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Supporting Information 

S1. Determination of onset temperature for protein denaturation from FTIR (and DSC) 
measurements  

The onset temperature was determined by taking the first derivative of the fractional denaturation and 
finding zero derivative at temperatures higher than 37°C. Examples on the cells are shown in Figure S1.  

 

Figure S1. Determination of the onset temperature of protein denaturation for the four different cell lines 
investigated in this study. 
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S2. Sensitivity analysis of the fitting      

 

Figure S2.  Analysis of the sensitivity and characteristics for the fitting. (A) shows the distribution of R2 
for Ea-ln space for Miles et al. 0.1⁰C/min. There exists a high R2 region and a linear line can be plotted 
along the highest R2 (R2

max line). The R2
max line is close to Equation 4. The white circle corresponds to the 

best fit. (B) Distribution of the R2max along the R2max line. Inset shows the distribution of R2
max close to the 

optimal R2
max value. The distributions of R2 are also plotted with (C) the constant optimal ln and (D) the 

constant optimal Ea value.  

 

 

  



 

S3. Confidence ellipse 

 

Figure S3. Confidence ellipses for protein denaturation. Note that the ellipse has a high aspect ratio 

making it appear almost as a line.[1] 
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Confidence ellipses for protein denaturation. Note that the ellipse has a high aspect ratio 

 The inset of (A) shows a closer look at the ellipse.  

 

Confidence ellipses for protein denaturation. Note that the ellipse has a high aspect ratio 
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S4. Egg white denaturation  

As shown in Figure S3, the denaturation of egg white (60-65% ovalbumin among other proteins[2]) 

displays two distance peaks (peak at 65.7⁰C and 77.5⁰C respectively). 

 

Figure S4. Thermal denaturation kinetics of egg white.  
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S5. Protein Denaturation at High Temperatures 

For protein denaturation at high temperatures (>90°C), we note that there are some deviations from the 

classical Arrhenius model. Specifically, calculation of ln{A} from Equation (4) gives negative values, 

which disagrees with the MD simulation (ln{A}= 26 to 36) and is outside the tolerance range proposed in 

this study (i.e. C = -14.9 to -16.4, Table 5).  This is an area of active research and may have something to 

do with water phase change (i.e. boiling) in addition to the protein behavior. 

Table S1. Arrhenius kinetic parameters from molecular dynamic simulations of high temperature protein 

denaturation (100 ~ 400°C). C is the parameter from Equation (8). 

Protein Ea (kJ mol-1) ln{A}  C Ref. 

EGF (TS1) 36.8 30.1 -16.1 [3] 

EGF (TS2) 28.5 26.7 -15.8 [3] 

EnHD 43.6 33.0 -16.4 [4] 

α3D 33.1 27.9 -15.3 [4] 

Cl2 56.7 36.5 -14.9 [4] 
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