
Supplementary Materials 

Figure S1: comparison of confidence intervals for average PS (25 KDa dextran) activation degree between 
reactions conducted in presence of DMAP or DABCO (4.4 mg/mL saccharide concentration, CDAP/PS 0.5 w/w 
ratio (2.2 mg/mL CDAP), pH 9, 0 °C for 15 minutes). 
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Figure S2: MS spectra of reaction products of cyclodextrin 4.4 mg/mL: a) Lutidine buffer pH 7 with CDAP/CD 
0.5 w/w (2.2 mg/mL CDAP); b) DABCO buffer pH 9 with CDAP/CD 0.2 w/w (0.88 mg/mL CDAP); c) DABCO 
buffer pH 9 with CDAP/CD 0.5 w/w (2.2 mg/mL CDAP); d) DMAP/NaOH pH 9 with CDAP/CD 0.5 w/w (2.2 
mg/mL CDAP); e) underivatized cyclodextrin. 

 
Table S1: Peak intensity ratios from MS spectra of reaction products of cyclodextrin. 

Peak Intensity ratio 
DABCO  

CDAP/CD 
0.5 w/w 

DABCO  
CDAP/CD 

0.2 w/w 

DMAP/NaOH  
CDAP/CD 

0.5 w/w 

Lutidine  
CDAP/CD 

0.5 w/w 

[CD ADH Na]+ / [CD Na]+ 0.36 0.17 0.24 0.25 
[CD ADH2 Na]+ / [CD Na]+ 0.07 - 0.04 0.04 
     
[CD IMC Na]+ / [CD Na]+ 0.06 0.03 0.06 0.03 
[CD ADH IMC Na]+ / [CD ADH Na]+ 0.60 0.30 0.46 0.40 
[CD ADH2 IMC Na]+ / [CD ADH2 Na]+ 0.94 - 0.79 0.69 
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Figure S3: comparison of confidence intervals (n=3) for average O:2 OAg activation degree between reactions 
conducted with or without 1M NaCl, with 4.4 mg/mL PS starting concentration, CDAP/PS w/w 0.5 (2.2 mg/mL 
CDAP) at pH 9 in DABCO buffer. 
 
 

 
Figure S4: comparison among HPLC-SEC profiles (dRI) of S. sonnei OAg, and S. sonnei OAg-ADH with 
activation performed at pH 7 or 9.  
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Figure S5: CRM197 MS spectra prior (a) and post (b) CDAP treatment. A reaction was performed without PS (pH 
9, DABCO 50 mM, CDAP 3.6 mg/mL, 0°C, 15 min); CRM197 was then added (3.6 mg/mL) and after 2h at RT the 
reaction was quenched with glycine 1M solution. The final solution was desalted with PD10 column in 
ammonium acetate and analyzed by MS, in comparison to CRM197 solution not treated with CDAP.  
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Figure S6: Pearson’s correlation coefficients for factors and responses in DoE runs. 
 
  



 
 

Figure S7: PS activation model. 



 
 

Figure S8: Conjugate MW model. 



 
 

 
Figure S9: Conjugate PS/protein model. 
  



 
 

Figure S10: Unreacted Polysaccharide model. 
  



 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S11: Variance component analysis for PS activation, PS/Protein ratio, conjugate MW and unreacted 
PS. Average values: Activation  = 6.85%; Conjugate PS/protein = 0.922; Conjugate MW = 208.5 KDa; 
Unreacted PS = 31.9%. 
 

  



 
 

A) ANOVA and surface plot for Log EU/mL at day 28 model 

 
B) ANOVA and plot for Log EU/mL at day 42 model 

C) ANOVA and surface plot for Log IC50 at day 42 model 

Figure S12: Impact of the conjugation factors (PS concentration, CDAP concentration, PS to protein ratio in 
conjugation) on the humoral response. 



