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A, hydrolase using the polymerase chain reaction

Naomasa Makita®, Colin D. Funk", Enyu Imai®, Richard L. Hoover® and Kamal F. Badr*

Departments of “Medicine and Pathology, Vanderbilt University, Nashville, TN 37232, USA and “Department of Nutrition and
. Physiological Chemistry, Osaka University Medical School, Osaka, Japan

Received 7 January 1992; revised version received 3 February 1992

We isolated a ¢cDNA encoding rat leukotriene A, (LTA,) hydrolase rom mesangial cells by the polymerase chain reaction according to the human

amino acid sequence. The deduced amino acid sequence shows that rat LTA, hydrolase is a 609 amino acid protein wilh an M, 69 kDa. Comparison

of human LTA, hydrolase revealed 93% hamology, and include zinc-binding motifs of aminopeptidases. COS-7 cells transfected with the cDNA

revealed substantial LTA, hydrolase activity, and their activities were abolished by preincubation with caplopril, representing the first reported

cDNA cxpression of recombinant enzyme in mammalian cells, RNA blot analysis indicated that LTA, hydrolase was expressed in glomerular
endothelial, epithelial and mesangial cells.

Leukotriene A, hydrolase; PCR (polymerase chain reaction); cDNA c¢loning; Glomerular cell; Captopril

1. INTRODUCTION

Leukotriene A, (LTA,) hydrolase is a key enzyme
which hydrolyzes an unstable epoxide moiety LTA, to
vield dihydroxy fatty acid leukotriene B, (LTB,) which
is regarded as a potent pro-inflammatory mediator {1].
Glomerular LTB, synthesis is enhanced early during
immune injury, but suppressed below control level by
24 h, suggesting that regulation of LTA, hydrolase ac-
tivity in indigenous glomerular cells may be a principal
determinant of glomerular LTB, synthesis [2]. In order
to determine the cellular origin of LTB, and the regula-
tion of its biosynthesis during inflamation, we needed
to determine, at first, the cellulz: localization of LTA,
hydrolase expression. Moreover, molecular-biological
techniques used for the precise quantification of mMRNA
expression require strict homology between the cDNA
and the target mRNA. LTA, hydrolase has been
purified as a soluble protein [3], and the cDNA was
recently cloned and sequenced [4-6], but that of rat is
not available at present. It was, therefore, necessary to
obtain a specific cDNA probe for rat which is one of the
established experimental animals for inflammation.

We report here the isolation, characterization and
sequence of cDNA encoding the rat LTA, hydrolase
using the polymerase chain reaction (PCR), and its
functional expressioa in mammalian cells. We also
report the distribution of its expression in indigenous
glomeruiar cells.

Coriespondence address: K.F. Badr, Division of Nephrology, 5-3223,
Medical Center North, Yanderbilt University, Nashville, TN 37232.
2372, USA. Fax: (1) (615) 343-7156.

Published by Elsevier Science Publishers B.V.

2. MATERIALS AND METHODS

2.1. Cell culture and PCR cloning

Rat mesangial, glomerular endothelial, and epithelial cells were
cultured as described previously [7]. Total RNA was extracted from
rat mesangial cells [8], reverse-transeribed, and amplified by PCR
using degenerate oligonucleotides Al (5-TAGCGAATTCAARAC-
STGGGATCACTTYTCG-3') and A2 (5-TAGCGTCGACTTGA-
AGT TGTACACCTCYTGCAT-3") according to the human LTA,
hydrolase cDNA sequence [4]. PCR schedule was three cycles of 45
sat 94°C, 60 s at 44°C, 90 s at 72°C followed by 30 cycles with a 55°C
annealing temperature, The 5’ end of the cDNA. pLT2 was amplified
by PCR using 5’ primer Bl (5-CATGCCCGAGRTMG MGGAT-
ACYTGYTC-3') and 3’ primer B2 (5-GGTATGTCCTTCGTTT AA
CCA-3"); three cycles of 45 s at 94°C, 1 min al 37°C, 2 min at 72°C
followed by 30 cycles with a S50°C annealing temperature. Extension
ofthe cDNA 3’ end (pLT3) was accomplished by the method described
by Frohman et al. [9].

