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The Formation of O-Ureidoserine by an Enzyme in Leguminous Seedlings

A cell free system from leguminous plants has been shown to catalyze the formation
of O-ureidoserine(4) from O-acetyl-L-serine(2) and N-hydroxyurea(3). Other possible
products, p-(1-hydroxyureido)alanine(5) and p-(3-hydroxyureido)alanine(6), were not
formed under the same conditions.

Some other properties of the enzyme are also described.

Keywords biosynthesis; enzyme; aminoacid; O-acetyl-L-serine; O-ureido-
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O-Ureidoserine(4)? may be regarded as a carbamoyl-derivative of cycloserine (8). »-
Cycloserine,>% produced by Streptomyces species,® is a broad-spectrum antibiotic which is
known to inhibit cell wall synthesis in certain bacteria.®

During our continuing study of the enzymic synthesis of heterocyclic g-substituted alanines
in higher plants,”2 we have examined the possibility that certain other types of the f-substi-
tuted alanines may also be synthesized from O-acetyl-L-serine(2) as a donor of the alanyl-
moiety by reactions analogous to those involved in the syntheses of mimosine” and lupinic
acid.!?

This communication presents such an example describing an enzyme in the seedlings of
higher plants that catalyzes the formation of O-ureidoserine (4) from O-acetyl-r-serine (2)®
and N-hydroxyurea(3), as shown in Figure 1.

The enzyme preparations were obtained from the hypocotyls of seedlings of Albizzia
Julibrissin, Leucaena leucocephala, Lupinus luteus, Pisum sativum and Citrullus vulgaris, grown
in the dark for 5—6 days at 28°, and Fagus crenata for 13—15 days. Unless otherwise stated,
enzyme fractions were prepared from the Albizzia seedlings essentially as described in previous
papers’~12: the enzyme preparations partially purified by ammonium sulfate precipitation,
heat treatment and desalting on Sephadex G-25(fine) column were used directly as the source
of enzyme activity.

1) J.D. Weaver, N.F. Busch, and C.H. Stammer, J. Med. Chem., 17, 1033 (1974).

2) F.A. Kuehl, F.J. Wolf, N.R. Trenner, R.L. Peck, R.P. Buhs, E. Howe, I. Putter, B.D. Hunnewell,
R. Ormond, G. Downing, J.E. Lyons, E, Newstead, L. Chaiet, and K. Folkers, J. 4m. Chem. Soc., 77,
2344 (1955).

3) P.H. Hidy, E.B. Hodge, V.V. Young, R.L. Harned, G.A. Brewer, W.F. Philips, W.F. Runge, H.E.
Stavely, A.Pohland, H.Boaz, and H.R. Sullivan, J. Am. Chem. Soc., 77, 2345 (1955).

4) C.H. Stammer, A.N. Wilson, F.W. Holly, and K. Folkers, J. Am. Chem. Soc., 77, 2346 (1955).

5) R.L. Harned, P.H. Hidy and E.K. Baw, Antibiot. Chemother., 5, 204 (1955).

6) E.F. Gale, E. Cundliffe, P.E. Reynolds, M.H. Richmond and M.]J. Waring, ‘“The Molecular Basis of
Antibiotic Action,” John Wiley and Sons, Inc., London, 1972, pp. 61—71.

7) I. Murakoshi, H. Kuramoto, J. Haginiwa, and L. Fowden, Phytochemistry, 11, 177 (1972).

8) I.Murakoshi, F. Kato, J. Haginiwa, and L. Fowden, Ckem. Phavm. Bull. (Tokyo), 21, 918 (1973).

9) I. Murakoshi, F. Kato, J. Haginiwa, and T. Takemoto, Chem. Pharm. Bull. (Tokyo), 22, 473 (1974).

10) I. Murakoshi, F. Kato, and J. Haginiwa, Ckem. Pharm. Bull. (Tokyo), 22, 480 (1974).

11) I. Murakoshi, F. Tkegami, F. Kato, J. Haginiwa, F. Lambein, L.V. Rompuy, and R.V. Parijs, Pkyto-
chemistry, 14, 1515 (1975).

12) I. Murakoshi, F. Ikegami, N. Ookawa, J. Haginiwa, and D.S. Letham, Chem. Phaym. Bull. (Tokyo),
25, 520 (1977).

13) O-Acetylserine has been found in the greenish-white epicarp and the reddish-mesocarp of the intact
fruits of watermelon (Citrullus vulgaris) in about 1.05x 10-69% and 0.98 X 10-79, yields, respectively
(I. Murakoshi, F. Ikegami, T. Ariki and J. Haginiwa, presented at the Meeting of Kanto Branch,
Pharmaceutical Society of Japan, Tokyo, October, 1977).

