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Glossary: 

Beta structure definitions –  

Beta (β) aggregates – Crystalline β domains characterised by amide I band towards the low 

frequency end of the envelope (centred at 1615cm-1) and a high frequency signal (centred at ~ 

1690cm-1) also termed intermolecular β sheet. 

Beta (β) sheet – Non-crystalline β domains characterised by amide I signal at the upper range 

of the β sheet range (centred at 1628cm-1) also termed intramolecular β sheet. 

Beta (β) structure, nature or characteristic – all terms indicative of total beta contribution to the 

amide I band envelope (sheet, turn, and aggregates). 

Beta (β) helix - 2 or 3 faced hydrogen bond stabilised helical stack of β strands ~ 1690cm-1 

Fourier self-deconvolution 

This is generally accepted as the starting point for peak fitting procedures in the process of 

peak selection but is the process most susceptible to noise. For the purpose of this study, a 

gamma factor of 4.0 was chosen to enhance the peak resolution and this required a smoothing 

factor of 60% to reduce the noise generated to acceptable levels. Subsequent peak fitting was 

carried out at high sensitivity with an initial peak width of 30 cm-1 FWHH. A single 

convergence measurement was carried out to produce a fitted spectrum with minimal changes 

to the other parameters (position, width and shape) and statistically analysed. This was 

compared with the results of multiple repeats of the convergence process until equilibrium was 

reached. Although the agreement of the experimental and fitted spectral envelopes was 

excellent it was clear that the process was preferentially fitting the residual noise and 

consequently the reproducibility in terms of conformational output was very poor (figures 1a, 

b, e, f). In addition, the peak widths particularly at equilibrium did not represent those, which 

could be reasonably expected according to the theory or literature sources. It was clear that the 

poor replication was at least in part due to the poorly controlled peak widths so a second set of 
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measurement were made with the widths more reasonably limited to between 10 and 30 cm-1 

(figures 1 c, d, e, f). The statistical outcome from this modified process was improved, 

particularly at equilibrium, but the reproducibility between replicates was still poor in terms of 

the pooled standard deviation for all the conformers. It was clear that there was an issue of peak 

pinning due to the residual noise even after a smoothing factor of 60% had been applied, and 

it was for this reason that we proceeded to search for solutions to the reproducibility problem 

without the use of Fourier self-deconvolution and automatic peak fitting. 

 

 

Figure S1. Conformational analysis using Fourier self-deconvolution with and without peak 

width limitation. No limits on peak width, first pass a), equilibrium b), peak widths limited 

from 10 cm-1 to 30 cm-1, first pass c), equilibrium d), effect of parameters on goodness of fit 

(reduced chi squared) e), and  pooled standard deviation f). 

 β content 

(%) 

Non-β 

content (%) 

Methods and 

[references] 

β-content 

(%) 

Non-β 

content (%) 

 BSA 20-472* 53-802* FTIR/ CD [1-3] 40* 60* 



α lactalbumin 38-44 

18-602* 

56-62 

40-822* 

CD/Thioflavin 

stain/ FTIR [4,5] 

45* 55* 

γ globulin 55-75 25-45 FTIR/DSC [6-8] 57* 43* 

Table S1. Comparison of quantitative data found in this study and by others using a range of 

quantitation methods. Published conformational compositions of reference proteins used in 

this study determined by others. * This contribution. 2* BSA and α lactalbumin dependent on 

treatment (native/ molten globule / fibrillar, low to high β content) 

 

Figure S2. Full infrared spectrum of cast silk film with superimposed glass substrate 

spectrum showing absence of interfering absorbance over the region of analysis               

(1730 – 1470 cm-1). 

 



Figure S3. Comparison of conformational change pre and post annealing on baseline 

position. 

 

Figure S4. Full peak fitting of the amide I and II bands showing peaks omitted from the 

figure in the paper (shown in black). 

 

Figure S5. Spectral changes observed during water/methanol vapour annealing of 

regenerated silk films. 



 

Calculation of amide I carbonyl band energy change. 

Wavenumber is frequency in cm-1 

Convert wavenumber to frequency in Hz using: 

𝑓 =
𝐶

𝜆
 

Convert frequency to energy in joule using 

𝐸 = ℎ𝑓 

This is the energy of a single photon of a given frequency 

So energy change per photon 

∆𝐸 = ℎ∆𝑓 = h(fref-f1)   in joule per photon 

f1 = frequency of fitted amide I carbonyl peak 

fref = frequency of reference peak 

If we take the non hydrogen bonded condition as the reference frequency (solutions in DMSO 

amide I ~ 1662cm-1 = fref) we can compare the relative hydrogen bond strength of the other 

conformers and correlate it with physical properties. 

The overall energy change per photon is the sum of the individual energy changes multipiled 

by their relative intensity. Multiplying by the Avogadro constant gives the energy change per 

mole of carbonyl and further multiplying by the number of amino acids residues in the 

sequence gives it as change per mole of protein. 

 

 



Figure S6. Conformational and energy change during the first 50 minutes of annealing. 

 

Figure S7. Exponential fitting of the growth curves for energy change and Thioflavin T 

emission during the annealing of silk fibroin over the first 200 minutes. Insert covers the 

process over 24 hours. 
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