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ANTIMETABOLITES PRODUCED

BY MICROORGANISMS. IVX)

L- THREO-a-AMINO-0,r-
DIHYDROXYBUTYRIC ACID

Sir:

An unidentified streptomycete* when
grown aerobically at 28°C in a medium
containing (in g/liter) glucose, 10 ; Bacto-
peptone (Difco) 5 ; yeast extract (Difco) 3 ;
and ferrous ammoniumsulfate hexahydrate,
0.03: produced a substance (90 mg/liter at
70 hours) inhibitory to the growth of Es-
cherichia coli on Davis and Mingioli minimal
agar2). The growth inhibition was relieved
by addition of L-serine or L-threonine to
the minimal medium.
The antimetabolite was isolated from the

filtered broth by adsorption on Dowex 50
resin (50-100 mesh) in the hydrogen ion
form. The activity was eluted with 5%
aqueous pyridine. After removal of the
pyridine, the antimetabolite was absorbed
on Florisil packed in ethanol and eluted
with ethanol-water (3: 1). Further purifi-
cation was achieved by gradient elution
from a second Florisil column with ethanol -
water(.9 : 1~1 : 1). The active fractions were
desalted by adsorption on Dowex50 resin
(50~100 mesh) in the hydrogen ion form
followed by elution with 5 % aqueous pyri-
dine solution. The active material crystal-
lized fromethanol-water as colorless needles,
m.p. 210°C (dec), [>]2D5 -13.3° (c 1, H2O;

literature3* -13.7°), -1.1° (c 1, 2.2N HC1;

literature45 -1.8°). Anal, calcd. for C4H9NO4:
C35.55, H6.71, N10.37. Found: C35.91,
H 6.80, N 10.65. The compound behaved
as a neutral amino acid on electrophoresis.
Assuming the compound to be an a-amino

acid (later confirmed by mass spectrometry),
C2H5O2 remained to be assigned. This
fragment can only correspond to -CH(OH)-
CH2OH, making the antimetabolite a-
amino-j9,T-dihydroxybutyric acid. Nuclear

magnetic resonance in D2Owas in agreement
with this structure, showing four non-

exchanged protons with three centered at
d 4.25 and one at d 4.7. Four stereoisomers
are possible for this amino acid and all have
been synthesized3) in connection with the
determination of the absolute configuration
of sphingosine. The optical rotations of
the antimetabolite in water and dilute acid
clearly indicate the L-threo configuration
(I). This assignment is in agreement with
the observation of Bodanszky and Perlman5)
that diasymmetric amino acids from micro-
bial sources have either the L-threo or D-
erythro configuration.

Concentration of the crude fermentation
solution prior to Florisil chromatography
gave crystals of L-4-hydroxyproline, m.p.
250°C (dec), [all5 -76.9° (c 1, H2O; litera-
ture^ -76.3°). Anal, calcd. for C5H9NO3:
C45.79, H6.92, N10.68. Found: C46.10,
H 6.91, N 10.53. This compound gave the
atypical yellow color with ninhydrin. In
order to determine the relative amounts of
dihydroxyaminobutyric acid (I) and hydro-

xyproline in the crude fermentation product,
each was silylated using bis(trimethylsilyl)
trifluoroacetamide in acetonitrile and com-
pared by gas chromatography with a silylated
sample of crude material. The trimethylsilyl
(TMS) derivatives were separable on UCW-
98 and OV-17 columns at 160°C with tri-
TMS-hydroxyproline (M.W. 347) preceeding
the tetra-TMS-derivative of I (M.W. 423)

in order of elution from both columns. A
third smaller peak was identified by gas

chromatography-mass spectrometry (GC-MS)
as tri-TMS-glutamic acid (M.W. 363).
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The amounts of the three amino acids pre-
sent in the crude fermentation solids (after
adsorption and desorption from Dowex
50) were calculated to be: I, 8.9% ; L-4-

hydroxyproline, ll.2 % and L-glutamic acid,
2.8 %. The two latter compounds may have

* Streptomyces sp. #1-1 (HLR 330A), isolated 1965 from field soil of Piscataway, N. J., a gift of
Prof. H. Lechevalier, Institute of Microbiology, Rutgers University, the State University ofNew Jersey, N. J., U.S.A.
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arisen from the hydrolysis of peptides in
Bacto-peptone.

The mass spectrum of the tetra-TMS
derivative of I was in agreement with the
assigned structure with small peaks at m/e
408 and 320 due to the loss of -CH3 'and
-CH2OSi(CH3)3 from the molecular ion, a
medium size peak at m/e 306 due to loss
of -COOSi(CH3)3 and a base peak at m/e
218. This ion is diagnostic for N-TMS-
<#-amino acid TMS-esters7) and corresponds
to the fragment ion

(CH8)8SiNH=CH-COOSi-(CH8)8.

The highest m/e peak observed for the
tri-TMS derivatives of hydroxyproline and

glutamic acid were respectively 332 and 348,
each due to the loss of a methyl radical
from the molecular ion.

We thank Dr. C. G. Scott of the Physical
Chemistry Department for the GC-MS determina-

tion and the Fermentation Pilot Plant under Mr.
B. Takenkin for their participation in this project. 6)

J.  W .  We s t l e y 7)
D.  L.  Pr ue ss
L.  A .  V o lp e
T .  C.  D e mn y
A .  S t e m pe l
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