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A NEW MICROBIAL PRODUCT,
OUDENONE, INHIBITING
TYROSINE HYDROXYLASE

Sir:

Considering the ability of microorganisms
to produce various types of compounds, we
undertook a systematic study of specific
enzyme inhibitors of microbial origin. We
thought that microorganisms which produced
proteinases in their culture liquids might
produce the inhibitors. We thought also
that inhibitors of enzymes involved in nor-
epinephrine biosynthesis would be useful for
analysis of the role of this amine in hyper-
tensive disease. Thus, first we studied
inhibitors of microbial origin against these
enzymes. As reported in previous papers, leu-
peptins’»%%% inhibiting trypsin and papain,
pepstatin®® inhibiting pepsin, and chymo-
statin® inhibiting chymotrypsins and weakly
papain were isolated, and production of these
inhibitors was found distributed widely
among Actinomycetes. We isolated aquaya-
mycin®%1® from Streptomyces misawaensis
and chrothiomycin'®  from Strepromyces
both of which inhibited
tyrosine hydroxylase and dopamine p-hy-
droxylase. A compound which inhibited
dopamine -hydroxylase was isolated from
Fusarium sp. and found to be fusaric
acid'»'%  In this paper, we report isola-
tion of a new compound named oudenone
inhibiting tyrosine hydroxylase and exhibit-
ing a hypotensive effect.

pluricoloresces,

The oudenone-producing strain was iso-
lated under a needle-leaved tree at Kirizu-
miyama, Gumma Prefecture, and designated
strain 10F in the authors’ laboratory. The
morphological properties of the fruit body
which was formed on a saw-dust medium
(10 % of saw-dust was mixed with 60 ml of
a medium containing 2.0 % glucose and 0.5 %
dry yeast, and sterilized at 120°C for 20
minutes) in a flask of 500 ml volume were
similar to those of Oudemansiella (Mucidula)
and among the known species of this genus
this strain was most closely related to Qude-
mansiella radicata.

This strain can be transferred on an ager
medium consisting of 2.0 % glucose, 0.5 %
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dry yeast and 1.5 % agar sterilized at 120°C
for 20 minutes (pH after the sterilization
was 5.6). The mycelial growth on this agar
medium was inoculated to the saw-dust
medium described above and cultured for
10~20 days at 27°C. Then a sterilized solu-
tion consisting of 2.0 % glucose and 0.5 %
dry yeast (250 ml/flask containing the my-
celial growth on the saw-dust (10g) me-
dium described above) was added to obtain
suspension of the mycelium. This mycelium
suspension was used as the inoculum. Ou-
denone was produced in the shaking culture
and fermentation tanks in media containing
various kinds of carbon sources and nitrogen
sources. Media containing 2.0 % glucose
and 1.0 % corn steep liquor (pH 5.6), or
containing 2.0 % glucose, 1.0 % soybean meal
and 0.5 % dry yeast (pH 5.6) are examples
of media suitable for the production. During
5~8 days of the shaking culture at 27°C,
pH turned to 4.4~4.8, thereafter in creased
to 5.0~5.6, and the production reached
a maximum on 10~15 days of the shak-
ing culture. In fermentation tanks con-
taining 150 liters of a medium consisting of
2.0 % glucose, 0.5 % peptone, 0.3 % dry yeast,
0.3 % KH,PO, and 0.1 % MgSO,-7H,0 under
aeration and stirring at 27°C, the growth
reached a maximum at about 80 hours and
the production reached a maximum (607
meg/ml) at about 90 hours, when the pH
was 4.8.

Oudenone can be determined by measuring
the tyrosine hydroxylase activity by the
method described in a previous paper®. It
can also be determined by spectrophotometric
method based on the UV maximum at 246
mu at pH 7.0 which disappears at acid pH.
The method is as follows: a test solution
is diluted with phosphate buffer of pH 7.0
or with 0.1~ HCI and the optical density
(a) at 246 my of the phosphate buffer solu-
tion and that (4) of the solution diluted
with 0.1~ HCI are read and the concentra-
tion of oudenone (mcg/ml) in the test solu-
tion is calculated by (a—b)n x 10%/(1,000 - 60),
where n is the dilution.

In the cultured broth oudenone is found
both in the liquid and the mycelium. After
strain 10 F was shake-cultured in 125 ml of
a medium consisting of 2.0 % glucose, 0.5 %
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peptone, 0.3 % dry yeast, 0.3 % KH,PO,
and 0.1 % MgSO,-7H,0 the following amo-
unts of oudenone were found in the liquid
and mycelium of 10 ml of cultured broth:
5 days, 372 mcg (liq.), 185 mcg (myc.); 7
days, 845 mcg (lig.), 365 mcg (myec.); 8 days
1,300 mcg (lig.), 410 mcg (myc.); 11 days,
2,180 meg (liq.), 342 mcg (myec.).

