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Figure S1. Immunogenicity of GAC when conjugated to CRM197 through different chemistries. CD1 
mice were immunized i.p. at day 0 and 28 with 4 µg GAC/dose formulated with 2 mg/mL Alhydrogel. 
Summary graph of anti-CRM197 specific IgG geometric mean units (bars) and individual antibody 
levels (dots) is reported (CRM197 used as coating antigen). Mann-Whitney two-tailed test was 
performed to compare the response induced by the two immunization groups (p > 0.05).
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Figure S2. Characterization by SDS-PAGE analysis (3–8% Tris-acetate gel for GAS proteins 
conjugates, 7% Tris-acetate gel for CRM197 conjugate) of the conjugation mixtures in comparison to 
corresponding unconjugated proteins. Ten µg of conjugates and 2 µg of unconjugated proteins were 
loaded per well. Lane 1: marker, lane 2: SLO; lane 3: SLO conjugate; lane 4: SpyAD; lane 5: SpyAD 
conjugate; lane 6: SpyCEP; lane 7: SpyCEP conjugate; lane 8: CRM197, lane 9: CRM197 conjugate. 



Table S1. DoE approach applied to GAC oxidation: summary of conditions tested and results 
obtained. 

Std Run 
Factor 1 Factor 2 Factor 3 Response 1 Response 2 Response 3 
A:[PS] B:[NaIO4] C:pH Recovery Oxidation GlcNAc Size 
mg/mL mM  % % Da 

5 1 2.8 2.4 7.4 62 10.2 6970 
1 2 2.8 2.4 5.6 69 13.5 6970 
20 3 5.5 5.3 6.5 62 11.9 6782 
15 4 5.5 5.3 6.5 76 12.7 6766 
2 5 8.2 2.4 5.6 87 10.3 6886 
6 6 8.2 2.4 7.4 78 8.5 6927 
16 7 5.5 5.3 6.5 80 12.2 6807 
12 8 5.5 10.0 6.5 88 16.7 6625 
4 9 8.2 8.0 5.6 93 13.3 6825 
17 10 5.5 5.3 6.5 78 12.8 6784 
14 11 5.5 5.3 8.0 82 11.8 6808 
7 12 2.8 8.0 7.4 77 14.4 6764 
3 13 2.8 8.0 5.6 72 19.2 6766 
9 14 1.0 5.3 6.5 70 19.4 6447 
11 15 5.5 0.5 6.5 77 nd 7028 
8 16 8.2 8.0 7.4 80 17.8 6726 
13 17 5.5 5.3 5.0 84 17.8 6825 
18 18 5.5 5.3 6.5 76 14.9 6774 
10 19 10.0 5.3 6.5 88 15.1 6835 
19 20 5.5 5.3 6.5 88 nd 6694 

 



 

Figure S3. Identification of optimal conditions for GAC oxidation: statistical analysis of the model for 
the DoE.



Table S2. DoE approach applied to conjugation of GACox to CRM197: summary of conditions tested 
and results obtained. 

Std Run 

Factor 1 Factor 2 Factor 3 Response 2 Response 3 Response 4 

A:[GACox] B:[CRM197] C:[NaBH3CN] 
w/w Ratio 

GAC/CRM197 
Recovered 

PS 

Unconjugated 
CRM197 in 
Mixture 

mg/mL mg/mL mg/mL  % % 
20 1 25 25 25 0.26 21.1 0 
8 2 40 40 40 0.28 20.7 0 
17 3 25 25 25 0.29 23.1 0 
15 4 25 25 25 0.29 22.6 0 
13 5 25 25 10 0.42 35.4 0 
6 6 40 10 40 0.49 9.4 0 
5 7 10 10 40 0.16 12.8 0 
4 8 40 40 10 0.43 41.3 0 
3 9 10 40 10 0.12 41.2 33 
12 10 25 40 25 0.34 41.9 0 
16 11 25 25 25 0.30 22.2 0 
14 12 25 25 40 0.25 18.9 0 
9 13 10 25 25 0.15 32.9 0 
1 14 10 10 10 0.27 22.0 5 
10 15 40 25 25 0.49 25.6 3 
11 16 25 10 25 0.47 12.5 0 
2 17 40 10 10 0.65 9.2 16 
18 18 25 25 25 0.33 26.1 0 
7 19 10 40 40 0.12 30.8 11 
19 20 25 25 25 0.34 27.0 0 

 



 
Figure S4. Cont. 



 
 

Figure S4. Identification of optimal conditions for GACox conjugation to CRM197: statistical analysis 
of the models for GAC/CRM197 w/w ratio (a) and GAC yield (b). 


