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Supplementary Methods 

Production of single point FGF2-G1A variants in E. coli BL21(DE3) cells and purification of 

mutants by one step affinity chromatography 

Overnight cultures were prepared from single colonies of E. coli BL21(DE3) 

transformed with pET28b-His-thrombin vector with subcloned fgf2 variants and grown on LB 

agar plates with kanamycin (50 μg.mL-1). Overnight cultures were grown in LB medium with 

kanamycin at 37°C. Fresh LB medium with kanamycin was inoculated from overnight cultures, 

cells were cultivated at 37°C and the expression was induced with IPTG to a final concentration 

of 0.25 mM. Cells were then cultivated overnight at 20°C. Biomass was harvested by 

centrifugation and washed by purification buffer A (20 mM di-potassium hydrogenphosphate 

and potassium dihydrogenphosphate, pH 7.5, 0,5 M NaCl, 10 mM imidazole). Cells in 

suspension were disrupted by sonication. Cell lysate was centrifuged for 1 h at 21,000 g at 4°C. 

FGF2 variants were purified from crude extracts using single step nickel affinity 

chromatography. Crude extracts were applied to a 5 mL Ni-NTA Superflow column (QIAGEN, 

USA). Column was attached to FPLC Akta (Amersham Pharmacia Biotech, USA). The buffer 

system consisted of buffer A and buffer B (20 mM di-potassium hydrogenphosphate and 

potassium dihydrogenphosphate, pH 7.5, 0,5 M NaCl, 500 mM imidazole). FGF2 proteins were 

eluted with a one-step increasing linear gradient of 0 to 100 % buffer B in 20 column volumes. 

Fractions with FGF2 were pooled and concentration of total protein was determined using 

Bradford reagent (Sigma-Aldrich, USA). Precipitation of FGF2 variants was minimized by 

dialysis against 20 mM potassium phosphate buffer containing 750 mM NaCl. The salt was 

added to avoid precipitation of the protein in solution and had no effect on determined stability 

of characterized FGF2 variants. Purified proteins were stored at 4°C for further use. 
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Preparation of crude extracts with FGF2 variants for screening of focused site-saturation 

mutagenesis libraries 

The pET28b-His-thrombin::fgf2 plasmid DNA with fgf2 gene randomized in pre-

selected positions was transformed into E. coli XJb (DE3) Autolysis cells (Zymo Research, 

USA). Cells were streaked on LB agar plates with kanamycin and incubated overnight at 37°C. 

Plates with colonies carrying negative control (empty pET28b), positive control (plasmid 

pET28b-His-thrombin::fgf2-G2) and background control (pET28b-His-thrombin::fgf2-G0) 

were prepared correspondingly.  

Single colonies were used for inoculation of individual wells in 1 mL 96 deep-well 

plates (Thermo Fisher Scientific, USA) containing 250 µL of LB medium with kanamycin. 

Colonies were transferred by colony picking robot CP7200 (Hudson Robotics, USA) or using 

sterile wooden toothpicks. Plates were incubated overnight at 37°C with shaking (200 rpm). 

After 16 h, Expression of chromosomally inserted λ lysozyme and mutant variants of FGF2 

was induced by addition of 800 µL of fresh LB medium with kanamycin, IPTG and L-arabinose 

to the final concentration of 50 µg.mL-1, 0.25 mM and 3 mM, respectively. Plates were 

incubated overnight at 20°C with shaking (180 rpm). After 22 h, the plates were centrifuged 

for 20 min (3000 g, 4°C). Supernatants were drained and whole microtiter plates with cell 

pellets were frozen at -70°C. Then, plates were incubated for 20 min at room temperature and 

100 µL of lysis buffer (20 mM sodium phosphate buffer, 150 mM NaCl, pH 7.0) was added 

into the each well. Plates were incubated for 20 min at 30°C with shaking (200 rpm). Cell 

debris was removed from resulting cell lysates and remaining crude extracts were deep frozen 

at -80°C for further use.  
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Small scale production and purification of selected FGF2-G1B mutants 

