] g; 182
Eu, bunc(s™h) 103.2  105.2-101.3 844
Keq,buik 0.2 N.D. N.D.
AGpyuik(keal/mol) 0.9 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).
2 Values determined from fits to bulk data (see SI methods).
3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).

4 Standard deviation.
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Figure S22-1. smFRET data assessment for J6/6a BP Cy3b/Atto674N. (A) Plot of
fitted values of kg1q versus kunfolq rate constants for each molecule. Blue lines indicate the value
of the camera frame rate and red lines indicate the value of the average lifetime of the molecules.
Red dot indicates median folding and unfolding rate constants. (B) Histogram of trace lengths.
Fit to exponential distribution shown in dotted red line. (C) Histogram of AG values. Mean
value is denoted with dotted red line. (D) Scatter plot of rate constants versus trace length, k14
(green) and Aunfola (red). The mean value for each rate constant is shown by larger light green
(ktora) and red (kunfola) circles. Running average of ten sorted values is shown in black to guide
the eye to trends in the data. (E) and (F) Rate constants versus signal-to-noise ratio (SNR) in
the donor channel and acceptor channels respectively; colors as in (D).
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Figure S22-2. smFRET data assesment of aggregate data for J6/6a BP
Cy3b/Atto674N. (A) and (B) Determination of the kg1q and kunfold rate constants
respectively from an exponential fit (dotted red lines) to the distribution of lifetimes of all
molecules in the unfolded and folded states (see SI Methods). (C) Histogram of FRET
distribution for all molecules. Distribution is fit to a two-Gaussian model (blue). The
equilibrium constant (Keq puir) was determined from the ratio of the fraction of molecules that
are in the high FRET peak (red) versus low FRET peak (green) (see SI Methods). (D)
Distribution of the number of transitions per trace.
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Figure S22-3. Randomly selected FRET traces of J6/6a BP Cy3b/Atto674N. The
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the probability of the high FRET state determined by a hidden Markov model fit to data

(Methods).
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Table S23-1. Variant and Conditions

Variant: TL/TLR;,, Extended TL Cy3b-Atto647N

MgCly (mM) 5.0
BaCly (mM) 0.0
KC1 (mM) 100.0

pH 8.0

FPS! 256

SNR Threshold? 0.50
Number of Traces 111

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).

Table S23-2. Folding parameters of smFRET the variant TL/TLR;s, Extended TL Cy3b-
Atto647N inferred from fits to individual molecules and the population of molecules

Parameter Value Error? SD*
1

Fits from Individual Molecules! ]]zfu((ss_l)) 15(?'26 123 : ;)860 ii
Keq 3.2 28-35 1.9

SNR green 3.4 3.4-3.7 0.8

SNR red 1.5 1.6 - 1.7 0.4

AG (kcal/mol) -0.7 -0.7--06 04

Fits from Cumulative Data? I];flfizllfi_(ls )) 165..89 12; : ?533 164.%
K, buik (s™1) 5.0 5.2 -4.38 4.8
Keg,bulk 3.7 N.D. N.D.
AGpyuik(kcal /mol) -0.8 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).

2 Values determined from fits to bulk data (see SI methods).

3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).
4 Standard deviation.
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Figure S23-1. smFRET data assessment for TL/TLR,;;, Extended TL
Cy3b-Atto647N. (A) Plot of fitted values of kgq versus kunfold rate constants for each
molecule. Blue lines indicate the value of the camera frame rate and red lines indicate the value
of the average lifetime of the molecules. Red dot indicates median folding and unfolding rate
constants. (B) Histogram of trace lengths. Fit to exponential distribution shown in dotted red
line. (C) Histogram of AG values. Mean value is denoted with dotted red line. (D) Scatter plot
of rate constants versus trace length, kso1q (green) and kyngola (red). The mean value for each
rate constant is shown by larger light green (kg1q) and red (kunfola) circles. Running average of
ten sorted values is shown in black to guide the eye to trends in the data. (E) and (F) Rate
constants versus signal-to-noise ratio (SNR) in the donor channel and acceptor channels
respectively; colors as in (D).
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Table S24-1. Variant and Conditions

Variant: TL/TLR;s, T14

MgCl, (mM) 5.0
BaCly (mM) 0.0
KCl1 (mM) 100.0

pH 8.0

FPS! 145

SNR Threshold? 0.50
Number of Traces 141

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).

Table S24-2. Folding parameters of smFRET the variant TL/TLR;;, T14 inferred from fits to
individual molecules and the population of molecules

Parameter Value Error? SD*
1

Fits from Individual Molecules! ]]zfu((ss—% 5; g 422 : 3966 ig
Keq 6.1 5.3 - 6.8 2.1

SNR green 24 22-24 0.5

SNR red 24 23-25 0.6

AG (kcal/mol) -1.2 -1.1--1.0 04

Fits from Cumulative Data? I];flfizllfi_(ls )) 456.22 41;? : 2427 354'.21
k’u, bulk(sfl) 6.8 7.0-6.6 6.5
Keq,bulk 5.5 N.D. N.D.
AGpyuik(kcal /mol) -1.0 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).

2 Values determined from fits to bulk data (see SI methods).

3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).
4 Standard deviation.
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Figure S24-1. smFRET data assessment for TL/TLR,;,, T14. (A) Plot of fitted values of
keola versus kunfolq rate constants for each molecule. Blue lines indicate the value of the camera
frame rate and red lines indicate the value of the average lifetime of the molecules. Red dot
indicates median folding and unfolding rate constants. (B) Histogram of trace lengths. Fit to
exponential distribution shown in dotted red line. (C) Histogram of AG values. Mean value is
denoted with dotted red line. (D) Scatter plot of rate constants versus trace length, koq (green)
and kunfola (red). The mean value for each rate constant is shown by larger light green (kgo1q)
and red (kunfold) circles. Running average of ten sorted values is shown in black to guide the eye
to trends in the data. (E) and (F') Rate constants versus signal-to-noise ratio (SNR) in the donor
channel and acceptor channels respectively; colors as in (D).
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Figure S24-2. smFRET data assesment of aggregate data for TL/TLR,;,, T14. (A)
and (B) Determination of the kg1q and kunfolg Tate constants respectively from an exponential fit
(dotted red lines) to the distribution of lifetimes of all molecules in the unfolded and folded
states (see SI Methods). (C) Histogram of FRET distribution for all molecules. Distribution is
fit to a two-Gaussian model (blue). The equilibrium constant (Keq puir) was determined from the
ratio of the fraction of molecules that are in the high FRET peak (red) versus low FRET peak
(green) (see SI Methods). (D) Distribution of the number of transitions per trace.
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Figure S24-3. Randomly selected FRET traces of TL/TLR,;,, T14. The intensities of

the donor dye (green) and the acceptor dye (red) are shown. The black line denotes the

probability of the high FRET state determined by a hidden Markov model fit to data (Methods).
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Table S25-1. Variant and Conditions

Variant: TL/TLR;s, A7 Cy3b/Atto647N

MgCly (mM) 5.0
BaCly (mM) 0.0
KCl1 (mM) 100.0

pH 8.0

FPS! 256

SNR Threshold? 0.50
Number of Traces 84

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).

Table S25-2.Folding parameters of smFRET the variant TL/TLR;s, A7 Cy3b/Atto647N inferred
from fits to individual molecules and the population of molecules

Parameter Value Error® SD*
T
Fits from Individual Molecules! ]]zfu((ss—% 249:3,4 133 : 421276 1653
Keq 48  41-54 19
SNR green 4.2 4.0 - 4.5 1.0
SNR red 1.7 1.7-1.9 0.5
AG (kcal/mol) -0.9 -1.0--0.8 04
Fits from Cumulative Data? I];flfizllfzz_(ls )) 179'97 2(5)(73 ] ?878 178..00
K, buik (s™1) 4.3 4.5-4.2 4.1
Keq,bulk 4.6 N.D. N.D.
AGpyuik(kcal /mol) -0.9 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).
2 Values determined from fits to bulk data (see SI methods).
3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).

4 Standard deviation.
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Figure S25-1. smFRET data assessment for TL/TLR,;,, A7 Cy3b/Atto647N. (A) Plot
of fitted values of k1q versus kunfolq rate constants for each molecule. Blue lines indicate the
value of the camera frame rate and red lines indicate the value of the average lifetime of the
molecules. Red dot indicates median folding and unfolding rate constants. (B) Histogram of
trace lengths. Fit to exponential distribution shown in dotted red line. (C) Histogram of AG
values. Mean value is denoted with dotted red line. (D) Scatter plot of rate constants versus
trace length, keoq (green) and kyngola (red). The mean value for each rate constant is shown by
larger light green (kgoq) and red (kunfola) circles. Running average of ten sorted values is shown
in black to guide the eye to trends in the data. (E) and (F') Rate constants versus signal-to-noise
ratio (SNR) in the donor channel and acceptor channels respectively; colors as in (D).
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Figure S25-2. smFRET data assesment of aggregate data for TL/TLR;,, A7
Cy3b/Atto647N. (A) and (B) Determination of the kg1q and kuntold rate constants
respectively from an exponential fit (dotted red lines) to the distribution of lifetimes of all
molecules in the unfolded and folded states (see SI Methods). (C) Histogram of FRET
distribution for all molecules. Distribution is fit to a two-Gaussian model (blue). The
equilibrium constant (Keq puir) was determined from the ratio of the fraction of molecules that
are in the high FRET peak (red) versus low FRET peak (green) (see SI Methods). (D)
Distribution of the number of transitions per trace.
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Figure S25-3. Randomly selected FRET traces of TL/TLR,;,, A7 Cy3b/Atto647N.

The intensities of the donor dye (green) and the acceptor dye (red) are shown. The black line
denotes the probability of the high FRET state determined by a hidden Markov model fit to
data (Methods).
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Table S26-1. Variant and Conditions

Variant: TL/TLR;s, P4P6 Helical Context

MgCly (mM) 5.0
BaCly (mM) 0.0

KCl1 (mM) 100.0

pH 8.0

FPS? 145

SNR Threshold? 0.50
Number of Traces 99

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).

Table S26-2. Folding parameters of snFRET the variant TL/TLR;s, P4P6 Helical Context in-
ferred from fits to individual molecules and the population of molecules

Parameter Value Error® SD*
1
Fits from Individual Molecules! ]]zfu((ss_l)) 15%62 14118 : é437 iz
Keq 2.4 1.9-28 2.6
SNR green 1.3 1.3-14 0.3
SNR red 2.2 2.1-23 0.5
AG (kcal/mol) -0.6 -06--04 0.6
Fits from Cumulative Data? I];flf:llfzz_(ls)) 152..32 1;13 : (13156 gg
k’u, bulk(sfl) 5.0 5.3 -4.8 4.6
Keq,bulk 2.9 N.D. N.D.
AGpyuik(kcal /mol) -0.6 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).

2 Values determined from fits to bulk data (see SI methods).

3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).
4 Standard deviation.
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Figure S26-1. smFRET data assessment for TL/TLR,;, P4P6 Helical Context. (A)
Plot of fitted values of kgo1q versus kunfola rate constants for each molecule. Blue lines indicate
the value of the camera frame rate and red lines indicate the value of the average lifetime of the
molecules. Red dot indicates median folding and unfolding rate constants. (B) Histogram of
trace lengths. Fit to exponential distribution shown in dotted red line. (C) Histogram of AG
values. Mean value is denoted with dotted red line. (D) Scatter plot of rate constants versus
trace length, keoq (green) and kyngola (red). The mean value for each rate constant is shown by
larger light green (kgoq) and red (kunfola) circles. Running average of ten sorted values is shown
in black to guide the eye to trends in the data. (E) and (F') Rate constants versus signal-to-noise
ratio (SNR) in the donor channel and acceptor channels respectively; colors as in (D).
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Figure S26-2. smFRET data assesment of aggregate data for TL/TLR,,, P4P6
Helical Context. (A) and (B) Determination of the kg and kunfold rate constants respectively
from an exponential fit (dotted red lines) to the distribution of lifetimes of all molecules in the
unfolded and folded states (see SI Methods). (C) Histogram of FRET distribution for all
molecules. Distribution is fit to a two-Gaussian model (blue). The equilibrium constant
(Keg,buik) was determined from the ratio of the fraction of molecules that are in the high FRET
peak (red) versus low FRET peak (green) (see SI Methods). (D) Distribution of the number of
transitions per trace.
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Figure S26-3. Randomly selected FRET traces of TL/TLR,;,;, P4P6 Helical Context.
The intensities of the donor dye (green) and the acceptor dye (red) are shown. The black line
denotes the probability of the high FRET state determined by a hidden Markov model fit to
data (Methods).
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Table S27-1.Variant and Conditions

Variant: TL/TLR;s, A7

MgCl, (mM) 5.0
BaCly (mM) 0.0

KCl1 (mM) 100.0

pH 8.0

FPS? 145

SNR Threshold? 0.50
Number of Traces 206

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).

