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Enzymic cleavage of phosphoramidic acid

The chemical hydrolysis of phosphoramidate has been thoroughly investigated by
RaTHLEV aND RosENBERG!. Their results indicate that at pH values above 4 the rate
of hydrolysis is proportional to the concentration of the anion. Phosphoramidate has
been suggested as a metabolic intermediate beth by RATHLEV axD Rose~xpErG! and
by SPEck®, but no evidence for it: participation in metabolic sequences has been
presented. In view of its chemical reactivity® and the recent evidence for metabolic
activity of adenylic-5"-phosphoramidate?, a reinvestigation of possible enzymic re-
actions of phosphoramidate was undertaken.

Sonic extracts prepaved from FEscherichia coli (Crookes strain), grown on a
mineral-salts medium with succinate as the sole carbon source, catalyzed a rapid
evolution of NH; from phosphoramidate. Boiled extracts were without catalytic
activity. Treatment of the E. coli extracts with protamine sulfate followed by fraction-
ation with (NH,),50, and rigorous dialysis of the fractions revealed at least two
separate enzyme systems capable of catalyzing the release of NH; from phosphor-
amidate. Fraction I, which was precipitated by (NH,),50, below 0.5 saturation, was
shown to require a divalent metal (Mg+* or Mn**) and a sulfhydryl compound
(cwsteine or glutathione) to achieve a maximum rate of NH; release (Table I), The
optimum pH for activity of Fraction t was 7.4. Paper chromatography of a reaction
nrixture containing Fraction I, phosphoramidate, cysteine and Mg++ with s#-propanol—
NH,OH-H,0 (6:3:1) as a developing solvent revealed inorganic phosphate and
phosphoramidate as the only phosphate-containing compounds present. It is assum=sd
from these results that the reaction catalyzed by Fraction I is the cleavage of phos-
phoramidate to phosphate and NH;. Even with the mildest conditions phosphate
aml phosphoramidate cannot be differentiated colorimetrically since molybdate
catalyzes a very rapid hydrolysis of the latter?,

Another E. celé fraction, Fraction III, precipitated between ¢.58 2ud 0.9 satu-
ration with (NH,),50,, was also shown to catalyzc a rapid evolution of NH, from
phosphoramidate, while the intermediate fraction (0.5 to 0.58 saturation) was low
in catalytic activity. The rate of NHj release catalyzed by Fraction 111 was maximal
at pH 5.1 and was not stimulated by the addition of either divalent metals or reducing
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TABLE 1
PHOSPHORAMIDATE CLEAVAGE BY E, coli ENZYMES

P " - -
i pomoles NHy formed in 1o min®*t*
Swstent

Fraction I* Fraction I1T**
1. Complete 5.50 3.40
2, Minus phusphoramidate 0.90 0,23
3. Minus Mgt+ 3.25 3.40
4. Minus Cysteine 5.20 3.45
5. Minus (Mgt+ and Cwvsteine) 2.25 . 3.40
6. Minus Enzyme .70 0.80
7. Complete pius F- (3 pmoles) 4.70 1.95
8, Complete plus F- (1o gmoles} 1.50 1.0

* The complete system contained in o.5 ml: tris(h'_\.'droxymethyi)zmxinmnethanevHCl butfer,
pH 7.4, 100 pmales; phosphoramidate. 10 ymnles; MgCl,, 10 ggmoles; cysceine, 5 pmoles; enzyme,
abuut 0.9 mg protein {E, coli, (‘\IH4)2S(;, fraction precipitated below o.50 satm.). Incubation at 37°.
* The complete system contained in o.5 mi, acetate buffer, pH 3.5, 100 gmoles; phosphoz-
amidate, 1o gmoles; MgCl,, 1o ggmoles; cysteine, 5 gmoles; enzyme, about 0.3 mg protein (£, soli
(NH,}.S0, fraction precipitated between o. 58 and o.g satn.). Incubation at 37",
sesd R‘n?ctlons were stopped by the addition of 0.5 ml of absolnte alcohol asid an aliquol nof
the reaction mixture was placed in & Conway micro-diffusion dish; after sealing the Conway dish
the sampie and 1 ml 4 M K,C0; were mixed in the outer chamber. NH,; was distilled into 1 ml
o.05 N H S0, in the inner chamber at 50°, After a t-h distillation period, NH; was determined
by Nesslerization of an aliquot taken from the H,50, trap.

substances (Table I). Furthermore, dialysis of this fraction against o.02 M cthylene-
diaminetetraacetate at pH #.5 followed by dialysis against 0.0z 3 potassium phos-
phate {pH 7.5) neither inactivated the enzyme nor rendered it dependent on divalent
metals. The hydrolysis of phosphoramidate catalyzed by both fractions was markedly
inhibited by fluoride at low concentrations (Table I). Chelating agents were without
effect on the rate of NH; release catalyzed by Fraction III at either pH 5.1 or 7.4.
Paper chromatography of a ieaction mixture containing Fraction TII, phosphor-
amidate and acetate buffer {pH 5.3) revealed again phosphate and phosphoramidate
as the only phosphate-containing compounds present.