Small scale cultivation in 10 mL of LB medium with kanamycin was performed as 

described before for FGF2-G1A variants. The biomass was centrifuged at 10,000 g for 2 min 

at 4°C and the cell pellet was frozen at –70°C. The pellets were defrosted and resuspended in 

600 µL of FastBreak Cell Lysis Reagent from MagneHis Protein Purification System 

(Promega, USA) added with NaCl to the concentration of 500 mM and 1µL of DNase I (New 

England Biolabs, USA). The cells were incubated with shaking for 20 min at RT. The bacterial 

lysates were incubated with 30 µL of MagneHis Ni-Particles beads for 2 min at RT. The beads 

were separated using magnetic stand and the supernatants were carefully removed. To wash 

out unbound cell proteins, 150 µL of MagneHis Binding/Wash Buffer with 500 mM NaCl was 

added. The elution of bound proteins was performed by adding 105 µL of MagneHis Elution 

Buffer containing 500 mM NaCl. The presence of FGF2-G1B variants in eluted fractions was 

proved by SDS-PAGE. 

 

Fluorescence spectroscopy 

Local conformational changes during thermal unfolding of FGF2 variants were 

followed by monitoring fluorescence emission spectra using FluoroMax spectrofluorometer 

(Horiba, Japan). The sample in quartz cuvette with a magnetic stirrer inside was placed into a 

temperature-controlled holder, and fluorescence spectra excited at 295 nm were recorded in 1 

min intervals from 310 to 410 nm with 1 nm bandwith and 0.1 s integration time from 30 to 

90°C. The actual temperature in the cell was monitored using thermocouple controlled by 

Labview software (National Instruments, USA). The spectrum of the buffer recorded at 30°C 

was used as a blank and subsequently subtracted from the sample data. Unfolding was followed 

at the emission maximum (347 nm) of the first scan. The concentration of all the samples was 

0.1 mg.mL-1. 
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Differential scanning fluorescence (DSF).  

A slightly different experimental set-up was used for monitoring fluorescence during 

thermal unfolding. The standard grade capillary (NanoTemper, Germany) was filled with a 

sample and placed into the Prometheus NT.48 (NanoTemper, Germany). The samples were 

continually heated from 30 to 90°C at different scan rates (0.3, 0.5, 1, 2 and 4°C) and 

fluorescence signal excited at 295 nm was followed at 335 and 350 nm. The concentration 

dependence of the unfolding curve was checked by monitoring aliquots of different 

concentrations (1, 0.5, 0.25 and 0.125 mg.mL-1).  

 

Fitting of data from biophysical analyses  

The data were uploaded to an extension of CalFitter (Masaryk University, Czech 

Republic) based on MATLAB 2014b (The MathWorks, United States) that allows 

simultaneous global fit into unfolding curves. DSC data were numerically integrated to derive 

the total heat absorbed during the transition. Then the signals from the four types of 

measurement, namely CD ellipticity, DSC heat absorption, and two fluorescence 

measurements, were normalized and fitted globally (Lepock et al., 1992; Lyubarev and 

Kurganov, 1999; Milardi et al., 1994). After the initial fitting, the weighted least squares were 

calculated based on the sum of the squared residuals of each curve; thereby, the contributions 

of each type of the measurements to the sum of errors were the same at the optimal point. 

Regarding the parameters, linear coefficients were allocated separately to each data set. The 

models with the minimum number of intermediates were selected based on the quality of fit 

measured by normalized residuals and visual inspection. Although the datasets of the wild type 

and the G2 mutant were fitted reasonably well with just a two-step irreversible model, the G3 

model had to include one additional reversible pre-transitional step (Step 0) of a small 
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magnitude to fit all the data sets perfectly, mainly due to the DSC data and ratiometric data 

from DSF.    