Oudenone is soluble in water, methanol,
ethanol, n-butanol, ethyl acetate, chloroform
and benzene and extracted into water-immis-
sible solvents at acid pH. The partition
coefficients, solvent/H,0, were determined as
follows: butanol-water, pH2 8, pH4 4,
pHb5 2.5, pH6 2.5, pH7 3, pH8 3, pHY9
0.6, pH10 0.8; ethyl acetate-water, pH 2
5 pH3 4, pH4 5, pH5 0.2, pH6 <0.1;
butyl acetate-water, pH2 3, pH3 2.5,
pH 4 1, pH5 0.1, pH 6 <0.1; chloro-
form-water, pH4 19, pH5 1, pH6 0.1;

Fig. 1.
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methyl isobutyl ketone, pH2 1, pH3 1,
pH4 03,pH5 0.1, pH6 0.1 (the coeffici-
ents of methyl isobutyl ketone were deter-
mined by inhibition of tyrosine hydroxylase
and the others by the spectrophotometric
method).

Oudenone is stable and no decomposition
was observed after heating for 30 minutes
at 60°C or for 5 minutes at 100°C at pH 2.0,
7.0 or 9.0.

Oudenone can be extracted from the cul-
ture filtrate by an anion-exchange resin pro-
cess, for instance, using IRA 400 resin in CI-
form followed by elution with dilute hydro-
chloric acid, or by a precipitation method as
the water-insoluble salt, for instance, as the
cupric salt. It is also extracted by carbon
adsorption process. However, most effici-
ently and easily it is prepared by extraction
with an organic solvent at acid pH and

Ultraviolet spectra of oudenone (5 mcg/ml) in neutral (phosphate

buffer, pH 7.0) and acidic solution (0.1N HCI)
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Fig. 2. Infrared absorption spectrum of oudenone (KBr).
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reextraction from the solvent with
water at neutral pH. The follow-
ing is an example: 100 liters of
the culture filtrate containing
oudenone at 500 mcg/ml were ex-
tracted with 100 and 60 liters of
n-butanol successively ; the butanol
extracts were combined and con-
centrated to a syrup under reduced
pressure ; the syrup was dissolved
in 4 and 1 liter of ethyl acetate
successively and oudenone in the
ethyl acetate extracts was trans-
ferred into 1.5 liters of water ad-
justed to pH 7.0 with 10 N NaOH;
the aqueous solution was extracted
with 3 and 1 liter of ethyl acetate
at pH 3 with 10 n HCI; evaporation
of the ethyl acetate extracts under
reduced pressure yielded oudenone
crystals and syrup; recrystallization
from warm hexane (3 liters) yielded
29 g of crystalline oudenone.

Oudenone is recrystallized from
hexane or mixture of hexane and
benzene and obtained as white
plate crystals, m.p. 77~79°C. The
formula of C,,H,;O, was determin-
ed by high resolution mass spectro-
scopy and elemental analysis. It is
optically active : [«]¥ —10.6°(c 0.5,
ethanol). As shown in Fig. 1, ou-
denone in phosphate buffer of pH
7.0 shows a maximum at 246 mu
(Ei%, 1,000) and its hydrochloric
acid solution shows maxima at 221
mu (Ei%, 625) and 285 mu (E1%,963).
Carbonyl bands are seen in the in-
frared spectrum which is shown in
Fig. 2.

The structure and the synthesis
of oudenone will be reported in
another paper. Oudenone has no
carboxyl group, but it is acidic
with a pKa’ 4.1 as shown by titra-
tion. The sodium salt (m.p. 145~
148°C), the potassium salt (m.p. 116
~117°C), the calcium salt (m.p.
167~169°C), the magnesium salt
(m.p. 252~255°C) and the barium
salt (m.p. 135~138°C) were pre-
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Fig. 3. LineweavEr-Burk plot of L-tyrosine concentration

against rate of 3,4~dihydroxyphenylalanine for-
mation with or without oudenone (4.8x1075~2.4
x1074 m).

Reaction mixture contained 200 gmoles of acetate buffer, pH
6.0, various concentrations of L-tyrosine labelled with L-tyro-
sin-14C, 100 gmoles of mercaptoethanol, 1 gmole of DMPH,, 2.5
pmoles of FeSO,, enzyme preparation, and distilled water of
final volume of 1.0 ml.

The Km value obtained from the figure is 1.0x 10-¢ M.
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Fig. 4. Lineweaver-Burk plot of DMPH, concentration
against rate of 3, 4-dihydroxyphenylalanine for-
mation with or without oudenone (1.2x10"*wm).

