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Sequence (5" -> 3’)

Primer coloured regions encode peptide peptide linker Comment
GTGAAAGAACTGTGTTGTTAAACGCGTGAGGAATTTTGAAGA
Vector_fwd Vector backbone
AATGGTCGCGCCCACGCTCAGCAGTTCTTTCACTTTCAGATT
127-1_rev
ACCGTTATTGGTCTGGCGAGCCTGATCGAAGTGGAAAAGCCT " .
127-111_fwd Position Il insert
CACAATGGTGCCGCTCAGCGCCAGTTCTTTCACTTTCAGATT
127-11_rev
GTTATTACCGGTAGCCTGGCGCTGATCGAAGTGGAAAAGCCT " .
127-V_fwd Position V insert
GGTCACAATGCCCAGCGCGCTCAGTTCTTTCACTTTCAGATT
127-V_rev
ATTACCGCAGGTGTGAGCCTGCTGATCGAAGTGGAAAAGCCT . ,
127-VII_fwd Position VIl insert
TCTTCAAAATTCCTCACGCGTTTAACAACACAGTTCTTTCAC
127-VIl_rev
CTGAGCGTGGGCGCGACCATTCGTGGCAAAGTGAAATGGTTT . .
TmCsp-Il_fwd Position Il insert

TmCsp-ll_rev

GCTCGCCAGACCAATAACGGTTTCCACCACTTTCACATGCGC

GCGCTGAGCGGCACCATTGTGCGTGGCAAAGTGAAATGGTTT

TmCsp-IV_fwd Position IV insert
CGCCAGGCTACCGGTAATAACTTCCACCACTTTCACATGCGC

TmCsp-IV_rev
AGCGCGCTGGGCATTGTGACCCGTGGCAAAGTGAAATGGTTT . .

TmCsp-VI_fwd Position VI insert
CAGGCTCACACCTGCGGTAATTTCCACCACTTTCACATGCGC

TmCsp-VI_rev

EcPOTRA2-II_fwd

EcPOTRA2-1I_rev

CTGAGCGTGGGCGCGACCATTCCGACCATTGCCAGCATTACT

GCTCGCCAGACCAATAACGGTCACACCTTCCTGGAACACCAG

Position Il insert

EcPOTRA2-1V_fwd

EcPOTRA2-1V_rev

GCGCTGAGCGGCACCATTGTGCCGACCATTGCCAGCATTACT

CGCCAGGCTACCGGTAATAACCACACCTTCCTGGAACACCAG

Position IV insert

EcPOTRA2-VI_fwd

EcPOTRA2-VI_rev

AGCGCGCTGGGCATTGTGACCCCGACCATTGCCAGCATTACT

CAGGCTCACACCTGCGGTAATCACACCTTCCTGGAACACCAG

Position VI insert

inserts as well as a compatible linear vector backbone.

Table 1. Oligonucleotide primers used to amplify Gibson-compatible cold shodkipr@mCsp), ECPOTRA2 domain

and 127



The DNA and amino acid sequences for‘ttmssette” and Gibson Assembly approaches.

