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FIGURE S1 Plot of ellipticity at 222 nm vs. GdnHCI concentration for the NH5G-5 variant at
25 °C. The solid line is a fit to a two-state model which assumes a linear dependence of the free

energy of unfolding, AG,, on the concentration of GdnHCI. Only the closed circles are included

in the fit.
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FIGURE S2 Plot of absorbance at 398 nm, Asog, versus time for NH5G-4 variant in 3.0 M
GdnHCI after a pH jump at 25 °C. The solid line is a fit of the data to a single exponential rise to

maximum equation. The starting pH was 6.2 and the ending pH was 3.24 £ 0.06.
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TABLE S1 Primers used for insertion mutagenesis to produce the Gly-rich variants

Variant Primer Sequence*

NH5G-2  Forward 5’-AAAGGGGGAGGGGGAGGGAAGGCCGGTTCTGCTAAG-3’
Reverse 5’-CCCTCCCCCTCCCCCTTTACCGCCACCGCCACCGTG-3’

NH5G-3  Forward  5’-AAGGGCGGCGGTGGTGGCAGGGCCGGTTCTGCTAAG-3’
Reverse 5’-GCCACCACCGCCGCCCTTCCCTCCCCCTCCCCCTTT-3’

NH5G-4  Forward 5’-AAAGGAGGAGGGGGGGGAAAGGCCGGTTCTGCTAAG-3’
Reverse 5’-TCCCCCCCCTCCTCCTTTGCCACCACCGCCGCCCTT-3’

NH5G-5  Forward  5’-AAGGGTGGTGGAGGCGGCAAGGCCGGTTCTGCTAAG-3’
Reverse 5’-GCCGCCTCCACCACCCTTTCCCCCCCCTCCTCCTTT-3’

*Underlined portions of each sequence are the sequence of the new insert. The remainder of

each primer is used to anneal to the template DNA (NH5G-1 in the case of the NH5G-2

variant, etc.). Primers were designed so that the 5° end of each forward and reverse primer was

complementary and contained the sequence of the new insert. All insertions were made so that

the new insert was placed between the previous insert and the lysine next to Ala(—1) that was

inserted in making the NH5G-1 variant. The portion of each forward primer highlighted in red

anneals to the gene at the codon for the lysine next to Ala(-1) up through the codon for Lys4.



TABLE S2. Thermodynamic parameters for equilibrium

loop formation at 20 £2 °Cin 1.5, 3.0 and 6.0 M GdnHCl

Variant Loop Size pKa.(obs)* ny*
1.5 M GdnHCI
NH5G-1 22 441 +0.01 1.024 £ 0.005
NH5G-2 28 4.60 +0.02 0.99 +0.06
NH5G-3 34 478 +£0.02 1.1+0.1
NH5G-4 40 487 +0.01 0.96 +0.06
NH5G-5 46 5.02+0.03 1.04 +£0.03
3.0 M GdnHCI1
NHS5G-1 22 4.59 +£0.02 1.04 +£0.03
NH5G-2 28 4.81+0.01 1.11+0.02
NHS5G-3 34 4.895 + 0.005 1.03 +£0.02
NH5G-4 40 5.04 +0.01 1.03 +£0.02
NHS5G-5 46 5.15+0.01 1.12+0.07
6.0 M GdnHCI
NHS5G-1 22 492 +0.02 1.15+0.06
NH5G-2 28 497 +0.01 1.06 +0.04
NHS5G-3 34 5.14+0.03 1.06 £ 0.01
NH5G-4 40 5.31+0.02 1.05+0.06
NHS5G-5 46 5.46 +0.02 1.05+0.05

*Parameters are the average and standard deviation of three

trials.
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TABLE S3 Values of ko for loop breakage in 3.0 M and 6.0 M GdnHCl at 25 °C for the Gly-

rich iso-1-cytochrome c variants

Variant  Loop Size Kobs™

3.0 M GdnHC1 6.0 M GdnHCI1

pH3.24+0.06 pH3.57+0.01 pH3.22+0.05° pH3.5+0.1

NH5G-1 22 111 +1° 122+ 2° 76.9+ 0.7 753+0.9
NH5G-2 28 103.8+0.8 113+6 75.8+0.9 742+ 1.0
NH5G-3 34 104.1+£0.9 110+ 1 76.7+0.6 74.0+ 0.9
NH5G-4 40 102+2 97.4+ 0.6 77.0+0.9 74.9+0.7
NH5G-5 46 101 +1 94 + 2 77.5+0.9 749+ 1.1

*Values are the average and standard deviation of eight trials.

