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Detection of Taurine in Basidiomycetes
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Abstract — Taurine is one of the essential amino acids for humans and many of mammals. It is produced and
contained in fishes, shells, plants and algae, but has never been found in fungi. We examined six mushrooms
for taurine and detected taurine in five of them. Taurine was determined by an automated amino acid analyzer
using ion-exchange chromatography, being eluted between phosphoserine as a distinct peak on the chromato-
gram. Fruit bodies of Flammulina velutipes contained 83 imoles/100 g fresh wt, the highest level among them,
Agaricus bisporos 65 umoles, Lentinus edodes 49 pmoles, Pleurotus ostreatus 9 pmoles, and Auricularia
auricula-judae 20 pmoles. Taurine was not detected in Ganoderma lucidum. As far as fungi are concerned, this
is the first report of the detection of taurine in Basidiomyces.
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Taurine (2-aminoethanesulfonic acid) is a sulfur-containing
amino acid which was first identified in the bile of an ox by
Tiedemann and Gmelin (1827). As with other amino acids,
taurine has a small molecular weight of 125.1 and exists as a
zwitterion in the physiological condition. The roles of taurine
have been demonstrated throughout the animal body, notably
in the heart, brain, reproductive system, muscle and eye
(Huxtable, 1992), The most prominent functions of taurine
are antioxidation (Trachtman er al., 1993), hepatoprotection
(Timbrell et al., 1995), intracellular calcium modulation (Mil-
itante and Lombardini, 1999), neuromodulation (Ferco and
Bobyock, 1988), membrane stabilization and osmoregulatory
action (Huxtable, 1992). Yet, it has certain chemical and bio-
logical properties that make it unique among the amino com-
pounds: 1) taurine is a B-amino acid, which designates that
the amino group is attached to the B-carbon of the structure;
2) a sulfonic acid group provides the acidic group rather than
a carboxylic group which is commonly present in amino
acids. Since the sulfonic acid group is more acidic (pKa=1.5)
than a carboxyl group (pKa=2.1), taurine remains ionizd at a
lower pH than amino acids bearing a carboxyl group; 3) tau-
rine is not incorporated into any protein. Even though it forms
a few peplides such as glutarine (gamma-L-glutamyl-taurine) in
brain and parathyroid tissues (Feuer et al., 1978; Csaba et al.,
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1979), most taurine in animal tissues and biological fluids
remains as a free amino acid.

It is produced and contained in fishes, shells, plants and
algae, but has never been found in fungi. We examined six
mushrooms for taurine and detected taurine in five of them.
Carpophores of Flammulina velutipes contained 83 pumoles/
100 g [resh wt, the highest level among them, Agaricus
bisporus 65 |umoles, Lentinus edodes 49 pmoles, Pleurotus
ostreaius 9 pmoles, and Auricularia auricula-judae 20
pmoles. However, taurine was not detected in Ganoderma
Iucidum. As far as fungi are concerned, this is the first report
of the detection of taurine in Basidiomyces.

MATERIALS AND METHODS

Preparation of sample

For the analysis of taurine concentration in basidiomycetes,
six commonly used mushroom samples (Flammulina veluti-
pes, Agaricus bisporus, Lentinus edodes, Auricularia auric-
ula-judae, Pleurotus ostreatus, and Ganoderma lucidum)
were obtained commercially from three different grocery
stores located in Seoul. A portion of sample was homoge-
nized in ice-cold 0.05 M potassium phosphate buffer (pH 6.8)
using a polytron homogenizer (M133/128-0, Biospec Prod-
ucts Inc., Bartlesville, OK, USA) to form a 2.5~20% (w/v)
homogenate. The homogenates were centrifuged at 20,000 X
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g for 30 minutes at 4°C, and the supernatant was deprotein-
ized using 20% sulfosalicylic acid, and filtered through 0.2
um filter (PVDF Acrodisc 13, Gelman Sciences).

Analysis by amino acid analyzer

Taurine concentration in the filtrate was determined by an
automated amino acid analyzer (Biochrom 20, Pharmacia
LKB Biotech, Cambridge, England) based on lon-exchange
chromatography (Moore and Stein, 1963). The 20 pl aliquot
of the filtered sample was injected into the lithium high per-
formance column (90 X 4.6 mm, Pharmacia LKB Biotech).
The taurine peak was obtained at about 7.0~7.3 min with 0.2
M lithiwm citrate buffer, pH 2.8 and 0.3 M lithium citrate
buffer, pH 3.0 as mobile phases running at a flow rate of 25.0
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Fig. 1. Chromatogram of standard tauring with automated amino
acid analyzer. The retention time of standard taurine was 7.3
min in lithium high performance column (90 X 4.6 mm, Pharma-
cia LKB Biotech). The eluated taurine was reacted with ninhy-
drin and detected at 570 nm.
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Scheme 1. Analysis of taurine in the carpophores of Basidio-
mycetes with automated amino acld analyzer.

ml/hour for 2 min and 12 min, consecutively at 34 °C (Fig. 1).
The eluted amino acids were reacted with ninhydrin and
detected at 570 nm (Scheme I).

