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History of mycotoxin research in Japan
(BARTAaAELUFEEHPKY http://www jsmyco.org)

As early as the 1890s in Japan, with the aim of establishing
the role of “moldy rice” in the beriberi, certain moldy rice
samples were subjected to toxicity tests, and proved to be
neurotoxic to rabbits by Sakaki et al. This experiment
suggested the presence of a mycotoxin. Later, a toxic fungus,
Penicillium toxicarium Miyake (= Penicillium citreo-viride) was
discovered from the so-called “yellow rice” imported to Japan
and in domestic rice samples by Miyake et al. Citreoviridin
was newly isolated from the fungus as a toxic metabolite by
Hirata et al. in 1947, and a series of toxicological experiments
on citreoviridin was carried out by Uraguchi et al. in 1947-
1955. They concluded that there was close resemblance
between the experimental symptoms and clinical
manifestations of acute cardiac beriberi which were reported
earlier in man by pathologists and doctors in Japan and
abroad.



In 1948, Penicillium islandicum Sopp and its mycotoxins,
luteoskyrin and cyclochlorotine, were found in the
hepatotoxic yellowed rice distributed widely throughout the
rice-producing countries of the world. In addition, Penicillium
citrinum Thom, producing citrinin, was isolated from the
nephrotoxic yellowed rice found in Southeast Asia. Thus, It
should be emphasized that early work in Japan represented
the first systematic mycotoxicological research performed In
the world.

In 1950’s, many outbreaks of “Akakabi” disease occurred In
various places in Japan. It was revealed that the causative
foods were diseased wheat and rice. Then, Japanese
researchers organized a project regarding to Fusarium and Iits
mycotoxins. In 1966-1969, NIV (nivalenol) and its derivatives
were isolated from Fusarium nivale Fn2B and their structures
were determined (Tatsuno et al., 1968). In 1970, DON
(deoxynivalenol) was discovered in the metabolites of
Fusarium graminearum as Rd-toxin, and its structure was
deterimined in 1973 (Yoshizawa et al.).
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hexanoyl CoA

7 x malonyl CoA Biosynthesis of aflatoxins (Yabe et al., 2012)
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The impact of aflatoxin on human health and economy

550,000-600,000 new hepatocellular carcinoma (HCC) cases

Correlation Between Populations with High Liver Cancer Rates and \yor|dwide each year, about 25,200-155,000 cases attribute to

High Risk of Chronic Exposure to Aflatoxin Contamination
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Liver cancer data from the GLOBOCAN 2002 database
(http./rwww-dep.iarc.fryfGLOBOCAN _frame.htm)

Aflatoxin data from Wilkams et al., Human Aflatoxicosis in Developing Countries,

Am J Clin Nutr 80:1106-22, 2004.
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Figure 1. Distribution of HCC cases attributable to aflatoxin in different regions of the world,

at $900 million annually impact.

«Aflatoxins in maize in the U.S. have been estimated as a $225 million/year impact.
Aflatoxins in U.S. peanuts were estimated to cause over $258 million in losses per year.
* Aflatoxins in three Asian countries (Indonesia, Philippines, and Thailand) were estimated




Outbreak of Aflatoxin Poisoning

FIGURE 2. Number of aflatoxicosis casas, by data of reporting — Eastern and Central
Provinces, Kenya, January—July 2004
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Routes for Contamination and Controls

Pre-Harvest =) Harvesting = Storage

High moisture Late harvest Temperature/Humidity
Weather Temperature Cleaning
Insect infestation Humidity Roofing/Walls
Drought Mechanical damage Ventilation
Plant varieties Infestation

*Timeliness .
‘Insect and pest control .Clean up *Temperature and humidity
Crop resistance -Drying control
-Non- toxigenic strains *Chemical methods

(ammoniation, ozonization)

*Aflatoxin-selective clay
(hydrated sodium calcium
aluminosilicate)
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dioctatin A (DotA) Yoshinari et al, Microbiol. 153, 2774 (2007)



ct of Blasticidin A (BcA) and Aflastatin A (As!/
on Aflatoxin Production
by Aspergi//us parasiticus in liquid culture