 

Equilibrium unfolding studies  

The stock solution of denaturing buffer (20 mM phosphate buffer, 0.75M NaCl, pH 7.5 

containing approx. 10 M urea) was prepared as described by Pace and co-workers (PACE, 

1990). The unfolding samples with the urea concentrations ranging from 0 to 9 M were 

prepared volumetrically by mixing the denaturing and dialysis buffers. Stock solution of 

protein was added to each aliquot in small volume, and samples were allowed to equilibrate at 

25°C for 16-20 h. The final concentration of the protein in each aliquot was approx. 0.1 mg.mL-

1 and 0.2 mg.mL-1 for fluorescence and CD measurements, respectively. Intrinsic fluorescence 

of each sample was measured using a Synergy H4 hybrid reader (BioTek Instruments, Inc., 

USA). The signal from aromatic residues excited at 280 nm was monitored at 340 nm for 15 

minutes and averaged. Each point of the urea denaturation curve was collected as an average 

of 3 measurements. CD spectra of FGF2 variants were collected using Chirascan V100 

(Applied Photophysics Limited, UK). Each spectrum was collected at 5 replicates between 

210–260 nm with 1 nm bandwidth at 0.5 s integration time. For the denaturation curve, the 

ellipticity at 227 nm was used. 

 

Unfolding kinetics studies 

 The protein stock solution of 10 µL was added to 190 µL of buffer containing varying 

concentrations of urea, and changes in ellipticity at 227 nm were followed. The temperature of 

the cell was controlled by a water cooled bath. The data were fitted with a single-exponential 

function using the built-in software. The dead time of each measurement (~20 s) caused by the 

manual addition of the protein and mixing of the solution was taken into account during curve 
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fitting. The rate constants obtained from the fitting were plotted on a log scale as a function of 

urea concentration and fitted by linear functions. The Gibbs free energy of unfolding (ΔGu
‡) at 

zero urea concentration was calculated from the y-intercept of this function using the Eyring 

equation 2: 

 ln(k0) = ln(kB·T/h) – ∆G‡
u/(R·T) 

, where k0 is the unfolding rate constant at the zero urea concentration, kB is the 

Boltzman constant, h is the Planck constant, R is the universal gas constant and T is temperature 

in Kelvins (298.15 K). For the folding studies, samples were first incubated at high 

concentration of urea until completely unfolded. Three different urea concentrations were 

selected based on the equilibrium unfolding experiments and used to unfold each variant. 

Refolding was initiated by dilution to dialysis buffer at 1:10 ratio. Fluorescence spectra (exc. 

280 nm, em. 300-400 nm) of native, unfolded, and refolded states of each variant were collected 

using FluoroMax spectrofluorometer (Horiba Scientific, Japan). CD spectra between 210 and 

260 nm were collected as described in previous sections.  

 

Western blotting  

Cells were lysed with 2x Laemmli buffer and the samples were boiled at 98°C for 10 

min. Proteins were separated by SDS-PAGE and electrotransferred onto Immobilon-P transfer 

membrane (Merck Millipore, Germany). Membranes were then blocked in 5% milk in TBS 

buffer and incubated with primary rabbit polyclonal antibody P-44/42 MAPK (Cell Signaling 

Technologies, USA) at 4°C overnight. The primary antibodies included rabbit polyclonal anti-

pERK1/2 and rabbit polyclonal anti-ERK1/2 (both Cell Signaling Technology, USA). Next 

day, the membranes were incubated with donkey anti-rabbit antibodies conjugated with horse 

raddish peroxidase (Santa Cruz Biotechnology, USA), and the protein bands were visualized 
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using chemiluminiscence detection reagent ImmobilonTM Western (Merck Millipore, 

Germany) on photographic paper (Agfa-Gevaert, Belgium). After stripping, the membrane was 

re-probed with rabbit polyclonal antibody p44/42 MAPK (Erk1/2) (Cell Signaling Technology, 

USA) against total signaling proteins.  
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Supplementary Figures 

 

Figure S1. Proposed stabilizing positions in the structure of wild-type human FGF2. Positions 

selected by energy-based approach for site-directed mutagenesis are shown as yellow spheres, 

while the positions determined for randomization as red spheres. Positions selected by 

evolution-based approach are shown as green spheres. Note that three positions (namely C78, 