The reaction mixture contained 200 pmoles of acetate buffer,
pH 6.0, various concentrations of DMPH,, 0.1 zmole of L-tyro-
sine containing 1.1x105 c.p.m. of L-tyrosine-14C, 100 gmoles of
mercaptoethanol, 2.5 gmoles of FeSO4, enzyme preparation,

and distilled water to final volume of 1.0 ml.

The Km value obtained from the figure is 4.26x10-4M and the

Ki value is 7.58x10-5 m.
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pared. Oudenone gives positive reac-
tions to 2,4-dinitrophenyl hydrazine,
hydroxamic acid-ferric chloride and
tetrazolium, but negative to FEenuing
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Fig. 5. Effect of orally administered oudenone on blood
pressure of spontaneously hypertensive rats.

Age of rats: 16~30 weeks. :
Percent change of blood pressure is the average
of two rats.
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inhibition against Pyricularia oryzae,
Candida albicans, Saccharomyces cere-
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Table 1. Effect of oudenone on blood pressure of spontaneously hypertensive rats
Body Blood pressure and percent depression
Does Rat No. | Wt | Aee
(mg/kg) (g) |(Weeks) Ohr. | 1hr. { 3hrs | 6 hrs | 22 hrs | 48 hrs
B.P. | 17040 | 1234+4 | 118+4 | 140+0 | 9545 | 12040
B M- o+ + + + + +
100 M-15 360 20 Dep. % 28 31 18 44 29
B.P. | 19040 | 163+8 | 155+5 | 14040 | 12545 | 16040
= BM-18 360 2 Dep. % 14 18 26 34 16
B.P. |183+4 | 125410 14545 | 120+0 | 11545 | 1600
6.25 BM-6 400 34 Dep. % 32 21 34 37 13
B.P. |173+4 | 148+4 | 14040 | 128+4 | 135 135
3.13 BM-32 220 12 Dep. % 14 19 26 22 22
B.P. | 17040 | 17040 | 167+4 | 1634 | 17344 | 160
1.56 BM-24 | 240 |\ 12 ipo, o 0 L8| 41| —1.8| 5.9
Route : I. P.
B.P. : Blood pressure, mmHg ; each value is the average of three determinations.

Dep. % : Percent depression.

visiae, Cryptococcus neoformans, Penicillium
chrysogenum and Aspergillus niger on 1.0 %
glucose nutrient medium. However, oude-
none at not less than 12.5 mcg/ml showed
inhibition against Pyricularia oryzae grow-
ing in rice plant juice medium (pH 5.0).
The effect of oudenone on tyrosine hydro-
xylase was tested as follows: the reaction
mixture contained 0.1 umole of L-tyrosine
containing L-tyrosine-*C (1.1x10° cpm), 1.0
umole of 2-amino-4-hydroxy-6, 7-dimethyl-
tetrahydropteridine, 0.1 ml of tyrosine hydro-
xylase solution (1 mg as protein/mD)®, 200
umoles of acetate buffer (pH 6.0), 100 umoles
of 2-mercaptoethanol, 1, 12.5, 25, 50 or 100
mecg of oudenone and distilled water (the
final volume was 1.0 ml); after 15 minutes
at 30°C, the reaction product (3, 4-dihydro-
xyphenylalanine) was determined. The fol-
lowing percentage inhibition was observed :

30.6 % by 12.5 meg/mi, 39.0 % by 25 mcg/ml,
57.6 % by 50 mcg/ml and 74.1 % by 100 meg/
ml. The effect of oudenone was not influ-
enced by addition of ferrous salt to the
reaction mixture. In the reaction mixture
which was same as that described above but
with added Fe** at 2.5x 107%™, the kinetics
was studied, and by the Lineweaver-Burk
plot of the results (Figs. 3 and 4) the uncom-
petitive relation between oudenone and tyro-
sine and the competitive relation between
2-amino-4-hydroxy-6, 7-dimethyltetrahydro-
pteridide were observed.

An inhibitor of tyrosine hydroxylase can
be expected to have hypotensive activity.
It was shown by the test against spontane-
ously hypertensive rats. The results of the
experiments are shown in Table 1 and Fig.
5. Intraperitoneal injection of not less than
3.13 mg/kg showed a streng hypotensive ef-
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fect, and oral administration also showed a
hypotensive effect. Using *H-oudenone (3.4
% 10* dpm/mcg), the absorption of oudenone
after the oral administration and excretion
in urine were confirmed. QOudenone has low
toxicity. When oudenone is injected intra-
venously or intraperitoneally to mice, LDy,
was 138 mg/kg or 163 mg/kg respectively,
and when its sodium salt was injected intra-
venously or intraperitoneally LD; was
1,000 mg/kg or 1,850 mg/kg respectively.
LDy, by oral administration of oudenone or
its sodium salt was 1,100 mg/kg or 2,000
mg/kg respectively.

