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Ergothioneine was first isolated from ergot and
later demonstrated in red blood cells of mammals
and birds (Hunter and Eagles, 1925; Benedict
et at., 1926; Gulland and Peters, 1930), in boar
seminal fluid (Mann and Leone, 1953), and in
many other tissues of mammals (Melville et at.,
1954). Many fungi are capable of synthesizing
ergothioneine (Melville et al., 1956). The physio-
logical action of ergothioneine in animals is not
known.
No information concerning the action of bac-

teria on ergothioneine has been available. In the
present investigation it is shown that the ability
to degrade ergothioneine is not a universal prop-
erty of bacteria. In the course of study, a bacterial
strain, identified as Alcaligenes faecalis, was
isolated from soil by the enrichment culture
techniques. This organism is capable of utilizing
ergothioneine as a sole source of carbon and
energy. Two intermediate products, trimethyl-
amine and thiolurocanic acid, have been detected.

MATERIALS AND METHODS

Ergothioneine was prepared from hog whole
blood by the method of Hunter and Eagles (1927)
without the use of H2S. Deproteinization was
with Zn(OH)2 (Mann and Leone, 1953) by
treating with (CH3COO) 2Zn and neutralizing
with NaOH. A yield of 1.5 g of pure ergothioneine
was obtained from 30 L of blood. Chemically
prepared thiolurocanic acid was made from ergo-
thioneine by the method of Barger and Ewins
(1911). Trimethylamine hydrochloride was pur-
chased from Eastman Kodak (Rochester, New
York). Paper chromatography was one-dimen-
sional and ascending on Whatman no. 1 filter
paper and the solvent used was n-butanol, acetic
acid and water (4:1:5 by vol, upper layer). The
ultraviolet light source was a Mineralight lamp
model SL2537 efficiency peaked at 2537 A
(Ultra-violet Products, Inc., San Gabriel,
California).
Washed cell suspension. Nonadapted cells of

ergothioneine metabolizing A. faecalis were grown
aerobically at 30 C in 100 ml of nutrient broth

(Difco) in a 1 L Erlenmeyer flask for 24 hr.
Ergothioneine adapted cells were grown similarly
for 36 hr in 0.1 per cent ergothioneine solution
containing 0.01 g of dehydrated nutrient broth
per 100 ml. Cells were spun down, washed 4 times
with water and resuspended in 0.1 M phosphate
buffer to give a turbidity reading of 200 with a
Klett-Summerson photoelectric colorimeter
equipped with a 620 mu filter.

Analytical methods. Ergothioneine and thio-
lurocanic acid were determined quantitatively
by the method of Melville and Lubschez (1953).
The color was read in a Klett-Summerson photo-
electric colorimeter with a 540 m,A filter. Ergo-
thioneine in mixture with thiolurocanic acid was
separated by paper chromatography, eluted in
water and determined. The following procedure
was used. A 0.04 ml sample was applied on a
sheet of filter paper in a horizontal band (1.5 cm
by 3.5 cm). The band was allowed to dry, the
sheet was subjected to chromatography in fresh
solvent for 9 hr, and the ergothioneine determined
within 24 hr. Rf of ergothioneine was 0.2, and
thiolurocanic acid, 0.7. Under Mineralight ergo-
thioneine spots appeared dark and thiolurocanic
acid, fluorescent and greenish.The least amount of
ergothioneine detectable was 2 to 3 ,ug while that
of thiolurocanic acid was even less. The ergo-
thioneine spot (2 cm by 4 cm) was marked with
a pencil and then cut off, torn into 8 pieces and
put in a test tube with 6 ml of water. Elution was
carried on for 4 hr, shaking once every hour. A
volume of 3 ml of eluate was tested for ergo-
thioneine content. This required an ergothioneine
calibration curve prepared by paper chromato-
graphy with known ergothioneine standards.
For qualitative detection, the chromatograms

were viewed in Mineralight and also sprayed with
alkaline diazo reagent of Mann and Leone (1953).

Trimethylamine was determined by the method
of de la Huerga and Popper (1951) using the
phenol reagent of Folin and Ciocalteu (1927).
The color was read in a Klett-Summerson photo-
electric colorimeter with a 620 m, filter. As sub-
sequent work involved collection of trimethyl-
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amine in 0.5 N HCl, trimethylamine standards
were made by dissolving known weights of
trimethylamine hydrochloride in 0.5 N HCl, and
for each determination, 4.5 ml of standard solu-
tion were neutralized with 0.5 ml of 4.5 N NaOH
prior to addition of 2 ml of diluted phenol reagent
and 3 ml of 10 per cent Na2CO3.