C96, and T121) that were targeted both by side-directed and saturation mutagenesis are shown 

in red. 
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a 
         10         20         30         40         50         60                 
....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
ATGGGCAGCA GCCATCATCA TCATCATCAC AGCAGCGGCC TGGTGCCGCG CGGCAGCCAT   
 
         70         80         90        100        110        120              
....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
ATGGCAGCCG GGAGCATCAC CACGCTGCCC GCCTTGCCCG AGGATGGCGG CAGCGGCGCC   
 
        130        140        150        160        170        180           
....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
TTCCCGCCCG GCCACTTCAA GGACCCCAAG CGGCTGTACT GCAAAAACGG GGGCTTCTTC   
 
        190        200        210        220        230        240           
....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
CTGCGCATCC ACCCCGACGG CCGAGTTGAC GGGGTCCGGG AGAAGAGCGA CCCTCACATC   
 
        250        260        270        280        290        300           
....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
AAGCTACAAC TTCAAGCAGA AGAGAGAGGA GTTGTGTCTA TCAAAGGAGT GTGTGCTAAC   
 
        310        320        330        340        350        360           
....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
CGTTACCTGG CTATGAAGGA AGATGGAAGA TTACTGGCTT CTAAATGTGT TACGGATGAG   
 
        370        380        390        400        410        420           
....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
TGTTTCTTTT TTGAACGATT GGAATCTAAT AACTACAATA CTTACCGGTC AAGGAAATAC   
 
        430        440        450        460        470        480           
....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
ACCAGTTGGT ATGTGGCACT GAAACGAACT GGGCAGTATA AACTTGGATC CAAAACAGGA   
 
        490        500        510        520        530           
....|....| ....|....| ....|....| ....|....| ....|....| .... 
CCTGGGCAGA AAGCTATACT TTTTCTTCCA ATGTCTGCTA AGAGCTAGCT CGAG  
 
 
b 
         10         20         30         40         50         60                 
....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
MGSSHHHHHH SSGLVPRGSH MAAGSITTLP ALPEDGGSGA FPPGHFKDPK RLYCKNGGFF   
 
         70         80         90        100        110        120              
....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
LRIHPDGRVD GVREKSDPHI KLQLQAEERG VVSIKGVCAN RYLAMKEDGR LLASKCVTDE   
 
        130        140        150        160        170                 
....|....| ....|....| ....|....| ....|....| ....|....| ....| 
CFFFERLESN NYNTYRSRKY TSWYVALKRT GQYKLGSKTG PGQKAILFLP MSAKS  
 

c 

         10         20         30         40         50         60         
....|....| ....|....| ....|....| ....|....| ....|....| ....|....| 
MAAGSITTLP ALPEDGGSGA FPPGHFKDPK RLYCKNGGFF LRIHPDGRVD GVREKSDPHI 
 
         70         80         90        100        110        120              
....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
KLQLQAEERG VVSIKGVCAN RYLAMKEDGR LLASKCVTDE CFFFERLESN NYNTYRSRKY 
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        130        140        150                    
....|....| ....|....| ....|....| ....| 
TSWYVALKRT GQYKLGSKTG PGQKAILFLP MSAKS  
 

Figure S2. (a) The nucleotide and (b) amino acid sequences of FGF2-G0 with upstream 

sequences in pET28b vector and (c) amino acid sequence of wild-type FGF2. Start codons and 

corresponding methionines are in grey, 6xHis tag is in turquoise, thrombin cleavage 

recognition site is in magenta, stop codon is in red, restriction sites of NdeI and XhoI are 

underlined, and mutated amino acid positions in the sequence of wild-type FGF2 are in green.  
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Figure S3. Example of output data from screening of biological activity of mutated FGF2 

variants in crude extracts (CE) originating from the library FGF2-C96X. Coding on X axis 

corresponds to the wells of original microtiter plate. CEs pre-incubated at 41.5°C were added 

to the rat chondrocytes grown in parallel microtiter plates to the final concentration of FGF2 

of 20 ng.mL-1 and inhibition of growth of chondrocytes was compared to the samples 

containing controls by measuring the optical density. CTRL-, negative control, CE from E. coli 

cells with empty pET28b plasmid; CTRL+, positive control, CE from E. coli cells producing 