Table S27-2. Folding parameters of smFRET the variant TL/TLR;s, A7 inferred from fits to
individual molecules and the population of molecules

Parameter Value Error? SD*
T
Fits from Individual Molecules! ]]zfu((ss—% 23§65 22; : 3784 ii
Keq 73 69-77 15
SNR green 1.0 1.1-1.2 0.3
SNR red 3.7 3.7-39 0.8
AG (kcal/mol) -1.2 -1.2--11 0.2
Fits from Cumulative Data? I];flfizllfzz_(ls )) 292'?7 283:53__ 1212'.21 291'.89
k., bu(s™1) 33  34-32 3.2
Keq,bulk 8.0 N.D. N.D.
AGpyuik(kcal /mol) -1.2 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).

2 Values determined from fits to bulk data (see SI methods).

3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).
4 Standard deviation.
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Figure S27-1. smFRET data assessment for TL/TLR,;;, A7. (A) Plot of fitted values of
keola versus kunfolq rate constants for each molecule. Blue lines indicate the value of the camera
frame rate and red lines indicate the value of the average lifetime of the molecules. Red dot
indicates median folding and unfolding rate constants. (B) Histogram of trace lengths. Fit to
exponential distribution shown in dotted red line. (C) Histogram of AG values. Mean value is
denoted with dotted red line. (D) Scatter plot of rate constants versus trace length, koq (green)
and kunfola (red). The mean value for each rate constant is shown by larger light green (kgo1q)
and red (kunfold) circles. Running average of ten sorted values is shown in black to guide the eye
to trends in the data. (E) and (F') Rate constants versus signal-to-noise ratio (SNR) in the donor
channel and acceptor channels respectively; colors as in (D).
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Figure S27-2. smFRET data assesment of aggregate data for TL/TLR;;, A7. (A) and
(B) Determination of the kgo1q and kyngolqa rate constants respectively from an exponential fit
(dotted red lines) to the distribution of lifetimes of all molecules in the unfolded and folded
states (see SI Methods). (C) Histogram of FRET distribution for all molecules. Distribution is
fit to a two-Gaussian model (blue). The equilibrium constant (Keq puir) was determined from the
ratio of the fraction of molecules that are in the high FRET peak (red) versus low FRET peak
(green) (see SI Methods). (D) Distribution of the number of transitions per trace.
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Figure S27-3. Randomly selected FRET traces of TL/TLR,,, A7. The intensities of the
donor dye (green) and the acceptor dye (red) are shown. The black line denotes the probability
of the high FRET state determined by a hidden Markov model fit to data (Methods).

92



Table S28-1. Variant and Conditions

Variant: J5/5a-AllU/ArichU

MgCly (mM) 5.0
BaCly (mM) 0.0

KCl1 (mM) 100.0

pH 8.0

FPS! 48

SNR Threshold? 0.50
Number of Traces 175

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).

Table S28-2. Folding parameters of smFRET the variant J5/5a-AllU/ArichU inferred from fits to
individual molecules and the population of molecules

Parameter Value Error® SD*
1
Fits from Individual Molecules! ]]zfu((ss—% 23 2? : gg ;g
Keq 0.1 0.0-0.1 9.7
SNR green 2.7 2.7-3.1 1.3
SNR red 2.7 2.7-3.0 1.1
AG (kcal/mol) 2.2 1.5-1.9 1.3
Fits from Cumulative Data? I];flfizllfzz_(ls )) 427.'99 4:1“5) ] 2588 407.69
k’u, bulk(sfl) 3.7 3.8-3.6 3.0
Keq,bulk 0.3 N.D. N.D.
AGpyuik(kcal /mol) 0.7 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).

2 Values determined from fits to bulk data (see SI methods).

3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).
4 Standard deviation.
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Figure S28-1. smFRET data assessment for J5/5a-AllU/ArichU. (A) Plot of fitted
values of ko1lq versus kunfola rate constants for each molecule. Blue lines indicate the value of the
camera frame rate and red lines indicate the value of the average lifetime of the molecules. Red
dot indicates median folding and unfolding rate constants. (B) Histogram of trace lengths. Fit
to exponential distribution shown in dotted red line. (C) Histogram of AG values. Mean value is
denoted with dotted red line. (D) Scatter plot of rate constants versus trace length, kg1q (green)
and kunfola (red). The mean value for each rate constant is shown by larger light green (kgo1q)
and red (kunfold) circles. Running average of ten sorted values is shown in black to guide the eye
to trends in the data. (E) and (F') Rate constants versus signal-to-noise ratio (SNR) in the donor
channel and acceptor channels respectively; colors as in (D).
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Figure S28-2. smFRET data assesment of aggregate data for J5/5a-AllU/ArichU.
(A) and (B) Determination of the kgoq and kunfolq rate constants respectively from an
exponential fit (dotted red lines) to the distribution of lifetimes of all molecules in the unfolded
and folded states (see SI Methods). (C) Histogram of FRET distribution for all molecules.
Distribution is fit to a two-Gaussian model (blue). The equilibrium constant (Keq puix) was
determined from the ratio of the fraction of molecules that are in the high FRET peak (red)
versus low FRET peak (green) (see SI Methods). (D) Distribution of the number of transitions
per trace.
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Figure S28-3. Randomly selected FRET traces of J5/5a-AllU/ArichU. The intensities
of the donor dye (green) and the acceptor dye (red) are shown. The black line denotes the

probability of the high FRET state determined by a hidden Markov model fit to data (Methods).
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Table S29-1. Variant and Conditions

Variant: TL/TLR;s, A7 Cy3b

MgCl, (mM) 0.0
BaCly (mM) 5.0
KCl1 (mM) 100.0

pH 8.0

FPs! 256

SNR Threshold? 0.50
Number of Traces 156

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).

Table S29-2. Folding parameters of snFRET the variant TL/TLR;s, A7 Cy3b inferred from fits
to individual molecules and the population of molecules

Parameter Value Error? SD*
T

Fits from Individual Molecules! ]]zfu((ss—% 229'41 13; : 3164 ig
Keq 85  74-93 20

SNR green 3.6 3.5-3.7 0.7

SNR red 14 14-14 0.3

AG (kcal/mol) -1.3 -1.3--12 04

Fits from Cumulative Data? I];flfizllfzz_(ls )) 199'.34 286.01 - 1108.?7 196..32
Ky, pulk (s71) 2.4 24-23 2.3
Keq,bulk 7.7 N.D. N.D.
AGpyuik(kcal /mol) -1.2 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).
2 Values determined from fits to bulk data (see SI methods).
3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).

4 Standard deviation.
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Figure S29-1. smFRET data assessment for TL/TLR,;;, A7 Cy3b. (A) Plot of fitted
values of kolq versus kunfola rate constants for each molecule. Blue lines indicate the value of the
camera frame rate and red lines indicate the value of the average lifetime of the molecules. Red
dot indicates median folding and unfolding rate constants. (B) Histogram of trace lengths. Fit
to exponential distribution shown in dotted red line. (C) Histogram of AG values. Mean value is
denoted with dotted red line. (D) Scatter plot of rate constants versus trace length, koq (green)
and kunfola (red). The mean value for each rate constant is shown by larger light green (kgo1q)
and red (kunfold) circles. Running average of ten sorted values is shown in black to guide the eye
to trends in the data. (E) and (F') Rate constants versus signal-to-noise ratio (SNR) in the donor
channel and acceptor channels respectively; colors as in (D).
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Figure S29-2. smFRET data assesment of aggregate data for TL/TLR,,, A7 Cy3b.
(A) and (B) Determination of the kgoq and kunfolq rate constants respectively from an
exponential fit (dotted red lines) to the distribution of lifetimes of all molecules in the unfolded
and folded states (see SI Methods). (C) Histogram of FRET distribution for all molecules.
Distribution is fit to a two-Gaussian model (blue). The equilibrium constant (Keq puix) was
determined from the ratio of the fraction of molecules that are in the high FRET peak (red)
versus low FRET peak (green) (see SI Methods). (D) Distribution of the number of transitions
per trace.
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Figure S9-3. Randomly selected FRET traces of TL/TLR;;, A7 Cy3b. The intensities

of the donor dye (green) and the acceptor dye (red) are shown. The black line denotes the

probability of the high FRET state determined by a hidden Markov model fit to data (Methods).
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Table S30-1. Variant and Conditions

Variant: TL/TLR;s, Extended TL Cy3b/Atto647N

MgCl, (mM) 0.0
BaCly (mM) 5.0
KCI (mM) 100.0

pH 8.0

FPS! 256

SNR Threshold? 0.50
104

Number of Traces

! Frame per second, rate at which images were acquired.

2 Signal-to-noise value used to threshold data (see Methods).

Table

S30-2.
Cy3b/Atto647N inferred from fits to individual molecules and the population of molecules
Parameter Value Error3 SD*
. .. 1 ke(s™h) 139 13.0-15.0 1.5
Fits from Individual Molecules Fu(s—) 15 14-18 20
Keq 9.2 7.7 -10.6 2.3
SNR green 3.2 3.2-34 0.6
SNR red 1.3 1.3-1.4 0.3
AG (kcal/mol) -1.4 -14--12 05
. . Lifetime (s) 107 89-131 10.7
. 2
Fits from Cumulative Data ke buu((s_l) 12.3 12.0-11.7 116
K, buik (s™1) 1.7 1.7-1.6 1.5
Keq,bulk 5.5 N.D. N.D.
AGpyuik(kcal /mol) -1.0 N.D. N.D.

101

Folding parameters of smFRET the variant TL/TLR;s, Extended TL

! Mean values from fits of individual molecules (see SI methods).

2 Values determined from fits to bulk data (see SI methods).

3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).
4 Standard deviation.
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Figure S30-1. smFRET data assessment for TL/TLR,;,, Extended TL
Cy3b/Atto647N. (A) Plot of fitted values of ko1q versus kunfold rate constants for each

molecule. Blue lines indicate the value of the camera frame rate and red lines indicate the value
of the average lifetime of the molecules. Red dot indicates median folding and unfolding rate
constants. (B) Histogram of trace lengths. Fit to exponential distribution shown in dotted red
line. (C) Histogram of AG values. Mean value is denoted with dotted red line. (D) Scatter plot
of rate constants versus trace length, kso1q (green) and kyngola (red). The mean value for each
rate constant is shown by larger light green (kg1q) and red (kunfola) circles. Running average of
ten sorted values is shown in black to guide the eye to trends in the data. (E) and (F) Rate

constants versus signal-to-noise ratio (SNR) in the donor channel and acceptor channels

respectively; colors as in (D).
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Figure S30-2. smFRET data assesment of aggregate data for TL/TLR,;,, Extended
TL Cy3b/Atto647N. (A) and (B) Determination of the kgq and kunfola rate constants
respectively from an exponential fit (dotted red lines) to the distribution of lifetimes of all
molecules in the unfolded and folded states (see SI Methods). (C) Histogram of FRET
distribution for all molecules. Distribution is fit to a two-Gaussian model (blue). The
equilibrium constant (Keq puir) was determined from the ratio of the fraction of molecules that
are in the high FRET peak (red) versus low FRET peak (green) (see SI Methods). (D)
Distribution of the number of transitions per trace.
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Table S31-1. Variant and Conditions

Variant: TL/TLR;s, A7

MgCl, (mM) 0.0
BaCly (mM) 5.0
KCl1 (mM) 100.0

pH 8.0

FPS? 145

SNR Threshold? 0.50
Number of Traces 59

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).

Table S31-2. Folding parameters of smFRET the variant TL/TLR;s, A7 inferred from fits to
individual molecules and the population of molecules

Parameter Value Error? SD*
1

Fits from Individual Molecules! ]]zfu((ss—% 322.64 22? : 3854 ;é
Keq 12.3 8.1-15.9 3.7

SNR green 1.1 1.1-1.2 0.4

SNR red 2.7 25-29 0.7

AG (kcal/mol) -1.7 -16--1.2 0.8

Fits from Cumulative Data? I];flfizllfzz_(ls )) :1,)}(53 393;.02__ 1350'.11 1&1)2
k’u, bulk(sfl) 4.0 4.2-3.8 3.0
Keq,bulk 9.2 N.D. N.D.
AGpyuik(kcal /mol) -1.3 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).
2 Values determined from fits to bulk data (see SI methods).
3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).

4 Standard deviation.
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keola versus kunfolq rate constants for each molecule. Blue lines indicate the value of the camera
frame rate and red lines indicate the value of the average lifetime of the molecules. Red dot
indicates median folding and unfolding rate constants. (B) Histogram of trace lengths. Fit to
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denoted with dotted red line. (D) Scatter plot of rate constants versus trace length, koq (green)
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Figure S31-2. smFRET data assesment of aggregate data for TL/TLR;;, A7. (A) and
(B) Determination of the kgo1q and kyngolqa rate constants respectively from an exponential fit
(dotted red lines) to the distribution of lifetimes of all molecules in the unfolded and folded
states (see SI Methods). (C) Histogram of FRET distribution for all molecules. Distribution is
fit to a two-Gaussian model (blue). The equilibrium constant (Keq puir) was determined from the
ratio of the fraction of molecules that are in the high FRET peak (red) versus low FRET peak
(green) (see SI Methods). (D) Distribution of the number of transitions per trace.
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probability of the high FRET state determined by a hidden Markov model fit to data (Methods).
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Table S32-1. Variant and Conditions

Variant: ArichU

MgCl; (mM) 2.0
BaCly (mM) 0.0

KCl1 (mM) 100.0

pH 8.0

FPs! 25

SNR Threshold? 0.75
Number of Traces 12

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).