Screening test for ergothioneine degrading ability.
The following strains of bacteria were tested for
their ability to degrade ergothioneine: Bacillus
subtilis, Bacillus polymyxa, Escherichia coli,
Escherichia freundii, Aerobacter aerogenes, Strep-
tococcus faecalis, Streptococcus liquifaciens, Micro-
coccus pyogenes var. aureus, Serratia marcescens,
Proteus vulgaris, Pseudomonas aeruginosa, Pseudo-
monas fluorescens, Neisseria catarrhalis, and two
Alcaligenes faecalis strains, one of which was the
Department stock culture and the other, the soil
isolate known to metabolize ergothioneine.

Cultures of these organisms were maintained
on nutrientagar slants. Each organism was grown
at 37 C in nutrient broth containing 5 jumoles of
ergothioneine per ml which had been sterilized
by Seitz filtration and added aseptically. At
various times of incubation, 0.01-ml samples of
the medium were tested qualitatively for the pres-
ence of ergothioneine by paper chromatography.

Incubation of washed cells with ergothionetne.
Equal volumes of washed cell suspension and
ergothioneine solution (10 ,umoles/ml) were
mixed and incubated at 30 C and, at various
stages, the mixture was assayed for ergothioneine,
thiolurocanic acid and trimethylamine. The first
two compounds were determined by the following
procedure. A 0.04 ml sample was made up to 6.0
ml with water in a test tube immersed in an ice
water bath. From this tube, 3 ml were taken and
tested directly for the content of diazo-reacting
substances which represented the amount of ergo-
thioneine and thiolurocanic acid present. This
was valid because of the complete absence of any
diazo-reacting compound following the disap-
pearance of thiolurocanic acid. Simultaneously,
another 0.04-ml sample was applied on a filter
paper sheet, dried, and the ergothioneine content
found by paper chromatography as described
previously. The amount of thiolurocanic acid
could be found by difference. For all practical
purposes, the removal of cells prior to analysis
was not necessary.
For the trimethylamine determination, a 0.4-

ml sample was pipetted into a test tube and
acidified immediately with 0.4 ml of 0.25 N HCl.

The tube was heated in a boiling water bath for
2 min and then cooled to room temperature.
Three ml of saturated Na2CO3 solution were
added and the mixture aerated at 25 to 30 C for
2 hr. The trimethylamine which was driven off
was caught in a collecting tube containing 4.5
ml of 0.5 N HCl. The collecting tube was detached
and the contents neutralized with 0.5 ml of 4.5 N
NaOH and the amount of trimethylamine deter-
mined. Trimethylamine hydrochloride incubated
with cells was used as a control.

Isolation of thiolurocanic acid. One hundred and
fifteen mg of ergothioneine dissolved in 50 ml of
water and 50 ml of nonadapted cell suspension
in 0.1 M phosphate buffer pH 8 were mixed and
incubated at 30 C until no ergothioneine could
be detected by paper chromatography. The
mixture was kept in a refrigerator while the test
was being performed. The total incubation time
was about 12 hr. The cells were removed by
centrifugation. The supernatant was made acid
(to Congo red) with acetic acid to precipitate
yellow crystals of thiolurocanic acid. The mixture
was kept 48 hr in a refrigerator to insure complete
crystallization. The precipitate was filtered, re-
dissolved in 40 ml of water with the aid of a small
amount of 0.1 N NaOH, and then recrystallized.
The final precipitate of pure thiolurocaniq acid
after being washed with absolute ethanol and
dried at 120 C weighed 47 mg. In a capillary tube,
the preparation started charring at 275 C and was
completely charred with indications of fusion
at 300 C.

RESULTS AND DISCUSSION

Thiolurocanic acid gave the same color reaction
as ergothioneine and the same calibration curve
(figure 1) could be used for both. The only differ-
ence observed was that the color development
in the case of thiolurocanic acid was faster.
Another thiolimidazole derivative known to give
this color reaction was 4-phenyl-2-thiolimidazole
(Lawson et al., 1950). Because of loss and prob-
ably interfering substances in filter paper, the re-
coveries of ergothioneine from paper chromato-
grams were not 100 per cent, but were quite
uniform (figure 1).
Except for the ergothioneine metabolizing A.

faecalis isolated from soil, none of the organisms
tested caused any disappearance of ergothioneine
added to the medium even after 96 hr of incuba-
tion. Although the detection method employed
was not quantitative and a disappearance of a
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MICROMOLES Figure S. Thiolurocanic acid accumulation in
Figure 1. Calibration curves. O O Ergo- incubation mixture containing washed cells and

thioneine determined directly; X-X ergothio- 5 ,Amoles of ergothioneine/ml. Nonadapted
neine by paper chromatography; *-e thiol- cells; - -- ergothioneine adapted cells.
urocanic acid.