FGF2-G1A mutant R31L; CTRL WT, background control, CE from E. coli cells producing 

FGF2-G0. Black line represents the threshold assigned corresponding to the background 

control CTRL WT. Clones G5 and H3, whose CE caused statistically more significant growth 

arrest of rat chondrocytes than background control were selected for re-screening as positive 

hits. Error bars represent deviations calculated from 2 replicated measurements. 
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Figure S4. Circular dichroism spectra of selected FGF2 variants exhibiting a broad positive 

peak centered near 227 nm and a minimum at around 204 nm, characteristic for β-rich proteins 

of β-II type. MRE, mean residual ellipticity. 
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Figure S5. Global fit of a two-step model for (a) FGF2-G0,(b) FGF2-G2, and the modelled 

fractions of the states for (c) FGF2-G0 and (d) FGF2-G2. The proposed mechanism of 

unfolding for the two variants is shown above the figures. N, I, D, and Ag stand for the native, 

intermediate, denatured, and aggregated states, respectively. The model with two steps of 

unfolding was successfully fitted into all four data sets (upper graphs): DSC (brown), CD 

(green), equilibrium fluorescence (blue), and DSF (yellow). The fitted curves are depicted in 

black. Unfolding was followed by fluorescence spectroscopy at 347 nm (emission maximum) 

and by CD spectroscopy at 227 nm.  The respective fractions of the states of unfolding are 

given in the bottom graphs: native (black), intermediate (blue), denatured (yellow), and 

aggregated (red). 
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Figure S6. (a) Global fit of a two-step model with a pre-transitional step (Step 0) for FGF2-

G3, (b) DSF signal of FGF2-G3, (c) the modelled fractions of the states, and (d) the modelled 

scan rate dependence. The proposed mechanism of unfolding for FGF2-G3 is shown above the 

figures. N, I, D, and Ag stand for the native, intermediate, denatured, and aggregated states, 

respectively. (a) The model with two steps of unfolding was successfully fitted into all four 

data sets: DSC (brown), CD (green), equilibrium fluorescence (blue), and DSF (yellow). The 

fitted curves are depicted in black. Unfolding was followed by fluorescence spectroscopy at 

347 nm (emission maximum) and by CD spectroscopy at 227 nm. (c) The respective fractions 

of the states of unfolding: native* (black), native (brown), intermediate (blue), denatured 

(yellow), and aggregated (red). (b) The ratio (red dots) of 330 nm and 350 nm clearly indicates 
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the change in the signal for the transition area of the first step obtained from the global fit (55-

70°C); however, neither of the wavelengths (yellow dots) separately indicated any significant 

change. (d) The predicted values of the fully irreversible model (brown) provided poor fit into 

the data obtained at low scan rates (black) as compared with the three-state model with a 

reversible step (pale blue). 
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Figure S7. CD (green) and fluorescence (blue) data from thermal (graphs on left) and chemical 

(graphs on right) denaturation experiments with (a) FGF2-G0, (b) FGF2-G2, and (c) FGF2-

G3. In case of thermal denaturation experiments, unfolding was followed by fluorescence 

spectroscopy at 347 nm and by CD spectroscopy at 227 nm. In case of chemical denaturation 

experiments, unfolding was followed by fluorescence spectroscopy at 340 nm and by CD 

spectroscopy at 227 nm.  
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Figure S8. Spectra of native (black line), unfolded (dashed line) and refolded (dashed-dotted 

line) forms of (a) FGF2-G0, (b) FGF2-G2 and (c) FGF2-G3. FGF2-G0, G2, and G3 were 

unfolded at 5, 7.5 and 8.25 M urea, respectively. Refolding was done by 10 times dilution with 

dialysis buffer. Native states were measured at the same concentration of urea as refolding. 

