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Abstract Levans produced from Microbacterium laevaniformans
were isolated, characterized, and fractionated by molecular
weight. TLC, HPLC, and GC-MS analyses of the exo-
polysaccharide showed that it was a fructan-type polymer and
was composed of (2,6)- and (2,1)-glycosidic linkages. “C-
INMR analysis proved that the polysaccharide was mainly a
[3-(2,6)-linked levan-type polysaccharide. To investigate the
cytotoxicity of the acetone-precipitated levan fractions such
as M1, M2, and M3, HepG2, P388D1, U937, SNU-1, and
SNUC2A cell lines were screened. Among the cell lines
tested, the cytotoxicity of M1-M3 fractions were detected
‘rom only SNU-1 and HepG2 cells at the dosage level of
100- 800 pg/ml. The M2 fraction (M, 80,000) at 400 ug/ml
had the greatest cell growth inhibition (84.6%) on SNU-1,
while the M1 (M, 50,000) at 800 pg/ml showed the greatest
146.32%) on HepG2. To obtain more uniform M, fractions
of levan, the levan was further fractionated from S1
‘M, 1,000,000) to S5 (M, 10,000) using gel permeation
chromatography. Again, the S1-S5 fractions had strong
cytotoxicity on SNU-1 and HepG2 cell lines. The greatest
nhibition effects of S4 (M, 80,000) on SNU-1 and S5
‘M, 10,000) on HepG2 were shown to be 49.5% and 73.0%,
‘espectively. The cytotoxicity of the levan fractions was more
effective on SNU-1 than on HepG2. Although the relationship
setween the Mw and the cytotoxicity was not clear, smaller
M, fractions of levan showed greater growth inhibition effect
an the cancer cell lines in general. Therefore, it was indicated
hat a specific Mw class of levan is responsible for the
sffective cytotoxicity.
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Levan, primarily found as'a microbial product, is a B-(2,6)-
linked fructose polymer with B-(2,1)-linked branched side
chains, although it was also found in various plants [7, 9].
Microbial levans are produced from sucrose-based substrates
by the action of levansucrase from a variety of microorganisms
[6, 13, 14, 19, 22].

Many plant- or bacterial-derived polysaccharides possess
multiple biological activities such as immunostimulating,
prebiotic, antitumor, and anti-inflammatory activities [1, 2,
12, 17, 23]. Levan and fructan, which are fructose-based
biopolymers, are also categorized as bioactive polysaccharides.
Previously, Aerobacter levan was shown to have antitumor
and immunostimulating activities [12, 18]. It was recently
reported, as well, that levans produced by four different

- Zymomonas mobilis strains displayed antitumor activity,

and the antitumor activity was somewhat related to the
specific molecular weight [3, 4]. In addition to the role of
levan in biological activity, the high viscosity and high
molecular weight of levan enable its use as a thickener
or stabilizer in the food, pharmaceutical, and cosmetic
industries [11, 16]. Levan is also a promising raw material
for fructose production.

The differences in composition of sugar, type of glycosidic
linkage, and branching degree of levan influence the
secondary and tertiary structures of the single chain and
their macromolecular assembly, determining the biological
and physical properties of the levan. Therefore, it is important
to establish a structure-function relationship of levan
polysaccharide for food and drug industrial applications.
In this study, the structure of Microbacterium levan is
characterized and levan is fractionated by molecular weight
using acetone-precipitation or GPC separation. Using these
fractionated levan samples, the MTT assay was pursued to
find out the relationship between molecular weight and
cytotoxicity of the levan polysaccharide.
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MATERIALS AND MIETHODS

Materials

MTT (3-[4,5-dimethylthiazol-2-yl] 2,5-diphenyl tetrazolium
bromide) was purctased from ICN Biomedicals Inc.
(Costa Mesa, CA, U.5.A.). Kisegel 60 F,;, TLC plate was
purchased from Merck Co. (Darmstadt, Germany). Other
chemicals (Sigma Chemical Co., St. Louis, MO, U.S.A.)
were reagent grade and used without further purification.