Table S32-2.Folding parameters of smFRET the variant ArichU inferred from fits to individual
molecules and the population of molecules

Parameter Value Error® SD*
—1
Fits from Individual Molecules! I]cci((ss_l)) g? 5932__ 1Oi _59 gz
Keq 0.0 0.0-0.1 3.4
SNR green 2.1 1.7-24 0.6
SNR red 3.6 2.8-3.9 1.0
AG (kcal/mol) 2.1 1.6-24 0.7
Fits from Cumulative Data? I];flf:fzz_( 1S ; 70846 470'?5__ 10531'1 70836
ku7 bulk(sil) 6.5 7.4 -5.7 5.8
Keq,bulk 0.2 N.D. N.D.
AGpuk (kcal/mol) 1.0 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).

2 Values determined from fits to bulk data (see SI methods).

3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).
4 Standard deviation.



E

Fraction of Traces

Fitted rate constants vs donor channel SNR

°
FS

o
w

o
N

e
—

.

10

“““““ L . K 2E""""‘\‘HHHH\HHHH‘\HH: . k
3 E u 10 ¢ E u
] ] k ] k,
- 0 ; ~10p G ;

[} Ld 1 F ] Ld
L i U 0l i
S <W0E .
-0 ] 107} -0 ;
A e e L 107 e e L
0 2 4 6 0 2 4 6

110

ArichU Trace Lengths
mvN =“ ‘1‘5 HRAAE AL B R m 0.2 C T . . T T ]
3 3 g Mean Lifetime =79 s
S 0.15
=
. 1)
3 . 3 e 041
; . 3 5
e, O 0 =
cel @ 0.05
w
S P R | vl el 3 0
1 0'2 1 0'1 1 00 1 01 1 02 0 50 100 150 200
k (s D Time (s)
AG Values Fitted rate constants vs trace lengths
3 10° | SR
; ol 1L
: ~10F MO
I : F g E
L »n (U ]
a 107k 0
P ISR SRS S 10_2%H‘u‘HMHHHHMHHHHMHHHH\HHHHA;
-4 -2 0 2 4 0 50 100 150 200

F

AG (kcal/mol) Trace Length (s)

Fitted rate constants vs acceptor channel SNR

SNR donor channel SNR acceptor channel

Figure S32-1. smFRET data assessment for ArichU. (A) Plot of fitted values of k14
versus kunfola rate constants for each molecule. Blue lines indicate the value of the camera frame
rate and red lines indicate the value of the average lifetime of the molecules. Red dot indicates
median folding and unfolding rate constants. (B) Histogram of trace lengths. Fit to exponential
distribution shown in dotted red line. (C) Histogram of AG values. Mean value is denoted with
dotted red line. (D) Scatter plot of rate constants versus trace length, kg1 (green) and kynfold
(red). The mean value for each rate constant is shown by larger light green (k1q) and red
(kunfold) circles. Running average of ten sorted values is shown in black to guide the eye to
trends in the data. (E) and (F) Rate constants versus signal-to-noise ratio (SNR) in the donor
channel and acceptor channels respectively; colors as in (D).
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red lines) to the distribution of lifetimes of all molecules in the unfolded and folded states (see SI
Methods). (C) Histogram of FRET distribution for all molecules. Distribution is fit to a

two-Gaussian model (blue). The equilibrium constant (Kcgq puix) was determined from the ratio

of the fraction of molecules that are in the high FRET peak (red) versus low FRET peak (green)
(see SI Methods). (D) Distribution of the number of transitions per trace.
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high FRET state determined by a hidden Markov model fit to data (Methods).
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Table S33-1. Variant and Conditions

Variant: ArichU

MgCl; (mM) 3.0
BaCly (mM) 0.0

KCl1 (mM) 100.0

pH 8.0

FPs! 25

SNR Threshold? 0.75
Number of Traces 30

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).

Table S33-2. Folding parameters of smFRET the variant ArichU inferred from fits to individual
molecules and the population of molecules

Parameter Value Error® SD*
T
Fits from Individual Molecules! ]]zfu((ss—% 2471 gg : 8; gi
Keq 0.1 0.0-0.2 5.4
SNR green 2.0 1.8-2.3 0.7
SNR red 3.5 3.1-4.0 1.2
AG (kcal/mol) 2.0 1.1-1.9 1.0
Fits from Cumulative Data? I];flfizllfzz_(ls )) 306.44 QSZ ] 8430 306.'34
k’u, bulk(sfl) 8.0 89-71 3.9
Keq,bulk 0.2 N.D. N.D.
AGpyuik(kcal/mol) 1.1 N.D. N.D.

1 Mean values from fits of individual molecules (see SI methods).

2 Values determined from fits to bulk data (see SI methods).

3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).
4 Standard deviation.
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Figure S33-1. smFRET data assessment for ArichU. (A) Plot of fitted values of k14
versus kunfola rate constants for each molecule. Blue lines indicate the value of the camera frame
rate and red lines indicate the value of the average lifetime of the molecules. Red dot indicates
median folding and unfolding rate constants. (B) Histogram of trace lengths. Fit to exponential
distribution shown in dotted red line. (C) Histogram of AG values. Mean value is denoted with
dotted red line. (D) Scatter plot of rate constants versus trace length, kg1 (green) and kynfold
(red). The mean value for each rate constant is shown by larger light green (k1q) and red
(kunfold) circles. Running average of ten sorted values is shown in black to guide the eye to
trends in the data. (E) and (F) Rate constants versus signal-to-noise ratio (SNR) in the donor
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Figure S33-2. smFRET data assesment of aggregate data for ArichU. (A) and (B)
Determination of the kgolq and kunfolq rate constants respectively from an exponential fit (dotted
red lines) to the distribution of lifetimes of all molecules in the unfolded and folded states (see SI
Methods). (C) Histogram of FRET distribution for all molecules. Distribution is fit to a
two-Gaussian model (blue). The equilibrium constant (Kcgq puix) was determined from the ratio
of the fraction of molecules that are in the high FRET peak (red) versus low FRET peak (green)
(see SI Methods). (D) Distribution of the number of transitions per trace.
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Figure 3. Randomly selected FRET traces of ArichU. The intensities of the donor dye
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FRET state determined by a hidden Markov model fit to data (Methods).
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Table S34-1.Variant and Conditions

Variant: ArichU

MgCl; (mM) 4.0
BaCly (mM) 0.0

KCl1 (mM) 100.0

pH 8.0

FPs! 25

SNR Threshold? 0.75
Number of Traces 46

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).

Table S34-2. Folding parameters of smFRET the variant ArichU inferred from fits to individual
molecules and the population of molecules

Parameter Value Error? SD*
1
Fits from Individual Molecules! ]]zfu((ss_l)) gg gg : gg iz
Keq 0.1 0.1-0.1 2.3
SNR green 24 21-25 0.7
SNR red 3.6 3.3-38 0.9
AG (kcal/mol) 1.6 1.3-1.6 0.5
Fits from Cumulative Data? I];flfizllfzz_(ls )) 30?'76 23? : 8267 308.66
k’u, bulk(sfl) 7.0 7.5-6.6 5.7
Keg,bulk 0.2 N.D. N.D.
AGpyuik(kcal/mol) 0.8 N.D. N.D.

1 Mean values from fits of individual molecules (see SI methods).

2 Values determined from fits to bulk data (see SI methods).

3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).
4 Standard deviation.
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Figure S34-1. smFRET data assessment for ArichU. (A) Plot of fitted values of k14
versus kunfola rate constants for each molecule. Blue lines indicate the value of the camera frame
rate and red lines indicate the value of the average lifetime of the molecules. Red dot indicates
median folding and unfolding rate constants. (B) Histogram of trace lengths. Fit to exponential
distribution shown in dotted red line. (C) Histogram of AG values. Mean value is denoted with
dotted red line. (D) Scatter plot of rate constants versus trace length, kg1 (green) and kynfold
(red). The mean value for each rate constant is shown by larger light green (k1q) and red
(kunfold) circles. Running average of ten sorted values is shown in black to guide the eye to
trends in the data. (E) and (F) Rate constants versus signal-to-noise ratio (SNR) in the donor
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Figure S34-2. smFRET data assesment of aggregate data for ArichU. (A) and (B)
Determination of the kgolq and kunfolq rate constants respectively from an exponential fit (dotted
red lines) to the distribution of lifetimes of all molecules in the unfolded and folded states (see SI
Methods). (C) Histogram of FRET distribution for all molecules. Distribution is fit to a
two-Gaussian model (blue). The equilibrium constant (Kcgq puix) was determined from the ratio
of the fraction of molecules that are in the high FRET peak (red) versus low FRET peak (green)
(see SI Methods). (D) Distribution of the number of transitions per trace.
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Table S35-1.Variant and Conditions

Variant: ArichU

MgCl; (mM) 5.0
BaCly (mM) 0.0

KCl1 (mM) 100.0

pH 8.0

FPs! 25

SNR Threshold? 0.75
Number of Traces 43

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).

Table S35-2.Folding parameters of smFRET the variant ArichU inferred from fits to individual
molecules and the population of molecules

Parameter Value Error? SD*
T
Fits from Individual Molecules! ]]zfu((ss—% (5)2 gg : ég ;2
Keq 0.2 0.1-0.2 2.5
SNR green 3.2 2.8-34 1.0
SNR red 4.7 3.9-47 1.4
AG (kcal/mol) 1.3 09-12 0.5
Fits from Cumulative Data? I];flfizllfzz_(ls )) 509.'95 48; ] 3282 509..85
K, buik (s™1) 6.6 6.9-6.2 4.1
Keq,bulk 0.3 N.D. N.D.
AGpyuik(kcal /mol) 0.7 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).

2 Values determined from fits to bulk data (see SI methods).

3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).
4 Standard deviation.
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Figure S35-1. smFRET data assessment for ArichU. (A) Plot of fitted values of k14
versus kunfola rate constants for each molecule. Blue lines indicate the value of the camera frame
rate and red lines indicate the value of the average lifetime of the molecules. Red dot indicates
median folding and unfolding rate constants. (B) Histogram of trace lengths. Fit to exponential
distribution shown in dotted red line. (C) Histogram of AG values. Mean value is denoted with
dotted red line. (D) Scatter plot of rate constants versus trace length, kg1 (green) and kynfold
(red). The mean value for each rate constant is shown by larger light green (k1q) and red
(kunfold) circles. Running average of ten sorted values is shown in black to guide the eye to
trends in the data. (E) and (F) Rate constants versus signal-to-noise ratio (SNR) in the donor
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red lines) to the distribution of lifetimes of all molecules in the unfolded and folded states (see SI
Methods). (C) Histogram of FRET distribution for all molecules. Distribution is fit to a

two-Gaussian model (blue). The equilibrium constant (Kcgq puix) was determined from the ratio

of the fraction of molecules that are in the high FRET peak (red) versus low FRET peak (green)
(see SI Methods). (D) Distribution of the number of transitions per trace.
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Figure S25-3. Randomly selected FRET traces of ArichU. The intensities of the donor
dye (green) and the acceptor dye (red) are shown. The black line denotes the probability of the
high FRET state determined by a hidden Markov model fit to data (Methods).
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Table S36-1.Variant and Conditions

Variant: ArichU
MgCl; (mM) 10.0

BaCly (mM) 0.0

KCl1 (mM) 100.0

pH 8.0

FPs! 25

SNR Threshold? 0.75
Number of Traces 53

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).

Table S36-2. Folding parameters of smFRET the variant ArichU inferred from fits to individual
molecules and the population of molecules

Parameter Value Error® SD*
—1

Fits from Individual Molecules! I]cci((ss_l)) ig éé : gé 3421
Keq 0.4 0.3-0.5 3.6

SNR green 2.6 24 -2.38 0.8

SNR red 3.6 3.3-38 0.9

AG (kcal/mol) 0.6 04-0.8 0.8

Fits from Cumulative Data? I];flf:fzz_( 1S ; 915.94 741' .19__ 112;'3 91?';
Ky, bui(s™1) 5.1 5.2-5.0 4.1
Keq,bulk 0.5 N.D. N.D.
AGpuk (kcal/mol) 0.5 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).

