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Abstract The goal of this paper is the characterization of the chemical structure of the water-soluble polysaccharide, CV-70, produced by bacteria Beijerinckia sp. Beijerinckia sp. is a genus of gram-negative, aerobic bacteria, usually found in sugar cane root. The CV-70 polysaccharide was produced in a fermentation medium containing 5% sucrose as the carbon source, tryptose and salts, at 25°C [1]. The polysaccharide was hydrolyzed with 2 N trifluoroacetic acid at 100°C for 16 h, purified, and analyzed by HPLC. Index of refraction was used for the detection of sugars. For GC-MS analysis, the CV-70 polysaccharide was derivatized through methylation and acetylation. Together with the GC-MS data, periodate oxidation studies were used to determine the possible glucosidic linkages. Carbon-13 NMR studies were carried out with hydrolyzed and silylated samples. Glucose, galactose and fucose were identified as the components in the CV-70 polysaccharide, in a 3:1:3 ratio. © 1997 Elsevier Science B.V. Keywords: CV-70 polysaccharide; Water soluble; Beijerinckia sp.



1. Introduction Microbial polysaccharides, known as biopolymers, are produced by almost all microorganisms but, from the point of view of commercial production, fungi and bacteria are the easiest to use. * Corresponding author. Tel.: + 55 1923 97941; fax: + 55 1923 97890.



Such microorganisms have the capability to grow in pure cultures, in large-scale batch fermentations. Furthermore, they produce biopolymers with potential applications in a variety of industrial segments. In the food industry, there are numerous applications for biopolymers, which are used as thickening agents and suspending or gelling polymers. The industrial interests are centered on extracellular polysaccharides, due to the
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Fig. 1. HPLC chromatogram of CV-70 polysaccharide after hydrolysis with TFA 2N, 16 h, 100°C.



ease of their extraction and purification, in a good yield. If a biopolymer is to have a large range of applications, it must possess rheological properties, whereby their viscosity decreases in the presence of a shear stress. Also, these properties must be continuous during temperature, pH and ionic strength changes. For future industrial applications, the knowledge of the above properties of biopolymers is important and reflects their primary chemical structure. Concerning the chemical structure of biopolymers, a large number of studies have been carried out and a great variety of techniques have been developed. Gas chromatography (GC) has become an important method for the separation and tentative identification of the methylated sugars obtained in methylation analy-



sis of polysaccharides. One advantage of the method is that only small amounts of material are required. However the full potential of this advantage, cannot be realized as long as the unambiguous identification of the methylated sugars requires the preparation of crystalline derivatives for comparison with authentic samples. Attempts to circumvent this by characterizing the methylated sugars by mass spectrometry (MS) have been made. In these studies, the mass spectra of methyl glycosides of methylated sugars are determined after permethylation with methyl iodide, acetylation or trimethylsilylation [2]. When a comparison is made between high performance liquid chromatography (HPLC) and GC, it turns out that HPLC does not require derivatization, while GC does. HPLC is a versatile method and sample preparation prior to injection is minimal in some cases. In addition, if derivatization is not required and if a nondestructive detector is used, the separated carbohydrates may be easily recovered. HPLC has been used to prepare pure monoor oligosaccharides for subsequent GC analysis, or HPLC methods may be used in conjunction with GC for characterization of complex carbohydrates [3–5]. Another techniques, that has been used to analyze the chemical structure of polysaccharides is the 1H-NMR and 13C-NMR spectroscopy (e.g. used to identify anomeric configuration of the glycosidic linkages of polysaccharides). For such measurements natural



Fig. 2. GC chromatogram showing alditols obtained from CV-70 polysaccharide after methylation, hydrolysis, reduction and acetylation. 1: 1,4,5-Ac3-2,3-Me2-fucitol; 2: 1,4,5,-Ac3-2,3,6-Me3-glucitol; 3: 1,5-Ac2-2,3,4,6-Me4-glucitol and 4: 1,4,5,6-Ac4-2,3-Me2galacitol.
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Fig. 3. Mass spectrum of 1,4,5-Ac3-2,3-Me2-fucitol. Fragments: 43 (b.p.), 101, 117, 127, 129, 143, 159, 161, 203, 215, 247.



Fig. 4. Mass spectrum of 1,4,5-Ac3-2,3,6-Me3-glucitol. Fragments: 43 (b.p.), 57, 71, 87, 101, 113, 117, 161, 173, 217, 233.



polysaccharides and derivatives of the constituent units are needed. Chemical shifts in the spectra are attributable to the orientation of groups in the molecule. 13C-NMR provides information not only on anomeric configuration but also on other aspects of a polysaccharide structure such as the monosaccharide composition, the monosaccharide sequence, and the conformation of the polysaccharide [6,7]. The object of this work was to contributed to the quantitative and qualitative analysis of the CV-70 polysaccharide using derivation and GC-MS, HPLC, and 13C-NMR.



2. Methods



charide under aerobic fermentation. The fermentation medium containing 5% sucrose as carbon source, 0.05% MgSO4, 0.01% K2HPO4, 0.05% KH2PO4 and 0.5% tryptose was sterilized at 121°C for 15 min. Fermentation condition were 200 rpm for 72 h at 25°C. After this period, the fermentation broth was centrifuged at 11.500× g, 30 min and the polysaccharide was precipitated with 80% ethanol, yielding 7–9 g/l. The CV-70 polysaccharide was dried at 55°C under vacuum and powdered. In order to purify the polysaccharide, its 1% aqueous solution was treated with a solution of papain (0.05 g/ml) at pH 6.5 and 60°C for 3 h, then dialyzed against distilled water during 3 days.



