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SUMMARY

The mechanism of the deamination -decarboxvlation of amino acids by myvel-
operoxidase is proposed. In the presence of hvdrogen peroxide and chloride, myveloper-
oxidase catalvses the formation of HOCL which reacts with amino acids giving
chloramines. The chloramines of amino acids as unstable compounds are spontane-
ouslv decomposed to NH,, CO,, €1 and corresponding aldehyvdes.

In previous papers!? it has been reported that amino acids were deaminated
and decarboxvlated with a mixture of H,0, and €1 in the presence of mveloper-
oxidase. Taurine was found to be a competitive inhibitor of this process.

In this report the mechanism of the above-mentioned reaction is proposed:
Myeloperoxidase catalyses the formation of HOCE from €1 and H,0,; the HOC
reacts with the amino acids forming chloramines. The amino acids chloramines are
unstable and decompose to NH,, CO,, Cland corresponding aldehvde, whereas
taurine chloramine is stable under reaction conditions.

The mechanism of the reaction of deamination and decarboxyviation of amino
acids has been studied by use of myeloperoxidase which was isolated from human
leukenmic granuloevtes!. The coefficient Ry = o 50/, of the enzyvme was 0.7, The
substrates used were L-amino acids (Hoffmann - La Roche, Switzerland) and hivdrogen
peroxide (LElectrochemical Establishments, Zabkowice, Poland).

During incubation of alanine with mveloperoxidase at pH 4.5 in the presence
of H,0, and NaCl, a product with absorption at 254 nin was observed, as illustrated
i Fig. 1o In the Grst minutes of the reaction, absorption increased and during the
course of further incubation gradually decreased (Fig. 2). The increase of absorption
at 254 nm was not connected with formation of the enzyvme- substrate complex
because substances with this spectrum casily dialvzed through a cellophane bag.
Simultancoushy with changes of the spectrum, content of C1in the reaction medium
changed. When absorbance at z54 nm and €1 by the argentometric method were
determined during incubation of the reaction mixture, it was found (see FFig. 2) that
the rise in absorption was accompanied by a drop in €I content, which increased
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Fig. 1. Absorption spectrum of intermediate product formed during the peroxidatic deamination-
decarboxylation of alanine. Sample composition: 20 umoles of alanine, 10 umoles of H,O,,
go umoles of NaCl, 45 ug of myeloperoxidase in 50 mM sodium acetate buffer (pH 4.5). Total
volume, 3 ml; temp., 20°. Time of incubation, 6 min.

again when absorption decreased. This process was accompanied by regular increase
in the content of acetaldehyde measured on the basis of absorbance of its 2,4-dini-
trophenylhydrazone at 510 nm. As shown in a previous study?!, acetaldehyde is
produced as a result of peroxidatic deamination and decarboxylation of alanine.
Since the reaction of peroxidatic deamination and decarboxylation fails to
take place in the absence of Cl- (see ref. 1), and Cl- is used up in the course of the
reaction for production of substances with maximum absorption at 254 nm, it has
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Fig. 2. Variations of absorbance at 254 nm, CI~ and acetaldehyde amount during the peroxidatic
deamination-decarboxylation of alanine, Composition of sample as in Fig. 1. In order to deter-
mine acetaldehyde, 0.2 ml 40 mM K1 was added to 0.5 ml of the sample. Then liberated I, was
titrated with 8 mM Na,S,0;, and o.5 ml of 0.2%, 2.4-dinitrophenylhydrazine in 2 M HCI was
added. After 1o min the sample was extracted with 2 ml of CCl,. 4.5 ml of 3%, KOH in methyl
alcohol were added to o.5 ml of CCl, solution of acetaldehyde 2.4-dinitrophenylhydrazone, and
exactly after 2 min, the absorbance at 510 nm was measured.
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been postulated that Cl s a substrate for myeloperoxidase, and 1s oxidized in the
presence of H,0, to the most probable form, i.c. HOCL

The reaction of HOCI with amino compounds leading to the respective
chloramines has long been known®?. Some authors have shown3 that chloramines
produced during the reaction of HOCL with various amines are characterized by a
spectrum with maximum absorption in the range 240 -270 nm. 1t has been suggested
therefore that thie intermediate product formed during peroxidatic deamination
decarboxviation of amino acids is a chloramine of the respective amino acid. In order
to prove this concept, alanine chloramine was synthesized by treating alanine
with NaOCL At 207 temperature, 2o gmoles of alanine were mixed with 10 gmoles
of NaOCT in a final volume of 2 ml and adjusted to pH 4.5 by addition of 1 ml of
150 mM sodium acetate buffer solution. Immediately after mixing the solutions,
chloramine characterized by a spectrum with maximum at 254 nm was produced, us
shown spectrophotometrically. In accordance with the known properties of this
chloramine?, it was unstable, showing a decrease in absorption at 254 mm with time.
As can be seen in Fig. 3, the spectrophotometrically observed decomposition of
alanine chloramine was accompanied by accumulation of acetaldehyde and C)
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Fig. 3. Decomposition of alanine chloramine obtained by the reaction of alanine with NaOCl,
Reaction mixture: 11 gmoles of NaOCL | 20 pmoles of alanine adjusted to pH 4.5 with sodium

acctate buffer, 50 mM in final concentration. Total volume, 3 ml; temp., 207, (Stock solution of
NaOCT was obtained by titration of Cl, solution in water with o.4 M NaOH. The concentration
of NaOCl was determined from the 295 nim mmolar extinction coetficient e, 0.35.]

