




  

Figure S1: Summary of residue information relevant to the design of a CDR graft 

(a) Residue numbers according to the AHo numbering scheme (Honegger and Plückthun, 

2001b) and according to the Kabat (Kabat et al., 1991) numbering scheme. Gaps in the 

sequence alignment are to be centered on the positions highlighted in yellow to reflect the 

structural equivalence of the positions with the same residue number between antibodies with 

different CDR lengths in the AHo scheme. In the Kabat scheme, alignment gaps are 

accommodated in the positions marked in magenta. (b) CDR boundaries according to Kabat 

(Kabat et al., 1991), Chothia (Chothia and Lesk, 1987; Al-Lazikani et al., 1997) and IMGT 

(Lefranc et al., 2003) (c) Comparison of the average solvent accessible surface area in the 

complex and in the free domains yields information on the average contribution of each 

residue to interface formation (white: 0% reduction, yellow: 0-20%, yellow-orange: 20-40%, 

orange: 40-60%, red-orange: 60-80%, red: 80-100%) for the binding of hapten antigens, 

linear oligomeric antigens and structural epitopes in proteins. The same analysis was 

performed for residues involved in VL/VH contacts and contact residues between the variable 

and constant domains. (d) Average relative side chain accessibility in the isolated domain: 

The solvent accessible surface of each residue was calculated as percentage of the solvent 

accessible surface the same residue would have in the context of a poly-Ala peptide in 

extended conformation, using the program NACCESS (Hubbard and Thornton., 1993). 

Numeric values were converted to a color code: yellow, 0-10% accessible, signifies a residue 

that is fully buried, yellow-green: 10-25%, buried; green: 25-50%, green-blue: 50-75%, semi-

buried; blue: 75-100%, dark blue: >100% exposed, signifies a residue is more exposed than it 

would be in the context of an extended poly-Ala peptide. Fully buried (core) residues are 

subdivided into upper core, central core and lower core residues as described in the text. (e) 

Comparison of the sequences of the acceptor framework, the CDR donor and the graft. 

Residues that are identical in all three molecules are colored blue, residues that match the 

sequence of the acceptor framework, cyan, and residues derived from the CDR donor, 

magenta. 

 

 



Figure S2: Trp Fluorescence spectra of the three single-chain Fv constructs in different 

concentrations of GdmCl. ScFv were diluted to a final concentration of 0.3 μM in 0-5 M 

GdmCl, 0.05 M Tris-HCl, pH 7.2 and incubated overnight at 25° C. Fluorescence spectra 

were recorded with an emission wavelength of 280 nm. The spectra were fitted by a Taylor 

series to the 4th order term as described by Monsellier and Bedouelle (2005) to determine the 

emission maximum,  max. 



 

Figure S3: Plots of fluorescence intensity against guanidinium concentration. The signal-

to-noise ratio is too low to derive reliable thermodynamic parameters from a two-state fit to 

the intensity as a function of denaturant concentration at any wavelength. 



 

Figure S4: Curvature of the spectra at max 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S5: The wavelength of the fluorescence emission maximum plotted against 

guanidinium concentration for two independent experiments. The spectra were fitted by a 

Taylor series to the 4th order term as described by Monsellier and Bedouelle (2005) to 

determine the emission maximum  max. The plots of max vs. [GdmCl] were fitted by a 

two-state model (Santoro and Bolen, 1988) (Table ST3). However, as explained above, the 

low m-value precludes that the system follows a two-state system, as alternative explanations 

can be excluded. (a) and (b) show the results of two independent experiments, using different 

batches of protein. 

a 

b 



Table ST1:  
Parameters derived from the fit of the function y = m1+0.5*m2*(x-m3)2+m4*(x-m3)3+m5*(x-m3)4 to the spectra shown in Figure SX 
 4G7-wt m1 m2 m3 m4 m5 R   

   [GdmCl](M) Ymax Curvature at  λmax λmax                 
  0.0 1.32E+05 ± 196 -193.2 ± 3.0 339.9 ± 0.13 0.94 ± 0.077 0.013 ± 0.0035 0.9989   
  0.5 1.17E+05 ± 143 -173.2 ± 1.9 337.8 ± 0.12 1.21 ± 0.080 0.002 ± 0.0026 0.9993   
  1.0 1.07E+05 ± 152 -143.2 ± 2.3 339.9 ± 0.13 0.71 ± 0.062 0.006 ± 0.0027 0.9989   
  1.5 99619 ± 121 -127.4 ± 1.7 338.7 ± 0.13 0.84 ± 0.061 0.001 ± 0.0022 0.9991   
  2.0 88559 ± 97 -77.4 ± 1.8 342.6 ± 0.13 0.19 ± 0.024 0.005 ± 0.0016 0.9986   
  2.5 80169 ± 58 -75.4 ± 1.1 347.7 ± 0.08 0.07 ± 0.013 0.011 ± 0.0010 0.9995   
  3.0 87168 ± 71 -88.1 ± 1.1 350.9 ± 0.11 0.03 ± 0.029 0.014 ± 0.0013 0.9995   
  3.5 88304 ± 97 -80.7 ± 1.6 350.8 ± 0.16 0.02 ± 0.039 0.012 ± 0.0017 0.9989   
  4.0 96148 ± 107 -96.3 ± 1.5 353.1 ± 0.16 0.10 ± 0.058 0.016 ± 0.0019 0.9993   
  4.5 83327 ± 81 -79.5 ± 1.3 351.6 ± 0.14 0.10 ± 0.035 0.014 ± 0.0015 0.9993   
  5.0 86809 ± 74 -85.9 ± 1.1 351.6 ± 0.12 0.04 ± 0.032 0.015 ± 0.0013 0.9995   