Standard solution of amino acids (#A6407, Sigma Co., St.
Louis, MO, USA) was used to calibrate the instrument to
insure accuracy in the qualitative and quantitative measure-
ments of amino acids present in our samples. Taurine recover-
ies from taurine standard solutions (8~180 nmol/mL) and the
sample with a known amount of taurine added were found to
be from 97.5 to 102%. Tawrine concentration was expressed
as a mean T standard error of triplicate samples for each spe-
cies of the mushrooms.

RESULTS AND DISCUSSION

By the automated amino acid analyzer using ion-exchange
chromatography, taurine was cluted between the two strong
acidic amino acids, phosphoserine and phosphoethanolamine
as a distinct and symmetrical peak on the chromatogram.
Most of the mushrooms tested in the present study contained
taurine in the range of 3.7~83 moles/100 g fresh wt. Carpo-
phores of Flammulina velutipes contained the highest level of
taurine (83.2 T 6.6 pmoles/100 g fresh wt) among the com-
monly used mushrooms (Fig. 2). Leatinus edodes and Agari-
cus bisporus also contained high levels of taurine, in the
concentrations of 48.6 5.4 and 64.9 3.5 pmoles/100 g
fresh wt, respectively. Pleurotus ostreatus contained 8.9 =
0.65 umoles taurine/100 g fresh wt. Dried samples of Auricu-

—
0.10 _‘
0.08 Tauring

o 006

=)

Phosphosering
0.04
L Urea
A —_ e ———
0.02
0 5 10 15
Minutes

Fig. 2. Chromatogram of Flammulina velutipes with automated
amino acid analyzer. Fresh carpophores of the mushroom was
used for the preparation of sample. Taurine was detected at the
retention time of 7.0 min in lithium high performance column
(90 % 4.6 mm, Pharmacia LKB Biotech).
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Table 1. Taurine concentrations in commonly used mushrooms®
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Basidiomycetes Korean name umoles/100 g wt mg/100 g wt
Flammulina velutipes® Paengibeoseot 83.2 £ 6.6 104 £ 0.8
Agaricus bisporus® Yangsongi 649 £ 3.5 81104
Lentinus edodes® Pyogobeoseot 486 £ 54 6.1 £ 0.7
Pleurotus ostreatus® Neutaribeoseot 89 + 0.6 1.1 £ 0.1
Auricularia auricula-judae® Mokibeoseot 195+ 2.1 2403
Ganoderma lucidum® Yongjibeoseot ND ND

Fresh carpophores
PDried carpophores

“Concentration of taurine was determined by automated amino acid analyzer using ion-exchanger chromatography.

Values are mean £ standard error of triplicate samples
ND: not detected

laria auricula-judae contained 19.5=2.1 umoles taurine/100
g wt, which are estimated as 3.3 pmoles taurine per 100 g of
the fresh sample based on the assumption that water contents
of dried and fresh mushrooms are approximately 15%
(National Rural Living Science Institute, 1996). On the con-
trary, taurine was not detected at all in Ganoderma lucidum
in this study.

Ligdesmiki (1986) noted that the fraction of taurine and
phosphoethanolamine of the plant tissue extracts overlapped
seriously from the ion-exchange chromatography system.
This problem appears to be solved completely in our chroma-
tography system. Kataoka and Ohnishi (1986) measured the
taurine content in plant tissues by gas chromatography with
electron-capture detection (GC-ECD), and demonstrated that
seaweeds contained high levels of taurine, in the range of
10~1000 nmol/g wet weight, while taurine contents of land
plants were much lower than this. There are millimolar con-
centrations of taurine in mammalian tissues, but only micro-
molar or less in many higher plants, molds and bacteria,
although taurine is widely distributed in these organisms
(Jacobson and Smith, 1968; Ligdesmiki, 1986; Kataoka and
Ohnishi, 1986; Pasantes-Morales et al. 1989). Our recent
findings (Park er al., 1998) also confirmed that taurine is fre-
quently detected in plant kingdom in much lower concentra-
tions (1072~1073-folds) than those found in marine organisms
and mammals. Taurine content in edible mushrooms appears
to be relatively high as compared to that of other plants,
although it varies greaily depending on the species of mush-
room. Flammulina velutipes showed the highest taurine con-
tent among the land plants tested so far, Recent studies in rats
(Park et al., 1997; Gandhi ef al., 1992) demonstrated that tau-
rine supplementation significantly lowered plasma and

hepatic cholesterol and triglyceride concentrations. Mushrooms
are excellent candidates for a high taurine/low cholesterol
food, and this could partly explain the hypolipidemic action
of certain mushrooms, eritadenin (Sugiyvama er al., 1995) and
Lentinus edodes (Sugiyama et al., 1993), which has been
reported to be mediated by a modification of hepatic phos-
pholipid metabolism. This is the first report of the detection of
taurine in Basidiomycetes.