(127-TmCSP}I27,¢ “cassette” approach
ATGCATCACCATCACCATCACTCGAGCCTAATAGAAGTGGAAAAGCCTCTGTACGGAGTAGAGGTGTTTGTTG
GTGAAACAGCCCACTTTGAAATTGAACTTTCTGAACCTGATGTTCACGGCCAGTGGAAGCTGAAAGGACAGCC
TTTGACAGCTTCCCCTGACTCTGAAATCATTGAGGATGGAAAGAAGCATATTCTGATCCTTCATAACTCT@AGC
TGGGTATGACAGGAGAGGTTTCCTTCCAGGCTGCTAATGCCAAATCTGCAGCCAATCTGAAAGTGAAAGAACT
AGTAGAGGCTCGACGCGGCAAAGTGAAATGGTTTGATAGCAAAAAAGGCTATGGCTTTATTACCAAAGATGA
AGGCGGCGATGTGTTTGTGCATTGGAGCGCGATTGAAATGGAAGGCTTTAAAACCCTGAAAGAAGGCCAGGTG
GTGGAATTTGAAATTCAGGAAGGCAAAAAAGGCCCGCAGGCGGCGCATGTGAAAGTGGTGGARTTATCGAA
GCGCGCCTAATAGAAGTGGAAAAGCCTCTGTACGGAGTAGAGGTGTTTGTTGGTGAAACAGCCCACTTTGAA
ATTGAACTTTCTGAACCTGATGTTCACGGCCAGTGGAAGCTGAAAGGACAGCCTTTGACAGCTTCCCCTGACTC
TGAAATCATTGAGGATGGAAAGAAGCATATTCTGATCCTTCATAACTCTCAGCTGGGTATGACAGGAGAGGTT
TCCTTCCAGGCTGCTAATGCCAAATCTGCAGCCAATCTGAAAGTGAAAGAATTETGAGCTCGGCTCGACGC
GGCAAAGTGAAATGGTTTGATAGCAAAAAAGGCTATGGCTTTATTACCAAAGATGAAGGCGGCGATGTGTTTG
TGCATTGGAGCGCGATTGAAATGGAAGGCTTTAAAACCCTGAAAGAAGGCCAGGTGGTGGAATTTGAAATTCA
GGAAGGCAAAAAAGGCCCGCAGGCGGCGCATGTGAAAGTGGTGGAETTATCGAAGCACGGGCCCTAATAG
AAGTGGAAAAGCCTCTGTACGGAGTAGAGGTGTTTGTTGGTGAAACAGCCCACTTTGAAATTGAACTTTCTGA
ACCTGATGTTCACGGCCAGTGGAAGCTGAAAGGACAGCCTTTGACAGCTTCCCCTGACTCTGAAATCATGAG
GATGGAAAGAAGCATATTCTGATCCTTCATAACTCTCAGCTGGGTATGACAGGAGAGGTTTCCTTCCAGCTGC
TAATGCCAAATCTGCAGCCAATCTGAAAGTGAAAGAATTGCTCATCCGCGGACGTCGCGGCAAAGTGAAATG
GTTTGATAGCAAAAAAGGCTATGGCTTTATTACCAAAGATGAAGGCGGCGATGTGTTTGTGCATTGGAGCGCG
ATTGAAATGGAAGGCTTTAAAACCCTGAAAGAAGGCCAGGTGGTGGAATTTGAAATTCAGGAAGGCAAAAAA
GGCCCGCAGGCGGCGCATGTGAAAGTGGTGGARTGATTIGTACAAGCTCGTCTAATAGAAGTGGAAAAGCCT
CTGTACGGAGTAGAGGTGTTTGTTGGTGAAACAGCCCACTTTGAAATTGAACTTTCTGAACCTGATGTTCAGG
CCAGTGGAAGCTGAAAGGACAGCCTTTGACAGCTTCCCCTGACTCTGAAATCATTGAGGATGGAAAGAAGCAT
ATTCTGATCCTTCATAACTCTCAGCTGGGTATGACAGGAGAGGTTTCCTTCCAGGCTGCTAATGCAAATCTGC
AGCCAATCTGAAAGTGAAAGAATTGTGTTGTTAAACGCGT

CSP DNA sequence; 127 DNA sequence; linker DNA sequence; other sequence (start codon (His)e-tag; (Cys), stop codon),
restriction site

Restriction sites 5 t0:3

Xhol Spel BssHIl Sacl Apal sacll BsrGl Miul

Amino-acid sequence:

