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Leukotriene A, hydrolase, a bifunctional enzyme
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We proviously obtained evidence for intrigsic aminopeptiduse uctivity for leukotriene (LTIA, hydraluse, un enzyme churasterized to specifisally
eatulyse (he hydralysis of LTA, to LTB,, o chemetaciic compound, Fram i s¢quenve homalogy seureh tetween LTA, hydrolase and several
uminepeptidises. it Beewme elear thal they share o pulative sctive site for known aminopeptidases und u wine binding domain, Thus, Glu-287 of
LTA, hydroluse i o candidate for the aetive sile af its untinopeptidase activity, while His-296, His-300 and Glu-3 1Y uppear 1o canstitule 4 2ine
binding siie. To determine whether or not Lhis putative uctive site is alio essential 10 LTA, hydroluse aglivity, site-direcied mutagensais experiments
were curried aut, Glu-297 wis mutaied inta 4 different umine acids. The mutait E397Q (Ulu chunged 16 Gln}conserved LTA, hydroluse aclivity
but showed litle aminopeptiduse setivity, Qiher mutunis at Glu247? (E2A, E2970 und E397K) showed murkedly reduced amounts of both
activities, 1t is thus proposed thal <ither i glutimic ar glutamine moiety 1t 297 is reyuired for full LTA, hydrolase activity, while the free curboxylic
acid of gluturmic agid ix asential for wminapeptiduse.

Leukotrienc: Leukatriens A; hydraliuse: Aminopeptidise; Zinc.metallaproledse: Sitedireeted mulugenesis

l. INTRODUCTION

Leukotrienes (LTs) constitute 4 ¢lass of lipid media-
tors which are involved in inflammutoryfullergic proc-
esses, and have various physiclogical and puthological
funciions [1-8]. Arachidonic acid is converted to LTA,
by Sipoxygenase [6-10). and is subsequenily hydroly-
sed to LTB, by cytosalic LTA, hydrolase (EC 3.3.2.6)
[11~14]. Biochemicul and immunohistochemical studies
of LTA, hydrolase have shown that this enzyme is ubi-
quitously distributed in various ¢ells and tissues of the
guinea pig [15.16], The most dense immunohistoghem-
ical stuining was observed in epithelial cells of the
guinea pig small intestine [16] which is deficient in 8-
lipoaygenase [17]. The different distribution of the two
cnzyme activities was also shown in human erythro-
eyies, vaseulur endethelial cells and human B-lympho-
cytes [18-22] and had been explained by an intercellular
transfer mechanism of LTA,: i.¢. from neutrophils to
erythrocyles or fram neutrophils to endothelial cells.
Another possible explanation is that this enzyme might
possess un alternative enzyme activity towards different
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substrates. Severa] groups of investigators including
ours. have recently found a sequence domain of LTA,
hydrolase which is homologous to the active site and
zinc-binding metif of several aminopeplidases (Fig. 1)
[23~26). In the aminopeptidase N, a highly conserved
region. YXAXHEXXH, is considered to constitute a
functionnl protease domain [27]. which is also con-
served in other zine-metalloproteases such as thermoly-
sin, endopeptidase, and collagenase. Two conserved His
residues in the motif und another Glu putatively act as
ligiends for zinc ion binding. und an invariant Glu resi-
due adjacent to the first. His is ane of the active sites for
hydrolysis of peptides [28). These observations led us to
study the zinc content and putuative peptiduse activity of
LTA, hydroluse. We found that both native and recoms
binant LTA, hydrolases intrinsically contain an
equimolar zine ion and have the aminopeptidase activ-
ity {29]. Other workers also reported similar observa-
tions [30-33]. thus, LTA, hydrolase was shown tobe a
bifunctional eneyme, possibly acting towards LTA, and
various peptides. two physicochemically dilTerent com-
ponents in the cetl,

To clarify whether or not the putative active site (Glu-
297) is also essential for LTA, hydrolase activity, we
carried out site-directed mutagenesis eéxperiments,
LTA, hydrolase and aminopeplidase activities were
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thus separated: a mutant E297Q possesed LTA, hydro-
luse and reduced uminopeptiduse uctivity, while in other
mutants (E227A. E297K), both activities were substan-
tinlly diminished. Possible mechanisms of the enzyme
reaction are briefly discussed.