2 Values determined from fits to bulk data (see SI methods).

3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).
4 Standard deviation.
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Figure S36-1. smFRET data assessment for ArichU. (A) Plot of fitted values of k14
versus kunfola rate constants for each molecule. Blue lines indicate the value of the camera frame
rate and red lines indicate the value of the average lifetime of the molecules. Red dot indicates
median folding and unfolding rate constants. (B) Histogram of trace lengths. Fit to exponential
distribution shown in dotted red line. (C) Histogram of AG values. Mean value is denoted with
dotted red line. (D) Scatter plot of rate constants versus trace length, kg1 (green) and kynfold
(red). The mean value for each rate constant is shown by larger light green (k1q) and red
(kunfold) circles. Running average of ten sorted values is shown in black to guide the eye to
trends in the data. (E) and (F) Rate constants versus signal-to-noise ratio (SNR) in the donor

F

Trace Lengths

126

o 02 n
g Mean Lifetime =95 s
©
= 0.15
1)
c 0.1
Q2
@ 0.05
L
0
0 50 100 150 200
Time (s)
Fitted rate constants vs trace lengths
100 | : .
1| ° kf
~10 Fyg; Gt 3
1 [ g™
® 0.t s ]
: 10 E L] °
10_1 3 ‘ ’ E
1070 e e
0 10 200 30

Trace Length (s)

Fitted rate constants vs acceptor channel SNR

2 [

10

3 "“*ff§32?““' :
0 2 4 6

SNR acceptor channel

channel and acceptor channels respectively; colors as in (D).




>

Fraction of Traces

Fraction of Traces

0.25
0.2
0.15
0.1
0.05

0.02
0.015
0.01

0.005

Low FRET lifetimes

0 1 2
Time (s)
Bulk FRET Distribution
| Kegbuik = 03 i

0‘
-0.5 0 0.5 1 1.5

FRET level

Figure S36-2. smFRET data assesment of aggregate data for ArichU. (A) and (B)
Determination of the kgo1lq and kunfolq rate constants respectively from an exponential fit (dotted

Fraction of Traces

High FRET lifetimes

_ T _1 T
0.2 ku,bulk =51s )

0.15

0.1

0.05

0

0 02 04 06 0.8
Time (s)
x10™

6
(7]
Q
o
o
l—
S
c
o)
°
o
w

0 50 100 150 200

# of transitions/trace

127

red lines) to the distribution of lifetimes of all molecules in the unfolded and folded states (see SI
Methods). (C) Histogram of FRET distribution for all molecules. Distribution is fit to a

two-Gaussian model (blue). The equilibrium constant (Kcgq puix) was determined from the ratio
of the fraction of molecules that are in the high FRET peak (red) versus low FRET peak (green)

(see SI Methods). (D) Distribution of the number of transitions per trace.
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Figure S36-3. Randomly selected FRET traces of ArichU. The intensities of the donor
dye (green) and the acceptor dye (red) are shown. The black line denotes the probability of the
high FRET state determined by a hidden Markov model fit to data (Methods).
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Table S37-1.Variant and Conditions

Variant: ArichU
MgCl; (mM) 20.0

BaCly (mM) 0.0

KCl1 (mM) 100.0

pH 8.0

FPs! 25

SNR Threshold? 0.75
Number of Traces 62

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).

Table S37-2.Folding parameters of smFRET the variant ArichU inferred from fits to individual
molecules and the population of molecules

Parameter Value Error? SD*
T
Fits from Individual Molecules! ]]zfu((ss—% 32 ?Z : ;g ;2
Keq 1.7 1.3-21 2.6
SNR green 2.2 2.3-29 1.2
SNR red 3.7 3.5-4.1 1.3
AG (kcal/mol) -0.3 -04--02 0.6
Fits from Cumulative Data? I];flfizllfzz_(ls )) 635.'81 5;3 : 2479 635.'31
k., bu(s™1) 26  26-25 2.3
Keq,bulk 1.6 N.D. N.D.
AGpyuik(kcal /mol) -0.3 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).

2 Values determined from fits to bulk data (see SI methods).

3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).
4 Standard deviation.
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Figure S37-1. smFRET data assessment for ArichU. (A) Plot of fitted values of k14
versus kunfola rate constants for each molecule. Blue lines indicate the value of the camera frame
rate and red lines indicate the value of the average lifetime of the molecules. Red dot indicates
median folding and unfolding rate constants. (B) Histogram of trace lengths. Fit to exponential
distribution shown in dotted red line. (C) Histogram of AG values. Mean value is denoted with
dotted red line. (D) Scatter plot of rate constants versus trace length, kg1 (green) and kynfold
(red). The mean value for each rate constant is shown by larger light green (k1q) and red
(kunfold) circles. Running average of ten sorted values is shown in black to guide the eye to
trends in the data. (E) and (F) Rate constants versus signal-to-noise ratio (SNR) in the donor
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Figure S37-2. smFRET data assesment of aggregate data for ArichU. (A) and (B)
Determination of the kgo1lq and kunfolq rate constants respectively from an exponential fit (dotted
red lines) to the distribution of lifetimes of all molecules in the unfolded and folded states (see SI
Methods). (C) Histogram of FRET distribution for all molecules. Distribution is fit to a
two-Gaussian model (blue). The equilibrium constant (Kcgq puix) was determined from the ratio
of the fraction of molecules that are in the high FRET peak (red) versus low FRET peak (green)
(see SI Methods). (D) Distribution of the number of transitions per trace.
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Figure S37-3. Randomly selected FRET traces of ArichU. The intensities of the donor
dye (green) and the acceptor dye (red) are shown. The black line denotes the probability of the
high FRET state determined by a hidden Markov model fit to data (Methods).
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Table S38-1.Variant and Conditions

Variant: ArichU
MgCly (mM) 50.0

BaCly (mM) 0.0

KCl1 (mM) 100.0

pH 8.0

FPs! 25

SNR Threshold? 0.75
Number of Traces 50

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).

Table S38-2. Folding parameters of smFRET the variant ArichU inferred from fits to individual
molecules and the population of molecules

Parameter Value Error® SD*
=

Fits from Individual Molecules! I]cci((ss_l)) i)g 113 : ?S };
Keq 3.4 2.8-4.2 2.1

SNR green 1.8 1.8-2.2 0.7

SNR red 2.9 2.7-3.1 0.7

AG (kcal/mol) -0.8 -0.9--0.6 0.4

Fits from Cumulative Data? I];flf:fzz_( 1S ; 94%.82 725'.00__ 142§6 93?92
Ky, bui(s™1) 1.5 1.5-14 1.3
Keq,bulk 3.9 N.D. N.D.
AGpuk (kcal/mol) -0.8 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).

2 Values determined from fits to bulk data (see SI methods).

3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).
4 Standard deviation.
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Figure S38-1. smFRET data assessment for ArichU. (A) Plot of fitted values of k14
versus kunfola rate constants for each molecule. Blue lines indicate the value of the camera frame
rate and red lines indicate the value of the average lifetime of the molecules. Red dot indicates
median folding and unfolding rate constants. (B) Histogram of trace lengths. Fit to exponential
distribution shown in dotted red line. (C) Histogram of AG values. Mean value is denoted with
dotted red line. (D) Scatter plot of rate constants versus trace length, kg1 (green) and kynfold
(red). The mean value for each rate constant is shown by larger light green (k1q) and red
(kunfold) circles. Running average of ten sorted values is shown in black to guide the eye to
trends in the data. (E) and (F) Rate constants versus signal-to-noise ratio (SNR) in the donor
channel and acceptor channels respectively; colors as in (D).
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Figure S38-2. smFRET data assesment of aggregate data for ArichU. (A) and (B)
Determination of the kgo1lq and kunfolq rate constants respectively from an exponential fit (dotted
red lines) to the distribution of lifetimes of all molecules in the unfolded and folded states (see SI
Methods). (C) Histogram of FRET distribution for all molecules. Distribution is fit to a
two-Gaussian model (blue). The equilibrium constant (Kcgq puix) was determined from the ratio
of the fraction of molecules that are in the high FRET peak (red) versus low FRET peak (green)
(see SI Methods). (D) Distribution of the number of transitions per trace.
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Figure S38-3. Randomly selected FRET traces of ArichU. The intensities of the donor
dye (green) and the acceptor dye (red) are shown. The black line denotes the probability of the
high FRET state determined by a hidden Markov model fit to data (Methods).
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Table S39-1. Variant and Conditions

Variant: TL/TLR;,, Extended TL Cy3b-Atto674N

MgCly (mM) 0.1
BaCly (mM) 0.0

KC1 (mM) 100.0

pH 8.0

FPS! 256

SNR Threshold? 0.50
Number of Traces 130

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).
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Table S39-2. Folding parameters of smFRET the variant TL/TLR;s, Extended TL Cy3b-

Atto674N inferred from fits to individual molecules and the population of molecules

Parameter Value Error? SD*
1

Fits from Individual Molecules! ]]zfu((ss_l)) ?g 28 : ig ig
Keq 0.4 04-05 1.6

SNR green 2.1 20-21 0.3

SNR red 0.9 0.9-0.9 0.1

AG (kcal/mol) 0.5 04-0.5 0.3

Fits from Cumulative Data? I];flfizllfzz‘(ls )) 1; .23 1;; : ;,711 124..93
k’u, bulk(sfl) 6.8 7.1-6.6 6.6
Keg,bulk 0.4 N.D. N.D.
AGpyuik(kcal /mol) 0.5 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).

2 Values determined from fits to bulk data (see SI methods).

3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).
4 Standard deviation.
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Figure S39-1. smFRET data assessment for TL/TLR,;,, Extended TL
Cy3b-Atto674N. (A) Plot of fitted values of kgiq versus kunfold rate constants for each

molecule. Blue lines indicate the value of the camera frame rate and red lines indicate the value
of the average lifetime of the molecules. Red dot indicates median folding and unfolding rate
constants. (B) Histogram of trace lengths. Fit to exponential distribution shown in dotted red
line. (C) Histogram of AG values. Mean value is denoted with dotted red line. (D) Scatter plot
of rate constants versus trace length, kso1q (green) and kyngola (red). The mean value for each
rate constant is shown by larger light green (kg1q) and red (kunfola) circles. Running average of
ten sorted values is shown in black to guide the eye to trends in the data. (E) and (F) Rate

constants versus signal-to-noise ratio (SNR) in the donor channel and acceptor channels

respectively; colors as in (D).
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Figure S39-2. smFRET data assesment of aggregate data for TL/TLR,;,, Extended
TL Cy3b-Atto674N. (A) and (B) Determination of the kgq and kynfola rate constants
respectively from an exponential fit (dotted red lines) to the distribution of lifetimes of all
molecules in the unfolded and folded states (see SI Methods). (C) Histogram of FRET
distribution for all molecules. Distribution is fit to a two-Gaussian model (blue). The
equilibrium constant (Keq puir) was determined from the ratio of the fraction of molecules that
are in the high FRET peak (red) versus low FRET peak (green) (see SI Methods). (D)
Distribution of the number of transitions per trace.
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Figure S39-3. Randomly selected FRET traces of TL/TLR,,, Extended TL
Cy3b-Atto674N. The intensities of the donor dye (green) and the acceptor dye (red) are
shown. The black line denotes the probability of the high FRET state determined by a hidden
Markov model fit to data (Methods).
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Table S40-1. Variant and Conditions

Variant: TL/TLR;,, Extended TL Cy3b-Atto647N

MgCly (mM)
BaCly (mM)

KC1 (mM)

pH

FPS!

SNR Threshold?
Number of Traces

1.0
0.0
100.0
8.0
253
0.50
86

! Frame per second, rate at which images were acquired.

2 Signal-to-noise value used to threshold data (see Methods).
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Table S40-2. Folding parameters of smFRET the variant TL/TLR;s, Extended TL Cy3b-

Atto647N inferred from fits to individual molecules and the population of molecules

Parameter Value Error3 SD*
—1

Fits from Individual Molecules! ]];fl((Z—l)) 22 gé : gi 1;1
Keq 0.9 0.8-1.0 1.6

SNR green 2.2 21-23 04

SNR red 1.1 1.0-1.1 0.2

AG (kcal/mol) 0.1 -0.0-0.1 0.3

Fits from Cumulative Data? Zfizii—(ls ; 151.'88 96.1)-— 154.'58 151.'48
ku7 bu]k(Sil) 6.0 6.2-5.8 5.7
Keq,bulk 1.0 N.D. N.D.
AGpyuik(keal/mol) -0.0 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).

2 Values determined from fits to bulk data (see SI methods).

3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).