MHHHHHHSSLIEVEKPLYGVEVFVGETAHFEIELSEPDVHGQWKLKGQPLTASPDSEIIE
DGKKHILILHNSQLGMTGEVSFQAANAKSAANLKVKEL VEARRGKVKWFDSKKGYGFITK
DEGGDVFVHWSAIEMEGFKTLKEGQVVEFEIQEGKKGPQAAHVKVVH.|EARLIEVEKPL
YGVEVFVGETAHFEIELSEPDVHGQWKLKGQPLTASPDSEIEDGKKHILILHNSQLGMT
GEVSFQAANAKSAANLKVKEL L SSARRGKVKWFDSKKGYGFITKDEGGDVFVHWSAIEME
GFKTLKEGQVVEFEIQEGKKGPQAAHVKVVELIEARALIEVEKPLYGVEVFVGETAHFEI
ELSEPDVHGQWKLKGQPLTASPDSEIEDGKKHILILHNSQLGMTGEVSFQAANAKSAAN
LKVKEL LIRGRRGKVKWFDSKKGYGFITKDEGGDVFVHWSAIEMEGFKTLKEGQVVEFEI
QEGKKGPQAAHVKVVELIVQARLIEVEKPLYGVEVFVGETAHFEIELSEPDVHGQWKLKG

QPLTASPDSEIEDGKKHILILHNSQLGMTGEVSFQAANAKSAANLKVKELCC



(127-TmCSP}I27,¢ “Gibson” approach
ATGCATCACCATCACCATCACTCGAGITGATCGAAGTGGAAAAGCCTCTGTACGGAGTAGAGGTGTTTGTTGGTG
AAACAGCCCACTTTGAAATTGAACTTTCTGAACCTGATGTTCACGGCCAGTGGAAGCTGAAAGGACAGCCTTTGAC
AGCTTCCCCTGACTCTGAAATCATTGAGGATGGAAAGAAGCATATTCTGATCCTTCATAACTCTCACTGGGTATGA
CAGGAGAGGTTTCCTTCCAGGCTGCTAATGCCAAATCTGCAGCCAATCTGAAAGTGAAAGAACTETGAGCGTGGG
CGCGACCATTCGCGGCAAAGTGAAATGGTTTGATAGCAAAAAAGGCTATGGCTTTATTACCAAAGATGAAGGCGG
CGATGTGTTTGTGCATTGGAGCGCGATTGAAATGGAAGGCTTTAAAACCCTGAAAGAAGGCCAGGTGGTGGAATTT
GAAATTCAGGAAGGCAAAAAAGGCCCGCAGGCGGCGCATGTGAAAGTGGTGGAACCGTTATTGGTCTGGCGAGC
CTGATCGAAGTGGAAAAGCCTCTGTACGGAGTAGAGGTGTTTGTTGGTGAAACAGCCCACTTTGAAATTGAACTT
CTGAACCTGATGTTCACGGCCAGTGGAAGCTGAAAGGACAGCCTTTGACAGCTTCCCCTGACTCTGAAATCATIA
GGATGGAAAGAAGCATATTCTGATCCTTCATAACTCTCAGCTGGGTATGACAGGAGAGGTTTCCTTCAGGCTGCT
AATGCCAAATCTGCAGCCAATCTGAAAGTGAAAGAACTGGCGCTGAGCGGCACCATTGTGEGGCGGCAAAGTGAAA
TGGTTTGATAGCAAAAAAGGCTATGGCTTTATTACCAAAGATGAAGGCGGCGATGTGTTTGTGCATTGGAGGCGA
TTGAAATGGAAGGCTTTAAAACCCTGAAAGAAGGCCAGGTGGTGGAATTTGAAATTCAGGAAGGCAAAAAAGGCC
CGCAGGCGGCGCATGTGAAAGTGGTGGAGTTATTACCGGTAGCCTGGCETGATCGAAGTGGAAAAGCCTCTGTA
CGGAGTAGAGGTGTTTGTTGGTGAAACAGCCCACTTTGAAATTGAACTTTCTGAACCTGATGTTCACGGCCAGIG
AAGCTGAAAGGACAGCCTTTGACAGCTTCCCCTGACTCTGAAATCATTGAGGATGGAAAGAAGCATATTCTGATCC
TTCATAACTCTCAGCTGGGTATGACAGGAGAGGTTTCCTTCCAGGCTGCTAATGCCAAATCTGCAGCAATCTGAA
AGTGAAAGAACTGAGCGCGCTGGGCATTGTGACCGCGGCAAAGTGAAATGGTTTGATAGCAAAAAAGGCTATGG
CTTTATTACCAAAGATGAAGGCGGCGATGTGTTTGTGCATTGGAGCGCGATTGAAATGGAAGGCTTAAAACCCTG
AAAGAAGGCCAGGTGGTGGAATTTGAAATTCAGGAAGGCAAAAAAGGCCCGCAGGCGGCGCATGTGAAAGTGGT
GGAAATTACCGCAGGTGTGAGCCTETGATCGAAGTGGAAAAGCCTCTGTACGGAGTAGAGGTGTTTGTTGGTGAA
ACAGCCCACTTTGAAATTGAACTTTCTGAACCTGATGTTCACGGCCAGTGGAAGCTGAAAGGACAGCCTTTGACAG
CTTCCCCTGACTCTGAAATCATTGAGGATGGAAAGAAGCATATTCTGATCCTTCATAACTCTCAGCTGGGTAGACA
GGAGAGGTTTCCTTCCAGGCTGCTAATGCCAAATCTGCAGCCAATCTGAAAGTGAAAGAACTGGTTGTTAAACGC
GT