2. MATERIALS AND METHODS

2.4, Ahwagenesis of human LA, hidrolose cBNA

W carried out a4 site-dirested mutagenssis by the polynicrase chain
renction methed [34] using partial subclonss of the EXBS expression
vestor consliugted far the expression of u full-length human LTA,
hydroluse cDNA [35,36]in E. cofi. The recambinnnt plasmid LTABSE
{used for YIR4F) und LTAZS] (used Far other mutanis), contained
Ceterminal and Neterminul halves of EX83. respectively. The regions
contiguous to desired mulation sites wers umplilied in (wo separite
PCR reuctions using four different primers, Brielly, a common set af
primer 1 and 4 including u Sgfll und EesRI site, respectively, and
specifically designed primees 2 and 3 cantaining the mutated sites were
synthesized using un ABL IBIB DNA synthesizer, Primers 1 + 3 and
2+ 4 were used us separate pairs to obtain the ‘upstream’ snd ‘down.
siream’ PCR (ragment, respeetively, Both lragments were mixed and
umplified using primers | + 4 10 obtain 4 PCR lrugment of 314 bp
contuining the mutated site. This lragment wis digesied with EcoRl
abd 81l und inserted inta an EcoRU-Hgd] frugment of EXE5t
(E297A, E297D. E297Q. E2TK. und 319K} or pUC I8 (Y383F).
Mutuied EX851 plusmids were digested with EcoR I and ligated ta the
remaining half of LTA, hvdrolase cDNA (LTA85K]. For Y3¥4F, the
pUCIE insert wus excised with EcoB 1 and inserted into the EcaR1 site
af EXB31, Euch mutated site was canfirmed by doubleatranded DNA
sequencging wilth Seguensse Version 2.0 (USH). The tequences ol the
4 primers used uee ns follows:
Primer |: 3GCAGAAGATCTGGGAGGALC.Y"
Primer 2 3" ATTGCACATAXKATATCTCAY in whigh XXX re-
presents: GCA for EJ91A, AAA Tor EXIK, CAA for E297Q, GAC
for £3970: ur $-COTTAAATAAGUGGACATACT-Y far BROK;
Brimer Y: untistrand seyuense Lo cach primer 2,
Primer 4: §-GOCCAGTIGAATTCTGTAGTT-3
In ¥ A84F, primer | us above was combined with primer 2 (§'-CAG-
TTCOCTTTGAGAAGOG-)), primer 3 (unitistrand to primer 2).
primer 4 (8" GGCCAGTGAATTCCATTTAAAAA-Y) for PCR.

2.2, Oveeprudiection and purification of wildsivpe aitd awetemr LTA,
hyelealase pirateins
Muman recombinnnt wild-type and mutunt LTA, hydrolases were
overcxpressed in £ coli YA uccording lo Minami et ul, [37], The
wild-type and two mutants (E297Q, E31IK) were purified us deseribed
[37.

1L Assuy of ehzyine activitios ot prolein concentrelian

The LTA, hydrolase activity was determined as deseribed [13]. The
peptidise activily was measured as deseribed [29), Protein coneentira-
tions were determined according 10 Bradiord {38], using bovine serum
ulbumin us a standard,

2.4, tumobtor aivelysis

The wild-type and mulunt proteins were clectrephoresed on a 19%
polyacrylamide gel/0.19% SDS, und clectrotransferred to a nitracellu-
lose membrane, These proteins were immunostained using an affinity-
purilied uniisLTA, hydrolase antibody [16].

3.3, Quanmiration of LTA, hydrolase proteins

The quuntitation of the expressed LTA, hydroluse proteins was
carried out by enzyme-linked immunosorbent nssay (ELISA) The
migroliter plates were coated with diluted lysates senlaining cither
mutant or wild-type enzyine. Anti-LTA, hydroluse rubbit antiserum
und peroxidase-labeled anti-mouse 1gG antibedy were used to gener-
ate a calor reaction product of the substrate, o-phenylendinming, The
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color reaction was evaludted {rom the absorbancs at 492 nm. Buck-
ground absarbanee wig mensured using the lysate of £, cofi trans.
formed with pUC9 (vector) only.

2.6, Aramie vhsarpiion speciromerry and ciceular dichraism,

The mutant E319K was purified as deseribed [29]. The zine content
wax measured using o Hitachi Atomie Absarption Spectrometer
model Z.6100, Circulur dichroism was annlyzed with a JASCQ CD
spectromieter modsl J-720 using the enzyme selution (0.3 myg af en.
zyme/iml of |0 mM potassium phosphata buffer, pH 72.8),

3. RESULTS AND DISCUSSION

We obtained evidence that LTA, hydrolase possesses
an equimolar zine ion and has intrinsic aminopeptidase
activity [29]. Thus. LTA, hydrclase is now considered
to represent a unique bifunctional enzyme case in which
the water molecule is incorporated into LTA, and pep-
tides,

Teo esamine the melecular mechanisms involved in
the bifunsctional activity of LTA, Liydrolase. we carried
out site-directed mutugenesis of LTA, hydrolase
c¢DNA. Single amino acid mutations of Glu-297, the
putative uctive site of uminopeptidase, to 4 dilferent
amino ncids were carried out (E297A, E:97K, E297D
and E297Q in Fig. 1b). Crude extracts were used for
assays of enzyme activities, because the degradution of
some mutants proteins were constantly observed in
spite of addition of a cocktail of proteuse inhibitors. The
expressed enzyme protein amount of mutant and wild-
type LTA, hydrolases was checked By ELISA and im-
munoblot analysis (Fig. 3). After substrasting the basal
activity of the vector control. the measured activity was
divided by the estimated enzyme amount and described
as the specific activity. The velative activity for LTA,
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Fig. 1. {A) The homologous region of LTA, hydrolase, aminopeptis