[Cgo (M)
AsA 0.07
BcA 0. 04

BcA Af latoximlycel1al weight
(ug/ml)  (ug/ml) (mg/10ml)

0 20.7] £ 2.0 24.1 = 0.7
0. 25 1.1 = 0.124.3 = 0.3
0. 50 0.5 £ 0.123.2 = 0.6




Effect of aflastatin A on aflatoxin production
by the assay with peanut plants
Peanut seed

Flowenng (after 1.5 months)
Growing of peanuts

\
Peanut plant (after 6 months)

Application of aflastatin A by spray on leaves

3 days
\
Peanuts
Inoculation of  Aspergillus parasiticus
27 °C, Tdays
\j

Analysis of aflatoxin contents in the peanuts



Effects of Aflastatin A on Aflatoxin Production in Peanuts Plants

Aflastatin A Plant Weight Peanut Weight
(mg/plant) (9) (g/7 pieces)

0 485 11.0

2 414 11.6

10 432 11.5
Aflastatin A Growth of Aflatoxin Contents
(mg/plant) A. parasiticus (ng/g)

0 ++ 4.15

2 ++ 2.08

10 ++ 0.08
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Aflastatin A 0.25 = BN EER +
Blasticidin A 0.25 = BUINJEER +
Blasticidin S 28 = peptidyl transferase

G418 20 == GRS AR R

Cycloheximide 24 { )R — LD ERE

Dioctatin A 4 = human DPP I +
Gallic acid Bt = ngkik? —
Dichlorvos 4 SR
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Betula alba

Synonyms---White Birch, Shirakaba (Japanese name)
Parts Used---Bark and leaves

Habitat--- Northern Europe, Asia and North America
Medicinal action -- antibacterial and antifungal activities (F. Demirci et al., 2000)

Bioassay results of crude essential oil

AFG,
AFB,

.. B & sd A . el cd
_ — - -

Con 50 100 200 300 pg/mL

Growth inhibition = - —+ + ++



Isolation procedure of the active component

H3CO

OH

OCH,

OCH,

methyl syringate

Crude essential oil 50 g

silica gel column chromatography

n-hexane/ethyl acetate
(80:20,v/v) 0.5 g

Normal phase HPLC

Active fraction (148 mg)

C 25 50 100 200 300 pg/mL

Growth inhibition

Normal phase HPLC

Active component (2 mg)




Effect of methyl syringate on fungal growth and aflatoxin production

9 6
8 _
- 5
7 =
£
= £
-l - |
E 6 4 =
£ > 3
g 3 3
g 4 S
S  mmm AFB1 W AFG1 —&— Mycelial weight
3 - -2
2 _
-1
1 ]
0 - 0

0 0.25 0.5 1 2 4

methyl syringate (mM)

n=3, mean=*S.D.



The proposal of effect of methyl syringate on aflatoxin production of
Aspergillus parasiticus

Unknown mechanism

11

Expression of regulatory protein (AfIR) v )

|

Expression of biosynthetic enzymes

OCH

Aflatoxin biosynthesis

-
-——-————-_———

acetate
ﬂ H,CO OCH,4
OH

polyketide methyl syringate

aflatoxin B,



Effect of 8 compounds on fungal growth and aflatoxin production of Aspergillus parasiticus