TUsing Eq. 4 from the main text, we calculate that the contribution of k¢ pis to kobs 1s 1.3 to 2.8 gt
at this pH, similar to the error in k. Therefore, we have not corrected for this contribution and
use kops at pH 3.24 as &y mis at 3.0 M GdnHCL

j[Using Eq. 4 from the main text, we calculate that the contribution of kg pis to kobs is 0.5 to 1.5 g!
at this pH, similar to the error in ko,s. Therefore, we have not corrected for this contribution and
use kobs at pH 3.22 as ky mis at 6.0 M GdnHCIl.

“Data are from supporting reference (1).
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TABLE S4 Viscosity corrected loop breakage rate constants

Variant Loop size Fy™ orr T
s-]
NH5G-1 22 106.5+1.0
NH5G-2 28 105.0+1.2
NHS5G-3 34 106.2 £0.8
NH5G-4 40 106.6 +1.2
NHS5G-5 46 107.3+1.2

*l M. values were calculated using the uncorrected kqps values
in Table S3 (pH 3.22 data) at 6.0 M GdnHCI for 4, 15is(6M), and
the following equation:

kg,clvim = kb,His (6M)(776—Mj

UEYY]
where 7¢v and 73y are the viscosities of 6.0 M GdnHCl and 3.0 M

GdnHC], respectfully. These values were obtained using a 4™
order polynomial fit to the data in supporting reference (2). This
equation is based on the observed effect of viscosity on loop
formation in supporting reference (3).

"Error is propagated from the error in the uncorrected ko 11is(6M)

values.

S-7



TABLE S5 Calculated rate constants for loop formation, ¢ pis, in 3.0 M and

6.0 M GdnHCI at 25 °C for iso-1-cytochrome ¢ variants

Variant Loop size

3.0 M GdnHCI 6.0 M GdnHCI
NH5G-1 22 11.3+£0.5x 10 3.7+0.1 % 10°
NH5G-2 28 6.4+0.2 x 10° 3.25+0.06 x 10
NH5G-3 34 5.27+0.08 x 10 22+0.1 % 10°
NH5G-4 40 3.7+0.1 x 10° 1.50+0.08 x 10°
NH5G-5 46 2.9+0.1 x 10° 1.07 £ 0.06 x 10°

*Loop formation rate constants, k¢ pis, are calculated with the following

equation: kepis = Kb, tis* Kioop(HiSs) = kb pis* 10K IS The reported error is

from standard propagation of the errors in ky pis and pKioop(His).

"Data from supporting reference (1).
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Derivation of Eq 5.

Starting with the expression for k¢pis based on transition state theory and assuming that the
activation free energy of loop formation is entirely entropic, AGiloop = —TASImOp, we have:

(S1) ke = kEH,.SefAG’i""P/RT = kZHiSeASimp/R
AS}
(82) ln(kf,His) = ln(kf(,)His ) + Iéoop

In Eq. S1 and Eq. S2, &’ i is the rate constant for loop formation when AGiloop = —TASiloOp =0.

We assume that the Jacobson-Stockmayer equation, Eq. 1 in the main text can be used for Asiloop
in Eq. S2 yielding Eq. S3:

. 3 )
(S3) ln(kf,His) = 1n(kf,His )+ ln[( 27Z'Cnfz ] Vz} — U5 In(n)

Grouping terms and converting to common Log, we obtain Eq. S4

o (L3 )
(54) Log (k) = Log[kf,His [W] Vz] —v;Log(n)

Setting the first term on the right side of Eq S4 equal to Log(ktis rer) converts Eq S4 to Eq 5 in
the main text.

Derivation of Eq 6.

Starting with Eq S4 we can write expressions for the loop formation rate constants for Ala-rich
and Gly-rich sequences, k¢pis(Ala) and krpis(Gly), respectively:

3 V3, Ala
S5 Logl\k,,. (Ala))=Log| k., | —————— V. 1—v,Log(n
( ) g( f,st( )) g f,Hts(zﬂ_Cn (Ala)fz J i 3 g( )

3 V3.Gly
(S6) Loglk,,. (Gly))=Log| k¢, | ————— V. |-v,Log(n
g( f, His ( y)) g f, His 27Z'Cn (Gly)fz i 3 g( )
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When Eq S5 is subtracted from Eq S6, the vsLog(n) terms cancel and we obtain Eq S7:

With v3 iy # V3 als, there is no straightforward way to simplify Eq S7. Therefore, we make the
simplifying assumption that the scaling exponent can be approximated by the average value of
the scaling exponent for the Ala-rich and Gly-rich sequences, b3 = (V3 iy T V3.a1.)/2 at a given
GdnHCI concentration. With this simplification, we can write Eq S8:

C, (Ala)]

(S8)  Log(ky, (Gly))-Log(k, , (Ala))= vs Log(c (Gly)

Dividing through by v3 and taking the antilog of both sides of the equation, we obtain Eq. S9,
which is Eq. 6 in the main text

Log (ke 1z, (Gly))~Log (ke 1, (Ala))

(S9) Cn (Ala) -10 v;
C,(Gly)
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