HOU RS
Figure 2. Ergothioneine disappearance in incu-

bation mixture containing washed cells and 5
,umoles of ergothioneine/ml. Nonadapted
cells; --- ergothioneine adapted cells.

small amount of ergothioneine might have oc-

curred, it would appear that the organisms were

not capable of degrading this compound rapidly.
In the case of the ergothioneine metabolizing A.
faecalis, the chromatograms showed a gradual
decrease of ergothioneine with a temporarv

HOURS
Figure 4. Thiolurocanic acid disappearance in

incubation mixture containing washed cells and 5
jAmoles of ergothioneine per ml. Nonadapted
cells; --- ergothioneine adapted cells.

accumulation of thiolurocanic acid. The former
compound disappeared totally at the twelfth
hour and the latter, about the twenty-fourth.
The incubation of washed cells of ergothioneine

metabolizing A. faecalis with ergothioneine
showed that the disappearance of ergothioneine
was rapid at pH 8 to 9 and negligible at pH 6
(figure 2). A 2-hr lag period observed in the case
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TABLE 1
Trimethylamine found in incubation mixtures

(jmoles/ml)
pH 7 pH 8

Substrate
0 Hr 20 Hr 0 Hr 20 Hr

Ergothioneine 0 5.00 0 5.03
0 5.03 0.02 4.85
0.02 5.03 0 4.73

Trimethylamine 4.95 5.35 4.90 5.03
5.20 5.28 5.12 5.03
5.10 5.20 5.25 5.03

Incubation mixture contained nonadapted cells
and 5 umoles of substrate/ml.

of nonadapted cells disappeared when ergo-
thioneine adapted cells were used. Temporary
accumulation of thiolurocanic acid existed in all
cases (figure 3). The decrease of the diazo-react-
ing substances at any stage could be attributed
to the disappearance of thiolurocanic acid (figure
4) which was most rapid at pH 7 and conse-
quently great accumulation of the compound
could not be expected at this pH. Table 1 shows
the amounts of trimethylamine from ergothio-
neine through the enzymatic action of cells and
from trimethylamine controls. Ergothioneine was
quite stable in a saturated Na2CO3 solution for
at least 2 hr at 25 to 30 C, and in 0.1 M buffer pH
9 for at least 24 hr at 30 C. From this evidence,
it appears that the organism metabolizes ergo-
thioneine according to the following scheme:

CH = C-CH2-CH-COO- N(CHs)3
Trimethylamine

N NH N(CH3)3+

C

SH CH= C-CH= CH-COOH
Ergothioneine

N NH ?

% / ~~~II
C

SH
Thiolurocanic acid

The enzymes responsible for reaction I are differ-
ent from those for II. The organism evidently
has no ability to metabolize trimethylamine.

It was thought that this organism might de-
aminate L-2-thiolhistidine, a compound structur-

ally similar to ergothioneine, forming thioluro-
canic acid in a similar fashion to the deamination
of histidine to urocanic acid (Tabor et at., 1952;
Wickremasinghe and Fry, 1954; Hall, 1952;
Mehler and Tabor, 1953). However, preliminary
experiments involving growing or resting cells
showed that L-2-thiolhistidine was not decom-
posed.

Thiolurocanic acid prepared from ergothioneine
by the use of this organism was identical with
that prepared chemically. This enzymatic method
was comparatively simple and involved no drastic
treatments with heat or alkali and was, in the
authors' opinion, as good as or superior to the
chemical method.

SUMMARY

Fourteen laboratory strains of bacteria did not
possess the ability to degrade ergothioneine. An
ergothioneine metabolizing strain of Alcaligenes
faecalis isolated from soil degraded ergothioneine
by first splitting the molecule to trimethylamine
and thiolurocanic acid. Trimethylamine did not
undergo further change. Thiolurocanic acid accu-
mulated rapidly but then disappeared gradually
through further degradation. The steps of this
latter process are unknown. The organism did not
metabolize L-2-thiolhistidine.
A method for the preparation of pure thioluro-

canic acid from ergothioneine enzymatically and a
method for the determination of ergothioneine in
the presence of thiolurocanic acid were described.
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