ACKNOWLEDGEMENTS
This study was supported by a grant #HMP-97-F-5-0022 of

the 1997 Good Health Research and Development Project,
Ministry of Health and Welfare, and a grant #98-2-16-03-01-2

_of Korea Science and Engineering Foundation, Republic of

Korea.
REFERENCES

Csaba, G., Feuer, L., T t k, L. T., Dobozy, O. and Kov cs, P.
(1979). Analysis of the antagonistic effect of gamma-l-
glutamyl-taurine on glucocorticoid and triiodothyronine.
Acta Anat. 104, 427-430.

Ferko, A. P. and Bobyock, E. (1988). Effect of taurine on
ethanol-induced sleep time in mice genetically bred for
differences in ethanol sensitivity. Pharmacol. Biochem.
Behav. 31, 667-673.

Fever, L., T r k, L. J., Kapa, E. and Csaba, G. (1978). The
effect of gamma-L-glutamyl-taurine (litoralon) on the
amphibian metamorphosis. Com. Biochem. Physiol. 61C,
67-71.

Gandhi, V. M., Cherian, K. M. and Mulky, M. I. (1992).
Hypolipidemic action of taurine in rats. Ind. J. Exp. Biol.
30, 413-417.

Huxtable, R. J. (1992). Physiological actions of taurine.



284 Taesun Park et al.

Physiol. Rev. 72, 101-163.

Jacobsen, J. G. and Smith, L. H. Jr. (1968). Biochemistry and
physiology of taurine and taurine derivatives. Physiol. Rev.,
48, 424-511.

Kataoka, H. and Ohnishi, N. (1986). Occurence of taurine in
plants. Agric. Biol. Chem. 50, 1887-1888.

Ligdesmiki, P. (1986). Determination of taurine and other
acidic amino acids in plants. Phytochem. 25, 2409-2411.
Militante, J. D. and Lombardini, J. B. (1999). Stimulatory
effect of taurine on calcium ion uptake in rod outer
segments of the rat retina is independent of taurine uptake.

J. Pharmacol. Exp. Ther. 291, 383-389.

Moore, S. and Stein, W. H. (1963). Chromatographic determi-
nation of amino acids by the use of automatic recording
equipment, In Colowick, S. P. and Kaplan, N. O. (Eds.).
Methods in Enzymology. Academic Press, New York, vol. 6,
pp 819 -831.

Natural Rural Living Science (1996). Institute, Food Compo-
sition Table. 5th ed. Seoul.

Park, T. and Lee, K. (1997). Effect of dietary taurine supple-
mentation on plasma and liver lipid levels in rats fed a
cholesterol-free diet. Kor. J. Nutr. 30, 1132-1139.

Park, T., Park, I. E., Chang, I. S., Son, M. W. and Sohn, K. H.

(1998). Taurine content in Korean foods of plant origin. J.
Korean Soc. Food Sci. Nutr. 27, 801-807.

Pasantes-Morales, H., Quesada, P., Alcocer, L. and Sanchez-
Olea, R. (1989). Taurine content in foods. Nutr. Rep. Int. 40,
793-801. ,

Sugiyama, K.. Akachi, T. and Yamakawa, A. (1993). The
hypo-cholesterolemic action of Lentinus edodes is evoked
through alteration of phospholipid composition of liver
microsomes in rats. Biosci. Biotech. Biochem. 57, 1983-
1985.°

Sugiyama, K., Akachi, T. and Yamakawa, A. (1995). Hypo-
cholesterolemic action of eritadenine is mediated by a
modification of hepatic phospholipid metabolism in rats. J.
Nuzr. 125, 2134-2144.

Tiedemann, F. and Gmelin, L. (1827). Einige neue bestandtheile
der galle des ochsen. Ann. Phsik. Chem. 9, 326-327.

Timbrell, J. A., Seabra, V., and Waterfield, C. J. (1995). The in
vivo and in vitro protective properties of taurine. Gen.
Pharmacol. 26, 453-462.

Trachtman, H., Futterweit, S., and Bienkowski, R. S. (1993).
Taurine prevents glucose-induced lipid peroxidation and
increased collagen production in cultured rat mesangial
cells. Biochem. Biophys. Res. Commun. 191, 759-765.