2,2, Northern blotting and DNA sequencing

Tolal RNA from glomerular cells were size fractionated in 1%
agarose gels containing formaldehyde, transferred 1o nylon
membranes. Hybridization and washing were carried out according to
standard procedures [10]. PCR fragment pLT2 was *P-labeled with
random hexamer. PCR-amplified cDNA fragments were gel-purified
and sequenced by the dideoxy chain-termination method (Sequenase
Kit, USB)

2.3. Expression of cloned rat LTA, hydrolase

The expression plasmid encoding rat LTA, hydrolase was con-
structed as follows. (i) PCR amplification was performed using
primers D1 (§-TATGAATTCTCTGAGACTGAATC-3") and D2
(5-TTCCTTAATCC ACTTTCAGATC-3) to obtain a clone encod-
ing the C-terminal region (pl.T4). The PCR cycle consisled 25 ¢ycles
of 45 s at 94°C, 1 min at S0°C, and 2 min at 72°C. The PCR product
pLT4 was subcloned into pCR 1000 (Invitrogen), and digested with
Notl and EcoRlI, and subsequently cloned into peDNA 1 (Invitrogen)
to give pbCDNA-3LT. ¢i) DNA fragment pLT2 was subcloned into
pCR 1000 and cleaved with EcoR1 to give 1.1 kbp fragment. (iii)
pCDNA-3'LT was digested with EcoRI, treated with cail alkaline
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Fig. 2. Homology ol LTA, hydrolase amino acid sequences among rat, human, and mouse. Amino acids of human LTA, hydrolase are numbered

from the N-terminal proline residue. Amino acid residues of human and mouse that are different from that of rat are shown under the sequence

of rat LTA, hydrolase, and identical residues are wrilten as blanks, One amino acid gap (Pro-150) of rat LTA, hydrolase is indicate as a hyphen.
Underlined sequences indicate the zinc jon binding motif.

phosphatase, and ligated with 1.1 kbp EcoRI fragment of pLT2 to
yield pcDNAI-LT. The orientniion of EcoRI fragment was checked
by Safl/Pwdl digestion, COS-7 cells were transtected with 12 ug of
pcCNAI-LT plasmid or vector-only DNA by calcium phosphate
method [10}. Sixty hours after transfection, cells were washed with
phosphale-buffered saline and sonicated. After centrifugation, the su-
pernatant was used for LTA, hydrolase assay as described previously
{11], In some experiments, the supernatant was preincubated with 70
#M of captopril at 37°C for 2 min.

3. RESULTS AND DISCUSSION

We cloned a ¢cDNA encoding rat LTA, hydrolase
from mesangial cells using PCR. Based on the disclosed
amino acid sequence [4], we found two regions flanking
a 600 bp ¢cDNA and providing relatively low degen-
eracies, which are corresponding to primers Al and A2.
Additional cDNAs encompassing toward the 5’ and 3’
ends were obtained by using conventional reverse-

P

Fig. 1. (A) Partial restriction map and the strategies for PCR and
sequencing of cloned eDNAs encoding rat LTA, hydrolase, The loca-
tion of oligonucleotide primers are indicated by solid boxes, and re-
sulting cDNA [ragments are shown by solid bars und designated on
the right. Direction and extent of sequencing determinations are indi-
cated by arrows, The open reading frame is indicated as an open box.
(B) Nucleotide and deduced amino acid sequence of rat LTA,
hydrolase, Nucleotides are numbered beginning with the first residuc
of the ATG initiator codon. Amino acids are numbered from the
N-terminal proline residue. Underlined sequences indicate the zinc ion
binding mouif, and (A) stands for poly A stretch.

transcription PCR (RT-PCR) or RACE-PCR, respec-
tively [9]. The cleavage sites that have been verified by
restriction endonuclease digestion are shown (Fig. 1A).
There is an open reading frame encoding 609 amino
acids following a start codon ATG in the sequence, and
the molecular weight is estimated as 69,001 (Fig. 1B).
The cloned sequence contains 0.1 kbp of 3’-untranslated
sequence including a poly A stretch, but polyadenyla~
tion signals were not found as in human or mouse
¢DNA sequences [4-6]. Amino acid sequence compari-
son to the human LTA, hydrolase reveals a high degree
of homology (93%). with one amino acid gap at Pro-150
(Fig. 2).

