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Ergothioneine and its effects in vivo
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Ergothioneine (EGT) is a hydrophilic sulfur-containing amino acid and can directly remove reactive oxygen
species. More than 100 years have passed since its discovery. Although EGT has a high antioxidant capacity, its
role in vivo has not been clarified yet. EGT exists in the bodies of animals and plants, including humans, but animals
cannot biosynthesize EGT themselves. Animals have an EGT transporter, which is expressed in organs that are
exposed to strong oxidative stress. EGT transporter expresses not only plasma membrane but also mitochondria
membrane and protects from oxidative stress. In recent years, it has been reported that EGT is effective against
diseases such as neurodegenerative diseases, diabetes, and cancer. EGT is thought to be one of the most important
small molecules that may be useful in the diagnosis and treatment of various diseases in the future.

Key words —— Ergothioneine, ROS, neurodegenerative disease, diabetes, cancer, mitochondria

1. (FU&IC

IV ITF 4 A4 (ergothioneine: EGT) (&
Tanret 1 & - T 1909 4£12%f (ergot) 55
ENTGrTi 2203 DKENET I VIRO—HETH 5
(Figure 1). V - FHICIRE & & A&, ko T h5 5
RE2EEAEELFA VEELSTWL 20,
L radovgThv (- OH) FOu)) % E R
#fE (Reactive oxygen species: ROS) & 13051
WCER BT A, BERILKER A —/\—F F
YA FEDRINMIEE D 50T, BELDOR
ISP, F 28R pH 2RI b 38 <, BV Pk
ILERH A Z LB ENTWA, 2 EGT X, 100
FLUEDFICER ST 2 rboT, £
DFEREIEF WIRILIED D 5 DA IR S (kD F
FCThHo7/. 20004FICEGTD N T Y AKR—% —
DHELEIND L, TOROENHRMEIZLD,
MR bR AL, BR~OM 5% &% { OREN
ERENTETVDEY, WELZARHZEDL S W
2022 4F 11 HBFE, PubMed THZ T % &% 750 A&

NN S Ny N T Y s Ee g e i S R S OSSR e e
S8, b AR R R R R A O AR SR R R
¢ R E RN Bk an A gekt ok s 502
*e-mail: y-kuwahara@tohoku-mpu.ac.jp

DLy FL, T2 10FETEDI LOF¥%
2 5 400 RPLEOF A publish 1LCTw5, B
WZH T A FELTOWMBENTVEA, &l
2% o> T, HRDOBEPGMEP O REIZAET
LEMORIICHEII L2 H D, 58K, &5
e HERSMFEEINL, ARTIE, IhETICHk
HEIN TV LR E2S, EGT OAKANTOF
R T v AR=%— HMENTORERESEHER &
ODEbY, FOERER EIZOVWT, FEES O
JERE R D FOMT 5.

2. INIdFFRAEFDIT U RAR—5—
(OCTN1)

EGT (Z AH % & OB O KRNI T 5
A, BOEEHT A LIETE R\, EGTIE, b
FNOBRATIEEHEIERZE D, kb KERBERILA
FNUAD 225 EHREINLIFRICERE (%
mg/g tissue) THAEL, DWTEMK, (O, R
Ko EIlEWiRETHELET . Y MBEIZB TS
EGT B IZIEF 1IVAS, ik, MmiEi2id EGT
DRHNIZ - OH #EILT 5T AT E LRI &
ATWDLIzHEEZ5NAL. YEGT KN TIES
CENTELDIE, ¥/ Ok EOWHEE —EBOME



12 BH O ORE, ZE M, S SE

B ofnfr, SREc WiRA, fEREE KNS

(o}

HN NH /N\+\

S

<+— HN

(o)

A
VA

SH

Figure 1. The structure of ergothioneine (EGT). EGT exist both thione (R=S) and thiol (R-SH) form, but the thione
form is more abundant than the thiol form in vivo. The reducing power is weak in the thione form of EGT because the
sulfur is strongly bound by double bonds. Therefore, EGT is relatively stable in vivo. However, the reactivity of EGT in
thiol form with -OH is fast, and the hydrogen of the thiol group of EGT reacts with -OH to form water. As a result,
EGT protects proteins and DNA from oxidative stress before other antioxidants. Thioredoxin was found to be able to
reduce oxidized EGT. Molecular formula of EGT: CoH;5N30.5 = 229.3.
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Figure 2. Ergothioneine (EGT) promotes osteoclast differentiation.

RAW264.7 cells differentiated into osteoclasts when Receptor activator of nuclear factor-kappa B ligand (RANKL) was administrated.
Osteoclast-differentiated cells increased the activity of tartrate-resistant acid phosphatase (TRAP). Addition of EGT along with RANKL
significantly enhanced TRAP activity compared with RANKL only. N.C. RAW264.7 cells without RANKL treatment. P.C. RAW264.7
cells with RANKL treatment. 0.25, 0.5, 0.75, 1: RAW264.7 cells with EGT + RANKL treatment. **: p<<0.01 by Scheffe’'s F test vs P.C.
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Figure 3. Change of the mitochondrial membrane potential in PC-12 cells.

The mitochondrial membrane potential in PC-12 cells was detected by JC-10 dye (Thermo Fisher Scientific, Waltham, MA, USA)
according to the manufacturer’s protocol. Fluorescent images were obtained using a BZ-8000 fluorescence microscope (Keyence
Corporation, Osaka, Japan) with a Texas Red filter (excitation and absorption wavelengths: 560/40 and 630/60 nm). In order to
objectively compare the fluorescence intensity, images were obtained at the same day, and the image acquisition conditions were the
same for each image (imaging time was 3 's). A: Control cells with no treatment. B: 10 ug/ml Lipopolysaccharide (LPS) treatment. C:
50 uM Ergothioneine + 10 ug/ml LPS treatment.
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Figure 4. Change of hydroxyl radical (-OH) amount in PC-12 cells.

Production of -OH in PC-12 cells was detected using Hydroxyphenyl Fluorescein (HPF; Goryo Chemical Inc, Hokkaido, Japan, 10 uM)
according to the manufacturer’s protocol. Fluorescent images were obtained using a BZ-8000 fluorescence microscope (Keyence
Corporation, Osaka, Japan) with a GFP-BP filter (excitation and absorption wavelengths: 470/40 and 535/50 nm). In order to objectively
compare the fluorescence intensity, images were obtained at the same day, and the image acquisition conditions were the same for each
image (imaging time was 10 s). A: Control cells with no treatment. B: 10 ug/ml Lipopolysaccharide (LPS) treatment. C: 50 uM
Ergothioneine +10 ug/ml LPS treatment.
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