4 Standard deviation.
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Figure S40-1. smFRET data assessment for TL/TLR,;;, Extended TL
Cy3b-Atto647N. (A) Plot of fitted values of kgq versus kunfold rate constants for each

molecule. Blue lines indicate the value of the camera frame rate and red lines indicate the value
of the average lifetime of the molecules. Red dot indicates median folding and unfolding rate
constants. (B) Histogram of trace lengths. Fit to exponential distribution shown in dotted red
line. (C) Histogram of AG values. Mean value is denoted with dotted red line. (D) Scatter plot
of rate constants versus trace length, kso1q (green) and kyngola (red). The mean value for each
rate constant is shown by larger light green (kg1q) and red (kunfola) circles. Running average of
ten sorted values is shown in black to guide the eye to trends in the data. (E) and (F) Rate

constants versus signal-to-noise ratio (SNR) in the donor channel and acceptor channels

respectively; colors as in (D).
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TL Cy3b-Atto647N. (A) and (B) Determination of the kgq and kynfola rate constants
respectively from an exponential fit (dotted red lines) to the distribution of lifetimes of all
molecules in the unfolded and folded states (see SI Methods). (C) Histogram of FRET
distribution for all molecules. Distribution is fit to a two-Gaussian model (blue). The

equilibrium constant (Keq puir) was determined from the ratio of the fraction of molecules that

are in the high FRET peak (red) versus low FRET peak (green) (see SI Methods). (D)
Distribution of the number of transitions per trace.
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Figure S40-3. Randomly selected FRET traces of TL/TLR,,, Extended TL
Cy3b-Atto647N. The intensities of the donor dye (green) and the acceptor dye (red) are
shown. The black line denotes the probability of the high FRET state determined by a hidden
Markov model fit to data (Methods).
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Table S41-1. Variant and Conditions

Variant: TL/TLR;,, Extended TL Cy3b-Atto647N

MgCly (mM) 2.0
BaCly (mM) 0.0
KC1 (mM) 100.0

pH 8.0

FPS! 256

SNR Threshold? 0.50
Number of Traces 98

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).

Table S41-2. Folding parameters of smFRET the variant TL/TLR;s, Extended TL Cy3b-
Atto647N inferred from fits to individual molecules and the population of molecules

Parameter Value Error? SD*
1
Fits from Individual Molecules! ]]zfu((ss_l)) 15?Té0 1;2 : é423 12
Keq 2.3 2.0-2.5 1.6
SNR green 24 24-26 0.5
SNR red 1.2 1.1-1.2 0.3
AG (kcal/mol) -0.5 -05--04 0.3
Fits from Cumulative Data? I];flfizllfzz_(ls )) igzll 183;.65__ 1122'.86 1(1)4;
k’u, bulk(sfl) 5.7 59-5.5 5.4
Keg,bulk 3.1 N.D. N.D.
AGpyuik(kcal /mol) -0.7 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).
2 Values determined from fits to bulk data (see SI methods).
3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).

4 Standard deviation.
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Figure S41-1. smFRET data assessment for TL/TLR,;,, Extended TL
Cy3b-Atto647N. (A) Plot of fitted values of kgq versus kunfold rate constants for each

molecule. Blue lines indicate the value of the camera frame rate and red lines indicate the value
of the average lifetime of the molecules. Red dot indicates median folding and unfolding rate
constants. (B) Histogram of trace lengths. Fit to exponential distribution shown in dotted red
line. (C) Histogram of AG values. Mean value is denoted with dotted red line. (D) Scatter plot
of rate constants versus trace length, kso1q (green) and kyngola (red). The mean value for each
rate constant is shown by larger light green (kg1q) and red (kunfola) circles. Running average of
ten sorted values is shown in black to guide the eye to trends in the data. (E) and (F) Rate

constants versus signal-to-noise ratio (SNR) in the donor channel and acceptor channels

respectively; colors as in (D).
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Figure S41-2. smFRET data assesment of aggregate data for TL/TLR,;,, Extended
TL Cy3b-Atto647N. (A) and (B) Determination of the kgq and kynfola rate constants
respectively from an exponential fit (dotted red lines) to the distribution of lifetimes of all
molecules in the unfolded and folded states (see SI Methods). (C) Histogram of FRET
distribution for all molecules. Distribution is fit to a two-Gaussian model (blue). The
equilibrium constant (Keq puir) was determined from the ratio of the fraction of molecules that
are in the high FRET peak (red) versus low FRET peak (green) (see SI Methods). (D)
Distribution of the number of transitions per trace.
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Table S42-1. Variant and Conditions

Variant:

MgCly (mM)
BaCly (mM)
KC1 (mM)

pH

FPS!

SNR Threshold?
Number of Traces

TL/TLR;s, Extended TL Cy3b-Atto647N

10.0
0.0
100.0
8.0
256
0.50
140

! Frame per second, rate at which images were acquired.

2 Signal-to-noise value used to threshold data (see Methods).

Table S42-2.

Atto647N inferred from fits to individual molecules and the population of molecules

149

Folding parameters of smFRET the variant TL/TLR;s, Extended TL Cy3b-

Parameter Value Error? SD*
1

Fits from Individual Molecules! ]]zfu((ss—% 2;.'44 2;; : 3661 ig
Keq 7.3 6.5 - 8.0 1.9

SNR green 2.7 2.7-29 0.6

SNR red 1.3 1.2-1.3 0.4

AG (kcal/mol) -1.2 -1.2--11 04

Fits from Cumulative Data? I];flfizllfzz_(ls )) 292..18 273;.86__ 1202'?0 199.12
k’u, bulk(sfl) 3.2 3.3-3.1 3.0
Keq,bulk 11.4 N.D. N.D.
AGpyuik(kcal /mol) -1.4 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).

2 Values determined from fits to bulk data (see SI methods).

3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).
4 Standard deviation.
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Figure S42-1. smFRET data assessment for TL/TLR,;;, Extended TL
Cy3b-Atto647N . (A) Plot of fitted values of ko1g versus kunfold rate constants for each
molecule. Blue lines indicate the value of the camera frame rate and red lines indicate the value
of the average lifetime of the molecules. Red dot indicates median folding and unfolding rate
constants. (B) Histogram of trace lengths. Fit to exponential distribution shown in dotted red
line. (C) Histogram of AG values. Mean value is denoted with dotted red line. (D) Scatter plot
of rate constants versus trace length, kgo1q (green) and kyngola (red). The mean value for each
rate constant is shown by larger light green (kg1q) and red (kunfola) circles. Running average of
ten sorted values is shown in black to guide the eye to trends in the data. (E) and (F) Rate
constants versus signal-to-noise ratio (SNR) in the donor channel and acceptor channels
respectively; colors as in (D).
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Figure S42-2. smFRET data assesment of aggregate data for TL/TLR,;,, Extended
TL Cy3b-Atto647N . (A) and (B) Determination of the kg1q and kynfola rate constants
respectively from an exponential fit (dotted red lines) to the distribution of lifetimes of all
molecules in the unfolded and folded states (see SI Methods). (C) Histogram of FRET
distribution for all molecules. Distribution is fit to a two-Gaussian model (blue). The
equilibrium constant (Keq puir) was determined from the ratio of the fraction of molecules that
are in the high FRET peak (red) versus low FRET peak (green) (see SI Methods). (D)
Distribution of the number of transitions per trace.
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Figure S42-3. Randomly selected FRET traces of TL/TLR,,, Extended TL
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Cy3b-Atto647N . The intensities of the donor dye (green) and the acceptor dye (red) are
shown. The black line denotes the probability of the high FRET state determined by a hidden
Markov model fit to data (Methods).



Table S43-1.Variant and Conditions

Variant:

MgCl; (mM)
BaCly (mM)

KCl (mM)

pH

FPS!

SNR Threshold?
Number of Traces

TLTLR;s, T14
0.1

0.0

100.0

8.0

256

0.50

128

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).
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Table S43-2.Folding parameters of smnFRET the variant TLTLR;,, T14 inferred from fits to indi-

vidual molecules and the population of molecules

Parameter Value Error? SD*
—T
Fits from Individual Molecules! ]]zfu((ss—% féi é; : i1)903 ij
eq 0.2 0.1-0.2 1.4
SNR green 1.5 14-1.5 0.2
SNR red 1.6 1.5-1.6 0.3
AG (kcal/mol) 1.1 1.1-1.1 0.2
Fits from Cumulative Data? I];flfizllfzz_(ls)) ;g gg ] gi ;Z
K, buik (s™1) 15.8 16.5-151 15.3
Keq,bulk 0.1 N.D. N.D.
AGpyuik(kcal /mol) 1.3 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).
2 Values determined from fits to bulk data (see SI methods).
3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).

4 Standard deviation.
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Figure S43-1. smFRET data assessment for TLTLR,;,, T14. (A) Plot of fitted values of
keola versus kunfolq rate constants for each molecule. Blue lines indicate the value of the camera
frame rate and red lines indicate the value of the average lifetime of the molecules. Red dot
indicates median folding and unfolding rate constants. (B) Histogram of trace lengths. Fit to
exponential distribution shown in dotted red line. (C) Histogram of AG values. Mean value is
denoted with dotted red line. (D) Scatter plot of rate constants versus trace length, koq (green)
and kunfola (red). The mean value for each rate constant is shown by larger light green (kgo1q)
and red (kunfold) circles. Running average of ten sorted values is shown in black to guide the eye
to trends in the data. (E) and (F') Rate constants versus signal-to-noise ratio (SNR) in the donor
channel and acceptor channels respectively; colors as in (D).
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fit to a two-Gaussian model (blue). The equilibrium constant (Keq puir) was determined from the

ratio of the fraction of molecules that are in the high FRET peak (red) versus low FRET peak

(green) (see SI Methods). (D) Distribution of the number of transitions per trace.
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Figure S43-3. Randomly selected FRET traces of TLTLR,;;, T14. The intensities of the
donor dye (green) and the acceptor dye (red) are shown. The black line denotes the probability
of the high FRET state determined by a hidden Markov model fit to data (Methods).
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Table S44-1.Variant and Conditions

Variant: TL/TLR;s, T14

MgCl, (mM) 1.0
BaCly (mM) 0.0
KCl1 (mM) 100.0

pH 8.0

FPs! 252

SNR Threshold? 0.50
Number of Traces 120

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).

Table S44-2.Folding parameters of smFRET the variant TL/TLR,s, T14 inferred from fits to
individual molecules and the population of molecules

Parameter Value Error? SD*
1

Fits from Individual Molecules! ]]zfu((ss_l)) 156?9 12? : ?739 1431
Keq 0.4 03-04 15

SNR green 1.4 14-1.5 0.3

SNR red 1.7 1.6 - 1.7 0.4

AG (kcal/mol) 0.6 0.6 -0.7 0.2

Fits from Cumulative Data? I];flf:llfzz_(ls)) gg gg : gg gg
K, buik (s™1) 155 16.1-149 15.0
Keg,bulk 0.3 N.D. N.D.
AGpyuik(kcal /mol) 0.7 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).

2 Values determined from fits to bulk data (see SI methods).

3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).
4 Standard deviation.
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Figure S44-1. smFRET data assessment for TL/TLR,;,, T14. (A) Plot of fitted values of

keola versus kunfolq rate constants for each molecule. Blue lines indicate the value of the camera
frame rate and red lines indicate the value of the average lifetime of the molecules. Red dot
indicates median folding and unfolding rate constants. (B) Histogram of trace lengths. Fit to
exponential distribution shown in dotted red line. (C) Histogram of AG values. Mean value is
denoted with dotted red line. (D) Scatter plot of rate constants versus trace length, koq (green)
and kunfola (red). The mean value for each rate constant is shown by larger light green (kgo1q)
and red (kunfold) circles. Running average of ten sorted values is shown in black to guide the eye

to trends in the data. (E) and (F') Rate constants versus signal-to-noise ratio (SNR) in the donor
channel and acceptor channels respectively; colors as in (D).
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Figure S44-2. smFRET data assesment of aggregate data for TL/TLR,;,, T14. (A)
and (B) Determination of the kg1q and kunfolg Tate constants respectively from an exponential fit
(dotted red lines) to the distribution of lifetimes of all molecules in the unfolded and folded
states (see SI Methods). (C) Histogram of FRET distribution for all molecules. Distribution is
fit to a two-Gaussian model (blue). The equilibrium constant (Keq puir) was determined from the
ratio of the fraction of molecules that are in the high FRET peak (red) versus low FRET peak
(green) (see SI Methods). (D) Distribution of the number of transitions per trace.
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the donor dye (green) and the acceptor dye (red) are shown. The black line denotes the
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probability of the high FRET state determined by a hidden Markov model fit to data (Methods).
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Table S45-1.Variant and Conditions

Variant: TL/TLR;s, T14

MgCl, (mM) 2.0
BaCly (mM) 0.0
KCl1 (mM) 100.0

pH 8.0

FPs! 257

SNR Threshold? 0.50
Number of Traces 91

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).

Table S45-2. Folding parameters of smFRET the variant TL/TLR;;, T14 inferred from fits to
individual molecules and the population of molecules

Parameter Value Error® SD*
1

Fits from Individual Molecules? ]]zfu((ss_l)) ?g} ??2 : ?(2)57) };l
Keq 2.4 2.1-26 1.5

SNR green 1.5 14-1.5 0.3

SNR red 1.7 1.6-1.7 0.3

AG (kcal/mol) -0.5 -05--04 02

Fits from Cumulative Data? I];flfizllfi_(ls )) 255..11 2§(2) : 2432 253.10
K, buik (s™1) 10.0 103-9.6 9.6

Keq,bulk 4.1 N.D. N.D.
AGpyuik(kcal /mol) -0.8 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).
2 Values determined from fits to bulk data (see SI methods).
3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).