CSP DNA sequence; 127 DNA sequence; linker DNA sequence, other sequence (start codon (His)s-tag; (Cys), stop codon)

Amino-acid sequence:

MHHHHHHSSLIEVEKPLYGVEVFVGETAHFEIELSEPDVHGQWKLKGQPLTASPDSEIEDGKKHILILHNSQLGMTGEVS
FQAANAKSAANLKVKEL LSVGATIRGKVKWFDSKKGYGFITKDEGGDVFVHWSAIEMEGFKTLKEGQVVEFEIQEGKK
GPQAAHVKVVETVIGLASLIEVEKPLYGVEVFVGETAHFEIELSEPDVHGQWKLKGQPLTASPDSEIEDGKKHILILHNS
QLGMTGEVSFQAANAKSAANLKVKEL ALSGTIVRGKVKWFDSKKGYGFITKDEGGDVFVHWSAIEMEGFKTLKEGQV
VEFEIQEGKKGPQAAHVKVVEVITGSLALIEVEKPLYGVEVFVGETAHFEIELSEPDVHGQWKLKGQPLTASPDSEIIEDG
KKHILILHNSQLGMTGEVSFQAANAKSAANLKVKEL SALGIVTRGKVKWFDSKKGYGFITKDEGGDVFVHWSAIEMEG
FKTLKEGQVVEFEIQEGKKGPQAAHVKVVEITAGVSLLIEVEKPLYGVEVFVGETAHFEIELSEPDVHGQWKLKGQPLTA
SPDSEIEDGKKHILILHNSQLGMTGEVSFQAANAKSAANLKVKELCC



Single-molecule AFM experiments on (127-TmCsp)s-127)%%). Stretching (127FmCsp)-127)°* at a constant pulling speed of
600 nmg results in a sawtooth-like unfolding pattern, an example of whishasvn in Figure S1A (upper trace). Each peak in
the sawtooth pattern corresponds to the unfolding of a single domeitier TmCsp or 127. For comparison, an example force-
extension trace is also shown from a previous study in which theeghipolyprotein (1I27FmCsp}-127 had been produced using
the standard method (Figure S1A, lower trace). The inter-peak distapgedafined as the distance from one unfolding peak to
the same force value on the following curve, and the peak unfdilicg (F;) was then measured for each unfolding event and
frequency histograms constructed for bogh), &nd k. The x,, frequency histogram (Figure S1C) displays a bimodal distribution
centered at 18.4 (x0.8) nm and 23.4 (£0.9) nm for the r@igionstruct and 18.5 (x0.9) nm and 23.7 (x0.8) nmterGA
construct caresponding, in both constructs, to increases in contour length (ALc) upon unfolding of each domain of 23.5 nm and
28.0 nm, respectively. The spacing between peaks reflects the nundremotacids in the force-resistant native structure and
thus allows each unfolding event to be assigned to a particular proteimdiypmiTmCsp and 127 exhibit g, values of around
18.5 and 23.5 nm, respectively). Thgffequency distribution also displays a bimodal distribution centere?l @2§ pN and 173
(x3) pN for the original construct and 75 (x3) pN and 180 (#8)f@r the Gibson assembly construct at a pulling speed of 600
nms® (Figure S1C), reflecting the different mechanical strengths of theuiragiobulin-like 127 domain and the OB-fold of