NII-Electronic Library Service



No. 6 . _ 1943

HO-CH:-CH-COOH CH.CO-0-CH;~CH-COOH |
H
NH. Acetyl-CoA NH.
1 2
H,N-CO-NH-OH
’ +
H,N-CO-N-OH | H:N-CO-NH-O-CH:-CH-COOH_______ . R-NH-0-CH,- CH—COOH
(EHr?hFCOOH"X NH, (CNH.CO-) NH,
5 NH 4 7,
| Ny
NH-CO-NH-OH ~—X/ '
HTQH_COOH‘“’/ gN~CE% -
T 2
6 .

Fig. 1. Scheme for the Biosynthesis of Hydroxylamine Derivatives of Alanine
by Enzymes in Higher Plants and Microorganisms.

~--—-: possible biosynthetic pathways. 8, 4,5, and 7 have not been found in nature, but 5 is a principal
constituent of the quisqualic acid ref, 9,186.

Standard reaction mixtures used to demonstrate the formation of O-ureidoserine contained
O-acetyl-r-serine (5 wmol), N-hydroxyurea (200 pmol) and 0.4 ml of enzyme preparation (con-
taining 2.5—5 mg of the soluble protein) in a final volume of 0.6 ml. Reaction mixtures were
normally maintained at pH 7.5 by 0.1 K-phosphate buffer and incubated at 28° for ap-
propriate periods. Reactions were terminated by the addition of 8 volumes of ethanol.
Precipitated protein was removed by centrifugation and samples of the residual supernatant
solution were examined chromatographically for the presence of O-ureidoserine, The
presence of O-ureidoserine in final reaction mixtures was established by paper chromato-
graphic comparison with authentic material’® using the following solvent systems: 1, 1-buta-
nol-acetone-diethylamine-water (2:2:1:1, v/v); 2, 2-propanol-28%NH,OH (7:4, v/v); 8
2-propanol-formic acid-water (20: 3: 5, v/v); 4,pyridine-1-butanol-water-acetic acid (2: 1: 1:
0.2, v[v). The Rf values for O-ureidoserine obtained in these solvents were 0.22, 0.27, 0.31
and 0.18, respectively, whilst O-acetyl-L-serine exhibited the following Rf data: 0.60 and 0.38
in solvents 3 and 4, respectively (O-acetylserine was readily converted to the N-acetylserine
under alkaline conditions in solvents 1 and 2). Under the same conditions, serine moved
at Rf’s of 0.36 ,0.42, 0.46 and 0.24, respectively. This method indicated clearly the formation
of a product, reacting positively with ninhydrin(reddish-violet) and 4-dimethylaminobenz-
aldehyde-HCl (yellow), that was inseparable from added authentic O-ureidoserine. The
product was not formed in reaction mixtures lacking N-hydroxyurea or O-acetyl-r-serine,
nor was the product formed when the enzyme preparation was pretreated at 100° for 15 min.
Product formation was also determined by *C-incorporation from O-acetyl-r-serine into
O-ureidoserine: when unlabelled O-acetyl-L-serine was replaced in the reaction mixture with
O-acetyl-r-serine-3-14C(0.5 uCi), radioactivity was associated with the ninhydrin-positive
product with the same Rf as O-ureidoserine (radioactivity on the chromatograms was monitored
with a gas-flow 4x radiochromatogram scanner).

The further identity of the reaction product as O-ureidoserine was conﬁrmed using an
automatic amino acid analyzer (Shibata Model AA-500, Tokyo): under standard operating
conditions,”!®» both the reaction product and an authentic sample of O-ureidoserine were
eluted from the column at approx. 216 min (115 ml), s.e., at a pOsition slightly overlapping

14) O-Ureido-p-serine was easily synthesized from p-cycloserine by the methods of Stammer, and Weaver,
et al. (references 1 and 15).
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with aspartic acid, whilst other possible products, f-(1 -hydroxyure1do)alanme (5)16 and g-
(3-hydroxyureido)alanine(6),'” appeared together at a position (225 min (119 ml)) shortly
after O-ureidoserine.

Further proof that the reaction product was O-ureidoserine was obtained with the aid
of chemical degradations: hydrogenation of the reaction product (PtO,, water) yielded urea
and serine (a very small amount of alanine and glycine was also recognized as by-products
arising secondarily from serine), whereas 5 and 6 resulted in the formation of 2-amino-3-urei-
dopropionic acid (albizziine). When the reaction product was treated with 20%,HCl-hydro-
lysis for 2 hr, it was degraded readily to serine and urea as the major products, whereas § and
6 were converted to 2, 3-diamino-propionic acid. These observations agree with the results
of Stammer, ¢t al.,1:1» Takemoto, ¢t al.,'® and Inouye, ¢t al.1” for the authentic O-ureidoserine
(4), B-(1-hydroxyureido)alanine (5) and B-(3-hydroxyureido)alanine (6), respectively.