  4G7-mut                                 
  0.0 1.68E+05 ± 203 -247.4 ± 2.8 338.2 ± 0.11 1.60 ± 0.109 0.002 ± 0.0037 0.9993   
  0.5 1.73E+05 ± 193 -248.3 ± 2.9 339.4 ± 0.10 1.32 ± 0.085 0.011 ± 0.0034 0.9994   
  1.0 1.50E+05 ± 193 -229.9 ± 2.7 337.0 ± 0.12 1.85 ± 0.121 -0.005 ± 0.0035 0.9993   
  1.5 1.48E+05 ± 185 -217.3 ± 2.5 337.9 ± 0.12 1.43 ± 0.103 0.002 ± 0.0033 0.9993   
  2.0 1.42E+05 ± 197 -193.3 ± 2.7 338.4 ± 0.14 1.20 ± 0.102 0.002 ± 0.0035 0.9990   
  2.5 1.38E+05 ± 153 -142.7 ± 2.9 348.1 ± 0.11 0.27 ± 0.039 0.019 ± 0.0026 0.9992   
  3.0 1.04E+05 ± 103 -105.9 ± 1.6 351.5 ± 0.13 0.13 ± 0.044 0.019 ± 0.0018 0.9994   
  3.5 1.19E+05 ± 115 -118.3 ± 1.8 351.3 ± 0.13 0.17 ± 0.049 0.020 ± 0.0021 0.9994   
  4.0 1.20E+05 ± 112 -115.1 ± 1.7 352.2 ± 0.14 0.18 ± 0.056 0.017 ± 0.0020 0.9995   
  4.5 1.20E+05 ± 125 -129.1 ± 2.0 351.6 ± 0.13 0.21 ± 0.055 0.024 ± 0.0022 0.9994   
  5.0 1.27E+05 ± 130 -132.6 ± 1.9 352.7 ± 0.14 0.19 ± 0.067 0.023 ± 0.0023 0.9995   

  4G7-graft                                 
  0.0 1.24E+05 ± 101 -182.4 ± 1.5 335.7 ± 0.08 1.43 ± 0.071 -0.005 ± 0.0018 0.9997   
  0.5 1.12E+05 ± 120 -155.7 ± 1.7 336.2 ± 0.11 1.00 ± 0.080 0.001 ± 0.0021 0.9995   
  1.0 1.25E+05 ± 123 -190.1 ± 2.1 334.8 ± 0.09 1.54 ± 0.092 -0.005 ± 0.0021 0.9997   
  1.5 1.01E+05 ± 118 -130.3 ± 1.7 335.8 ± 0.13 0.89 ± 0.082 -0.002 ± 0.0021 0.9994   
  2.0 1.02E+05 ± 103 -103.2 ± 1.8 341.8 ± 0.11 0.24 ± 0.028 0.009 ± 0.0018 0.9991   
  2.5 79772 ± 91 -76.8 ± 1.7 348.0 ± 0.12 0.07 ± 0.022 0.012 ± 0.0016 0.9988   
  3.0 75617 ± 84 -71.8 ± 1.5 348.8 ± 0.13 0.05 ± 0.022 0.014 ± 0.0015 0.9987   
  3.5 83296 ± 77 -77.6 ± 1.2 350.8 ± 0.13 0.02 ± 0.030 0.013 ± 0.0014 0.9992   
  4.0 89787 ± 78 -88.4 ± 1.1 352.8 ± 0.13 0.07 ± 0.040 0.015 ± 0.0014 0.9995   
  4.5 84965 ± 75 -84.2 ± 1.2 350.7 ± 0.12 0.11 ± 0.028 0.017 ± 0.0013 0.9994   
  5.0 88392 ± 70 -89.7 ± 1.1 351.6 ± 0.11 0.04 ± 0.031 0.017 ± 0.0013 0.9995   
                                      

 



Table ST2: Curvatures at max as a function of guanidinium concentration for the 

spectra shown in Figures S2 and S4  

4G7-wt    m1 m2   

[GdmCl](M) max Ymax Curvature at max R 

0.0 339.9 1.32E+05 ± 164 -155.4 ± 3.42 0.996 

0.5 337.8 1.17E+05 ± 168 -133.8 ± 2.55 0.997 

1.0 339.9 1.06E+05 ± 175 -118.9 ± 3.64 0.992 

1.5 338.7 9.94E+04 ± 137 -102.9 ± 2.38 0.995 

2.0 342.6 8.84E+04 ± 110 -69.0 ± 3.59 0.977 

2.5 347.7 8.01E+04 ± 65 -70.9 ± 2.37 0.990 

3.0 350.9 8.70E+04 ± 88 -78.9 ± 1.89 0.995 

3.5 350.8 8.81E+04 ± 111 -69.0 ± 2.43 0.989 

4.0 353.1 9.59E+04 ± 134 -88.6 ± 2.06 0.995 

4.5 351.6 8.32E+04 ± 119 -73.2 ± 2.29 0.991 

5.0 351.6 86647 ± 76 -78.1 ± 1.46 0.997 

                  