The velocities of decomposition of synthetic and enzvmatically produced
chloramine, as measured on the basis of quantity of aldehyde formed and chloride
liberated, were similar (see Figs. 2 and 3). Both chloramines were characterized by
identical absorption in ultra violet light, capacity for decomposition, and identical
decomposition products. In addition, synthetic chloramine as well as chioramine
produced in the enzymatic reaction oxidized iodide with liberation of free iodine and
recoverv of alanine. In the presence of cvsteine or reduced glutathione both chlor-
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Fig. 4. Decomposition of leucine, valine, serine and cysteic acid chloramines. Reaction mixture:
9 umoles of NaOCl 4 20 umoles of amino acid adjusted to pH 4.5 with sodium acctate buffer:
s0 mM in final concentration, Total volume, 3 ml; temp., 20°.

amines decomposed to alanine. The chloramines did not oxidize bromide at pH'’s
above 0; this made it possible to distinguish them from hypochlorite.

In a previous study it was shown that the reaction of peroxidatic deamination-
decarboxylation is common for amino acids!. Experiments with leucine, valine, serine
and cysteic acid showed production of chloramines from these amino acids. Chlor-
amines produced in the peroxidatic reaction used up Cl~ during their production and
exhibited characteristic absorption in ultra violet light, (Amax : leucine, 253 nm; valine,
255 nm; serine, 254 nm ; cysteic acid, 255 nm). Velocity of decomposition of the studied
chloramines varied, depending on the amino acid from which they were produced
(see Fig. 4). The decomposition products were the respective aldehydes, NH,, CO,
(see ref. 1) and Cl-. The chloramines of the aforementioned amino acids, enzymatically
as well as synthetically obtained (by the method described for alanine), were identical
and exhibited all the above-described properties of alanine chloramine. The results
presented above demonstrated that the peroxidatic degradation of amino acids
previously described! ran through an intermediate stage of unstable amino acid
chloramines which decomposed spontaneously to NH,, CO,, Cl~ and the respective
aldehydes. The sequence of the reactions illustrating this process is as follows:

myeloperoxidase
H,0, + ClI=  Ht — o < == HOCL 4 H,O
CH, CH,
| I
HOCI + CH---NH*+ > H* -+ H,0O + CH~-NH -l

| !
COOH COOH
CH,

|
CH—NH-—CI £ HyO -» CHyCHO + NH,+ - CO, 4 Cl-

l
COOH

Experiments were performed also with taurine as competitive inhibitor of
peroxidatic deamination and decarboxylation of amino acids. It was found that
during the reaction with myeloperoxidase, H,0, and Cl-, taurine gave chloramine
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g, 5. Peroxidatic formation of taurine chloramine. Sample composition: 2o gmoles of tauring,
1o pmoles of 1,0, go gmoles of NaCl, 45 g of myeloperoxidase in 50 mM sodium acetate bufter
(pH 4.5). Total volume, 3 ml; temp., 20 .

with absorption maximum at 252 nm. Production of taurine chloramine was ac-
companied by atilization of C1- from the reaction medium (Fig. 5). In contrast with
the amino acid chloramines, taurine chloramine was a stable compound and could
be separated from taurine by clectrophoresis (in 50 mM phosphate bufter, pH 7.0
at 120 V. 30 min) and by paper chromatography (in ferf.-butanol acetone water,
bo:20:20, by vol. 4- 1 g sodium acetate). Taurine chloramine produced during the
enzymatic reaction was identical with svntheticallv produced chloramine (byv the
same procedure as for alanine). It exhibited the same degree of stability, identical
clectrophoretic and chromatographic mobility, and capacity for reacting with iodide
and thiols leading to the recovery of free taurine.

[t seems that the production of chloramines deseribed above mav play an
important role in the physiological function of the phagocvtizing granuloevtes. All
the conditions required for this reaction exist in these cells. Myeloperoxidase and
Cl - are present in considerable amounts87, H,0, syuthesis is intensive®, and the pH
within the phagocvte? is near the optimum for the investigated reaction. Hence the
formation of chloramines known as bactericidic agentst19, especiaily taurine chior-
amine i view of the high concentration of taurine in leucocvtes™, mav play some
role in the nonspecific resistance to infection,
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