 
 

A) ANOVA and residual normality plot for Log EU/mL at day 28 model 

 

B) ANOVA and residual normality plot for Log EU/mL at day 42 model 

 

C) ANOVA and residual normality plot for Log IC50 at day 42 

 

Figure S13: Multiple linear regression analysis for A) Impact of the conjugate O:2/CRM197 w/w and MW on 
Log EU/mL at day 28; B) Impact of the conjugate O:2/CRM197 w/w on Log EU/mL at day 42; C) Impact of 
the conjugate MW on Log SBA IC50 at day 42. 



 
 
 

 

 

 
Figure S14: DOE runs schematic representation. 
 



 
 

Table S2: DOE runs conditions. 
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   Factor 1 Factor 2 Factor 3   Calculation   Quantities in run 

  A:PS B:CDAP C:CRM197  sugar ring CDAP  CDAP/ 
sugar ring 

CDAP/ 
sugar ring 

 CDAP100 
solution 

DABCO5 
solution 

CRM20  
solution 

  mg/mL mg/mL PS/CRM197  µmol/mL µmol/mL  w/w mol ratio  µL µL µL 
D

ay
 1

 
1 Center  6.25 3.125 1.5  41.3 13.3  0.50 0.322  31.25 233 167 

2 Factorial  10 1.25 2  66.1 5.3  0.13 0.080  12.5 200 200 

3 Factorial  10 5 1  66.1 21.3  0.50 0.322  50 0 400 

4 Factorial  2.5 5 2  16.5 21.3  2.00 1.288  50 350 50 

5 Center  6.25 3.125 1.5  41.3 13.3  0.50 0.322  31.25 233 167 

6 Factorial  2.5 1.25 1  16.5 5.3  0.50 0.321  12.5 300 100 

7 Center  6.25 3.125 1.5  41.3 13.3  0.50 0.322  31.25 233 167 
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8 Center  6.25 3.125 1.5  41.3 13.3  0.50 0.322  31.25 233 167 

9 Center  6.25 3.125 1.5  41.3 13.3  0.50 0.322  31.25 233 167 

10 Factorial  2.5 5 1  16.5 21.3  2.00 1.288  50 300 100 

11 Factorial  2.5 1.25 2  16.5 5.3  0.50 0.321  12.5 350 50 

12 Center  6.25 3.125 1.5  41.3 13.3  0.50 0.322  31.25 233 167 

13 Factorial  10 5 2  66.1 21.3  0.50 0.322  50 200 200 

14 Factorial  10 1.25 1  66.1 5.3  0.13 0.080  12.5 0 400 

D
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15 Center  6.25 3.125 1.5  41.3 13.3  0.50 0.322  31.25 233 167 

16 Center  6.25 3.125 1.5  41.3 13.3  0.50 0.322  31.25 233 167 

17 Center  6.25 3.125 1.5  41.3 13.3  0.50 0.322  31.25 233 167 

18 Factorial  2.5 5 2  16.5 21.3  2.00 1.288  50 350 50 

19 Factorial  10 5 1  66.1 21.3  0.50 0.322  50 0 400 

20 Factorial  10 1.25 2  66.1 5.3  0.13 0.080  12.5 200 200 

21 Factorial  2.5 1.25 1  16.5 5.3  0.50 0.321  12.5 300 100 
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 4
 

22 Center  6.25 3.125 1.5  41.3 13.3  0.50 0.322  31.25 233 167 

23 Factorial  10 5 2  66.1 21.3  0.50 0.322  50 200 200 

24 Factorial  2.5 1.25 2  16.5 5.3  0.50 0.321  12.5 350 50 

25 Factorial  2.5 5 1  16.5 21.3  2.00 1.288  50 300 100 

26 Center  6.25 3.125 1.5  41.3 13.3  0.50 0.322  31.25 233 167 

27 Center  6.25 3.125 1.5  41.3 13.3  0.50 0.322  31.25 233 167 

28 Factorial  10 1.25 1  66.1 5.3  0.13 0.080  12.5 0 400 