4 Standard deviation.
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Figure S45-1. smFRET data assessment for TL/TLR,;,, T14. (A) Plot of fitted values of
keola versus kunfolq rate constants for each molecule. Blue lines indicate the value of the camera
frame rate and red lines indicate the value of the average lifetime of the molecules. Red dot
indicates median folding and unfolding rate constants. (B) Histogram of trace lengths. Fit to
exponential distribution shown in dotted red line. (C) Histogram of AG values. Mean value is
denoted with dotted red line. (D) Scatter plot of rate constants versus trace length, koq (green)
and kunfola (red). The mean value for each rate constant is shown by larger light green (kgo1q)
and red (kunfold) circles. Running average of ten sorted values is shown in black to guide the eye
to trends in the data. (E) and (F') Rate constants versus signal-to-noise ratio (SNR) in the donor
channel and acceptor channels respectively; colors as in (D).



>

Fraction of Traces

Fraction of Traces

0.2

0.15

0.1

0.05

Low FRET lifetimes

T
kf,bulk

=251s"

T

0 0.05 0.1 0.15

0.02

0.015

0.01

0.005

Time (s)

Bulk FRET Distribution

| Kegbui =4 ]

0‘
-0.5 0 0.5 1 1.5

FRET level

Figure S45-2. smFRET data assesment of aggregate data for TL/TLR,;;, T14. (A)

Fraction of Traces

0.15

0.1

0.05

Fraction of Traces

High FRET lifetimes

K, puic = 1008

0.2 0.4
Time (s)

50 100 150
# of transitions/trace

200

163

and (B) Determination of the kg1q and kunfolg Tate constants respectively from an exponential fit

(dotted red lines) to the distribution of lifetimes of all molecules in the unfolded and folded
states (see SI Methods). (C) Histogram of FRET distribution for all molecules. Distribution is

fit to a two-Gaussian model (blue). The equilibrium constant (Keq puir) was determined from the

ratio of the fraction of molecules that are in the high FRET peak (red) versus low FRET peak

(green) (see SI Methods). (D) Distribution of the number of transitions per trace.
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Figure S45-3. Randomly selected FRET traces of TL/TLR,;,, T14. The intensities of
the donor dye (green) and the acceptor dye (red) are shown. The black line denotes the

probability of the high FRET state determined by a hidden Markov model fit to data (Methods).
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Table S46-1.Variant and Conditions

Variant: MC/MCR;,,

MgCly (mM) 5.0
BaCly (mM) 0.0
KC1 (mM) 100.0

pH 8.0

FPS! 288

SNR Threshold? 0.50
Number of Traces 60

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).

Table S46-2.Folding parameters of snFRET the variant MC/MCR;;, inferred from fits to indi-
vidual molecules and the population of molecules

Parameter Value Error® SD*
1
Fits from Individual Molecules! ]]zfu((ss_l)) 411;)3 ;8(5) : ;)(2)1 }g
Keq 0.2 0.2-0.3 2.0
SNR green 1.9 1.9-21 0.5
SNR red 0.7 0.7-0.8 0.2
AG (kcal/mol) 0.9 0.7-0.9 0.4
Fits from Cumulative Data? I];flfizllfzz_(ls )) 1(1)2 196.18-— 1150'.12 171.'95
K, buik (s™1) 383 394-371 323
Keg,bulk 0.3 N.D. N.D.
AGpyuik(kcal /mol) 0.8 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).
2 Values determined from fits to bulk data (see SI methods).
3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).

4 Standard deviation.
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keola versus kunfolq rate constants for each molecule. Blue lines indicate the value of the camera
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Figure S46-2. smFRET data assesment of aggregate data for MC/MCR;;,. (A) and
(B) Determination of the kgo1q and kynfolqa rate constants respectively from an exponential fit
(dotted red lines) to the distribution of lifetimes of all molecules in the unfolded and folded
states (see SI Methods). (C) Histogram of FRET distribution for all molecules. Distribution is
fit to a two-Gaussian model (blue). The equilibrium constant (Keq puir) was determined from the
ratio of the fraction of molecules that are in the high FRET peak (red) versus low FRET peak
(green) (see SI Methods). (D) Distribution of the number of transitions per trace.
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Figure S46-3. Randomly selected FRET traces of MC/MCR,;,. The intensities of the
donor dye (green) and the acceptor dye (red) are shown. The black line denotes the probability
of the high FRET state determined by a hidden Markov model fit to data (Methods).
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Table S47-1.Variant and Conditions

Variant: MC/MCR;,,

MgCly (mM) 10.0
BaCly (mM) 0.0
KC1 (mM) 100.0

pH 8.0

FPS! 256

SNR Threshold? 0.50
Number of Traces 55

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).

Table S47-2.Folding parameters of snFRET the variant MC/MCR;;, inferred from fits to indi-
vidual molecules and the population of molecules

Parameter Value Error? SD*
T

Fits from Individual Molecules! ]]zfu((ss—% 39%_94 39393-_ 1412'.66 }g
Keq 0.3 0.2-0.3 1.8

SNR green 2.4 2.1-24 0.5

SNR red 1.0 1.0-1.2 0.3

AG (kcal/mol) 0.7 0.7-0.9 0.3

Fits from Cumulative Data? I];flfizllfzz_(ls )) 182'?9 163;?4__ 1112'% 255;
K, buik (s™1) 33.7  349-325 30.7
Keq,bulk 0.3 N.D. N.D.
AGpyuik(kcal /mol) 0.6 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).

2 Values determined from fits to bulk data (see SI methods).

3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).
4 Standard deviation.
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Figure S47-1. smFRET data assessment for MC/MCR;,,. (A) Plot of fitted values of
keola versus kunfolq rate constants for each molecule. Blue lines indicate the value of the camera
frame rate and red lines indicate the value of the average lifetime of the molecules. Red dot
indicates median folding and unfolding rate constants. (B) Histogram of trace lengths. Fit to
exponential distribution shown in dotted red line. (C) Histogram of AG values. Mean value is
denoted with dotted red line. (D) Scatter plot of rate constants versus trace length, koq (green)
and kunfola (red). The mean value for each rate constant is shown by larger light green (kgo1q)
and red (kunfold) circles. Running average of ten sorted values is shown in black to guide the eye
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fit to a two-Gaussian model (blue). The equilibrium constant (Keq puir) was determined from the

ratio of the fraction of molecules that are in the high FRET peak (red) versus low FRET peak

(green) (see SI Methods). (D) Distribution of the number of transitions per trace.
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Figure S47-3. Randomly selected FRET traces of MC/MCR,;,. The intensities of the
donor dye (green) and the acceptor dye (red) are shown. The black line denotes the probability
of the high FRET state determined by a hidden Markov model fit to data (Methods).
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Table S48-1.Variant and Conditions

Variant: MC/MCR;,,

MgCly (mM) 30.0
BaCly (mM) 0.0
KC1 (mM) 100.0

pH 8.0

FPS! 145

SNR Threshold? 0.50
Number of Traces 111

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).

Table S48-1.Folding parameters of snFRET the variant MC/MCR;;, inferred from fits to indi-
vidual molecules and the population of molecules

Parameter Value Error? SD*
T
Fits from Individual Molecules! ]]zfu((ss—% ;gg }3(1) : ;?? }i
Keq 0.6 0.6 - 0.7 1.6
SNR green 2.9 2.8-3.0 0.7
SNR red 1.4 1.4-1.6 0.4
AG (kcal/mol) 0.2 0.2-0.3 0.3
Fits from Cumulative Data? I];flfizllfzz_(ls )) 194'91 174'.54__ 1103'?7 191'.00
k., bu(s™1) 171 17.6-16.7 16.1
Keq,bulk 1.1 N.D. N.D.
AGpyik (kecal/mol) | -0.1 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).
2 Values determined from fits to bulk data (see SI methods).
3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).

4 Standard deviation.
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Figure S48-1. smFRET data assessment for MC/MCR;,,. (A) Plot of fitted values of
keola versus kunfolq rate constants for each molecule. Blue lines indicate the value of the camera
frame rate and red lines indicate the value of the average lifetime of the molecules. Red dot
indicates median folding and unfolding rate constants. (B) Histogram of trace lengths. Fit to
exponential distribution shown in dotted red line. (C) Histogram of AG values. Mean value is
denoted with dotted red line. (D) Scatter plot of rate constants versus trace length, koq (green)
and kunfola (red). The mean value for each rate constant is shown by larger light green (kgo1q)
and red (kunfold) circles. Running average of ten sorted values is shown in black to guide the eye
to trends in the data. (E) and (F') Rate constants versus signal-to-noise ratio (SNR) in the donor
channel and acceptor channels respectively; colors as in (D).
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Figure S48-2. smFRET data assesment of aggregate data for MC/MCR;;,. (A) and
(B) Determination of the kgo1q and kynfolqa rate constants respectively from an exponential fit
(dotted red lines) to the distribution of lifetimes of all molecules in the unfolded and folded
states (see SI Methods). (C) Histogram of FRET distribution for all molecules. Distribution is
fit to a two-Gaussian model (blue). The equilibrium constant (Keq puir) was determined from the
ratio of the fraction of molecules that are in the high FRET peak (red) versus low FRET peak
(green) (see SI Methods). (D) Distribution of the number of transitions per trace.
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of the high FRET state determined by a hidden Markov model fit to data (Methods).
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Table S49-1. Variant and Conditions

Variant: MC/MCR;,,

MgCly (mM) 40.0
BaCly (mM) 0.0
KC1 (mM) 100.0

pH 8.0

FPS! 145

SNR Threshold? 0.50
Number of Traces 182

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).

Table S49-2. Folding parameters of smFRET the variant MC/MCR;;, inferred from fits to indi-
vidual molecules and the population of molecules

Parameter Value Error? SD*
T

Fits from Individual Molecules! ]]zfu((ss—% 13(5) }3; : ;?)(7) }g
Keq 0.8 0.7-0.8 1.7

SNR green 2.7 26-29 0.8

SNR red 1.4 1.4-1.5 0.4

AG (kcal/mol) 0.1 0.1-0.2 0.3

Fits from Cumulative Data? I];flfizllfzz_(ls )) 176..50 122 : ?577 172'.57
k., bu(s™1) 174  178-171 16.6
Keq,bulk 1.2 N.D. N.D.
AGpyik (kecal/mol) | -0.1 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).
2 Values determined from fits to bulk data (see SI methods).
3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).

4 Standard deviation.



E

Fraction of Traces
o

Fitted rate constants vs donor channel SNR

10

o
o

o
N

IS

2 [

MC/MCR
Iso
:”v —1é il T T ]
] e .

, e |
10° 107 10°_ 10" 10°
k,(s7)

u
AG Values

T U | T T

-4 -2 0 2 4
AG (kcal/mol)

0 2 4 6

SNR donor channel

Figure S49-1. smFRET data assessment for MC/MCR;,,. (A) Plot of fitted values of
keola versus kunfolq rate constants for each molecule. Blue lines indicate the value of the camera
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indicates median folding and unfolding rate constants. (B) Histogram of trace lengths. Fit to
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and red (kunfold) circles. Running average of ten sorted values is shown in black to guide the eye
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Figure S49-2. smFRET data assesment of aggregate data for MC/MCR;;,. (A) and
(B) Determination of the kgo1q and kynfolqa rate constants respectively from an exponential fit
(dotted red lines) to the distribution of lifetimes of all molecules in the unfolded and folded
states (see SI Methods). (C) Histogram of FRET distribution for all molecules. Distribution is
fit to a two-Gaussian model (blue). The equilibrium constant (Keq puir) was determined from the
ratio of the fraction of molecules that are in the high FRET peak (red) versus low FRET peak
(green) (see SI Methods). (D) Distribution of the number of transitions per trace.
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Figure S49-3. Randomly selected FRET traces of MC/MCR,;,. The intensities of the
donor dye (green) and the acceptor dye (red) are shown. The black line denotes the probability
of the high FRET state determined by a hidden Markov model fit to data (Methods).
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Table S50-1.Variant and Conditions

Variant: MC/MCR;,,

MgCly (mM) 50.0
BaCly (mM) 0.0
KC1 (mM) 100.0

pH 8.0

FPS! 257

SNR Threshold? 0.50
Number of Traces 96

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).

Table S50-2. Folding parameters of smFRET the variant MC/MCR;;, inferred from fits to indi-
vidual molecules and the population of molecules

Parameter Value Error? SD*
1

Fits from Individual Molecules! ]]zfu((ss—% ;2; ;(7)(3 : ;Z; }j
Keq 0.8 0.7-0.9 1.6

SNR green 24 24-26 0.7

SNR red 1.2 1.2-1.3 0.4

AG (kcal/mol) 0.1 0.1-0.2 0.3

Fits from Cumulative Data? I];flfizllfi_(ls )) 178..69 182 : E1)845 175'.62
k’u, bulk(sfl) 19.3 19.8 - 18.8 18.3
Keq,bulk 1.6 N.D. N.D.
AGpyuik(kcal /mol) -0.3 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).
2 Values determined from fits to bulk data (see SI methods).
3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).