Preliminary results indicate that the phosphoramidate hydrolase activity of
Fraction III can be purificd by diethylaminoethyl-cellulose chromatography about
7o-fold. In this more purified state the hydrolase preparation does not catalyze the
hydrolysis of pyrophosphate, glucose-b-phosphate, phosphoserine, a-glycerophos-
phate, glutamine, asparagine or adenylic-5’-plicsphoramidate. Further purification of
Fraction I has not yet been achieved.

Extracts of several micro-organisms including E. coli, Acctobacter peroxydans,
Fusarium moniliforme and baker's yeast as well as beef-kidney, rabbit-muscle, and
pea-seedling extracts have been shown to caialyze a rapid release of NH; from
phosphoramidate. In view of the wide occurrence of phosphoramidate-cleavage
enzymes, it secems likely that other metabolic functions of this compound may he
revealed only after removal of these enzymes.

This investigation was supported ir. part by a grant from the Williams Waterman
Fund of the Rescarch Corporation.
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Direct enzymic conversion of malonic semialdehyde
to acetyl-coenzyme A

An cnzyme obtained from a strain of Psendomonas fluorescens has been reported? to
catalyze the hydration of acetylencmonocarboxylic acid with the formation of
malonic semialdehiyde. The present communication is prompted by the discovery.of
a novel reaction for the further utiiization of malonic semialdehyde. This involves
a CoASH- and DPN-linked conversion to form acetv]l-SCoA. The system is experi-
mentally irreversible:

OHCCH,COQH + DPN* + CoASH = CH3COSCoA 4 CO, 4+ DPNH + H+ (1}

If the reaction proceeds by way of a CoASH-linked aldehyde dehydrogenase? followed
by decarbozxylation®, malonyl-SCoA would be the expected first product. The system
described is unique in that malonyl-SCoA has been ruled out as a iree intermediate,

The product of reaction (1) has been shown to be a thiol ester which was identified
as acetyl-SCoA by arsenclysis with phosphotransacetylaset, and chromatography of
ithe hydroxamate derivative formed from the isolated thiolester, with the solvent
system of VaGerLos”. The last method definitively separates acetylhydroxamate
(Rp, 0.62) from malonylmonohydroxamate (Rg, 0.14). The enzyme has been purified
zoo-fold by a combination of sali fractionation, elution from calcium phosphate gel
and chromatography on N, N.diethylaminocellulose. Combination of eluate fractions
produced only additive effects on activity; the system behaves as a single enzyme.

The stoichiometry of the reaction, detailed in Table I, is that expected for

TABLE I
STOICHIOMETRY OF THE REACTION

Incubations were carried out in the presence of the following, expresserl as umoles/ml: KX-phos-
phate, pH 7.0, 50, mercaptoethanol, 5; an excess of the enzyme. Expts. 1 and 2 included CoASH,
0.3; malonic semialdehyde, 0.4; limiting quantities of DPN. When the reaction was completed
as judged by following the formation of DPNH spectrophotometrically, aliguots were removed
and assayed for aldehyde and thioester. Expts. 3 and 4 were conducted in manometric vessels
at 30° and contained DI'N, 4 and CoASH, 4. Expts. 3 and 4 included 4.0 and 4.2 gmoles, re-
spectively, of malonic semialdehyde. After zo-min incubation, the reaction was terminated by
the addition of 6.1 ml 1 N [E,50; and the C0O; evolved was measured. Aliquots were tfken for

aldehyde and hydroxamate determinations. All results are expressed in gumoles.

- Malanic - o .
Eapl. Seamtaldehyde DPXH Thiol ester iy
X — 0.006 -+ o.08g + 0,08z
2 -— 0,150 -+ 0.102 -+ 0,150
3 — 4.0 ~+ 3.0
4

+ 33 + 3.8

Abbreviations: CoASH, coenzyme A DFN™, diphosphepyridine nucleatide.
* Pessonal communication from Dr. I™. R, VAGELOSs.