Production of Levans

Levan was produced from the culture of Microbacterium
laevaniformans KCTC 9732. The organism was grown on
a defined medium, which consisted of sucrose, 1.0%; peptone,
1.0%; yeast extract, (.3%; K,HPO,, 0.1%; MgSO,-7H,0,
0.05%. The pH of the medium was adjusted to 7.0-7.2.
The bacterial cell culture was fermented for levan production
in a shaking incubator for 48 h at 37°C with a seed culture
grown in stationary flasks for 24 h. Cells were discarded
by centrifugation at 5,500 xg for 20 min. Extracellular levan
in the supernatant was precipitated with an equal volume
of acetone and stored at 4°C overnight. The precipitates
were retrieved by centrifugation at 5,500 xg for 20 min,
and the final levan samples were freeze-dried.

Characterization of Levan from Microbacterium
laevaniformans

Levan (0.04 g) was hydrolyzed using 0.5 M H,SO, (15 ml)
at 90°C for 3 h, and neutralized with 4 N NaOH. The
resulting acid hydrolyzates were used for TLC (thin layer
chromatography) and HPLC (high performance liquid
chromatography) analyses. For the TLC analysis, 10 ul of
the hydrolyzed sample was spotted on a silica gel plate
(DC-Alufolien Kieselgel 60 F254, Merck & Co. Inc.,
Darmdstadt, Germany), and a mixture of methyl chloride:
methanol (7:3, v/v) was used as a developing solvent.
Para-anisaldehyde sulfuric acid solution was sprayed on
the plate, and color was developed at 110°C for identifying
sugars in the levan samples. The sample was subjected to
HPLC analysis using a Waters Series (Pump 515, RI
Detector 486, and Integrator 746, Waters Co., U.S.A.). The
samples were eluted, at a flow rate of 1 ml/min, on a
Zorbax NH, column (4.6x150 mm, DuPont Instruments,
U.S.A.) with deionized water. The column temperature
was maintained at 25°C, and the sample size was 10 pl.
Methylation of the levan samples was achieved by following
the procedure of Hakomori [8]. Ten milligrams of the
sample was dissolved in 1 ml of DMSO, and then the
resulting solution was reacted with 1.0 ml of methylsulfinyl
cabanion at 25°C for 3 h. After 1 ml of methyl iodide
(CH,1) was added to the reaction solution and kept at 25°C
overnight, the methylated levan sample was extracted with
chloroform three times, then was recovered using petroleum
ether. The reductive cleavage of the methylated samples

was conducted by the Rolf and Gray method [18], and
the resulting samples were treated with acetic anhydride
(50 p) for 1 h. Methylated alditol acetate was dissolved in
dichloromethane and extracted with water several times,
and then the organic layer was subjected to GC-MS
analysis. The reduced derivatives were separated using a
DB-5MS capillary column (0.25 mm i.d.x30 m) equipped
in a Hewlett Packard 6890N Network GC system. The
column temperature increased from 90 to 150°C at 2°C/min
with 5-min hold at the initial temperature. Nitrogen flow
was 1 ml/min with a split injection (1,000:1). The fragmented
ions were identified with a 5973 mass selective detector.
"C-NMR analysis of the levan samples dissolved in D,0
was performed with a 300 MHz NMR spectrometer (Unity
INOVA, Varian Co., Palo Alto, CA, U.S.A)).

Fractionation of Levan by Molecular Weight

The levan in the culture supernatant was fractionated
sequentially by precipitating it with different final concentrations
of acetone. Seventy-five, 66, and 50 percent of acetone-
precipitates were named M1, M2, and M3, respectively.
The precipitates were collected and freeze-dried. GPC
(Gel permeation chromatography) analysis was performed
to determine average molecular weights (M,) of the fractionated
levan samples as described below.

To obtain more uniform molecular weight of levan, the
levan was precipitated with 3 vol ethanol. The levan was
reprecipitated twice from water with ethanol and dialyzed
for 72 h. The GPC separation of levan on a column (1.6x
75 cm) of Sepharose-4B (Sigma Chemical Co., U.S.A))
was performed with distilled water as an eluent. Fractions
were collected, and analyzed with phenol-sulfuric acid
reagent, which were finally divided into five different
Mw fractions from S1 to S5. The calibration curve was
obtained to determine relative molecular weight (M,) of the
levan fractions using pullulan standards (Mw: 788,000,
404,000, 112,000, 47,300 dalton).

Maintenance of Cell Lines

The cytotoxicities of the levans from Microbacterium
laevaniformans were investigated on a mouse monocyte
cancer cell line (P388D1), a human monocyte cancer cell
line (U937), a human colorector cancer cell line (SNUC2A),
a human liver cell line (HepG2), and a human stomach
cancer cell line (SNU-1). The cancer cell lines were
purchased from Korea Cell Lines Bank, and were stored at
-70°C. The cell lines were subcultured in RPMI-1640
medium with 10% (v/v) fetal bovine serum, and 100 units/
ml penicillin/streptomycin, and incubated in a 5% CO,
incubator at 37°C.