4 Standard deviation.
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Figure S50-1. smFRET data assessment for MC/MCR;,,. (A) Plot of fitted values of
keola versus kunfolq rate constants for each molecule. Blue lines indicate the value of the camera
frame rate and red lines indicate the value of the average lifetime of the molecules. Red dot
indicates median folding and unfolding rate constants. (B) Histogram of trace lengths. Fit to
exponential distribution shown in dotted red line. (C) Histogram of AG values. Mean value is
denoted with dotted red line. (D) Scatter plot of rate constants versus trace length, koq (green)
and kunfola (red). The mean value for each rate constant is shown by larger light green (kgo1q)
and red (kunfold) circles. Running average of ten sorted values is shown in black to guide the eye
to trends in the data. (E) and (F') Rate constants versus signal-to-noise ratio (SNR) in the donor
channel and acceptor channels respectively; colors as in (D).



Fraction of Traces

Low FRET lifetimes

— ‘_1 -
@ 0.4 kf’bulk =18.9s
o
o
-
©
c
]
©
o
(18
0 0.1 0.2
Time (s)

0.02

0.015

0.01

0.005

0‘
-0.5 0 0.5 1 1.5

Bulk FRET Distribution

FRET level

Fraction of Traces

Fraction of Traces

183

High FRET lifetimes

i _ -1
0.25 K, i = 19-3

0.2
0.15
0.1
0.05

0 0.1 0.2
Time (s)

0 50 100 150 200
# of transitions/trace

Figure S50-2. smFRET data assesment of aggregate data for MC/MCR;;,. (A) and
(B) Determination of the kgo1q and kynfolqa rate constants respectively from an exponential fit
(dotted red lines) to the distribution of lifetimes of all molecules in the unfolded and folded
states (see SI Methods). (C) Histogram of FRET distribution for all molecules. Distribution is
fit to a two-Gaussian model (blue). The equilibrium constant (Keq puir) was determined from the
ratio of the fraction of molecules that are in the high FRET peak (red) versus low FRET peak
(green) (see SI Methods). (D) Distribution of the number of transitions per trace.
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Figure S50-3. Randomly selected FRET traces of MC/MCR,;,. The intensities of the
donor dye (green) and the acceptor dye (red) are shown. The black line denotes the probability
of the high FRET state determined by a hidden Markov model fit to data (Methods).
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Table S51-1.Variant and Conditions

Variant: L5B

MgCly (mM)  10.0
BaCly (mM) 0.0
KCl (mM) 100.0

pH 8.0

FPS! 145

SNR Threshold®>  0.25
Number of Traces 121

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).

Table S51-2. Folding parameters of smFRET the variant L5B inferred from fits to individual
molecules and the population of molecules

Parameter Value Error? SD*
T
Fits from Individual Molecules! ]]zfu((ss—% :1),{192 ;,(2); : }128 ;g
Keq 03  03-03 24
SNR green 0.6 0.6 -0.6 0.2
SNR red 1.6 1.5-1.6 0.4
AG (kcal/mol) 0.8 0.6-0.8 0.5
Fits from Cumulative Data? I];flfizllfzz_(ls )) 181(1) 1116?2-_ 197..80 184..11
K, buik (s™1) 356 36.3-349 26.7
Keq,bulk 0.4 N.D. N.D.
AGpyuik(kcal /mol) 0.5 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).

2 Values determined from fits to bulk data (see SI methods).

3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).
4 Standard deviation.
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and red lines indicate the value of the average lifetime of the molecules. Red dot indicates

median folding and unfolding rate constants. (B) Histogram of trace lengths. Fit to exponential
distribution shown in dotted red line. (C) Histogram of AG values. Mean value is denoted with
dotted red line. (D) Scatter plot of rate constants versus trace length, kg1 (green) and kynfold
(red). The mean value for each rate constant is shown by larger light green (k1q) and red
(kunfold) circles. Running average of ten sorted values is shown in black to guide the eye to
trends in the data. (E) and (F) Rate constants versus signal-to-noise ratio (SNR) in the donor

channel and acceptor channels respectively; colors as in (D).
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Figure S51-2. smFRET data assesment of aggregate data for L5B. (A) and (B)
Determination of the kgo1lq and kunfolq rate constants respectively from an exponential fit (dotted
red lines) to the distribution of lifetimes of all molecules in the unfolded and folded states (see SI
Methods). (C) Histogram of FRET distribution for all molecules. Distribution is fit to a
two-Gaussian model (blue). The equilibrium constant (Kcgq puix) was determined from the ratio
of the fraction of molecules that are in the high FRET peak (red) versus low FRET peak (green)
(see SI Methods). (D) Distribution of the number of transitions per trace.
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Figure S51-3. Randomly selected FRET traces of L5B. The intensities of the donor dye
(green) and the acceptor dye (red) are shown. The black line denotes the probability of the high
FRET state determined by a hidden Markov model fit to data (Methods).
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Table S52-1.Variant and Conditions

Variant: L5B

MgCly (mM) 30.0
BaCly (mM) 0.0
KCl (mM) 100.0

pH 8.0

FPS! 145

SNR Threshold®>  0.25
Number of Traces 213

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).

Table S52-2. Folding parameters of smFRET the variant L5B inferred from fits to individual
molecules and the population of molecules

Parameter Value Error? SD*
T

Fits from Individual Molecules! ]]zfu((ss—% ;iéll ;gg : ;é? };
Keq 0.6 0.5-0.6 1.9

SNR green 0.7 0.7-0.8 0.2

SNR red 2.1 2.1-23 0.5

AG (kcal/mol) 0.3 03-04 0.4

Fits from Cumulative Data? I];flfizllfzz_(ls)) 3; ﬂi ] ﬁlg 192.'77
Ky, pulk (s71) 24.2 24.6 - 23.8 19.1
Keq,bulk 3.6 N.D. N.D.
AGpyuik(kcal /mol) -0.7 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).

2 Values determined from fits to bulk data (see SI methods).

3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).
4 Standard deviation.
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Figure S52-1. smFRET data assessment for L5B. (A) Plot of fitted values of kg4 versus
kunfola rate constants for each molecule. Blue lines indicate the value of the camera frame rate
and red lines indicate the value of the average lifetime of the molecules. Red dot indicates
median folding and unfolding rate constants. (B) Histogram of trace lengths. Fit to exponential
distribution shown in dotted red line. (C) Histogram of AG values. Mean value is denoted with
dotted red line. (D) Scatter plot of rate constants versus trace length, kg1 (green) and kynfold
(red). The mean value for each rate constant is shown by larger light green (k1q) and red
(kunfold) circles. Running average of ten sorted values is shown in black to guide the eye to
trends in the data. (E) and (F) Rate constants versus signal-to-noise ratio (SNR) in the donor
channel and acceptor channels respectively; colors as in (D).



>

0.25

o
)

0.15

Fraction of Traces

°
o ©
O1 =t

Low FRET lifetimes

T _ T _1
B kf’bulk =115s

0 0.1 02 03 04

0.015

0.01

0.005

Fraction of Traces

Time (s)

Bulk FRET Distribution

| Kegbuik =3 ]

0‘
-0.5 0 0.5 1 1.5

FRET level

Fraction of Traces

o
>

o
w

o
n

©
-

Fraction of Traces

o

-

N

o

High FRET lifetimes

T _ T _1
ku,bulk =242s

0

50

100
# of transitions/trace

150

200

Figure S52-2. smFRET data assesment of aggregate data for L5B. (A) and (B)

Determination of the kgo1lq and kunfolq rate constants respectively from an exponential fit (dotted
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red lines) to the distribution of lifetimes of all molecules in the unfolded and folded states (see SI
Methods). (C) Histogram of FRET distribution for all molecules. Distribution is fit to a

two-Gaussian model (blue). The equilibrium constant (Kcgq puix) was determined from the ratio

of the fraction of molecules that are in the high FRET peak (red) versus low FRET peak (green)
(see SI Methods). (D) Distribution of the number of transitions per trace.
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Figure S52-3. Randomly selected FRET traces of L5B. The intensities of the donor dye
(green) and the acceptor dye (red) are shown. The black line denotes the probability of the high
FRET state determined by a hidden Markov model fit to data (Methods).
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Tabls S53-1. Variant and Conditions

Variant: L5B

MgCl, (mM)  40.0
BaCly (mM) 0.0
KCl (mM) 100.0

pH 8.0

FPS! 145

SNR Threshold®>  0.25
Number of Traces 185

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).

Table S53-2. Folding parameters of smFRET the variant L5B inferred from fits to individual
molecules and the population of molecules

Parameter Value Error? SD*
T

Fits from Individual Molecules! ]]zfu((ss—% 122 }éz : ;?)(2) }S
Keq 0.7 0.6 -0.8 1.9

SNR green 0.6 0.7-0.7 0.2

SNR red 2.1 21-23 0.5

AG (kcal/mol) 0.2 0.2-0.3 0.4

Fits from Cumulative Data? I];flfizllfzz_(ls )) Eg 193;.60__ 1122'.85 1(1)(3)
k., bu(s™1) 192 19.6-18.9 159
Keq,bulk 1.1 N.D. N.D.
AGpyik (kecal/mol) | -0.1 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).

2 Values determined from fits to bulk data (see SI methods).

3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).
4 Standard deviation.
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Figure S53-1. smFRET data assessment for L5B. (A) Plot of fitted values of kg4 versus
kunfola rate constants for each molecule. Blue lines indicate the value of the camera frame rate
and red lines indicate the value of the average lifetime of the molecules. Red dot indicates
median folding and unfolding rate constants. (B) Histogram of trace lengths. Fit to exponential
distribution shown in dotted red line. (C) Histogram of AG values. Mean value is denoted with
dotted red line. (D) Scatter plot of rate constants versus trace length, kg1 (green) and kynfold
(red). The mean value for each rate constant is shown by larger light green (k1q) and red
(kunfold) circles. Running average of ten sorted values is shown in black to guide the eye to
trends in the data. (E) and (F) Rate constants versus signal-to-noise ratio (SNR) in the donor
channel and acceptor channels respectively; colors as in (D).
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Figure S53-2. smFRET data assesment of aggregate data for L5B. (A) and (B)
Determination of the kgo1lq and kunfolq rate constants respectively from an exponential fit (dotted
red lines) to the distribution of lifetimes of all molecules in the unfolded and folded states (see SI
Methods). (C) Histogram of FRET distribution for all molecules. Distribution is fit to a
two-Gaussian model (blue). The equilibrium constant (Kcgq puix) was determined from the ratio
of the fraction of molecules that are in the high FRET peak (red) versus low FRET peak (green)
(see SI Methods). (D) Distribution of the number of transitions per trace.
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Figure S53-3. Randomly selected FRET traces of L5B. The intensities of the donor dye
(green) and the acceptor dye (red) are shown. The black line denotes the probability of the high
FRET state determined by a hidden Markov model fit to data (Methods).

196



Table S54-1. Variant and Conditions

Variant:
MgCly (mM)
BaCly (mM)
KCI (mM)

pH

FPS!
SNR Threshold?

WT Transcribed
1.0

0.0

100.0

8.0

25

0.75

Number of Traces

205

! Frame per second, rate at which images were acquired.

2 Signal-to-noise value used to threshold data (see Methods).
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Table S54-2. Folding parameters of sSmFRET the variant WT Transcribed inferred from fits to
individual molecules and the population of molecules

Parameter Value Error? SD*
T
Fits from Individual Molecules! ]]zfu((ss—% (1)3 (1)2 : (l)g ;é
Keq 0.1 0.1-0.2 2.6
SNR green 3.2 3.1-34 1.1
SNR red 2.7 2.7-29 1.0
AG (kcal/mol) 1.2 1.0-1.2 0.5
Fits from Cumulative Data? I];flfizllfzz_(ls )) 70438 6(5)2 : 3632 70438
K, buik (s™1) 1.6 1.7-1.6 1.3
Keq,bulk 0.3 N.D. N.D.
AGpyuik(kcal /mol) 0.7 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).

2 Values determined from fits to bulk data (see SI methods).

3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).

4 Standard deviation.
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to exponential distribution shown in dotted red line. (C) Histogram of AG values. Mean value is

denoted with dotted red line. (D) Scatter plot of rate constants versus trace length, kg1q (green)
and kunfola (red). The mean value for each rate constant is shown by larger light green (kgo1q)
and red (kunfold) circles. Running average of ten sorted values is shown in black to guide the eye

to trends in the data. (E) and (F') Rate constants versus signal-to-noise ratio (SNR) in the donor
channel and acceptor channels respectively; colors as in (D).
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Figure S54-2. smFRET data assesment of aggregate data for WT Transcribed. (A)
and (B) Determination of the kg1q and kunfolg Tate constants respectively from an exponential fit
(dotted red lines) to the distribution of lifetimes of all molecules in the unfolded and folded
states (see SI Methods). (C) Histogram of FRET distribution for all molecules. Distribution is
fit to a two-Gaussian model (blue). The equilibrium constant (Keq puir) was determined from the
ratio of the fraction of molecules that are in the high FRET peak (red) versus low FRET peak
(green) (see SI Methods). (D) Distribution of the number of transitions per trace.
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probability of the high FRET state determined by a hidden Markov model fit to data (Methods).
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Table S55-1. Variant and Conditions

Variant: W'T Synthetic

MgCly (mM) 1.0
BaCly (mM) 0.0

KCl1 (mM) 100.0

pH 8.0

FPS! 50

SNR Threshold? 0.75
Number of Traces 189

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).

