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Materials and Methods 

 

Evaporations were carried out with an Eyela N-1100 rotary evaporator under reduced 

pressure below 50°C. Dialysis (molecular cutoff 12 kDa; Sigma-Aldrich) against distilled 

H2O was done with continuous stirring. Small volumes of sample solutions were freeze-dried 

with a ScanVac Cool Safe 55-F freeze drier. Total carbohydrate content was assessed by the 

phenol-sulfuric acid assay [19] using a mixture of galactose/arabinose in the ratio of 1/1 

(w/w) as the standard. Total uronic acid was assayed as anhydrogalacturonic acid by m-

hydroxydiphenyl color reagent using GalA as the standard [20]. For the determination of the 

sugar composition, the monosaccharide residues released by acid hydrolysis were translated 

into their alditol acetates [21] and analyzed by GC and GC-MS. Monosaccharides were also 

identified by thin-layer chromatography using sulfosalicylic acid as the color developing 

reagent [22]. Alternatively, TMS derivatives of methyl glycosides were analyzed by GC [23]. 

GC was performed with a Shimadzu GC-17A chromatograph fitted with a flame ionization 

detector and a DB-225 column (30 m × 0.53 mm i.d.) using a program that maintained an 

isocratic temperature of 210°C for 18 min with helium as the gas vector. GC-MS was carried 

out with a Shimadzu QP 5050A GC-MS instrument at 70 eV. Conditions for GC-MS were as 
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described previously [24]. UV-vis spectra were recorded on a Shimadzu UV-2450 UV-vis 

spectrophotometer, and fluorescence spectra were recorded on a Hitachi F7000 fluorescence 

spectrophotometer with an excitation wavelength (ex) of 282 nm using 2.5 nm excitation and 

emission slit widths. The 1H NMR spectra were recorded on a Bruker 500 spectrometer 

(Bruker Biospin AG) operating at 500 MHz for 1H. 

Leaves of S. virginianum were collected from the plant grown in the garden of medicinal 

plants, Golapbag campus, the University of Burdwan, India, and the taxonomy was 

confirmed by Prof. P. K. Bhattacharya, Department of Botany, Burdwan University. Voucher 

specimens have been kept at the herbarium (BURD accession number € 7109) of Burdwan 

University [15]. The soluble polysaccharides were extracted from its leaves by the method 

described Raja et al. [15] except the condition of extraction with water (100°C, 2 × 1 h). 

Anion exchange chromatography (AEC) was then used to purify the crude extract. At first, an 

aqueous solution (20 mL) of soluble polysaccharides (35 mg) was decationized by passing 

through a column of Amberlite resin IR 120 (H+). The resulting solution, the pH of which 

was adjusted to 5.0 with 100 mM NaOH solution, was then loaded onto a DEAE-Sepharose 

CL-FF column (0.25m × 16 mm i.d.) equilibrated with 0.05 M sodium acetate buffer (pH 5.5). 

Thereafter, the column was eluted (2 mL/min) successively with 175 mL of 0.05 M (fraction 

F1) and 500 mL of 0.5 M (fraction F2) NaOAc buffer (pH 5.5) in a stepwise manner. 

Fractions (5 mL) were analyzed for total sugar contents. Appropriate fractions were pooled, 

dialyzed against distilled water, concentrated, and, finally, lyophilized. 

The molecular mass was determined by high-performance size-exclusion chromatography 

(Shimadzu) using a tandem of two columns (HEMA-BIO 300 followed by HEMA-BIO 100) 

with a dimension of 0.25 m × 8 mm i.d.. The sample was eluted with 0.1 M NaNO3. The calibration 

curve was established with pullulan standards (in the range of 5.9-393.0 × 103, g/mol) and a 

refractive index detector (Gearing Scientific Ltd.). 
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Periodate oxidation was performed according to Goldstein et al. [25] with modifications. In 

brief, a solution of 203 mg polysaccharide (F2) in 100 mL of reagent (50 mM NaIO4 made up 

in 0.25 M HCO2H, pH adjusted to 3.7 with 0.5 M NaOH) was incubated at 4-8°C in the dark 

for 6 days with infrequent stirring. The reaction was ceased by adding 1,2-ethanediol (1.5 

mL). After reduction with an excess of NaBH4 (0.5 g) and desalting by dialysis, the product 

was partially hydrolyzed with CF3CO2H (pH 2.0, 30 min, 100°C) and then neutralized. The 

neutralized solution was evaporated to a small volume, diluted with cold EtOH (× 4 

volumes), and the Smith degraded polymer was isolated by freeze-drying of an aqueous 

solution of the resulting precipitate (39 mg, PRF2). The ethanol-soluble material (PRF2S) 

was concentrated to a small volume and a part (0.5 mL) of it was acetylated with Ac2O/1-

methyl imidazole at 30-35°C. Following purification by partitioning with H2O/CHCl3, the 

resulting per acetylated product (A1O) was analyzed by ESMS. 