4G7-mut                 

0.0 338.2 1.67E+05 ± 198 -195.0 ± 3.18 0.998 

0.5 339.4 1.72E+05 ± 185 -202.9 ± 3.56 0.997 

1.0 337.0 1.49E+05 ± 251 -166.4 ± 3.41 0.996 

1.5 337.9 1.48E+05 ± 200 -171.8 ± 3.08 0.997 

2.0 338.4 1.42E+05 ± 202 -149.5 ± 3.35 0.996 

2.5 348.1 1.37E+05 ± 114 -126.5 ± 3.91 0.991 

3.0 351.5 1.04E+05 ± 100 -94.6 ± 1.95 0.996 

3.5 351.3 1.19E+05 ± 123 -109.0 ± 2.49 0.995 

4.0 352.2 1.20E+05 ± 143 -106.3 ± 2.51 0.995 

4.5 351.6 1.19E+05 ± 141 -121.1 ± 2.71 0.996 

5.0 352.7 1.27E+05 ± 162 -126.0 ± 2.64 0.996 

                  

4G7-graft                 

0.0 335.7 1.23E+05 ± 243 -131.1 ± 2.79 0.996 

0.5 336.2 1.11E+05 ± 218 -118.5 ± 2.67 0.995 

1.0 334.8 1.25E+05 ± 311 -134.4 ± 3.20 0.995 

1.5 335.8 1.01E+05 ± 191 -101.3 ± 2.23 0.996 

2.0 341.8 1.02E+05 ± 133 -95.5 ± 3.79 0.986 

2.5 348.0 7.96E+04 ± 91 -67.1 ± 3.17 0.981 

3.0 348.8 7.55E+04 ± 89 -64.1 ± 2.73 0.984 

3.5 350.8 8.32E+04 ± 102 -70.9 ± 2.23 0.991 

4.0 352.8 89592 ± 83 -80.7 ± 1.33 0.998 

4.5 350.7 84838 ± 91 -77.9 ± 2.02 0.994 

5.0 351.6 88255 ± 103 -82.2 ± 1.98 0.995 

 



Table ST3: Thermodynamic parameters derived from a two-state fit 

  G(H2O) m [D]50 R Mpred2 

a kcal/mol kcal*L/mol^2 mol/L   kcal*L/mol^2 

4G7wt 4.7 ± 0.50 2.1 ± 0.21 2.2 ± 0.29 0.991 5.6 

4G7mut 12.5 ± 0.81 5.3 ± 0.34 2.4 ± 0.47 0.997 5.9 

4G7graft 4.7 ± 0.36 2.3 ± 0.16 2.1 ± 0.20 0.996 5.9 

huV 3-huVH31 7.0 ± 0.33 2.7 ± 0.13 2.6 ± 0.20 0.999 5.9 

b                       

4G7wt 5.9 ± 0.61 2.6 ± 0.3 2.2   0.3 0.997   

4G7mut 13.5 ± 2.49 5.7 ± 1.1 2.4   1.4 0.996   

4G7graft 5.5 ± 0.60 2.5 ± 0.3 2.2   0.3 0.996   

huV 3-huVH31 6.9 ± 0.03 2.7 ± 0.0 2.6   0.0 0.999   

c                       

4G7wt 7.7 ± 3.16 3.5 ± 1.4 2.2   1.8 0.985   

4G7mut 16.4 ± 2.85 6.9 ± 1.2 2.4   1.7 0.998   

4G7graft 5.6 ± 1.14 2.7 ± 0.6 2.1   0.6 0.990   

huV 3-huVH31 6.9 ± 0.04 2.6 ± 0.0 2.6   0.0 0.999   

 

(a) Parameter derived if a two-state model is applied to the data shown in Figure 5 of the 

paper, based on  max values determined by a Gaussian fit to the spectra 

(b,c) Parameter derived from the data shown in Figure S4 (a) and (b). Two independent 

unfolding curves were measured with different batches of protein. In these experiments, max 

was determined by fitting a Taylor series to the 4th order term to the spectra as described by 

Monsellier and Bedouelle (2005) 

1
 from Honegger et al., (2008) 

2 calculated according to Myers et al., (1995). 

 



 

Table ST4: Correction factors  

  b(n) b(u) b(n)/b(u) RT* ln (b(n)/b(u)) 

        kcal/mol 

4G7-wt -155.4 -78.1 1.99 0.41 

4G7-mut -195.0 -126.0 1.55 0.26 

4G7-graft -131.1 -82.2 1.59 0.28 

 

 

 

 