OH OH ) OH (o) OH
o o
\ \
syringic acid 3,4,5-trimethoxybezoic acid gallic acid 3-0-methylgallic acid
H3;CO OCH
H3CO OCHjs 3 3 HO - HO OCH,8
_ OH - OCHj3;
0 6 8 T T6 8 T OH T 6 OH 6
ol T T T T ST S S | S S R, S N S S S B T
2 8 1~ - A3 R B cts % L " His - T -i- -!T 15 E 11 T 1 SED
B g = 1 = ~ o A o A .+ £
2 74 7 g 67 T TrR W W | | £z S z
= I S E EZ 51 I T : 2 T T g
2 6 T4 22 ] +4 =5 T43F = +4 E
15} - e 3 2 B <
= 5 4 S E 8 Z 4+ - 2 =
< 3 5 A z £ = g
1 1 2 2 4+ s & 133
4 - T3 32 3+ 32 132
3+ > <
31 = 51
2+ T2 +2 T2 T2
1 + 2 T 1 +
0 1 1 1 0 1 L1
0 025 05 1 2 4 mM 0 025 0.5 1 2 4mM 0 025 05 1 2 4 mM 025 05 1 2 4 mM
OCH OCH OCH
OCHg; o 3 o 3 o 3
)
methyl syringate methyl 3,4,5-trimethoxybezoate methyl gallate methyl 3-0- methylgallate
HO OH HO OCH
OH OCHj5 OH OH
9 — — 6
77T 7 ~ _
g | _ . / 7 7 T6
TS5 E 6 T +6 3 3
£ Eg T E} g g
3 = 5+ 1 +5 E g <
3 6 ta 2E ] S : a :
E: 5z : z 3 52 143
£ 1 2 > 1 1 ‘s IS T o
3 5 = = 4 | -[ 4 2 = E = E
< 47 SE 3+ T T +3 8 % S % g
3 s s 2 = £ =
| I 2+ T +2 ° B T 2
2 -
+1 1 1 +1
1L 1 T 1 I
0 0 0 0 0

0 0.25 0.5 1 2 4mM 0 0.25 0.5 1 2 4 mM 0 0.25 05 1 2 4 mM 0.25 0.5 1 2 4 mM



Summary of activities of the 8 compounds

Compound DPPH radical Aflatoxin Growth inhibitory
scavenging activity  inhibitory activity activity
(EDs)
syringic acid 17.5 uM - _
3,4,5-trimethoxybezoic acid > 1 mM - _
gallic acid 7.4 uM - -
3-methoxygallic acid 22.4 uM - -
methyl syringate > 1 mM ++ =+
methyl 3,4,5-trimethoxybezoate > 1mM ++ -
methyl gallate 8.9 uM + ++

methyl 3-methoxygallate 22.9 uM ++ ++
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deoxynivalenol(DON) _

deoxynivalenol(DON)

[ ERGOBARECETLRED
QO H FOEOQIVEEDTERYTERE,

- ERETEELHER. BREIC
BVWTIEIERZED ERZESISEIT,

- BRICBIFTHRAHTEIXL.1 ppm,
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Fusarium graminearum ) &R IZEMZF 1T BprecoceneXE D)
3-ADON&: ZEPHE E 14

= $ 4 100
E \Kl/]
2 10 | [ 3
= Bt
| =4
P g =
4 -4 50 =

O | * = -
pd * o
3 [ =
2 |
(40

0 ] ] ] O

0 1 3 10

precocene |l (uM)
precocenell IC.y;=1.2 uM

(mean +S.D..n =3, *:P<0.05) | sracocenell IC,, = 16.6 uM

7z,
Z H,CO

precocene | precocene |l



H5CO © Anti-JH activity
Z Target molecule in insects is unknown.
H,CO

precocene Il
O
mevalonate WOC%
T \ / JH-0
—
N N N

OPP
farnesyl pyrophosphate S

w1
0 OH

2
OH OH
deoxynivalenol



F. graminearumMD R 1Zx3 9 Sprecocene D FE
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‘ Precocene IR CEREE MR LT
suc:ose BiFNI—KTBH2/\DU8E

v
sucrose
cytosol |
mevalonate pathway
glucose + fructose HMGS‘ HMGR‘ |
l acetoacetyl- __, 1\16.coA — mevalonate —— |s.opentenyl
} CoA diphosphate
pyruvate
/ acetate 7 /
ACS TRI6 l farnesyl pyrophosphate
l / (FPP)
acetyl-CoA acetyl-CoA / .
CAT
\ ] ATPCL ! TRI4l ERG25
itrat > citrat 1 |
Ci r|a e citrate TRIS ‘ —
3-acetyldeoxynivalenol v |
TCA cycle

mitochondria
DON

ergosterol
biosynthesis &
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