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Abstract

Abstract

Dendrobium species are used as the traditional Chinese medicine herbs
for centries. Much attention has been focused on its resource regenesis,
chemical components and pharmacological activities. Polysaccharides were
the major active constituent from Dendrobium plants. Dendrobium huos-
hanense C. Z. Tang et S. J. Cheng, from which the Chinese medicine was
most originally prepared, was studied in this paper. After the high expres-
sion system of polysaccharides from protocorm-like bodies (PLBs) in sus-
pension culture was researched, water-soluble polysaccharides were extrac-
ted, isolated and purified from PLBs of D. huoshanense, with the advanced
methods of isolation and purification, chemical and pharmacological instru-
ment analysis technique of bio.macromolecular. Some pharmacological ac-
tion and mech?misms were investigated. The chemical properties and struc-
tural features of main polysaccharides of HPS-1B23 from PLBs of D. huos-
hanense (HPS) were identified. The main results were obtained as fol-
lows:

An efficient procedure was developed for PLBs formation from stem
segments ofD. huoshanense and subsequent subculture for a long time.
The highest frequency (79. 9%) of PLB formation occurred on MS medium
supplemented with 7. 5 ymol L™' NAA and 0.5 pmol L' KIN. Growth-
regulator free MS medium at half-strength was suitable for PLB prolifera-
tion. The obtained PLBs were stable in growth, plantlet regeneration,
polymorphic DNA of genome and polysaccharide synthesis including con-

tent and monosaccharide ratio.
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Pharmacological studies testified that PLBs have the same potential of
synthesizing active polysaccharide as that of wild plants. The crude HPS
from wild plants significantly stimulated interferon y (IFN-y) release in the
supernatant of murine splenocytes and tumor necrosis factor alpha (TNF-
a) release in the supernatant of peritoneal macrophages. The critical con-
centration of HPS was 800 ug mL ' for IFN-y and 200 pg ml. 'for TNF-«
release. RT-PCR analysis indicated those responses were attributed to the
up-regulation of the expression of theirown genes in cells. Different HPS
fractions showed different capability in stimulating IFN-y and TNF-a re-
lease. By DEAE-Cellulose chromatography, five fractions were all obtained
from wild plants and PLBs, in which HPS-1 eluted by distilled water was
the main constituent (79%). These analytical methods of polysaccharide
bioactivities could be applied to monitor the liquid culture system of PLBs.

The carbon and nitrogen metabolism was analysedand the relationship
between PLLB growth, polysaccharide synthesis and carbon, nitrogen me-
tabolism was elucidated in liquid culture of PLLBs. No significant lag phase
of PLLB growth was found and the maximum biomass was obtained on day
30 of culture. The profiles of PLB growth and polysaccharide synthesis was
not in synchronization. Sucrose concentration was halved as PLB growth
proceeded while no change in glucose and fructose levels in the medium was
found in the first 3 days followed by a gradual increase until day 9 of cul-
ture. Conversely, sucrose in PLLBs accumulated dramatically in the first 6
days of culture followed a rapid decrease. At the same time, glucose and
fructose content of PLLBs was also increased and declined after 9 days of cul-
ture. Soluble acid invertase (soluble acid IT) and alkaline invertase (alka-
line IT) were activated after inoculum, which reached the highest value on
day 6 and day 18, respectively whereas cell-wall-bound invertase (cell-wall-
bound IT) seemed to be repressed throughout of culture. The maximum
value of sucrose synthase (SuSy) activity was observed on day 18 while su-

crose phosphate synthase (SPS) stayed low and constant from inoculum to
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Abstract

the end of the culture. Ammonium concentration in medium decreased rap-
idly and it was hardly detected after culturing for 9 days while the rapid use
of nitrate was onset. Corresponded to medium, ammonium in PLBs
showed a sharp increase in the first 3 days of culture followed a rapid de-
crease until day 12 where nitrate depletion was onset. Both the peak of glu-
tamine synthase (GS) and glutamate synthase (GOGAT) activity was ob-
served on day 12 and 15, respectively. Nitrate reductase (NR) was re-
pressed in the early culture stage and activated from day 9 to day 15 of cul-
ture. These results suggested that soluble acid 1T, alkaline IT, SS, GS,
GOGAT and NR controlled carbon and nitrogen metabolism in different
growth stage of PLLB of D. huoshanense, which regulated PLLB growth and
polysaccharide synthesis ultimatedly, which could supply the guidance for
regulating PLLB growth and polysaccharide synthesis in high performance.
The two-stage culture system for active polysaccharide synthesis in
high performance was established. In PLB growth stage, sucrose and
KNO), as the carbon source and nitrogen source are suitable for PLLB growth

and the critical concentration were 35 g L. ' and 30 mmol L. ', respective-

ly. The optimal concentration of Ca®*", Fe*", Mn*" and Zn*" for PLB

"and 0. 06 mmol

growth was 4.5 mmol L ', 0.1 mmol L ', 0.5 mmol L.~
L ', respectively. In this medium, 693 g FW L ' PLBs were harvested af-
ter 30 days of culture and biomass increase was improved 230% as com-
pared with that of 1/2 MS. In polysaccharide synthesis stage, polysaccha-
ride synthesis was significantly improved by the feeding sucrose. The max-
imum polysaccharide production (22 g I. ') was seen in the case of 50 g
[. ' sucrose feeding at day 30 of culture, which was about 9-fold higher
than that of regulation before.

One homogenous fraction of HPS-1B23 was obtained after purification
of HPS and its property and structure were further elucidated. The water-

soluble polysaccharide of D. huoshanense was fractionated By DEAE-Cellu-

lose anion-exchange and gel filtration chromatography of Sephacryl S-200,
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Sephadex G-75 and Sephadex G-100 in turn, giving one homogenous frac-
tion of HPS-1B23 with molecular weight of 2. 2 X 10" Da and optical rota-
tion of [a ]y +130.7. HPS-1B23 was white powder and its microstructure
was characterized as a honeycomb by SEM. HPS-1B23 from D. huos-
hanense was composed of glucose, mannose and galactose in molar propor-
tions 31:10:8 by analysis of complete acid hydrolysates. The ultraviolet
and infrared spectra analysis revealed that the HPS-1B23 was sugar without
proteins. By using techniques of smith degradation, methylation analysis,
partial acid hydrolysis and NMR spectrometry, the repeating unit of HPS-

1B23 was characterized as:

a-D-Galp a-D-GalP
1 1
} !
3 3
—4)-a-D-CGluP-(1—4)-a-D-GluP-(1—6)-a-D-ManP-(1—+6)-a-D-ManP-(1—6)-a-D-

GluP-(1—6)-a-D-GluP-(1—6)-a-D-GluP-(1—+6)-a-D-GluP-(1—+6)-a-D-GluP-(1—
3
I
i |

OAc
Keywords: Dendrobium huoshanense; polysaccharide; protocorm-like
bodies (PLBs); suspension culture; extraction isolation and purification;

structural analysis; biological activity
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