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A. Primers used for cloning and mutagenesis 

Table S1. Oligonucleotide Primers for Preparation of pRbs_BTR1fusea 

Primer Primer Sequence 5′ to 3′ 

ER1elm d(GAAACAGCTATGACCATGATTACGACCTCGAGCTCGGTAC) 

ER1elm-r d(GTACCGAGCTCGAGGTCGTAATCATGGTCATAGCTGTTTC) 

NgoM4add d(GCTGAATTCAAGGCCGGCTCTGCTAAGAAAGGTGC) 

NgoM4add-r d(GCACCTTTCTTAGCAGAGCCGGCCTTGAATTCAGC) 

ER3elm d(CTTAGGAGGGTATCGATACTATGAACTCACAAAAAATGGGTTG) 

ER3elm-r d(CAACCCATTTTTTGTGAGTTCATAGTATCGATACCCTCCTAAG) 

NgoM4elm d(GCCACGTTCGCCTGCTTTCCCCGTC) 

NgoM4elm-r d(GACGGGGAAAGCAGGCGAAGCTGGC) 

a
Restriction sites are underlined; mutated bases are bolded. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table S2. Oligonucleotide Primers for Preparation of the UBA(2) iso-1-

Cytc Fusion Proteina 

Primer Primer Sequence 5′ to 3′ 

UBA(2)ER1_for d(ATATGAATTCCAGGAGAAAGAAGCTATA) 

UBA(2)NgoM4_rev d(TTAAGCCGGCCTTATCAGCGAAGTTCTGACT) 

UBA(2)fix d(CTCCTGAGTCAGAACTTTGATGACGAGAAGGCCGGCTCTGC) 

UBA(2)fix-r d(GCAGAGCCGGCCTTCTCGTCATCAAAGTTCTGACTCAGGAG) 

a
Restriction sites are underlined; mutated bases are bolded. 
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Table S3. Oligonucleotide Primers for Preparation of UBA(2) iso-1-Cytc Variantsa 

Primer Primer Sequence 5′ to 3′ 

C26A d(TCATCCAGGCCTATTTCGCGGCTGAAAAAAATGAGAACTTGG) 

C26A-r d(CCAAGTTCTCATTTTTTTCAGCCGCGAAATAGGCCTGGATGA) 

A11H d(GCTATAGAGAGGTTGAAGCACCTGGGCTTCCCAGAGAGC) 

A11H-r d(GCTCTCTGGGAAGCCCAGGTGCTTCAACCTCTCTATAGC) 

S17H d(GCCCTGGGCTTCCCAGAGCACCTGGTCATCCAGGCCTATTTC) 

S17H-r d(GAAATAGGCCTGGATGACCAGGTGCTCTGGGAAGCCCAGGGC) 

E27H d(CAGGCCTATTTCGCGGCACATAAAAATGAGAACTTGGC) 

E27H-r d(GCCAAGTTCTCATTTTTATGTGCCGCGAAATAGGCCTG) 

N31H d(GCGGCAGAAAAAAATGAGCACTTGGCTGCCAACTTCCTC) 

N31H-r d(GAGGAAGTTGGCAGCCAAGTGCTCATTTTTTTCTGCCGC) 

S39H d(GCTGCCAACTTCCTCCTGCATCAGAACTTTGATGACGAG) 

S39H-r d(CTCGTCATCAAAGTTCTGATGCAGGAGGAAGTTGGCAGC) 

D44H d(CTGAGTCAGAACTTTGATCACGAGAAGGCCGGCTCTGC) 

D44H-r-r d(GCAGAGCCGGCCTTCTCGTGATCAAAGTTCTGACTCAG) 

aMutation sites are bolded and underlined. 
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B. Map of pRbs_BTR1 plasmid 

 

 

 

 

 

 

 

Figure S1. Map of the pRbs_BTR1 plasmid. The locations are shown for the iso-1-cytochrome c 

gene, CYC1, and of the heme lyase gene, CYC3. The EcoR1 restriction sites at positions 229 and 

738, and the NgoMIV restriction site at position 2474, which are eliminated and the NgoMIV, 

which is introduced at position 281, to produce the pRbs_BTR1fuse plasmid, also are shown. 

The EcoR1(272) and NgoMIV(281) restriction site allows insertion of the genes for protein 

domains between the codons of Phe(-3) and Ala(-1) of CYC1. 
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C. Characterization of UBA(2) – iso-1-Cytc fusion proteins 

 

 

 

 

 

 

 

 

 

 

 

  

Table S4. MALDI-TOF Mass Spectral Data for 

UBA(2)  iso-1-Cytc Variants 

Variant m/z observed m/z expecteda 

pWT 17,633.55 17,636.71 

D44H 17655.66 17,658.77 

S39H 17,690.52 17,686.78 

N31H 17661.10 17,659.75 

E27H 17,649.83 17,644.74 

S17H 17,687.63 17,686.78 

A11H 17,701.64 17,702.78 

a
Expected m/z obtained using ExPASy PeptideMass tool 

(http://web.expasy.org/peptide_mass/ ) using average mass, no 

cutting and [M+H]+ options. 

http://web.expasy.org/peptide_mass/
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D. Kinetics and thermodynamics of His-heme loop formation with UBA(2) – 

iso-1-Cytc fusion proteins 

  

 

 

 

 

 

 

 

 

 

Figure S2. Representative plot of A398 versus time (plotted logarithmically) for histidine-heme 

loop breakage in the denatured state at 6 M GuHCl for the E27H variant of UBA(2) – iso-1-Cytc. 

