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SUMMARY : Neutyophi elagtase has beep found to cleave met-
enkephalin-arg -gly -leu between met” and arg thereby releasing
the active opiate met-enkephalin. Oxidized met-enkephalin octa-

peptide is not attacked by this enzyme. These data suggest a
potential role for neutrophil proteinases and oxidases in the
regulation of opiate production in tissues. © 1987 Academic Press, Inc.

The enkephalins are a group of opioid-like peptides derived by
processing of a series of precursor proteins which include pro-
opiomelanocortin, prodynorphin, and proenkephalin (1). Such
proteins are apparently synthesized in a number of tissues,
including the adrenal medulla, brain, and intestinal mucosa and
processes either completely into the met-enkephalin or leu-enkephali
pentapeptides or, alternatively, into intermediate fragments (2).
These peptides have been reported to function not only as analgesics
in the central nervous system (3) but also in immunoregulatory
processes in plasma (4) where they bind to specific receptors on
immune-competent cells (5). At the moment it is unclear as to

how these peptides are processed from precursocrs to the final form
(6). However, it has been suggested that a carboxypeptidase B-like
enzyme (enkephalin convertase) (6) and/or cathepsin B (7) might be

involved.
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In this laboratory we have been investigating the function of

two major proteinases from human neutrophils, elastase and cathepsin
G (8,9). The former has been found to rapidly cleave peptide bonds
after methionyl residues (10); however, if the methionine residue

is oxidized no hydrolysis is observed (10,11). In the processing
scheme for enkephalin production specific cleavage at the metSjarg
peptide bond is required in order to obtain the met-enkephalin
pentapeptide, while oxidation of the methionine residue markedly
reduces opiate activity (12). Because neutrophils are found
virtually everywhere in human tissues but especially at inflammatory
sites where they readily degranulate to release both hydrolytic

and oxidative enzymes, and because enkephalin precursor peptides
have been found to circulate in plasma apparently destined for

these same sites (13), we began a study to determine whether such
cells might play a role in modulating the conversion of met-enkephalin

precursors to their final form.

MATERIALS AND METHODS

(Met)—enkephalin—arg6*gly7—leu8 was obtained from Sigma and re-
purified by reverse phase HPLC on a Bio-Rad RP 318 column. Human
neutrophil elastase was purified according to the procedure of
Baugh and Travis (14).

Enkephalin digestion: (met)—enkephalin—arg6—gly7—leu8 or its
oxidized form (440 nanomoles) was digested at 37° with neutrophil
elastase (1 nanomole) in a final volume of 250 ul of 0.1M sodium
phosphate buffer, pH 8.0, 0.1M NaCl. Forty ul aliguots were
removed both prior to addition of enzyme and after 10, 30, 90, and
120 min, with the reaction being stopped by adjustment of the pH
to 4.0 with 10 ul of 3.0M sodium acetate buffer, pH 4.0. The
products of digestion were identified by reverse phase HPLC on a
Bio-Rad RP 318 column (250 x 4.6 mm) equilibrated with 0,1% TFA,
using a linear gradient from zero to 45% acetonitrile (v/v) in
0.1% TFA at a flow rate of 1.0 ml/min. All peptide containing
fractions were lyophilized and subsequently analyzed after acid
hydrolysis (6.0N HC1l, 0.1% thioglycollic acid, 0.05% phenol, 100°,
in vacuo, 24 hr), using a Beckman 119CL amino acid analyzer.

Oxidation of (met)—enkephalin—arg6—gly7—leu8 was obtained by
incubation in hydrogen peroxide. Specifically, 440 nanomoles of
peptide was dissolved in 400 ul of water and 800 ul of 3% hydrogen
peroxide added. After incubation at 4° overnight, the oxidized
peptide was lyophilized and subjected to amino acid analysis to
insure complete oxidation of the methionine residue (15).
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RESULTS AND DISCUSSION

The effect of neutrophil elastase on the conversion of (met)-
enkephalin—arg6—gly7—leu8 to (met)-enkephalin and the tripeptide
arg-gly-leu is readily seen in the results given in both Figure 1
and Table 1. HPLC separation readily documents the decrease in
levels of the starting peptide (C) and the appearance of two
other components (A and B). Amino acid analysis of each of these
peptides indicates that they are as follows:

peak (A): arg-gly-leu

peak (B): tyr-gly-gly-phe-met

peak (C): tyr-gly~gly-phe-met-arg-gly-leu

The yields of each component after specific digestion times are

given in Table 1.
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Figure 1. Reverse~phase high pressure liguid chromatography

separation of human neutrophil elastase di%estion
products of (met)—enkephalin—arq6—gly7—leu peptide
at various time intervals. Peak A: arg-gly-leu;
Peak B: tyr-gly-gly-phe-met; Peak C: tyr-gly-gly-
phe-met-arg-gly-leu.
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Table 1. Recovery of peptides produced by digestion of (met)-
enkephalin-argb-qu7—1eu8 with neutrophil elastase
Peak Number Time of Incubation
10 min 30 min 90 min 120 min
A 6.0 12.0 40.0 55.0
B 3.5 15.0 27.0 35.0
C 46.0 30.0 6.0 4.0

Recoveries are expressed as nanomoles of peptide recovered ver
70 nanomeles of digest analyzed.

In contrast to this rapid conversion no hydrolysis was obtained
with the oxidized (met)-enkephalin octapeptide even after the

longest incubation time period (120 min).

It is known that (met)—enkephalin—arg6-gly7-leu8 has only 35%

of the opiate receptor binding activity of (met)-enkephalin (16).
Furthermore, sinced increased enkephalin release occurs under
stress conditions (17), at a least a part of which is in the form
of incompletely converted polypeptide precursors (18), speculation
can be made for the involvement of neutrophil enzymes in
controlling both the processing and activity of all of these
peptides. One possibile role is for maximum production of the
most functional opiate in this series, the met-enkephalin penta-
peptide, while a second and possibly more important function

might involve the enhanced recruitment of leukocytes to inflammatory
sites since met~enkephalin is known to promote this effect (19).
As noted, the oxidized octapeptide cannot be converted into

(met) -enkephalin by neutrophil elastase. This suggests a third,
regulatory role for oxidizing enzymes such as neutrophil myelo-
peroxidase which would 1limit the quantity and functional activity
of both (met)-enkephalin precursors and met-enkephalin at

inflammatory sites, in effect increasing pain in such areas.
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Finally, it is known that one of the seven potential forms of
enkephalins which can be obtained from the precursor protein is
the potent leu-enkephalin opiate (1). How the formation of this
pentapeptide occurs is as yet unknown. It should be pointed out,
however, that the other major proteinase in neutrophil granules,
cathepsin G, can hydrolyze peptide bonds after leucvl residues (20)
Whether this actually occurs in the formation of leu-enkephalin
remains to be established. However, it 1s worth noting that in
elastase, cathepsin G, and myeloperoxidase, one has all of the
enzymes required for the final processing and regulation of

the seven potential enkephalins present in proenkephalin (1).
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