In a series of recent studies [12-15], it has been estab-
lished that LTA, hydrolase possesses intrinsic amino-
peptidase activity and bears strong functional re-
semblance to a superfamily of zinc-metallohydrolases.
In particular, three residues involved in zinc binding
and one residue of the active sites of aminopeptidases
N are conserved in LTA, hydrolase [12-15]. In the pres-
ent studies, we document that the sequences of the zinc
jon binding motif and peptidase active site;
VIAHEISHSW (293-302) and LNEGH (317-321) ure
identical to their human and mouse counterparts (Fig.
2).

The 1.8 kb rat cDNA cione (nucleotide from -1 to
i837) was subcloned into a mammalian expression
vector pcDNAI (designated as pcDNAI-LT) was irans-
fected to COS-7 cells under the control of the cytomega-
lovirus promoter. Northern blot showed a substantially
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Fig. 3. (A) Autoradiogram of Northern analysis, Twenty micrograms of total RNA from mock-transfected COS cells (mock) and pcDNA1-LT-

transfected cells (peDNA1-LT) were electrophoresed on a 1% agarose gel containing formaldehyde, blotted to nylon membranes, and hybridized

1o *P-labeled pLT2. Positions of 28 S and 18 S ribosomal RNA are indicated on the left. (B) Reverse-phase HPLC chromatograms of LTA,

hydrolase products formed from mock-transfected COS cells (left), pcDNA1-LT-transfected COS calils (middle), and peDNA1-LT-transfected COS

cells preincubated with captopril (right). UV-monitoring was carried out at 270 nm., The peaks of LTB, and PGB, were detetimined by the retention
times of authentic standards,

high expression of LTA; hydrolase mRNA in pcDNA1-
LT-transfected COS cells although a small amount of
native expression was detected in mock-transfected cells

-
_ a W
o c @
Ll (W]

5s - AR

Fig. 4. Autoradiogram of Northern analysis (upper panel) and
ethidium bromide staining of agarose gel (lower panel). Twenty micro-
grams of total RNA from rat glomerular epithelial cells (Epi), glome-
rular endothelial cells (Endo), and mesangial cells (Mes) were analyzed
as in Fig. 3B. The equivalent amount of total RNA per lane was
monitored by 28 S {upper bands) and 18 S (lower bands} ribosomal
RNA. Filters were washed three times with 0.1 x 8SC, 0.1% SDS at
60°C lor 15 min, and were autoradiographed for 12 h at ~70°C using
an intensifying screen.

275

(Fig. 3A). The difference of mRNA size between them
is presumably due to the additional non-coding se-
quence between the Noi site and polyadenylation
signal in the pcDNAI vector.

An increase in LTB, production of pcDNA1-LT-
transfected cells was observed, whereas mock-trans-
fected cells displayed a low level of LTB, produciion,
presumably due to endogenous LTA, hydrolase (Fig.
3B). The amount of produced LTB, calculated from the
peak area ratio LTB,/PGB, revealed that LTA, hydro-
lase expression was 4.5 times higher in pCDNAI1- LT-
transfected cells than in mock-transfected cells. In addi-
tion, preincubation with captopril abolished LTB, syn-
thesis in transfected COS cells (Fig. 3C), presumably
due to the binding capacity of its sulfhydril group to the
zinc-binding domain of LTA, hydrolase. [15,16].

Evaluation of LTA, hydrolase gene expression re-
vealed that a single mRNA of 2.2 kb was detected all
types of cultured glomerular cells, and the expression in
epithelial cells was slightly lower than in mesangiai cells
and endothelial cells. (Fig. 4).

The availability of this rat-specific probe should
allow for the quantitative and histopathological evalua-
tion of LTA, hydrolase gene expression throughout the
time course of experimental glomerular immune injury,
and hopefully provide insight into its pathophysiology.
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