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In the course of screening for herbicidal sub-

stances from antimetabolites produced by micro-
organisms, we have isolated a metabolite of Strepto-
myces sp. OH-5093 which inhibits the growth of
radish and sorghum.The structure was established
to be 4-chlorothreonine (1). We also found that
4-chlorothreonine is an amino acid antimetabolite
with anti-Candida activity. 4-Chlorothreonine is a
constituent of the naturally occurring syringosta-
tins1)2) and syringomycin3'4) and is a product of

synthesis5'6) and enzymatic conversion7). However,
no papers have reported the occurrence of 4-
chlorothreonine as a microbial metabolite nor its
herbicidal properties. This note describes the fer-
mentation, isolation, structure identification and
biological activities of 4-chlorothreonine.
4-Chlorothreonine was produced by Streptomyces
sp. OH-5093 in a shake flask -fermentation.

Streptomyces sp. OH-5093was isolated from a soil
sample. A loopful of a slant culture of Streptomyces
sp. OH-5093 was inoculated in a 50ml-test tube

containing 10ml of a seed medium consisting of
glucose 0.1%, starch 2.4%, peptone 0.3%, meat

extract 0.3%, yeast extract 0.5% and CaCO30.4%,
pH 7.0, incubated on a reciprocal shaker (300 rpm)
at 27°C for 48hours. The culture broth was
transferred into a 500 ml-Erlenmyer flask containing
100ml of the same seed medium, and incubated at
27°C for 48 hours on a rotary shaker (210rpm).
Vegetative seed culture (2%, v/v) was transferred
into a 30-liter jar fermentor containing 20 liters of
a production mediumconsisting of maltose 5.0%,
dry yeast 1.5%, Ebios tablets (Asahi Breweries Ltd.)
2.5%, KBr 1.0%, KH2PO4 0.05% and MgSO4-
7H2O 0.05%, pH 7.0 and incubated at 27°C for

96 hours with agitation and aeration. The herbicidal
activity was assayed by incubating radish (Rhapha-
nus sativus L.) seeds and sorghum {Sorghum bicolor
Moench) seeds on a defatted cotton piece containing
an appropriate amountof a test sample in a test
tube (2x10cm) at 27°C for 3 to 4 days under

lightening. The antifungal activity was determined
by the conventional paper disc (i.d. 8mm, thick)

method using Candida albicans KF-1. The reversal
of growth inhibition was determined by the addition
of 250fig of an amino acid to the paper disc

containing 4-chlorothreonine.
4-Chlorothreonine was purified by the following
procedures. Broth filtrate (40 liters) was passed
through a column of Dowex 50Wx8(H+ type,
3liters ). After washing with water, the active
compound was eluted with 1n and 2n HC1and
neutralized. After deionization by a microacilyzer
(Micro acilyzer G3, Asahi Chemical Industry Co.,
Ltd. ), the active material was adsorbed on a column
ofDowex 50W x 8 (pyridine type, 400ml ), and then
the active compoundwas eluted by 0.2 m pyridine -
HCOOHbuffer (pH 3. 1 and 4.4). The active fraction
was evaporated under reduced pressure to give ca.
8g of a crude active material. This material was
dissolved in a small amount of water, put on a
column of Sephadex G-10 (200 ml), and developed
with water. The active fractions were evaporated
under reduced pressure to give 1.7g of crude

material. This material was further purified by a
preparative HPLC (Capcell pak C18 SG-120, 20 x
250mm, Shiseido Co., Ltd.) developed with 0.1%
trifluoroacetic acid. The active fractions were eva-
porated under reduced pressure to give 520mgof
crude active material. This material was dissolved
in a small amount of methanol, applied on a column
of Sephadex LH-20 and developed with 50%

methanol. The active fractions were concentrated to
give 140mg of pure compound as white powder.
The active compound was identified to be 4-

chlorothreonine by physico-chemical properties as
follows: appearance, white powder; molecular

Fig. 1. Structure of 4-chlorothreonine.
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Table 1. Herbicidal activities of 4-chlorothreonine.