duses and (hermolysin ([24,25)). @, pulalive active site: 4. putative

zine-binding site; O, protan doner residue. (B) Strusture of the son-

structed mutants. The figures in parentheses dencle the number of
amino acid residues belween each motill
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Fig. 2, Peptide region (200-250 nm) und sromutic region (250-350 am) circular dichraism spectra of the wild-lype aind mutam E297Q LTA,
hydrofuse in 10 mM phosplinte buffer (pH 7.5) at 20°C. (Salid line) E297Q: (dushed ling) wild-type enzyme,

hydrolase and uminopeptidase of wild-type and mutant
enzymes are shown in Table I. E297Q exhibited a full
LTA, hydroluse activity but only reduced peptiduse uc-
tivity. In other mutants (E297D. E297A and E297K),
both activities were markedly reduced. Although the

Table |

Relalive uctivities of LTA, hydrolase and sninopeptiduse of the mu-
wnt humun LTA, hydroluse

LTA, hydroluse Aminogeptidase
aslivity {%) uetivily (%)
Wild-type 100 1410
E297Q 104 14
EWA kiv] 5
E30IK 13 6
EWID 17 b}
E3I9K n.d. 12
YI84F ndl. 13

Quuntitalion of the aclivily snd the exprossed enzyme protein

(ELISAY were carricd oul using the lysiutes prepared {rom niutant or

wild-type LTA, hydroluses. The relative activity is defined by the ralio

(%) between the mutant and the wild. type-specific enzymic aclivilies,

wilh wild-lype-specific enzymic activilies tuken as 100%. nd.. nol
delectable.

aminopeptiduse activity of wild-type LTA, hydrolusc
was inhibited by LTA, {29). aminepeptidase activities of
the 6 mutants were appuarently uraffected by addition
of LTA,. The result suggests that aminopeptidase activ-
ities observed in the mutant lysutes may be mainly de-
rived from incrensed intrinsic aminopeptiduse activities
of E. coli due to transformation. To support this view,
the purified preparation of the wild-type enzyme and
E297Q and E297K mutants displayed significantly
lower uminopeptidase activity.

Peptide and aromalic region of the circuluar di-
chroism (C1) profile of the mutant E297Q exhibited no
significant changes compared with the wild-type en-
zyme (Fig. 2), thereby suggesting that tertiary siructures
were not heavily affected by this mutation, Thus, the
loss of peptidase activily in all mutants at Glu-297 con-
firms that Glu-297 constitutes the active site for umino-
peptidisse activity of LTA, hydrolase,

The structural requirement of LTA, hydrelase activ-
ity constlitutes a mare equivocal issue. While three mu-
tants at Glu-297 (E297A, E297D and E297K) showed
reduced enzyme aclivity, the mutant E297Q exhibited
an intact LTA, hydroluase activity {1.92 umol LTB,/
min-mg protein) compared with the wild-type enzyme

iss
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Fig. 3. Immunoblat nnalysis of the mutants and wild-type enzyme.
Lane 1. E297A; lane 2, EJK: lane 3, EJVID; lane 4, YIO7F; lune
§, B297Q; lune 6, EJOR.: and lane 7, wild-type,

(1.93 # LTB/min-mg protein). Thus. the side chiin of
the glutamic moiety [-CH.-CH,-CO-R where R = OH
{Glu) or R = NH, (GlIn)] seems to be the required struce
ture for LTA, hydrolase rather than the glutamic aeid
itself. It is also possible that the tertinry structure sufrs
rounding the Glu-29? may highly alTect the active site
pockst. and huve u different sffect on cuch mutant,
though a precise mechanism would peed to be deter-
mined. The entire cataiytic mechunism for LTA, hydro-
lase seems intact in E297Q, since LTA, hydrolase active
ity showed characteristic suicide-type inactivation by its
substrate LTA, and was also inhibited by L-leu thislin
u similar manner as for the wild-type enzyme {13, 39)].

Hi=-296. His-300 and Glu-319 probably constitute
the zine binding ligands [24.25), Based on this proposal,
Medina et al. constructed three mutants (H296Y.
H300Y and E319Q) for mouse recombinant LTA, hy-
drolase, and found a paraliel loss of enzyme activities
and zine content (40). In the present study, the mutant
E319K (Fig. 1b) showed a lass of two cnzyme activities
with a loss of zinc content (2% as compared to the wild
type). These data cleurly suppert our previous notion
29] that the presence of the zinc ion in the protein is a
requisite for both enzyme activities.

We found that a putative prolon donor motif for
various aminopeptidases and carboxypeptidases was
also conserved in LTA, hydrolase (Fig. 1a). In this
alignment, Tyr-384 is a possible candidate for a proton
donor site required in aminopeptitase reaction {41]. In
the mutant Y3B84F, however, the two enzyme aclivities
were below detection limit, because this mutant protein
Wa3 puuriy eapressed or degradated {ast {Fig 3).

Studies are continuing to closely examine the physio-
logical events linked to the aminopeptidase activity in
LTA, hydrolase,
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