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Antrodia camphorata, a wood rooting and traditional Chinese medicinal fungus, grew on a
range of carbohydrates including glucose, fructose, xylose, rhamnose, maltose, galactose and
sucrose. The effects of carbohydrate feeding in the growth medium of A. camphorata were
examined both in the respects of growth rate and the monosaccharide composition in the free sugar
pool of the cells. Both glucose and galactose as the carbon source greatly enhanced growth rate in
the concentration of 40 g L'X. Mycelial growth was insensitive to the addition of rhamnose, xylose,
and maltose in all tested concentrations (10— 80 g L'Y). Analysisof 60- day- old mycelia showed that
glucose induced the formation of free arabitol and glucose. Sucrose enhanced the mannitol
synthesis. The addition of rhamnose was able to up- regulate the synthesis of rhamnose in the cells.
Galactose up- regulated the formation of myo- inositol and glucose. Xylose down- regulated the
synthesis of glucose and mannitol.
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INTRODUCTION

Antrodia camphorata (Basidiomycetes) is a medicinal fungus with limited distribution in Taiwan which
prohibits the collection of sufficient quantities for extensive use as adrug remedy. It has been used for

anticancer, antidots, and antichromic materials. Tissue and cell culture of this species for the mass- produceion of
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pharmaceutical products is the aim of our laboratory activities. Chemical compounds found in A. camphorata
included sesquiterpene lactone, steroids and triterpenoids *® among which triterpenoids have anticholinergic
and antiserotonergic activities.® Until now, no report was found on the description of the carbohydrate contents
of A. camphorata.

Interest in this study lies in the possibility of developing specific methods for detection and identification
of carbohydrates of this species. The present investigation of carbohydrates of A. camphorata mycelia will
facilitate understanding of the sugar flux of fungi in generd. We reported here on the carbohydrate compositionin A.
camphorata. Quantification of the carbohydrates and profile analysis was carried out by anion exchange
chromatography with pulsed amperometric detection for its sensitive analysis of carbohydrates in HPLC
system.” The carbohydrate contents of mycelia from several carbohydrate- feeding in the culture medium were

determined and compared.

MATERIALSAND METHODS

A. camphoratastrains

The isolation of A. camphorata accession number 35396 was obtained from Culture Collection and
Research Center (CCRC) 8. A. camphorata was cultivated on potato- dextrose-agar 39 g L"*(PDA), malt extract
20 g L%, enriched with the corresponding amounts of carbohydrates in the medium, pH 5.6, 28°C under dark
conditions. Growth rate of the culture was determined by measuring the radius of each colony. Growth media
used in the solid culture were purchased from Sigma Co. (Saint Louis, MO, USA). LC grade organic solvents
were purchased from E. Merck Co.

Sample preparation

For isolation of the free monosaccharides, as well as the hydrolysis of the polysaccharide fractions, 60-
day- old cultures were used. In the end of the incubation, mycelia were rapidly washed under an aspirator-
suction with 1L 250 mM NaCl, lyophilyzed, and stored at 4°C for determination of carbohydrate composition.
The mycelia were ground into powder and extracted with hot 80% (v/v) ethanol.® The aqueous extracts were
collected and evaporated to remove acid residues. The dried pellet was suspended in Q- water and passed

through a Millipore- GX nylon membrane.
Chemical analysis of neutral sugars

Analyses of neutral sugars obtained from cell- lysates prepared with hot ethanol extraction were carried out
by high- performance anion- exchange chromatography (HPAEC) system ([Dionex, USA) equipped with a

gradient pump, a pulsed amperometric detector (PAD- 1), and an anion- exchange column (Carbopac PA-10,
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4.6 x 250 mm). Samples were applied using a autosampler (AS3500, SpectraSY STEM?) via a microinjection
valve with a 200 mi sample loop. The effluent was mixed with 0.3 M NaOH at the rate of Q3 ml min! to
maintain the basicity required for the detector sensitivity. Area under the curves were integrated with an Al- 450
(Dionex). ldentification and quantification of carbohydrates were made in comparison with authentic standards
and calibration curve of the standard reference peaks. Carbohydrate standards were obtained from Sigma Co.
(Saint Louis, MO, USA). Conditions of separation were performed at 90 mM NaOH, 1ml min-*for 10 min, a
15-min column wash with 200mM NaOH followed by a 15- min equilibration.

Hydrolysis of EtOH- insoluble resdues

EtOH- insoluble residues were prepared as follows: afina concentration of 80% (v/v) EtOH was added to
the dried mycelia and heated under 80 °C for 20 min. After cooling, the tube was centrifuged (3000 g, 5 min),
the supernatant removed, replaced by 80% (v/v) aqueous EtOH, and heated at 80 °C 20 min. Heating was done
twice and then washed. The residue was dried and ground. EtOH- insoluble residues were hydrolyzed under the
condition of 6N HCI, 6 h, 80° C. The acid- hydrolysates were evaporated at 40 ° C to remove acid residues. The
dried pellet was suspended in Q- water and passed through a Millipore- GX nylon membrane before HPLC

analysis.
Data collection

The value of two independent observations were averaged as presented experimental data. Statistically

significant comparisons: t- test P < 0.05.