Growth inhibition (%)
Compound

Radish Sorghum

4-Chlorothreonine

Bialaphos

120

30

120

30

70

30

90

40

80

30

80

50

Radish and sorghum seeds were grown in small test
tubes (2cm x 10cm) at 27°C for 4 days under lighting.
Plant heights were compared.

formula C4H8NO3C1 elucidated by HR FAB-MS
((M+H), m/z 154.0287); MP 142~143°C; [a]£5

-81 (c 0.43, H2O); UV X%£ nm (e) 245 (1,600);
IR vmax (KBr) cm"1 3400, 3120, 1670, 1640, 1590,
1520, 1400, 1360, 1020, 770, 650, 530; *H NMR

(400MHz, D2O) 5 3.67 (1H, dd, /=5.5, ll.5Hz),

3.71 (1H, dd, /=5.5, ll.5Hz), 3.80 (1H, d,

/=5.5Hz), 4.24 (1H, q,.7=5.5Hz); 13C NMR
(100MHz, D2O) 5 172.7 (C=O), 70.0 (CH), 57.4

(CH), 46.6 (CH2); soluble in water and methanol;
hardly soluble in chloroform; color reaction, posi-
tive to ninhydrin.
The growth of radish and sorghum was reduced

by the treatment of 4-chlorothreonine at more than
30 /jg/test tube (Table 1). The compound inhibited
the growth of Candida albicans on a synthetic
medium (inhibition zone: 21 mmat 50 /xg/paper disc)
and the growth inhibition was reversed by the
addition of 250//g/paper disc of each one of l-

alanine, proline, threonine and DL-y-aminobutyric
acid (data not shown). It is suggested that the
herbicidal activity was caused by inhibition of amino
acid metabolism.
4-Chlorothreonine has been cited as a constituent

of syringostatins and syringomycin, metabolites of
Pseudomonas syringae pv. syringae1"^ and a

synthetic compound. This is the first account on the
occurrence of 4-chlorothreonine in its free form in
nature, together with its herbicidal and anti-Candida
activities. 4-Chlorothreonine is an important inter-
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mediate of /Mactam antibiotics synthesis. Therefore
production of 4-chlorothreonine by fermentation is
a useful way of providing intermediates of /Mactam
antibiotics synthesis.

Acknowledgments

The authors would like to acknowledge Mr. Ken-ichi
Sato for his technical assistance.

References

1) Isogai, A.; N. Fukuchi, S. Yamashita, K. Suyama
& A. Suzuki: Structure of syringostatins A and B,

novel phytotoxins produced by Pseudomonas syr-
ingae pv. syringae isolated from lilac blights.

Tetrahedron Lett. 31: 695-698, 1990
2) Fukuchi, N.; A. Isogai, J. Nakayama, S. Takayama,

S. Yamashita, K. Suyama & A. Suzuki: Isolation
and structural elucidation of syringostatins, phyto-

toxin produced by Pseudomonas syringae pv. syringae
lilac isolate. J. Chem. Soc. Perkin Trans. 1: 875~880,

1992

3) Fukuchi, N.; A. Isogai, S. Yamashita, K. Suyama,
J. Y. Takemoto & A. Suzuki: Structure of
phytotoxin syringomycin produced by a sugar cane

isolate of Pseudomonas syringae pv. syringae.
Tetrahedron Lett. 31: 1589- 1592, 1990

4) Fukuchi, N.; A. Isogai, J. Nakayama, S. Takayama,
S. Yamashita, K. Suyama, J. Y. Takemoto & A.

Suzuki: Structure and stereochemistry of three
phytotoxins, syringomycin, syringotoxin and syr-
ingostatin, produced by Pseudomonassyringae pv.

syringae. J. Chem. Soc. perkin Trans. 1: 1149- 1157,
1992

5) Kato, M.; T. Morikawa & S. Miyoshi (Denki
Kagaku Kogyo KK): Production of D-beta-Hy-

droxyamino acid. Jpn. Kokai 317391 ('89). Dec. 22,
1989

6) Hermann, B.; S. Henner & T. U. Dietmar (E.R.
SQUIBB & SONS INC.): Azetidine compound. Jpn.
Kokai 93046 ('84). May. 29, 1984

7) Kato, M.; T. Morikawa & S. Miyoshi: (Denki
Kagaku Kogyo KK): Production of D-beta-Hy-

droxyamino acid. Jpn. Kokai 207793 ('90). Aug. 17,
1990