Protein concentration in all samples was 0.1 and 0.2 mg.mL-1 for fluorescence and CD 

measurements, respectively. Graphs on left: fluorescence spectra excited at 280 nm (slits: 2 nm 

(ex), 4 nm (em)). Graphs on right: CD spectra (1 nm bandwidth, 0.5 s integration time). 
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Supplementary Tables 

Table SI. Back-to-consensus mutations identified in FGF2 using 50% consensus cut-off. 

Mutations selected for experimental construction are highlighted in bold. 

Residue Position Mutation Frequency a 
ΔΔG 

(kcal.mol-1) 
FoldX 

ΔΔG 
(kcal.mol-1) 

Rosetta 

P 22 L 0.59 -b -b 

K 27 R 0.52 -b -b 

R 42 Q 0.53 2.38 3.04 

V 52 T 0.53 0.05 -0.70 

Q 63 E 0.61 0.04 1.37 

E 67 V 0.71 -0.09 -0.39 

A 79 S 0.58 0.47 1.22 

N 80 G 0.56 -1.21 -0.03 

K 86 N 0.71 1.09 1.67 

L 92 Y 0.75 0.03 -2.14 

A 93 G 0.53 1.98 2.22 

S 109 E 0.69 -0.26 0.51 

K 128 N 0.51 0.02 1.22 

R 129 K 0.58 0.02 -0.20 

K 138 R 0.53 0.10 0.62 

L 147 H 0.68 1.44 1.10 

M 151 R 0.55 0.97 1.92 

 ∆∆G, change in Gibbs free energy upon mutation; a frequency of the most conserved residue at a given position 
of the multiple sequence alignment; b unreliable prediction. 
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Table SII. The stabilizing mutations and positions for randomization selected based on the free 

energy prediction, conservation analysis and visual inspection.  

Residue Position Mutation 
Stabilizing 
mutations  

ΔΔG 
(kcal.mol-1) 

FoldX 

ΔΔG 
(kcal.mol-1) 

Rosetta 

Conservation 
scorea 

R 31 L - -2.0 - 7 

R 31 W - - -4.0 7 

E 54 X 6 - - 3 

H 59 F - -1.7 - 3 

C 78 Y - -1.0 - 3 

C 78 X 15 - - 3 

R 90 X 4 - - 4 

L 92 Y - - -2.3 7 

S 94 X 5 - - 7 

C 96 Y - - -3.0 3 

C 96 X 17 - - 3 

R 118 W - - -1.6 3 

T 121 K - -1.1 - 7 

T 121 X 4 - - 7 

V 125 L - -1.3 - 7 

S 152 X 5 - - 3 

∆∆G, predicted change in Gibbs free energy upon mutation; a ConSurf conservation score calculated from the 

multiple sequence alignment. 

 

 

 

 

 

 

 

 

 



23 
 

Table SIII. Prediction of additive effect of individual mutations in double-point mutants of 

FGF2 and in FGF2-G2.  

Mutation 1 
 

Mutation 2 
Average energy 

(kcal.mol-1) 
Expected energya 

(kcal.mol-1) ΔE (kcal.mol-1) 

R31L  C96Y -3.64 -3.74 0.10 

R31L  H59F -2.19 -1.96 -0.24 

R31L  L92Y -3.24 -3.06 -0.18 

R31L  S109E -0.61 -0.25 -0.36 

R31L  V52T -1.61 -1.62 0.00 

V52T  C96Y -3.27 -3.91 0.64 

V52T  H59F -1.51 -2.13 0.62 

V52T  L92Y -2.54 -3.23 0.69 

V52T  S109E 0.02 -0.43 0.45 

H59F  C96Y -3.97 -4.25 0.28 

H59F  L92Y -3.23 -3.57 0.35 

H59F  S109E -0.55 -0.77 0.22 

L92Y  C96Y -4.87 -5.35 0.48 

L92Y  S109E -1.69 -1.87 0.18 

C96Y  S109E -2.20 -2.55 0.34 

FGF2-G2 

 
Average energy 

(kcal.mol-1) 
Expected energy 

(kcal.mol-1) ΔE (kcal.mol-1) 
 
R31L+V52T+H59F+L92Y+C96Y+S109E -7.23 -7.74 0.51 
a Expected energy is a sum of all ΔΔG of single-point mutants (the energy expected when no antagonistic effect 
takes place). 
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Table SIV. Thermostability of FGF2-G1B mutants determined by thermal shift assay. 