TmCsp.

The distinct mechanical phenotypesTofiCsp and 127 can be observed in a scatter plot (Figure S1C, dark reeblknvd
symbols) that combines the data fggpand iy and shows two clear populations of events at a pulling spee@Dafir@s'. For
comparison, we also show the distribution gf,y>and Fy measured in a previous study in which the chimeric polyprotein (127
TmCsp)-127 had been produced using the standard method (Figure SiiQgligand orange symbols). Excellent agreement can
be found between foryx, and ky measured for the constructs made using each method. We followsathikeprocedure to obtain
force-extension traces at three other pulling velocities; 100, 200 (Figuré@®ia)), and 2000 nmis(Figure S2 and Table S2).

At each pulling velocity we completed three experiments to meaguia Each unfolding peak and constructed three histograms
of Fy. We found that the pulling speed dependenceyofoF TMCSP and 127 were the same for both constructs, THBZsp)-

127" and (127TmCsp)-127 (Figure S2).
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Figure S1. Mechanical unfolding of the (I27mCsp)-127°* polyprotein made using Gibson Assembly, compared
with  (127-TmCsp}-127 constructed using the classical cassette approach. (A) Example sawtootbxfension
profiles that result from the mechanical unfolding at 600 hofs(127-TmCsp)-127°* (upper trace) compared with
(127-TmCsp)-127 (lower trace). (B) Schematic showing a single (TATCsp)-127 molecule TmCsp and 127, red and
yellow, respectively) attached to a gold surface (bottom) and the tip of an ARfilewar (top). (C) (upper) The
scatter plots ofmCsp- and 127- specific unfolding forces and inter-peak distances at 600fom@27-TmCsp)-
127°* with 28 TmCsp unfolding events (dark red upward-pointing triangles) and 37 127 unfolding éyelitsv
downward-pointing triangles) and for (IZfmCsp}-127 with 37 TmCsp unfolding events (red squares) and 51 127
unfolding events (orange circles), are shown in combination with their respelisivibution histograms. (D) The
scatter plots at 200 nrhsfor (127-TmCsp)-127°* with 15 TmCsp unfolding events (dark red upward-pointing
triangles) andl19 127 unfolding events (yellow downward-pointing triangles) and for TIRGsp)-127 with 19
TmCsp unfolding events (red squares) and 21 127 unfolding events (orange circles). Eran ther median values
for each data set (large open symbols) indicate the standard deviation.
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Figure S2. Comparison of the pulling speed dependence of the 3 different polyprotein consrei¢t 7TmCsp)-
127°* polyprotein constructed using the Gibson assembly method (127 is depicted as yellow tramates and
TmCsp is depicted as dark red upward triangles), for the T¥@Tsp)-127) polyprotein made using the cassette
approach and published previodSI{i27 is depicted as yellow downward triaegland TmCsp is depicted as red
downward triangles) and the (IEGPOTRA2)-127°* polyprotein constructed using the Gibson assembly method
(127 is depicted as yellow circles aBtPOTRA?Z2 is depicted as purple squares). Each set of data points at a giver
pulling speed show the median value of the unfolding force forT@€sp andECPOTRAZ2 from three experiments
completed under the same conditions. The error bars indicate the standard deviation betweer £xperiments.
Solid and dashed lines are the best fits to the data, where the soliddmesents the fit to the k2fzs GA data, the
dotted-dashed line represents the fit to the\&4 GA data and the dashed line indicates the fit to thgd27data.
Solid lines show the best fits to the dataTmCSP andEcPOTRA2.
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Figure S3: Unfolding force histograms for experiments conducted in triplicate at psiiagds of 100, 280, and 2000
nm s' for the (127-ECPOTRA2)-127 polyprotein. The histograms show a clear separation in the distributions of the
forces resulting from the mechanical unfolding of 127 andBHROTRAZ2. Gaussian fits to histograms for each data
set are used to obtain a measure of the unfolding forces.
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Figure S4: The number of inter-residue contacts does not correlate with the distance to tmgnfansition state,
Axy and the unfolding rate,kwhen all twelve of the o + B proteins which have been studied using single molecule
force spectroscopy are included. On the left is the number of inter-residaetsgpibtted againstx, and on the
right the number of inter-residue contacts plotted agaipstLight blue circles denote proteins which possess
proximal, parallel N- and @rminal B-strands. o + B proteins which lack this structural feature are shown as dark
blue squares.
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Figure S5: Schematics showing the topology 6fa + B proteins, protein G, protein L, SUMO2, Ubiquitin,
ECPOTRA2 and SUMO1 and the number of hydrogen bonds between the N- and C-terminal(gteandashed
lines). (B) The number of hydrogen bonds between the N- and C-terminal strandteils @r¢6), protein L(6),
SUMO2 (5), Ubiquitin (5)ECPOTRAZ2 (9) and SUMOL1 (6). The number of hydrogen bonds between the N- and C-
terminal strands againaky (upper) and k (lower) are shown.



