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1. Reaction schemes: 

 

 

Figure S1. The reaction in hydroxylamine-hydrochloride (NH2OH.HCl) titration. 

 

 

Figure S2. Schematic of periodate oxidation of cellulose and Schiff base reactions. 

 

2. FTIR Spectroscopy: 

We used FTIR spectroscopy to further investigate the attachment of antibacterial agents to SNCC. 

Figure S3a shows the FTIR spectra of SNCC, lysozyme, and SNCC-lysozyme. For SNCC, the 

peak at 3340 cm-1 indicates the stretching of -OH groups, and the peaks at 2900, 1430, and 1030 

cm-1 signify C-H stretching, -CH2 scissoring and CH2-O-CH2 stretching, respectively.1 The FTIR 

spectra of SNCC has two main characteristic peaks. The peaks at 1730 and 880 cm-1 are indicative 

of the carbonyl groups stretching and the hemiacetal linkage formed by the dialdehyde groups, 

respectively.2 For lysozyme, the peak at 3275 cm-1 is due to the stretching of the primary amine. 

The peak at 1650 cm−1 is due to the C O stretching mode, whereas the peak at 1543 cm−1 is due 

to the bending and the stretching mode of N–H and C–N vibrations, respectively. The peak at 1250 
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cm−1 is due to the stretching and the bending mode of C–N and N–H vibrations. The bands near 

1453 and 1400 cm−1 are ascribed to CH2 and CH3 stretching modes of the aliphatic moieties of the 

amino acid side chains.3-4 The presence of the peaks at 1650 cm−1 and 1543 cm−1 in the spectra of 

SNCC-lysozyme confirm the presence of lysozyme. For nisin, as shown in Figure S3b, the amide 

I band at 1650 cm−1 (C O stretching) increases with the presence of nisin on SNCC which 

confirms its attachment to SNCC.5 

 

 

Figure S3. FTIR spectra of (a) SNCC, lysozyme, and SNCC-lysozyme and (b) SNCC, nisin, and SNCC-nisin. The 
dashed lines at 1650 cm−1 and 1543 cm−1 show the location of C O stretching and C–N vibration, respectively. 

 

3. Antibacterial activity of nisin and lysozyme in free form 

Figure 4 shows the growth curve of E. coli K12 as a model Gram-negative bacterium exposed to 

different concentrations of free nisin (Fig. S4a) and free lysozyme (Fig. S4b). It shows that even 

at very high concentrations of nisin and lysozyme, they are not effective against Gram-negative 

bacteria.  
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Figure S4. Growth curves of E. coli exposed to different concentrations of (a) nisin and (b) lysozyme. 

 

Figure S5a shows the growth curves of B. subtilis exposed to different concentrations of nisin. The 

MIC of nisin for B. subtilis was measured to be approximately 4 ppm. Nisin was also tested against 

S. aureus ATCC 25923. The MIC of nisin for S. aureus was measured to be 32 ppm (Fig. S5b). 

Figure S5. Growth curves of (a) B. subtilis and (b) S. aureus in the presence of different concentrations of nisin. 
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Lysozyme was tested against B. subtilis with concentrations of 6.25, 12.5, 25, and 50 ppm in PBS. 

Lysozyme was also tested against S. aureus with much higher concentrations up to 2000 ppm. A 

suspension of bacteria and PBS, and a suspension of LB and PBS were used as controls to ensure 

maximum growth and no growth, respectively. The OD600 of the samples were measured overnight 

and the MIC of lysozyme was measured to be about 50 ppm (Fig. S6). 

 

Figure S6. Growth curves of (a) B. subtilis and (b) S. aureus in the presence of different concentrations of lysozyme. 
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