Samples (F2, PRF2, and A1O) were methylated by lithium dimethylsulfinyl anion and 

iodomethane [26]. Afterwards, the glycosidic linkages were hydrolyzed (2 M CF3CO2H, 3 h, 

100°C), and the liberated partially methylated monosaccharides were reduced (NaBD4), 

acetylated (Ac2O), and analyzed by GC and GCMS. PMAAs were recognized on the basis of 

the relative retention time, glycosyl make up, and fragmentation pattern. 

The enzyme preparation having endogalactanase activity and the hydrolysis process were 

carried out according to Ghosh et al. [16]. The EtOH soluble oligomeric fraction named 

CPose was acetylated (Ac2O, 1-methyl imidazole) and the derived oligomers (named A2O) 

were studied by ESMS, TLC, and UV-Vis spectroscopy. TLC was performed on a kieselgel 

60F plate (Merck) using MeOH/CH2Cl2 (1/9 v/v) as the eluent, and detection was done by 

UV light (366 nm). Furthermore, monosaccharides liberated from fraction A2O by hydrolysis 

(2 M CF3CO2H, 2 h, 100°C) were converted into their alditol acetates and analyzed by GC 

and GC-MS. 
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Total phenol content of F2 was estimated by the Folin-Ciocalteau method using gallic acid as 

the standard, expressing the results as gallic acid equivalent (GAE). Phenolic acids were 

analyzed by RP-HPLC after saponification and extraction as described [27]. 

The antioxidant activity of the S. virginianum polysaccharide (F2) was determined by 

evaluating the scavenging effect of this compound on the stable DPPH radical (Sigma-

Aldrich), according to the method described in the literature [28]. Butylated hydroxy anisole 

(batch: MH6M562139; assay ≥ 98%) and butylated hydroxy toluene (batch: MG8M581309; 

assay ≥ 99%) purchased from Merck (Mumbai, India) were used as standards. The capacity 

to scavenge DPPH radical was calculated using the equation:  

Scavenging factor (%) = [1 - (A2/A1)]  100 

where A1 is the absorbance of DPPH radical solution initially and A2 is the absorbance of the 

DPPH radical solution in the presence of the sample or standard after 1 h.  

Fluorescence measurements of BSA in the absence and presence of F2 was performed as 

described Ghosh et al. [27]. In this experiment, a dilution series of the polysaccharide with 

increasing concentrations (0.27-6.4 µM) were made in 10 mM phosphate buffer at pH 7.4. 

The results from fluorescence measurements were used to ascertain the binding constant of 

the polysaccharide-protein interaction using the modified Stern-Volmer equation: 

F0/(F0 - F) = 1/f K [Q]  1/f 

where F and F0 are the fluorescence intensities of BSA in the presence and absence of the 

quencher, respectively. K is the Stern-Volmer quenching constant, [Q] is quencher 

concentration, and f is the fraction of the initial fluorescence that is accessible to quencher. In 

the present study, the polysaccharide is regarded as quencher. The plot of F0/(F0 - F) vs. 1/[Q] 

yields 1/f as the intercept and 1/(f K) as the slope. Thus, the ratio of intercept and slope gives 

K. 
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Ultraviolet-visible (UV-Vis) absorption spectra of 1.0 mg/mL BSA in the absence and 

presence of 0.2-1.0 mg/mL polysaccharide in a 10-mM phosphate buffer (pH 7.4) were 

measured at 25°C. The spectra of 0.2-1.0 mg/mL polysaccharide were also recorded under 

similar conditions as the blank in order to measure the spectral inferences on the BSA-

polysaccharide system. 
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Fig. S1 1H-NMR spectrum of the water-extracted polysaccharide (F2) of S. virginianum 

leaves measured in D2O at 25°C. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. S2 Scavenging effect on DPPH radicals of the water-extracted polysaccharide (F2) 
isolated from S. virginianum leaves along with standard antioxidants BHA and BHT. The 
polysaccharide F2 showed a dose-dependent DPPH-radical scavenging activity up to the 
concentration of 200 g/mL. The capacity to scavenge DPPH radicals was calculated using 
the equation: 

Scavenging factor (%) = [1 - (A2/A1)]  100 

where A1 is the absorbance of DPPH radical solution initially and A2 is the absorbance of the 
DPPH radical solution in the presence of sample or standard after 1 h.  
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