MTT Assay
The MTT assay for evaluating cytotoxicity was performed
following the procedure of Carmichael ez al. [5]. The cells
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Fig. 1. "C-NMR spectrum of levan from Microbacterium
laevaniformans.

(1x10’° cells/well; 100 ul) were plated on 96-well tissue
culture plates and treated with 100 pl of the levan samples.
The treated cell cultures were incubated in a 5% CO,
i1cubator at 37°C for 72 h. Once 20 pul of MTT stock
solution (5 mg/ml) was added to the incubated culture, the
plate was wrapped with aluminum foil and incubated for
enother 4 h in the same conditions. The medium in the
culture was removed by centrifugation at 2,000 xg, and the
converted dye from the cells was solubilized with 200 pl
of dimethylsulfoxide (DMSO). The absorbance of the
released dye was determined at 540 nm. The dosage level
of levan on the selected cell lines was in the range of 100~
600 pg/ml. The cytotoxicity was determined by the degree
of cell proliferation when the cancer cell specimen was
treated with the levan solution. The percent of growth
inhibitory effect was evaluated by the following equation:
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IMig. 2. Gas chromatogram of the partially O-methylated
anhydroaldito] acetates derived from reductive cleavage of levan
from Microbacterium laevaniformans.

. 2,5-anhydro-1,3,4,6-tetra-O-methyl-D-mannitol; 2. 2,5-anhydro-1,3,4.,6-
tztra-O-methyl-D-glucitol; 3. 6-O-acetyl-2,5-anhydro-1,3 4-tri-O-methyl-
D-mannitol; 4. 6-O-acetyl-2,5-anhydro-1,3 4-tri-O-methyl-D-glucitol; 5.
1,6-O-acetyl-2,5-anhydro-3,4-di-O-methyl-D-mannitol; 6. 1,6-O-acetyl-
Z,5-anhydro-3,4-di-O-methyl-D-glucitol.
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Table 1. Fructosyl linkage composition of inulinase-modified
M-levans.

Linkage type Relative proportion (%)
B(2—6)-linked fructose 70.2
Branch points (at C1, C2, and C6) 12.9
Terminal groups (at 1- or 2-position) 17.0

Growth inhibitory effect (%)

=(DAbs DAbs,,,,.)/DAbs, . %100

control sample ‘control

Statistics

Statistical analysis was performed with ANOVA in SPSS
(Statistical Package for the Science) program. Significance
of difference at the level of p<0.05 was estimated by
Duncan’s multiple range test.

RESULTS AND DISCUSSION

Identification of Levan from Microbacterium laevaniformans
The structure of exopolysaccharide produced from
Microbacterium laevaniformans was characterized using
various analytical techniques. TLC and HPLC analyses of
the acid hydrolyzates showed that the exopolysaccharide
was fructan, which was constituted with only fructose
(data not shown). "C-NMR analysis proved that the
exopolysaccharide had a peak pattern of levan with B-anomeric
form, which was identified by the chemical shifts of
individual carbon atoms in the furanose ring (Fig. 1). The
positions of six main peaks at C2 (104.4), C5 (80.5), C3
(76.5), C4 (75.4), C6 (63.6), and C1 (60.1 ppm) were almost
identical with the peak positions for levan previously
reported by Simms et al. [20] and Han and Clarke [10].
Again, GC-MS analysis clearly showed that the polysaccharide
was a fructose polymer (Fig. 2). In addition, GC-MS analysis
showed that 6-O-acetyl-2,5-anhydro-1,3,4-tri-O-methyl-D-
mannitol and 6-O-acetyl-2,5-anhydro-1,3,4-tri-O-methyl-D-
glucitol were the most abundant products. It indicates that

Table 2. MTT assay of differentially acetone-precipitated levans
on the cytotoxicity of SNU-1 (Human stomach carcinoma) cells.

Dosage level Growth inhibition effect (%)

(lg/ml) Ml M2 M3
100 AU43.9146.387% *41.37+8.77° *33.87+8.01°
200 432.70+5.08'  *45.36+9.86" 69.97+3.72"

’84.56+5.58" °70.65+8.47°
*66.54+9.69" *59.67+8.92"

400 *42.47+7.87"
800 "42.49+9.92°

*Mean+S.D., n=3.