Data shown are for a pH jump from pH 6.8 to pH 3.41. The solid curve is a fit of the data to a 

single exponential equation. Rate constants are reported in Table S5.   
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Table S5. Loop Breakage Rate Constants for UBA(2) – iso-1-Cytc Variants in 6 M and 

4 M GuHCl 

  6 M GuHCl 4 M GuHCl 

Variant Loop size 
kb (s

-1) 

pH 3.41±0.07  

kb (s
-1) 

pH 3.54±0.18 

𝑘b,corr
4M  (s-1) 

pH 3.59±0.10  

𝑘b,corr
4M  (s-1) 

pH 4.11±0.16  

pWT - 117 ± 3 120 ± 6 88 ± 2 97 ± 4 

D44H 18 65 ± 3 66 ± 2 57 ± 1 79 ± 4 

S39H 23 83 ± 2 82 ± 1 60 ± 2 77 ± 3 

N31H 31 130 ± 7 126 ± 7 78 ± 2 86 ± 2 

E27H 35 45.7 ± 0.5 45.5 ± 0.5 28.9 ± 0.2 35 ± 1 

S17H 45 112 ± 4 106 ± 3 69 ± 2 77 ± 2 

A11H 51 154 ± 4 154 ± 4 102 ± 2 112 ± 5 

aLoop breakage rate constants are the average and standard deviation of at least nine trials. 

The 6 M GuHCl data are the measured rate constant. The 4 M data have been corrected for 

the viscosity difference between 4 and 6 M GuHCl using eq S4: 

    (S4)            M6M4

4M

b

4M

corrb,  kk ,  

where 4M and 6M  are the viscosity of 4 and 6 M GuHCl.1 
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Table S6. Equilibrium m-Values and Kinetic Loop Breakage and Loop Formation m-

Values for UBA(2) – Cytc Variantsa 

Variant 
𝑚f

‡ 

(kcal mol-1 M-1 ) 

𝑚b
‡  

(kcal mol-1M-1) 

𝑚f
‡ +  𝑚b

‡
 

(kcal mol-1M-1) 

meq  

(kcal mol-1M-1) 

D44H 0.29 ± 0.06 0.04 ± 0.01 0.33 ± 0.06 0.33 ± 0.08 

S39H 0.13 ± 0.04 0.096 ± 0.009 0.23 ± 0.04 0.23 ± 0.05 

N31H -0.09 ± 0.03 0.15 ± 0.01 0.06 ± 0.04 0.07 ± 0.12 

E27H 0.03 ± 0.05 0.134 ± 0.003 0.17 ± 0.05 0.17 ± 0.07 

S17H 0.03 ± 0.05 0.14 ± 0.01 0.17 ± 0.05 0.17 ± 0.06 

A11H 0.17 ± 0.06 0.121 ± 0.008 0.29 ±0.06 0.29 ± 0.08 

aParameters calculated using viscosity corrected kb and kf values for 4 M GuHCl data, 𝑘b,corr
4M  and 𝑘f,corr

4M . The errors 

reported are from standard propagation of the errors in kf, kb, and pKloop(His). The meq,  𝑚f
‡
, and 𝑚b

‡
 values were 

calculated using eqs S1 – S3 below: 

S(1)  𝑚b
‡ =

RT

2
𝑙𝑛 (

𝑘b
6M

𝑘b,corr
4M ) ,                     

  S(2) 𝑚f
‡  = −

RT

2
𝑙𝑛 (

𝑘f
6M

𝑘f,corr
4M ) 

(S3) 𝑚eq =
𝑙𝑛(10)RT

2
(p𝐾loop(His)6M − p𝐾loop(His)4M) 
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Figure S3. Plot of loop stability, Log(kf), vs. loop size (plotted logarithmically) in the denatured 

state of the three helix bundle UBA(2) domain fused to the N-terminus of iso-1-Cytc for all 

histidine variants in 6 M GuHCl. kf was calculated assuming loop formation is two-state: kf = 

kbKloop(His). kb at pH 3.41 from Table S5 was used for kb and Kloop(His) was calculated from the 

pKloop(His) data in Table 2 of the main text. Data from homopolymeric inserts of alanine 

(KAAAAA)n
2 and glutamine (KQQQQQ)n

3  (n = 1 – 5) inserted between Phe(-3) and Lys(-2) of 

iso-1-Cytc as for the UBA(2) domain (see Figure 1, main text) acquired at 6 M GuHCl are 

included for comparison. 
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