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Supporting Information 

Materials and Methods 

Commercial chitosan (batch 244/020208; DA = 0%; Mw = 270 kg/mol; Mn = 115 kg/mol; Ð = 2.3) 

was furnished by Mahtani Chitosan Ldt (Veraval, India). Sodium nitrite (NaNO2, 99%), deuterium 

oxide (D2O, 99.96% atom D), sodium chlorite (NaClO2, 80%) were provided by Sigma-Aldrich (Saint-

Quentin Fallavier, France). 

NMR spectroscopy: 1H and 13C-NMR spectra were recorded on Bruker DRX300 and DRX500, 

respectively, using trimethylsilyl-3-propionic-2,2,3,3-D4 acid sodium salt (99% atom D, TMSPA from 

Sigma-Aldrich, Saint-Quentin Fallavier, France) as the internal standard. All samples were dissolved at 

10 mg/mL in D2O with 5 µL HCl 12 N, and transferred to 5 mm NMR tubes. Chemical shifts are 

reported in ppm (δ units) downfield from TMSPA, coupling constants in Hz, and for signal 

multiplicities: s = singlet, d = doublet, t = triplet, m = multiplet. 

MALDI-TOF mass spectrometry: MALDI-TOF mass spectra were acquired with a Voyager-DE STR 

(AB Sciex, Framingham, MA, USA) equipped with a nitrogen laser emitting at 337 nm with a 3 ns 

pulse. The instrument was operated in the linear or reflectron mode. Ions were accelerated to a final 

potential of 20 kV. The positive ions were detected in all cases. Mass spectra were the sum of  

300 shots and an external mass calibration of mass analyzer was used (mixture of peptides from 

SequazymeTM standards kit, AB Sciex). The matrix used for all experiments was  

2,5-dihydroxybenzoic acid (DHB) purchased from Sigma-Aldrich and used directly without further 

purification. The solid matrix and samples were dissolved at 10 mg/mL and 1 mg/mL in water, 

respectively. A volume of 20 µL matrix solution was then mixed with 20 µL of sample solutions. An 

aliquot of 0.5 µL of each resulting solution was spotted onto the MALDI sample plate and air-dried at 

room temperature. 

High Resolution ESI Mass Spectrometry: HRMS (ESI) was recorded in a positive ion mode on a 

hybrid quadrupole time-of-flight mass spectrometer (MicroTOFQ-II, Bruker Daltonics, Bremen, 

Germany) with an electrospray ionization (ESI) ion source. The gas flow of spray gas is 0.6 bar and 

the capillary voltage is +4,5 kV. The solution was infused at 180 µL/h. The mass range of the analysis 

is 50–2,000 m/z and the calibration was carried out with sodium formate. The solvent for HRMS is 

dichlomethane/MeOH/water/formic acid. 

Size-exclusion chromatography (SEC): SEC was performed on a chromatographic equipment 

composed of a 1260 Infinity Agilent Technologies pump connected to two TSK gel G2500 and G6000 

columns (Tosoh Bioscience) in series. A multi-angle laser light scattering (MALLS) detector Dawn 

EOS (Wyatt Technology) operating at 690 nm was coupled on line to a Wyatt Optilab T-Rex 

differential refractometer. Sample solutions at 2-5 mg/mL were prepared and eluted in a AcOH  

(0.2 M)/AcONH4 (0.15 M) buffer (pH = 4.5). Solutions were previously filtered through 0.22 µm pore 

size membranes (Millipore) before injection. The eluent flow rate was 0.5 mL/min. The refractive 

index increment dn/dc used for molar mass calculations was equal to 0.198 cm3·g−1. 
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Characterization of COSamf 1: 1H-NMR (300 MHz, D2O, 300 °K): δ (ppm) 5.10 (d, J = 5.3 Hz, 1H, 

H-1 amf), 4.90–4.70 (m, 8H, H-1 GlcN), 4.42 (t, J = 4.8 Hz, 1H, H-3 amf), 4.18 (t, J = 4.9 Hz, 1H, H-4 

amf), 4.10 (m, 1H, H-5 amf), 4.05–3.40 (m, 43H, H-2 and H-6 amf, H-3 to H-6 GlcN), 3.10-2.80 (m, 

8H, H-2 GlcN). 13C-NMR (125 MHz, D2O, 300 °K): δ (ppm) 99.5 (C-1' GlcN), 98.9 (C-1 GlcN), 89.8 

(C-1 amf), 86.5 (C-4 amf), 85.6 (C-2 amf), 82.6 (C-5 amf), 77.2 (C-3 amf), 76.9 (C-4 GlcN), 76.9  

(C-5' GlcN), 75.4 (C-5 GlcN), 72.8 (C-3' GlcN), 71.4 (C-3 GlcN), 70.2 (C-4' GlcN), 61.4 (C-6 amf), 

61.0 (C-6' GlcN), 60.6 (C-6 GlcN), 56.5 (C-2 GlcN), 56.2 (C-2' GlcN). Note that C' represents carbon 
atoms of the GlcN unit linked to the amf unit. MALDI-TOF MS (positive reflectron mode): presence of 

a major peak in at m/z 990.5 attributed to HO-(GlcN)5-amf (m/z monoisotopic calcd for 

[C36H65O25N5Na]+ = 990.4 mass units (Δ = 0.01%)). 