Speed # Csp #127 Median unfolding force Average Median unfolding Average

[nms'1] Events Events TmCsp [pN] (x SD) [PN] (xSD) force [PN]
127 [pN] (= SD) (xSD)
100 11 13 67 (£ 13) 143 (+ 14)
15 19 68 (£ 9) 66 (£ 5) 152 (+ 18) 149 (£ 6)
33 41 61 (+ 20) 152 (£ 20)
200 18 20 68 (+ 14) 157 ( 20)
36 46 71 (£ 12) 69 (1) 160 ( 16) 157 (x 2)
12 17 69 (+ 16) 155 (x 20)
600 48 53 82 (+ 14) 186 (+ 22)
26 34 75 (£ 16) 76 (+ 6) 181 (£ 20) 183 (£ 2)
13 21 72 (£ 20) 181 (+ 31)
2000 43 44 91 (£ 18) 199 (£ 26)
50 55 83 (x 15) 87 (£ 4) 190 (£ 20) 194 (£ 4)
29 41 87 (£ 13) 193 (% 36)

Table S2. Summary of mechanical unfolding data for (IPACsp)s-127°4
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Speed # Events Median unfolding force Average Median unfolding Average
[nms™] POTRA [pN] (£ Gaussian [pN] (£SD) force [pN]
width) 127 [pN] (£ Gaussian (xSD)
width)
100 24 90 ( 16) 139 (¢ 5)
31 95 (+ 22) 91 (£ 3) 140 (£ 10) 139 (£ 1)
39 90 (£ 19) 139 ( 27)
280 86 108 (£ 17) 155 (+ 12)
96 96 (£ 18) 103 (£ 5) 164(+ 9) 159 (+ 4)
80 104 (£ 25) 159 (£ 9)
600 72 113 (£ 23) 180 (£ 27)
64 112 (£ 22) 113 (1) 175 (£ 16) 178 (£ 2)
96 113 (£ 21) 178 (£ 31)
2000 96 133 ( 26) 181 (£ 10)
53 127 (£ 19) 130 (£ 3) 180 (£ 34) 188 (£ 10)
67 131 (+ 36) 202 (£ 12)

Table S3. Summary of mechanical unfolding data for (R&RPOTRA2)}-127
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