Mutations selected for construction of recombined FGF2-G3 mutant are highlighted in bold. 

FGF2 variant Tm (°C)1 ΔTm (°C) FGF2 variant Tm (°C)1 ΔTm (°C) 

FGF2-G0 50.7 0.0 ± 0.3 C96R 51.2 0.5 ± 0.2 

E54D 52.8 2.1 ± 0.1 C96S 51.7 0.9 ± 0.1 

C78M 51.0 0.3 ± 0.1 C96N 52.5 1.7 ± 0.3 

R90K 48.2 -2.6 ± 0.3 C96W 50.0 -0.7 ± 0.5 

R90A 48.1 -2.6 ± 0.4 T121C 49.8 -1.0 ± 0.1 

R90V 47.3 -3.4 ± 0.2 T121F 49.0 -1.7 ± 0.3 

R90N 46.9 -3.9 ± 0.0 T121A 50.9 0.1 ± 0.1 

S94I 52.3 1.5 ± 0.3 T121P 53.6 2.9 ± 0.3 

S94T 51.3 0.6 ± 0.0 T121R 49.7 -1.1 ± 0.0 

S94M 49.7 -1.0 ± 0.1 T121H 50.0 -0.7 ± 0.1 

S94V 51.1 0.3 ± 0.5 T121Q 51.8 1.0 ± 0.3 

S94N 49.7 -1.0 ± 0.3 T121G 51.0 0.3 ± 0.1 

S94L 51.4 0.6 ± 0.1 T121Y 47.9 -2.8 ± 0.0 

S94R 48.0 -2.7 ± 0.3 S152Q 48.5 -2.2 ± 0.2 

S94C 48.4 -2.4 ± 0.7 S152R 48.9 -1.8 ± 0.1 

S94G 50.7 0.0 ± 0.4 S152N 49.7 -1.1 ± 0.2 

C96Q 52.1 1.3 ± 0.2 S152V 47.8 -2.9 ± 0.4 

n.d., not determined; Tm, melting temperature; ∆Tm, change in melting temperature upon mutation; 1The 
average from three independent experiments ± standard deviation is presented. 

 

 

 

 

 

 

 

 

 

 



25 
 

Table SV. Estimated parameters of the global fit based on the two-step model followed 

by aggregation with a pre-transitional step (Step 0) for FGF2-G3. The values are given 

with 95% confidence intervals calculated from the fitting under the assumption of 

asymptotic normality of the residuals.  

    G0   G2   G3 Units 

St
ep

 0
 

∆Hvh                 291.9 ± 8.3 kJ·mol-1 
Tm             343.5 ± 0.3 K 

∆G0(25oC)             38.6 ± 1.3 kJ·mol-1 

St
ep

 1
 

Ea1 264.5 ± 1.2   461.4 ± 5.4   462.2 ± 4.5 kJ·mol-1 
Tf1 347.6 ± 0.1  349.0 ± 0.1  354.4 ± 0.0 K 

∆G‡1(25oC) 110.9 ± 0.3  140.5 ± 0.9  146.6 ± 0.7 kJ·mol-1 

St
ep

 2
 

Ea2 101.9 ± 1.2   207.3 ± 11.9   92.8 ± 18.2 kJ·mol-1 
Tf2 393.1 ± 0.9  368.9 ± 0.4  410.2 ± 14.8 K 

∆G‡2(25oC) 97.9 ± 0.5  113.0 ± 2.5  98.6 ± 7.8 kJ·mol-1 

Ag
gr

eg
. 

EaA 35.6 ± 0.7   232.6 ± 28.7   37.8 ± 10.7 kJ·mol-1 
TfA 658.7 ± 13.0  375.5 ± 1.0  613.5 ± 133.0 K 

∆G‡A(25oC) 92.8 ± 0.7  121.2 ± 6.5  92.7 ± 9.7 kJ·mol-1 
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