Some properties of the enzyme-dependent formation of O-ureidoserine were studied:
O-ureidoserine was estimated quantitatively by the ninhydrin-method of Atfield, et al.'® as
described in previous papers.”-12 The O-ureidoserine synthetase clearly appears to be specific
for the O-acetyl-L-serine: O-acetyl-n-serine or other esters of r-serine, such as the phosphate
and sulfate,? or r-serine(1) itself could not serve as a donor of the alanyl-moiety. The optimum
pH for the enzyme-dependent formation of O-ureidoserine was 7.5 using 0.1 m K-phosphate
buffers. Activity was half maximal at pH 7.0 and 7.9 although there is a rapid O- to N-acety!
shift in the substrate above about pH 8.0 The addition of exogenous pyridoxal phosphate
as a possible coenzyme to the reaction mixtures at 10, 20 and 82.5 ug/ml caused 25%,, 34%
and 509, inhibition, respectively, of the synthetase activity: maximum reaction rates were
observed in a mixture containing no added pyridoxal phosphate. When the reaction mixtures
were incubated at 28° for varying periods of time up to 4 hr, the rate of O-ureidoserine formation
was related linearly with time for at least 40 min but the rates then gradually decreased.
The enzyme was reasonably stable: when stored at 0° for 25 hr, the residual enzyme activity
for O-ureidoserine formation was about 65-—689, of the activity initially assayed. The
synthetase activity for O-ureidoserine was very dependent upon the concentration of N-hydro-
xyurea used: a relatively high final concentration of N-hydroxyurea at 500 mm was required
to give maximum rate of O-ureidoserine formation and even m concentrations did not lead
to any marked substrate inhibition. From the Lineweaver-Burk Plot of these results a K.,
value for N-hydroxyurea of 1.25x10-4m was obtained for O-ureidoserine. Complete inac-
tivation of the enzyme was achieved with KCN at concentration of 11 mum but the addition
of hydroxylamine at 1.3 mu, 6.5 mm and 13 mwu resulted only in 7%, 21%, and 319%, inhibition
respectively of the enzyme activity.

Enzyme preparations from other plant specws were also examined for their ability to
catalyze the formation of O-ureidoserine: the specific activity of enzyme preparations from
Albizzia seedlings was approximately 1.5- and 2-fold greater than those from Leucaena
and Lupinus, and Pisum seedlings, respectively. Enzyme preparations from Cilrullus
and Fagus seedlings did not caralyze the formation of O-ureidoserine under the same
conditions although analogous reactions for the formation of p-pyrazol-1-ylalanine” and

15) CH Stammer, J. Org Chem., 27, 2957 (1962).
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K. Koike, Yakugaku Zasshi (J. Phaym. Soc. Japan), 95, 326 (1975)).
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1293 (S. Inouye, T. Shomura, T. Tsuruoka, Y. Ogawa, H. Watanabe, J. Yoshida, and T. Niida, Chem.
Pharm. Bull, (Tokyo), 23, 2669 (1975)).

18) G.N. Atfield and C.J.O.R. Morris, Biockem. J., 81, 606 (1961)

19) 1-Serine O-sulfate lyase, an enzyme capable of degrading 1-serine O-sulfate to pyruvate, ammonia and
sulfuric acid, was newly found in higher plants (I. Murakoshi, A. Sanda and J. Haginiwa, Chem. Pharm.
Bull. (Tokyo), 25, 1829 (1977)).
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willardiine, 2 efc.%1112) have been described in Citrullus and Fagus seedlings. These results
suggest that enzymes catalyzing the formation of g-substituted alanines from O-acetyl-r-
serine have different substrate specificities when prepared from different species.
O-Ureidoserine(4) conceivably might be an intermediate in the biosynthesis of cyclo-
serine(8) formed from B-aminoxy-alanine(7) by decarbamoylation.
A more detailed investigation of the enzymes from higher plants responsible for the for-
mations of O-ureidoserine and other types of f-substituted alanines®» is in progress in our
laboratory.
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Determination of Uric Acid using 4-Amino-3-hydrazino-5-mercapto-1,2,4-
triazole and Urate Oxidase-Catalase System

A new method of colorimetric determination of uric acid, using uricase and catalase
is reported. This method is based on the combination of enzyme reactions and colori-
metric procedure with using 4-amino-3-hydrazino-1,2,4-triazole, a highly sensitive re-
agent for formaldehyde. The color developed in a straight line passing through the o-
riginal point at least within the absorbance unit of 1.5 at 550 nm, corresponding to 16 mg/
dl of the uric acid concentration of the sample.

Keywords determination; wuric acid; wurate oxidase; catalase; 4-amino-3-hy-
drazino-5-mercapto-1,2,4-triazole

Determination of uric acid in biological fluids is essential to diagnose the case as gout. Until
now, for the assay of uric acid the phosphotungstic acid method? and the ultraviolet method
have been most commonly employed.?

Recently, urate oxidase-catalase enzyme system has been introduced into the assay of
uric acid by Kageyama.® In this assay system final product, lutidine derivative, which is

1) E.W. Rice and B.S. Gorgan, Clin. Chem., 8, 181 (1962).
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