RESULTS
Effect of carbohydrate feeding on mycelia growth

Growth rate of A. camphorata mycelia was determined by measuring the growth radius of the colony on
solid medium (Figure 1). In general, the growth curve showed that lag phase took place in the first four days
incubation, and log phase extended from day five to day 20. Comparisons were made between control and
various sugar- feedings. The addition of carbohydrates in the medium enhanced mycelial growth for amost all
the tested sugarsin all the applied dosages. At the 56™ days of incubation, it showed that the addition of glucose
in the medium led to the observation that the relative rate of growth was 16, 26.4, 45 and 26 for the applied
dosage of 10, 20, 40, and 80 g L, respectively. For the addition of galactose in the medium led to the
observation that the relative rate of growth was 31, 25.4, 47, 29.4 for the applied dosage of 10, 20, 40, and 80 g
L%, respectively. Among them, 40 g L-'was the most effective dosage for the glucose or galactose- feeding in

the medium. Mycelia growth was insensitive to the feeding dosage for the carbon source of rhamnose, xylose,
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Figure 1. Effects of the addition of various carbohydrates on the growth of A. camphorata. A. camphorata was incubated
without (control) or with the addition of (A) glucose; (B) xylose; (C) rhamnose; (D) galactose; (E) fructose; (F)
sucrose; (G) maltose at theindicating dosage. Each point wasthe aver age of two independent observations.
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Figure 2. Anion- exchange chromatogr am with pulsed amperometric detection of seven standards of monosaccharides.
Conditions for HPLC were described as materials and Methods. Detection was by pulsed amperometric
detection, 30 nC scale. Theidentity of monosaccharidewasasfollows: 1, myo- inositol; 2, arabitol; 3, dulcitol;
4, mannitol; 5, fucose; 6, rhamnose; 7, glucose.

and maltose. At the 56" days of incubation, it showed that the addition of sucrose and maltose in the medium led
to the observation that the relative rate of growth was 33, and 23 for the applied dosage of 80 g L*?, respectively.

Effect of carbohydrate feeding on free sugar biosynthesis of the mycelial cells

Anion- exchanged chromatography followed by pulsed amperometric detection was used to determine the
free sugars in the cells. Using 90 mM NaOH as a column effluent, myo- inositol, arabitol, dulcitol, mannitol,
fucose, rhamnose and glucose were readily separated in 8 min at a flow rate of 1ml min! (Figure 2).

Free sugars were extracted from the cells by hot ethanol (80%). Comparisons were made between different
carbohydrates source in the medium in combination with different dosage of the carbohydrates (Figure 3). The
overall detected carbohydrates were on a scale of less than 0.1% of dry weight. Without the addition of
carbohydrate in the PDA and malt basal medium (control), arabitol and mannitol were the mgjor free sugarsin
the mycelium. The amount of arabitol and mannitol in the mycelium were in the concentration of 1.70 and 1.68
mg g dry weight, respectively. With the addition of glucose in the basal medium, arabitol and glucose werein
adirect increase with the increase of glucose concentrations in the medium. The amount of arabitol were 2.62,
4.95, and 5.96 mg g' dry weight for the glucose- feeding at the concentration of 10, 40, and 80 g L%,
respectively. The amount of glucose were 1.1, 1.1, and 3.8 mg g* dry weight for the glucose- feeding at the
concentration of 10, 40, and 80 g L, respectively. Xylose seemed to be a negative factor in the formation of
mannitol and glucose by the fact that it was a negative dosage effect. The amount of mannitol were 1.2, 0.64,
and 0.43 mg g* dry weight for the xylose- feeding at the concentration of 10, 20, and 40 g L%, respectively. The
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Figure3. Compositional analysis of monosaccharidefor the A. camphorata incubated with (A) glucose; (B) xylose;
(C) rhamnose; (D) galactose; (E) fructose; (F) sucrose; (G) maltose; (H) control at the corresponding
concentrationsfor 60 days. Collected data wer e the aver age values of two analyses.
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amount of glucose were 0.45, 0.27, 0.21 and 0.20 mg g* dry weight for the xylose- feeding at the concentration
of 10, 20, 40, and 80 g L%, respectively. The addition of rhamnose, rhamnose was detected in the myceliawhich
was not detected in other treatment, and was in a direct response. The amount of rhamnosewere0.3, 0.6, 4.0 and
5.4 mg g* dry weight for the rhamnose- feeding at the concentration of 10, 20, 40, and 80 g L1, respectively.
The addition of galactose was able to induce the formation of glucose in the concentration of 40 g L or less.
High concentration of galactose (80 g L) in the medium would inhibit the synthesis of glucose. The amount of
glucose were 0.2, 0.3, 2.4, and 1.1 mg g dry weight for the galactose- feeding at the concentration of 10, 20, 40,
and 80 g L', respectively. For the synthesis of myo- inosital, it was a direct response to galactose. The amount
of myo- inositol were 0.06, 0.06, 0.07, and 1.00 mg g* dry weight for the gal actose- feeding at the concentration
of 10, 20, 40, and 80 g L, respectively. Fructose was able to induce the synthesis of mannitol when fructose
concentration was less than and equal to 20 g L™%. The amount of mannitol were 4.1 and 7.1 mg g* dry weight for
the fructose- feeding at the concentration of 10, and 20 g L%, respectively. With the addition of sucrose in the
basal medium, mannitol wereincreased with the direct dosage of sucrose. The amount of mannitol were 0.7, 2.6,
3.6 and 7.8 mg g* dry weight for the sucrose- feeding at the concentration of 10, 20, 40, and 80 g LY,
respectively. With the addition of maltose in the medium, mannose, and glucose were increased when the
maltose concentration was less than and equal to 40 g L'%. High concentration of maltose could greatly inhibit
the synthesis of glucose. The amount of glucose were 1.00, 4.50, and 0.01 mg g! dry weight for the maltose-
feeding at the concentration of 10, 40, and 80 g L%, respectively.