“*®Values with different superscripts within the same row are significantly
different among samples at 0=0.035 level by Duncan’s multiple range test.
™ Values with different superscripts within the same column are
significantly different among samples at 0=0.05 level by Duncan’s
multiple range test.
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Table 3. MTT assay of differentially acetone-precipitated levans
on the cytotoxicity of HepG2 (Human hepatocellular carcinoma)
cells.

Dosage level Growth inhibition effect (%)

(ng/ml) Mi M2 M3
100 AV44 91+1.942% *36.70+0.60° ©2.67+1.17°
200 *41.67£1.26°  "21.49+1.44" ©12.76+0.91°
400 A42.48+2.48°  °24.04+8.37 ®22.70+0.65"
800 *46.32+3.86°  ©33.60+3.15" ®36.56+1.27°

*Mean£S.D., n=3.

"“Values with different superscripts within the same row are significantly
different among samples at ¢=0.05 level by Duncan’s multiple range test.
Values with different superscripts within the same column are
significantly different among samples at o=0.05 level by Duncan’s
multiple range test.

the main backbone chain of levan consisted of B-(2,6)-
linkage. The peaks of 1,6-O-acetyl-2,5-anhydro-3,4-di-O-
methyl-D-mannitol and 1,6-O-acetyl-2,5-anhydro-3,4-di-O-
methyl-D-glucitol were derived from the main chain fructose
having B-(2,1)-linked side chain. The ion fragmentation
pattern of acid hydrolyzate of this polymer was identical
with that of fructose (data not shown). Therefore, it was
confirmed that the exopolysaccharide was a fructose
polymer consisting of 70.2% of 3-(2,6)-linked main chains
and 12.9% of B-(2,1)-linked branches, when the individual
peaks were quantified (Table 1).

MTT Assay of Acetane-Precipitated Levan Fractions
The average molecular weights of the acetone-precipitated
levans, such as M1, M2, and M3, were 50,000, 80,000, and
200,000, respectively, when judged by GPC analysis. To
evaluate the cytotoxicity of differentially acetone-precipitated
levans, several cancer cell lines, such as HepG2, P388D1,
U937, SNU-1, and SNUC2A, were screened. Among the cell
lines tested, the growth of two cell lines, SNU-1 and HepG2,
were strongly inhibited by the fractionated levan samples.

As indicated in Table 2, the cytotoxicity of the acetone-
fractionated levans on the SNU-1 was in the range of
32.74- 84.50% at the dosage levels of 100- 800 pg/ml. The
M2 fraction (MW 80,000) showed the greatest cytotoxicity
(84.56%) at a concentration of 400 [Lg/ml. Then, the activity
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Fig. 3. Elution profile of levan polysaccharide from Microbacterium
laevaniformans by Sepharose 4B-gel chromatography.

of M2 decreased at the higher level (800 pg/ml). In the
case of HepG2, M1 (MW 50,000) treatment had the
greatest (46.32%) inhibition effect at 800 pg/ml (Table 3).
Overall, the smallest Mw fraction, M1, seemed to show the
greatest activity at all dosage levels. The cytotoxicity of
M2 decreased as the dosage level increased, while that of
M3 increased along with increasing levan concentration.
In most cases, however, cytotoxicity of the acetone-
fractionated levans showed less than 50% on the HepG2 cell
line. These results indicated that a specific class of molecular
weight might be responsible for effective cytotoxicity.

MTT Assay of GPC-Fractionated Levans

To obtain more uniform molecular weight fractions of
levan, the original levan samples were further divided into
five fractions using Sepharose-4B gel chromatography.
The relative molecular weight, M, of the GPC-fractionated
levans were 1,000,000 (S1), 300,000 (S2), 100,000 (S3),
50,000 (S4), and 10,000 (S5) as shown in the elution
profile (Fig. 3).

The cytotoxicity of S1-S5 were evaluated using cancer
cell lines HepG2, P388D1, U937, SNU-1, and SNUC2A,
and the strong growth inhibition effect was detected in the
SNU-1 and HepG?2 cell lines.

Table 4. MTT assay of single molecular weights on the cytotoxicity of SNU-1 (Human stomach carcinoma) cells.