Figure S1. 1H-NMR spectrum (D2O, 300 MHz) of commercial fully N-deacetylated 

chitosan (from Mahtani Chitosan). 
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Figure S2. Size-exclusion chromatogram of commercial fully N-deacetylated chitosan 

(from Mahtani Chitosan). 
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Figure S3. 1H-NMR spectrum (D2O, 300 MHz) of COSamf 1 (DP ~10). 
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Figure S4. 13C-NMR spectrum (D2O, 125 MHz) of COSamf 1 (DP ~10). 

 

Figure S5. MALDI-TOF mass spectrum of COSamf 1 (DP ~10). 
 

 
Note that for each oligomer peak, the number of GlcN unit into the chain is given in green. 
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Figure S6. Size-exclusion chromatogram of COSamf 1 (DP ~10). 

 



Molbank 2014  M832 (S7)

 

 

Figure S7. 1H-NMR spectrum (D2O, 300 MHz) of chitooligosaccharide-2,5-anhydro-D-

mannonic acid 2 (acidic form, DP ~10). 
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Figure S8. 13C-NMR spectrum (D2O, 125 MHz) of chitooligosaccharide-2,5-anhydro-D-

mannonic acid 2 (acidic form, DP ~10). 
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Figure S9. MALDI-TOF mass spectrum of chitooligosaccharide-2,5-anhydro-D-mannonic 

acid 2 (DP ~10).  

Positive linear mode:  

 
* corresponds to matrix peaks 
Note that for each oligomer peak, the number of GlcN units into the chain is given in green 
 

Positive reflectron mode:  

 
* corresponds to matrix peaks 
Note that for each oligomer peak, the number of GlcN units into the chain is given in green 
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Figure S10. Size-exclusion chromatogram of chitooligosaccharide-2,5-anhydro-D-

mannonic acid 2 (DP ~10). 
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Figure S11. 1H-NMR spectrum (D2O, 300 MHz) of chitooligosaccharide-2,5-anhydro-D-

mannonic acid (acidic form, DP ~20). 
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Figure S12. 1H-NMR spectrum (D2O, 300 MHz) of chitooligosaccharide-2,5-anhydro-D-

mannonic acid (basic form, DP ~20). 
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Figure S13. 13C-NMR spectrum (D2O, 125 MHz) of chitooligosaccharide-2,5-anhydro-D-

mannonic acid (basic form, DP ~20). 

 
  



Molbank 2014  M832 (S14)

 

 

Figure S14. MALDI-TOF mass spectrum of chitooligosaccharide-2,5-anhydro-D-

mannonic acid (DP ~20).  

Positive linear mode: 

 

 
Note that for each oligomer peak, the number of GlcN units into the chain is given in green 
 

Positive reflectron mode: 

 
Note that for each oligomer peak, the number of GlcN units into the chain is given in green. 

  

635.0 1502.6 2370.2 3237.8 4105.4 4973.0
Mass (m /z)

0

147.6

0

10

20

30

40

50

60

70

80

90

100

%
 In

te
ns

ity

Voyager Spec #1=>MC=>BC=>SM11[BP = 1651.5, 148]

1651.6 1812.5

1973.4686.3

1490.8

2134.3

1329.9

2295.2

847.1

2456.3
1169.21008.1

1672.9 1833.3
1994.9

2616.9

2155.8699.8 2777.92316.71511.7707.6
2477.6 2938.61633.5 1794.3827.9 1028.3 2638.2 3099.51312.7648.3 1955.1 2116.4 2799.42276.71152.0713.5 990.8 3260.22438.11471.6 2960.01988.7 2171.7 2310.01828.5 2758.62599.3 3420.8891.6690.0 3580.91666.5 2920.42472.2 3121.0 3281.92110.8 2270.71292.9 3742.73443.3 3903.73603.13161.7 4062.7

412 1001 1590 2179 2768 3357
Mass (m /z)

0

1138.5

0

10

20

30

40

50

60

70

80

90

100

%
 In

te
ns

ity

Voyager Spec #1=>BC=>NR(2.00)=>MC[BP = 441.3, 1139]

441.3

524.2

495.3

685.3

1651.6545.0 846.3 1490.5

1812.6 1973.61007.4 1329.5 2134.7
1168.4

1833.61672.6505.1 1511.5699.0 988.3 1994.7 2295.7551.1 619.5 707.0 827.3 2456.82155.71975.71027.6 2317.71653.6 1814.6559.0 2136.7426.5 729.0 1350.5647.5 2477.72297.81150.4 2617.8509.0 2779.81649.5437.2 1472.5715.0 1795.61309.4971.4 1171.4585.4503.1 1645.5 2187.21986.0810.5 2450.81503.3 2325.6 3162.3

9 

8 

7 

6 5 
4 

3 

10 

11 

12 

13 
14 

15 
16 

17 18 19 20 21 22 23 

9 8 
7 6 5 

4 

3 

10 11 12
13 14

15 16



Molbank 2014  M832 (S15)

 

 

Figure S15. Size-exclusion chromatogram of chitooligosaccharide-2,5-anhydro-D-

mannonic acid (DP ~20). 
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Figure S16. MALDI-TOF mass spectrum of chitooligosaccharide-2,5-anhydro-D-

mannonic acid (acidic form, DP ~30). 
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Figure S17. 13C-NMR spectrum (D2O, 125 MHz) of chitooligosaccharide-2,5-anhydro-D-

mannonic acid (acidic form, DP ~30). 

 
 

 

  



Molbank 2014  M832 (S18)

 

 

Figure S18. Size-exclusion chromatogram of chitooligosaccharide-2,5-anhydro-D-

mannonic acid (DP ~30). 

 

 