In order to examine the feeding of carbohydrates on the effect of the sugar composition in the non- free sugar
pool, we analyzed the monosaccharide composition of EtOH- insoluble portion. Comparisons were made
between glucose and xylose- feeding mycelia (Figure 4). The EtOH- insoluble residues could be regarded as
preparations of unlignified cell walls.’® The cell wall hydrolysates (CWH) neutral sugar fraction was largely
made up of glucose. Thisisalso true for the reports of Burczyk et al. 1 Feeding of glucose greatly increased the
amount of glucose both in the CWH portion and in the free carbohydrate pool. The maximum presence of
glucose in the CWH was occurred when feeding of glucose at the concentration of 20 g L. Beyond this dosage
of feeding, the glucose tended to accumulate in the free- sugar pool than in the CWH portion. The amount of
glucose in the CWH portion were 2.1, 9.2, 10.5, 9.3 and 8.1 mg g* dry weight for the glucose- feeding at the
concentration of 0, 10, 20, 40 and 80 g L%, respectively. The amount of glucose in the free sugar portion were
0.2, 1.1, 0.4, 1.0 and 3.8 mg g* dry weight for the glucose- feeding at the concentration of 0, 10, 20, 40 and 80 g
L2, respectively. Feeding of xylose in the culture medium seemed to inhibit the accumulation of free glucose.
No parallel change of glucose with the feeding of xylose was observed in the CWH portion. The amount of
glucose in the CWH portion were 2.1, 7.5, 3.7, 8.9 and 6.0 mg g* dry weight for the xylose- feeding at the

concentration of 0, 10, 20, 40 and 80 g L%, respectively. The amount of glucose in the free sugar portion were
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0.2, 0.4, 0.3, 0.2 and 0.2 mg g* dry weight for the xylose- feeding at the concentration of 0, 10, 20, 40 and 80 g
L%, respectively.

DISCUSSION

In vitro culture of filamentous fungi, carbohydrate is a magjor nutrition to support the mycelial growth,
rather than proteins which is the major source for bacterial culturing. In the search for optimal carbohydrate
source and concentrations supplemented in the medium, we tested several neutral sugars in the combination
with different feeding concentrations on the rate of mycelia growth (Figure 1). The addition of carbohydratesin
the medium enhanced mycelial growth for ailmost al the tested sugars in al the applied dosages in this study.
The results showed that glucose and galactose were the most effective carbohydrate source in the stimulating of
mycelial growth. It suggested an important role of the configuration of carbon 2 and 3 on the mycelial growth.
Among the di- saccharides we tested, sucrose (glucose a(1® 2)- fructose) was efficient in inducing mycelia
growth than maltose (glucose- a(1® 4)- glucose).

In the examination of EtOH- insoluble portion (Figure 4), we hydrolyzed the intact carbohydrate

compounds which may include polysaccharides, glycoproteins, lipopolysaccharides, and other macromolecules



I-Hung Lee, Chi-Ting Chen, Hsiao-Chuan Chen, Wen-Chi Hsu and Mei-Kuang Lu 29

with carbohydrate moity. The results showed that the intact glucose was at least eight to thirty times more than
the glucose in the free form. Among the glycoconjugates in the mycelium, polysaccharides are suggested to be
potentially useful, biologically activeingredients for pharmaceutical uses dueto avariety of biological activities,
such as mitogenic activity and activation of aternative pathway complement (APC) and plasma clotting
activity'2, Numerous mushroom polysaccharide fractions have been documented for their tumor inhibition
activity, such as a glucan- protein complex from Ganoderma tsugae 3, lentinan (a 1® 3 linked R-D-glucan)
from Lentinus edodes 14, and schizophyllan from Schizophyllum commune?®®.

In summary, the carbohydrate profiles of A. camphorata was established in a manipulated cellular system.
The present analytica methodology is adequate for investigation of important cellular process. The report
reveals that the sugar patterns in A. camphorata will provide useful information for further study on the possible
pathway in carbohydrate metabolism. The identification and characterization of polysaccharides of A.

camphorata is in progress.
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