Dosage level

Growth inhibition effect (%)

(ug/ml) S1 S2 S3 S4 S5
100 0]5.3743.23%= A48.4633.70° A37.47+2.85° £49.4420.99° 521.17+3.09°
200 €15.35+2.92° 463.18+1.49" #50.88+2.88" £51.40+1.89° 251,37+0.68"
400 >18.37+1.63" ®64.09+5.23" B2 .72+1.44° A73.44+4 4T €49.45+9.67°
800 £39.82+8.57° *56.73+0.00° 55 61+0.20° 231.70+7.48" 58,04+2.01°

**Mean+S.D., n=3.

"®Values with different superscripts within the same row are significantly different among samples at =0.05 level by Duncan’s multiple range test.
™ ¢Values with different superscripts within the same column are significantly different among samples at 0=0.05 level by Duncan’s multiple range test.
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Table 5. MTT assay of single molecular weights on the cytotoxicity of HepG2 (Human hepatocellular carcinoma) cells.

Dosage level

Growth inhibition effect (%)

(lg/ml) S1 S2 S3 S4 S5
100 €3 41+0.14% 22.03+0.74° £13.25+0.00° €22.56+0.74° €5.42+2 84°
200 30.47+0.33" #32.98+0.82" €23.93+1.19" 26.79+3.59" A42.76+3.44°
400 39.43+0.21° €34.83+2.54° P29.43+1.35 €34.46%1.56° A41.60+2.84°
800 #38.96+0.29" 245.78+0.36" ©30).86+0.82" 538 59+8.00° 249.40+1.91°

*Mean+S.D., n=3.

" “PValues with different superscripts within the same row are significantly different among samples at ¢:=0.05 level by Duncan’s multiple range test.
*'Values with different superscripts within the same column are significantly different among samples at 0=0.05 level by Duncan’s multiple range test.

The GPC-fractionated levans tested against SNU-1 did
not show any clear relationship between the molecular
vreight and the cytotoxicity (Table 4). As the dosage level
cf levan fractions increased up to 400 ug/ml, the cell
growth inhibition effect increased in general. When the
dose increased to 800 pg/ml, however, the cytotoxicity of
€2, S3, and S4 fractions tended to decrease. Among all
the tested fractions, the S4 fraction showed the greatest
inhibition activity (73.4%) at 400 pg/ml, while the S1
f-actions showed the lowest cytotoxicity at each dosage
level.

When the levan fractions were applied to the HepG2
cell line, the inhibition effect appeared to increase with
increasing dose (Table 5). For instance, the effect of cell
growth inhibition rapidly increased as the dosage level of
$1 fraction changed from 100 to 200 pg/ml and further
increased up to 400 pg/ml, then the effect kept at a
consistent level starting at 400 pug/ml. In other fractions,
£2-S5, the level-off effect existed either in a lower or in a
similar dosage level. Although the S5 fraction (the smallest
M, fraction) was shown to have the greatest activity at all
cosage levels, the molecular weight seemed not to be related
to the degree of cytotoxicity. The cytotoxicity against HepG2
showed less than 50% in all test groups, as expected from
tie result of acetone-precipitated levan samples, which
rieans that the levan is less effective on HepG2 than on
SNUI. Previously, Calazans et al. [4] classified the levans
of Zymomonas mobils by the viscosity-average molecular
weight and the antitumor activities were evaluated against
Sarcoma 180. They reported that the greatest antitumor
ectivity was found in a levan with Mw 456,900 (72%), and
t1e inhibition effects were not found to have relationship
between the Mw and the dosage level. Therefore, it was
concluded from the present study that there were a specific
raolecular weight class and dosage level of levan for
cisplaying effective cytotoxicity.

Acknowledgments

This work was supported by Korea Research Foundation
Grant (KRF-99-042-G00034 G6006). We wish to thank

Dr. Hyung-Hee Baek at Dankook University for the GC/
MS analysis.

REFERENCES

1. Allen, P. Z. and E. A. Kabat. 1957. Studies on the capacity of
some polysaccharides to elicit antibody formation to man. J.
Exptl. Med. 105: 383-394.

2. Allen, P. Z. and W. H. Bowen. 1990. Immunochemical
studies on levans from several strains of Actinomyces
viscosus. Archs. Oral Biol. 35: 35-62.

3. Calazans, G. M. T,, C. E. Lopes, F. P. Francisca, and
R. C. Lima. 1997. Antitumour activities of levans produced
by Zymomonas mobilis strains. Biotechnol. Lert. 19: 19-21.