2.1. CV-70 polysaccharide production



2.2. HPLC analysis



A strain of Beijerinckia sp. isolated from sugar cane root was used to produce the CV-70 polysac-



2.2.1. HPLC conditions HPLC was used to determine and to quantitate
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Fig. 5. Mass spectrum of 1,5-Ac2-2,3,4,6-Me4-glucitol. Fragments: 43 (b.p.), 59, 71, 87, 101, 117, 129, 145, 161, 205.



Fig. 6. Mass spectrum of 1,4,5-Ac3-2,3-Me3-galactitol. Fragments: 43 (b.p.), 57, 71, 85, 99, 101, 117, 127, 142, 161, 173, 187, 201, 261.



monosaccharides present in the polysaccharide. Two kinds of hydrolysis were used: (i) 1 M HCl, 70°C, 16 h; and (ii) 2 N trifluoroacetic acid, 100°C, 16 h. A Shimadzu. HPLC was used and hydrolysates were analyzed in a 7.9 mm × 30 cm column (SCR-101-P, Shimadzu), with sulfonated polystyrene bonded to Pb + 2 cation (ligand exchange) and gel filtration separation. The separation was based on the stability of the complex between hydroxyl groups and the Pb + 2 cation. The column temperature was 80°C. Ultrapure water served as the mobile phase, with flow of 0.6 ml/min. The injection volume was 40 ml and an automatic sample injector was used. The refractive index detector was used to detect sugars. Sugars were identified by the retention time of the corresponding standards and confirmed by mass spectrometry.



2.3. GC-MS analysis 2.3.1. GC-MS conditions In order to identify the sugars in the CV-70 polysaccharide and to determine the positions of glycosidic linkages between these sugar residues, the CV-70 polysaccharide was methylated according to Hakomori [8], hydrolyzed, reduced, and acetylated. Partially methylated alditols were obtained. These alditols were analyzed on a Shimadzu GC-MS instrument, used with a fused-silica bonded capillary column DB-5, 22 mm× 50 m, split of 1/100 and a temperature of 130°C during the 5 initial min, and then rising to 300°C, at 7°C/min. Helium was the carrier gas at 30 ml/min. Injector and interface temperatures were 250 and 280°C, respectively. 2,3,4,6-Me4-Glucose, 1,4,5-
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Fig. 7.
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C-NMR spectrum of CV-70 polysaccharide.



Ac3-2,3,6-Me3-glucitol, 2,3,4-Me3-fucose, 1,5-Ac22,3,4,6-Me4-galactitol were used as standard substances. An automatic sample injected was used. MS analysis was carried out in the range from 40 to 600 a.m.u., with scans of 0.5 s (electron impact).



2.4. Periodate oxidation The CV-70 polysaccharide was oxidized using the procedure described by Fukagawa [9] and the products were identified by TLC and GCMS.



2.5.
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C-NMR analysis



CV-70 polysaccharide was hydrolyzed for 16 h and silylated with a Sigma reagent kit. The spectra were recorded at 75.6 MHz at 70°C, on a General Eletric QE 300 spectrometer.



2.6. Infrared spectra The infrared spectra were recorded on a



Perkin-Elmer FT-IR spectrophotometer model 16C (KBr disk).



3. Results and discussion HPLC was used to determine and quantitate monosaccharides present in the CV-70 polysaccharide. Using calibration curves with external standards, the ratio glucose:galactose:fucose was determined as 3:1:3, respectively. Trifluoroacetic acid hydrolysate showed the best results (Fig. 1). Through the retention time of standard sugars and alditols and the fragmentation pattern of alditols [2,10], it was possible to identify: 1,4,5Ac3-2,3-Me2-fucitol, 1,4,5-Ac3-2,3,6-Me3-glucitol, 1,5-Ac2-2,3,4,6-Me4-glucitol, and 1,4,5,6-Ac4-2,3Me2-galactitol (Figs. 2–6). In addition to the above data, periodate oxidation results indicated the present of glycolaldehyde and glycerol, identified by TLC, and threitol, erythritol, and 1,2,3butanetriol, identified by GC-MS. These results indicate C1 linkages for glucose linkages (terminal residue), as well as C1 and C4 linkages; C1, C4 and C6 linkages for galactose residues, and
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Fig. 8. IR spectrum of CV-70 polysaccharide.



C1 and C4 linkages for fucose residues. Oxidation gives one mole of formic acid per a polysaccharide basic unit. The NMR 13C data (Fig. 7), (interferences due to the high viscosity of CV-70 polysaccharide solutions), gave information about anomeric conformation of sugar residues, equatorial linkages, (d =100 ppm), (glucose and galactose: b, and fucose: a) and ring size, which was confirmed by infrared spectroscopy (Fig. 8).



1–4 linkages. Non-reducing terminal residues are constituted by b-D-glucose units. a-L-Fucose units form the main chain through 1–4 linkages. A likely structure of the CV-70 polysaccharide, is as follows: b− Dglp1“ 4b− Dglp1“ 4b− Dglp 1 ¡ 6 1“4b-Dgap1“ 4a− Lfcp1“ 4a− Lfcp1“ 4 References



4. Conclusions The CV-70 polysaccharide obtained by aerobic fermentation of Beijerinckia sp contains glucose, fucose, and galactose residues in a ratio of 3:1:3, all in the pyranosidic form. Glucose and galactose were found in the b conformation and fucose, as a conformation. Its main chain consists of b-D-galactose and a-L-fucose units, 1 – 4 linked. The side chain is formed by b-D-glucose, which is branched through
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