Table S55-2. Folding parameters of smFRET the variant WT Synthetic inferred from fits to
individual molecules and the population of molecules

Parameter Value Error? SD*
T
Fits from Individual Molecules! ]]zfu((ss—% gg (2)(2) : gg ig
Keq 0.1 0.1-0.1 2.7
SNR green 3.1 3.1-33 0.9
SNR red 3.1 3.0-3.2 0.9
AG (kcal/mol) 1.2 1.2-1.3 0.6
Fits from Cumulative Data? I];flfizllfzz_(ls )) 501.'37 4(5)31 ] 3030 501.'37
k., bu(s™1) 19 20-19 16
Keq,bulk 0.3 N.D. N.D.
AGpyuik(kcal /mol) 0.8 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).

2 Values determined from fits to bulk data (see SI methods).

3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).
4 Standard deviation.
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to trends in the data. (E) and (F') Rate constants versus signal-to-noise ratio (SNR) in the donor
channel and acceptor channels respectively; colors as in (D).
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Figure S55-2. smFRET data assesment of aggregate data for WT Synthetic. (A) and
(B) Determination of the kgo1q and kyngolqa rate constants respectively from an exponential fit
(dotted red lines) to the distribution of lifetimes of all molecules in the unfolded and folded
states (see SI Methods). (C) Histogram of FRET distribution for all molecules. Distribution is
fit to a two-Gaussian model (blue). The equilibrium constant (Keq puir) was determined from the
ratio of the fraction of molecules that are in the high FRET peak (red) versus low FRET peak
(green) (see SI Methods). (D) Distribution of the number of transitions per trace.
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Figure S55-3. Randomly selected FRET traces of WT Synthetic. The intensities of the

donor dye (green) and the acceptor dye (red) are shown. The black line denotes the probability

of the high FRET state determined by a hidden Markov model fit to data (Methods).



Table S56-1. Variant and Conditions

Variant:  WT P4P6 Cy3b/Atto647N

MgCly (mM) 1.0
BaCly (mM) 0.0

KCl1 (mM) 100.0

pH 8.0

FPS? 145

SNR Threshold? 0.75
Number of Traces 64

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).
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Table S56-2. Folding parameters of snFRET the variant WT P4P6 Cy3b/Atto647N inferred from

fits to individual molecules and the population of molecules

Parameter Value Error? SD*
T
Fits from Individual Molecules! ]]zfu((ss—% (2);1 (1)2 : gg ;;
Keq 02  01-03 35
SNR green 3.6 34-3.7 0.6
SNR red 2.1 2.0-2.2 0.4
AG (kcal/mol) 1.0 08-1.1 0.7
Fits from Cumulative Data? I];flfizllfzz_(ls )) 201? 182 : 3873 201.'58
k., bu(s™1) 23 25-21 20
Keq,bulk 0.2 N.D. N.D.
AGpyuik(kcal /mol) 0.8 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).
2 Values determined from fits to bulk data (see SI methods).

3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).

4 Standard deviation.
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Figure S56-1. smFRET data assessment for WT P4P6 Cy3b/Atto647N. (A) Plot of
fitted values of kg1q versus kunfolq rate constants for each molecule. Blue lines indicate the value
of the camera frame rate and red lines indicate the value of the average lifetime of the molecules.
Red dot indicates median folding and unfolding rate constants. (B) Histogram of trace lengths.
Fit to exponential distribution shown in dotted red line. (C) Histogram of AG values. Mean
value is denoted with dotted red line. (D) Scatter plot of rate constants versus trace length, keo1q
(green) and Aunfola (red). The mean value for each rate constant is shown by larger light green
(ktora) and red (kunfola) circles. Running average of ten sorted values is shown in black to guide
the eye to trends in the data. (E) and (F) Rate constants versus signal-to-noise ratio (SNR) in
the donor channel and acceptor channels respectively; colors as in (D).
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Figure S56-2. smFRET data assesment of aggregate data for WT P4P6
Cy3b/Atto647N. (A) and (B) Determination of the kg1q and kuntold rate constants
respectively from an exponential fit (dotted red lines) to the distribution of lifetimes of all
molecules in the unfolded and folded states (see SI Methods). (C) Histogram of FRET
distribution for all molecules. Distribution is fit to a two-Gaussian model (blue). The
equilibrium constant (Keq puir) was determined from the ratio of the fraction of molecules that
are in the high FRET peak (red) versus low FRET peak (green) (see SI Methods). (D)
Distribution of the number of transitions per trace.
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Figure S56-3. Randomly selected FRET traces of WT P4P6 Cy3b/Atto647N. The
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intensities of the donor dye (green) and the acceptor dye (red) are shown. The black line denotes

the probability of the high FRET state determined by a hidden Markov model fit to data
(Methods).



Table S57-1. Variant and Conditions

Variant:

MgCly (mM)
BaCly (mM)

KC1 (mM)

pH

FPS!

SNR Threshold?
Number of Traces

WT Transcribed
5.0

0.0

100.0

8.0

48

0.75

195

! Frame per second, rate at which images were acquired.

2 Signal-to-noise value used to threshold data (see Methods).
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Table S57-2. Folding parameters of sSmFRET the variant WT Transcribed inferred from fits to
individual molecules and the population of molecules

Parameter Value Error? SD*
T
Fits from Individual Molecules! ]]zfu((ss—% (5);1 3; : 8; gg
Keq 21.1 14.7-294 11.6
SNR green 4.1 3.9-43 1.3
SNR red 2.7 2.8-3.1 1.1
AG (kcal/mol) -2.3 -20--16 14
Fits from Cumulative Data? I];flfizllfzz_(ls )) 72364 6;1; ] 2469 72314
Ky, pulk (s71) 1.2 1.2-1.1 0.4
Keq,bulk 4.9 N.D. N.D.
AGpyuik(kcal /mol) -0.9 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).

2 Values determined from fits to bulk data (see SI methods).

3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).

4 Standard deviation.
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of kfolq versus kunforq rate constants for each molecule. Blue lines indicate the value of the

camera frame rate and red lines indicate the value of the average lifetime of the molecules. Red
dot indicates median folding and unfolding rate constants. (B) Histogram of trace lengths. Fit

to exponential distribution shown in dotted red line. (C) Histogram of AG values. Mean value is
denoted with dotted red line. (D) Scatter plot of rate constants versus trace length, kg1q (green)

and kunfola (red). The mean value for each rate constant is shown by larger light green (kgo1q)

and red (kunfold) circles. Running average of ten sorted values is shown in black to guide the eye
to trends in the data. (E) and (F') Rate constants versus signal-to-noise ratio (SNR) in the donor
channel and acceptor channels respectively; colors as in (D).
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Figure S57-2. smFRET data assesment of aggregate data for WT Transcribed. (A)
and (B) Determination of the kg1q and kunfolg Tate constants respectively from an exponential fit
(dotted red lines) to the distribution of lifetimes of all molecules in the unfolded and folded
states (see SI Methods). (C) Histogram of FRET distribution for all molecules. Distribution is
fit to a two-Gaussian model (blue). The equilibrium constant (Keq puir) was determined from the
ratio of the fraction of molecules that are in the high FRET peak (red) versus low FRET peak
(green) (see SI Methods). (D) Distribution of the number of transitions per trace.
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Figure S57-3. Randomly selected FRET traces of WT Transcribed. The intensities of
the donor dye (green) and the acceptor dye (red) are shown. The black line denotes the
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probability of the high FRET state determined by a hidden Markov model fit to data (Methods).
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Table S58-1. Variant and Conditions

Variant: W'T Synthetic

MgCly (mM) 5.0
BaCly (mM) 0.0

KCl1 (mM) 100.0

pH 8.0

FPS! 48

SNR Threshold? 0.75
Number of Traces 167

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).

Table S58-2. Folding parameters of smFRET the variant WT Synthetic inferred from fits to
individual molecules and the population of molecules

Parameter Value Error? SD*
T
Fits from Individual Molecules! ]]zfu((ss—% (5)2 ?)(2) : 82 22
Keq 31.3 22.7-41.3 7.1
SNR green 3.9 3.8-4.2 1.5
SNR red 3.3 33-6.2 6.2
AG (kcal/mol) -2.3 -22--18 1.1
Fits from Cumulative Data? I];flfizllfzz_(ls )) 647.'77 Sig ] 2962 637.'27
K, buik (s™1) 1.5 1.6-1.5 0.4
Keq,bulk 5.4 N.D. N.D.
AGpyuik(kcal /mol) -1.0 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).

2 Values determined from fits to bulk data (see SI methods).

3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).
4 Standard deviation.
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Figure S58-1. smFRET data assessment for WT Synthetic. (A) Plot of fitted values of
keola versus kunfolq rate constants for each molecule. Blue lines indicate the value of the camera
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denoted with dotted red line. (D) Scatter plot of rate constants versus trace length, koq (green)

and kunfola (red). The mean value for each rate constant is shown by larger light green (kgo1q)
and red (kunfold) circles. Running average of ten sorted values is shown in black to guide the eye

to trends in the data. (E) and (F') Rate constants versus signal-to-noise ratio (SNR) in the donor
channel and acceptor channels respectively; colors as in (D).
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fit to a two-Gaussian model (blue). The equilibrium constant (Keq puir) was determined from the

ratio of the fraction of molecules that are in the high FRET peak (red) versus low FRET peak

(green) (see SI Methods). (D) Distribution of the number of transitions per trace.
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Figure S58-3. Randomly selected FRET traces of WT Synthetic. The intensities of the
donor dye (green) and the acceptor dye (red) are shown. The black line denotes the probability
of the high FRET state determined by a hidden Markov model fit to data (Methods).



Table S59-1. Variant and Conditions

Variant:  WT P4P6 Cy3b/Atto674N

MgCly (mM) 5.0
BaCly (mM) 0.0

KCl1 (mM) 100.0

pH 8.0

FPS? 145

SNR Threshold? 0.75
Number of Traces 84

! Frame per second, rate at which images were acquired.
2 Signal-to-noise value used to threshold data (see Methods).
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Table S59-2. Folding parameters of snFRET the variant WT P4P6 Cy3b/Atto674N inferred from

fits to individual molecules and the population of molecules

Parameter Value Error? SD*
T
Fits from Individual Molecules! ]]zfu((ss—% gg ?)421 : 23 ig
Keq 12.7 8.9 - 18.0 5.9
SNR green 3.1 3.0-33 0.6
SNR red 2.0 1.9-21 0.4
AG (kcal/mol) -1.7 -1.7--1.3 1.0
Fits from Cumulative Data? I];flfizllfzz_(ls )) 583..67 422 ] 2733 54377
Ky, pulk (s71) 2.3 24-23 1.0
Keq,bulk 5.2 N.D. N.D.
AGpyuik(kcal /mol) -1.0 N.D. N.D.

! Mean values from fits of individual molecules (see SI methods).

2 Values determined from fits to bulk data (see SI methods).

3 Bootstrap-estimated 95% confidence intervals of the mean (see SI methods).
4 Standard deviation.
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of the camera frame rate and red lines indicate the value of the average lifetime of the molecules.

Red dot indicates median folding and unfolding rate constants. (B) Histogram of trace lengths.
Fit to exponential distribution shown in dotted red line. (C) Histogram of AG values. Mean

value is denoted with dotted red line. (D) Scatter plot of rate constants versus trace length, keo1q

(green) and Aunfola (red). The mean value for each rate constant is shown by larger light green
(ktora) and red (kunfola) circles. Running average of ten sorted values is shown in black to guide
the eye to trends in the data. (E) and (F) Rate constants versus signal-to-noise ratio (SNR) in

the donor channel and acceptor channels respectively; colors as in (D).
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Figure S59-2. smFRET data assesment of aggregate data for WT P4P6
Cy3b/Atto674N. (A) and (B) Determination of the kg1q and kunfold rate constants
respectively from an exponential fit (dotted red lines) to the distribution of lifetimes of all
molecules in the unfolded and folded states (see SI Methods). (C) Histogram of FRET
distribution for all molecules. Distribution is fit to a two-Gaussian model (blue). The
equilibrium constant (Keq puir) was determined from the ratio of the fraction of molecules that
are in the high FRET peak (red) versus low FRET peak (green) (see SI Methods). (D)
Distribution of the number of transitions per trace.
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Figure S59-3. Randomly selected FRET traces of WT P4P6 Cy3b/Atto674N. The
intensities of the donor dye (green) and the acceptor dye (red) are shown. The black line denotes
the probability of the high FRET state determined by a hidden Markov model fit to data
(Methods).
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