As shown by the properties described above
and the structure which will be published
in another paper, oudenone is a new com-
pound showing hypotensive effect.

Acknowledgement

The authors express their deep thank to Prof.
Oxamoto, School of Medicine, University of Kyoto
for his kind arrangement to use his spontaneously
hypertensive rats, and also to Mr. Yawo, Director
of the Okazaki Factory, Banyu Pharmaceutical Co.
for his collaboration to prepare oudenone.

Hamao Umezawa
Tomio TArEUCHI
Hironosu Iinuma
Krvosur Suzuxkr
Manasu Ito
MEeixki MATSUZAKI
Institute of Microbial Chemistry,
Shinagawa-ku, Tokyo, Japan
Tosuinaru NAGATSU
Department of Biochemistry, School of
Dentistry, Aichigakuin University,
Nagoya, Japan
Osamu TaNase
Director, Central Research Laboratories,
Takara Shuzo Co., Ltd., Kyoto, Japan

(Received July 16, 1970)

References

1) Aovaci, T.; T. Taxevcui, M. MaTsuzaxr,
K. Kawamura, S. Konbo, M. Hamapa, K.
Maepa & H. Uwmezawa : Leupeptins,
protease inhibitors from actinomycetes. J.
Antibiotics 22 : 283~286, 1969

2) Kowpo, S.; K. Kawamura, J. Iwanaca, M.
Hamapa, T. Aovaci, K. Maepa, T. Take-
vcHr & H. Umezawa : Isolation and characte-

new

OF ANTIBIOTICS

3)

4)

5)

6)

o)

8)

9)

10)

11)

12)

13)

14)

OCT. 1970

rization of leupeptins produced by actino-
mycetes. Chem. Pharm, Bull. (Tokyo), 17 :
1896~1901, 1969

Kawamura, K.; S. Konpo, K. Maepa & H.
Umezawa @ Structures of leupeptins Pr-LL
and Ac-LL. Chem. Pharm. Bull. (Tokyo),
17 : 1902~1909, 1969

Aovaci, T.; S. Mivara, M. Nawso, F. Ko-
JiMa, M. Marsuzakr, M. Isarzuka, T. Taxe-
vonr & H. Umezawa : Biological activities of
leupeptins. J. Antibiotics 22 : 558~568, 1968
Umezawa, H.; T. Aovacr, H. MorisHIMA, M.
Marsvzaki, M. Hamapa & T. TaxeucHI:
Pepstatin, a new pepsin inhibitor produced
by actinomycetes. J. Antibiotics 23 : 259~
262, 1970

Morisuima, H.; T. Taxira, T. Aovacr, T.
Takevcur & H. Umezawa : The structure of
pepstatin. J. Antibiotics 23 : 263~265, 1970
Umezawa, H.; T. Aovaci, H. MorisHIMa,
S. Kunmvoro, M. Hamapa & T. TaxeucHI :
Chymostatin, 2 new chymotrypsin inhibitor
produced by actinomycetes. J. Antibiotics
23 : 425~427, 1970

Sezaxr, M.; T.Hara, S. Avukawa, T. Take-
voni, Y. Oxamr, M. Hamapa, T. Nagarsu &
Studies on a new antibiotic
J. Antibiotics 21 :

H. Umgzawa :
pigment, aquayamycin.
91~97, 1968
Avukawa, S.; T. Taxrvcur, M. Sezaxr, T.
Hara & H. Unezawa : Inhibition of tyrosine
hydroxylase by aquayamycin. J. Antibiotics
21 : 350~353, 1968

Nacatsyu, T.; S. Avukaws & H. Umezawa :
Inhibition of dopamine B-hydroxylase by
aquayamycin. J. Antibiotics 21 : 354~357,
1968

Avurawa, S.; M. Hamapa, K. Kosiri, T.
Taxevcul, T. Hara, T. Nacarsu & H. Une-
zawa : Studies on a new pigment antibiotic
chrothiomycin. J. Antibiotics 22 : 303~308,
1969

Hipaxa, H.: T. Nagarsu & K. Taxeva:
Fusaric acid, a hypotensive agent produced
by fungi. J. Antibiotics 22 : 228~230, 1969
Supa, H.; T. Taxeuvcui, T. Nacatsu, M.
Marsuvzax:, I. Marsumoro & H. Umezawa :
Inhibition of dopamine B-hydroxylase by 5-
alkylpicolinic acid and their hypotensive
effects. Chem. Pharm. Bull. (Tokyo), 17 :
2377~2380, 1969

Nacarsu, T.; H. Hipaxa, H. Kuvzuva, K.
Takeva, H. Umrzawa, T. Taxrvcar & H.
Supa : Inhibition of dopamine f-hydroxylase
by fusaric acid (5-butylpicolinic acid) in
vitro and in vivo. Biochem. Pharm. 19: 35
~44, 1970