4. Calazans, G. M. T., R. C. Lima, F. P. Francisca, and
C. E. Lopes. 2000. Molecular weight and antitumor activity
of Zymomonas mobilis. Int. J. Biol. Macromol. 27: 245-247.

5. Carmichael, J., W. G. Degraff, A. F Gazdar, J. D.
Minna, and J. B. Michell. 1987. Evaluation of a tetrazolium
based semiautomated colorimetric assay, assessment of
chemosensitivity testing. Cancer Res. 47: 936- 940.

6. Euzenat, O., A. Guibert, and D. Combes. 1997. Production
of fructo-oligosaccharides by levansucrase from Bacillus
subtilis C4. Proc. Biochem. 32: 237- 243,

7. Feingold, D. S. and M. Gehata. 1957. The structure and
property of levan, a polymer of d-fructose produced by
cultures and cell-free extract of Aerobacter levanicum. J.
Poly. Sci. 22: 783-790.

8. Hakomori, S. J. 1964. A rapid permethylation of glycolipid
polysaccharide catalyzed by methyl sulfonyl carbon ion
dimethyl sulfoxide. Biochemistry 55: 205- 208.

9. Han, Y. W. 1990. Microbial levan. Adv. Appl. Microbiol. 35:
171-194.

10. Han, Y. W. and M. A. Clarke. 1990. Production and
characterization of microbial levan. J. Agric. Food Chem.
38: 393-396.

11. Han, Y. W. and M. A. Watson. 1992. Production of microbial
levan from sucrose, sugarcane juice, and beet molasses. J.
Ind. Microbiol. 9: 257-260.

12. Jang, K.-H., S. A. Kang, Y. Cho, Y.-Y. Kim, Y.-J. Lee,
K. Hong, K.-H. Seong, S. H. Kim, C.-H. Kim, S.-K. Rhee,
S.-D. Ha, and R. Choue. 2003. Prebiotic properties of levan
in rats. J. Microbiol. Biotech. 13: 348- 353.



990

13.

14.

15.

16.

OH et al.

Johnes M. R., P. F. Greenfield, and H. W. Dolle. 1991.
By-products from Zymomonas mobilis. Adv. Biochem. Eng.
Biotechnol. 44: 97- 101,

Kim, H., H. Park, M. Kim, H. G. Lee, J. Yang, and J. Cha.
2003. Enzymatic characterization of a recombinant levansucrase
from Rahnella aquatilis ATCC 15552. J. Microbiol. Biotech.
13: 230-235.

Leibovici, J., S. Kopel, A. Siegel, and O. Gal-Mor. 1986.
Effect of tumor inhibitory and stimulatory doses of levan,
alone and in combination with cyclophosphamide, on spleen
and lymph nodes. Inz. J. Immunopharmacol. 8: 391-403.
Newbrun, E. and S. Baker. 1968. Physico-chemical
characteristics of the levan produced by Streptococcus
salivarius. Carbohydr. Res. 6: 165~ 170.

. Otterlei, M., A. Sundan, G. Skjak-Braek, L. Ryan, O.

Smidsrod, and T. Espevik. 1993. Similar mechanisms of
action of defined polysaccharides and lipopolysaccharides:
Characterization of binding and tumor necrosis factor alpha
induction. Infect. Irnmun. 61: 1917- 1925,

18.

19.

20.

21.

22.

23.

Rolf, D. and G. Gray. 1982. Analysis of the linkage positions
in D-fructofuranosyl residues by the reductive cleavage
method. J. Am. Chem. Soc. 104: 3539-3541.

Rosell, K. G. and D. Birkhed. 1974. An inulin-like fructan
produced by Streptococcus mutans, strain JC2. ACTA Chem.
Scand. 28: 589- 592.

Simms, P. J., W. J. Boyko, and J. R. Edwards, 1990. The
structure analysis of a levan produced by Streptococcus
salivarius SS2. Carbohydr. Res. 208: 193- 198.

Stark, Y. and J. Leibovici. 1986. Different effects of the
polysaccharide levan on the oncogenicity of cells of two
variants of Lewis lung carcinoma. Br. J. Exp. Pathol. 67:
141-147.

Whiting, G. and R. Coggins. 1967. Levan formation of
Acetomonas. J. Inst. Brew. 73: 422-425.

Yamada, H. 1996. Contribution of pectins on health care, pp.
173-190. In J. Visser and A. G. J. Voragen (eds.). Pectins
and Pectinases.



