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Summary: 3-2rrans-Enoyl-CoA  isomerase (EC
5.3.3.8) is a key enzyme in mitochondrial 8-oxidation
of unsaturated fatty acids in bacteria, plant and ani-
mal cells. The enzyme was isolated from rat liver
mitochondria and purified to homogeneity by two
chromatographicsteps. Partial polypeptide sequences
of the 29 kDa protein were derived from cyanogen
bromide, tryptic, Lys-C, and protease V8 fragments
by Edman degradation. Peptide-derived synthetic
oligonucleotides were used for the isolation of a
990 bp long isomerase-specific cDNA from rat liver
c¢DNA libraries. 867 bp encode the 289 amino-acid
residues of the preisomerase with a molecular mass of
32254 Da. The 1.3-kb mRNA is most strongly expres-
sed in skeletal muscle followed by liver, heart, kidney,
and weakly expressed in spleen and brain.

In vitro transcription and translation yielded a 32 kDa
polypeptide which was immunoprecipitated by anti
rat isomerase antibodies. In the presence of mito-
chondria the 32 kDa precursor isomerase was pro-
cessed during mitochondrial import to the 29 kDa
mature form of the 3-2trans-enoyl-CoA isomerase

with 264 amino-acid residues (M, 29706). A N-ter-
minal signal sequence of 25 amino-acid residues
directs the import into the mitochondrial matrix and
is cleaved in two successive steps passing through an
intermediate form of M, 30475.

The two cysteine residues in positions 142 and 148 of
the preisomerase are present as free thiol groups as
shown by derivatization of the mature, native protein
with the fluorescent label N-(iodoacetaminoethyl)-1-
naphthylamine-5-sulfonic acid.

The mitochondrial 3-2irans enoyl-CoA isomerase
shows significant homology and conserved amino-
acid exchanges with the mitochondrial enoyl-CoA
hydratase, the N-terminal domain of the bifunctional
peroxisomal  enoyl-CoA-hydratase:3-hydroxyacyl-
CoA dehydrogenase and to extended domains of the
a-subunit of the procaryotic B-oxidation complex
sharing enoyl-CoA isomerase, D(-)3-hydroxyacyl-
CoA epimerase, enoyl-CoA hydratase and L(+)3-hy-
droxyacyl-CoA dehydrogenase activity, encoded by
the fad B operon of E. coli.

Enzymes:

Acetyl-CoA acetyltransferase, acyl-CoA:acetyl-CoA C-acyltransferase (EC 2.3.1.16);
Enoyl-CoA hydratase, (35)-3-hydroxyacyl-CoA hydro-lyase (EC 4.2.1.17);
3-2trans-Enoyl-CoA isomerase, recommended name: dodecenoyl-CoA A-isomerase. dodecenoyl-A*-cis-A%-rrans-isomerase (EC

5.3.3.8);

3-Hydroxyacyl-CoA dehydrogenase, (8)-3-hydraxyacyl-CoA:NAD® oxidoreductase (EC 1.1.1.35);
3-Hydroxybutyryl-CoA epimerase, 3-hydroxybutanoyl-CoA epimerase (EC 5.1.2.3).

Abbreviations:

BSA, bovine serum albumin; DEAE, diethylaminoethyl; DTT., dithiothreitol; EDTA, ethylendiaminetetraacetate; ELISA, en-
zyme-linked immuno sorbent assay; FPLC, fast performance liquid chromatography; Hepes,4-(2-hydroxyethyl)-1-piperazin-
ethanesulfonic aicd; I-AEDANS, 6-[2-(iodoacetaminoethyl)]-8-amino-1-naphthalinesulfonic acid; MIP, mitochondrial inter-
mediate peptidase; MPP, mitochondrial processing peptidase: NEM, N-ethylmaleinimide: PAGE, polyacrylamide gel electropho-
resis; pCMB; 4-chloromercuribenzoate; PTH, phenylthiohydantoin: SDS. sodium dodecyl sulfate: SSC, standard saline citrate
(0.15M NaCl, 0.015M Na citrate, pH 7.0).
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3-2trans-Enoyl-CoA-Isomerase aus Mitochondrien. Reinigung, Klonierung, Expression und
mitochondrialer Import des Schliisselenzyms fiir die 3-Oxidation ungesdttigter Fetisduren

Zusammenfassung: 3-2frans-enoyl-CoA-Isomerase
(EC 5.3.3.8) ist ein Schliisselenzym in der mitochon-
drialen B-Oxidation von ungesittigten Fettsduren in
Bakterien, Pflanzen und tierischen Zellen. Das En-
zym wurde aus Rattenleber-Mitochondrien isoliert
und zur Homogenitét durch zwei chromatographi-
sche Schritte gereinigt. Partialsequenzen des 29-kDa-
Proteins wurden aus Bromcyan-, tryptischen, Lys C-
und Proteinase-V8-Fragmenten durch Edman-Abbau
gewonnen. Aus diesen Peptiden abgeleitete syntheti-
sche Oligonucleotide wurden fiir die Isolierung einer
990 bp langen Isomerase-spezifischen cDNA aus Rat-
tenleber-cDNA-Banken verwendet. 867 bp kodieren
die 289 Aminoséurereste-haltige Priisomerase mit
einer molekularen Masse von 32254 Da. Die 1.3 kb
lange mRNA wird am stirksten exprimiert im Skelett-
muskel, gefolgt von Leber, Herz, Niere und nur
schwach in Milz und Gehirn.

In-vitro-Transkription und Translation fiihrten zu
einem 32-kDa-Polypeptid, das durch Ratten-Iso-
merase-Antikdrper immunprézipitiert wurde, Das
32-kDa-Vorstufenpolypeptid wird beim mitochon-

drialen Import zu der 29 kDa reifen Form mit 264
Aminosiureresten (M, 29706) prozessiert. Die N-ter-
minale Signalsequenz von 25 Resten wird in zwei Stu-
fen durch eine 30475 Da grofe intermedidre Form
gespalten.

Die beiden Cysteinreste in Position 142 und 148 der
Priisomerase liegen als freie Thiolgruppen vor, wie
die Derivatisierung des reifen. nativen Proteins mit
dem Fluoreszenzmarker N-(lodacetamidoethyl)-1-
naphthylamin-5-sulfonsédure zeigt. Die mitochondria-
le 3-2trans-Enoyl-CoA-Isomerase zeigt signifikante
Homologie und konservierte Aminosiurenaustau-
sche mit der mitochondrialen Enoyl-CoA-Hydratase,
der N-terminalen Doméne der peroxisomalen Enoyl-
CoA-Hydratase:3-hydroxyacyl-CoA-Dehydrogena-
se und ausgedehnten Dominen der a-Untereinheit
des prokaryotischen B-Oxidationskomplexes, der die
Enoyl-CoA-Isomerase, D(-)3-Hydroxyacyl-CoA-
Epimerase, Enoyl-CoA-Hydratase und L(+)3-
Hydroxyacyl-CoA-Dehydrogenase-Aktivitat enthilt
und im fad B-Operon in E. coli kodiert ist.

Key terms: Mitochondrial B-oxidation, 3-2trans-enoyl-CoA isomerase, partial polypeptide sequences, expression. in vitro tran-

scription-translation.

Saturated and unsaturated (monoenoic and poly-
enoic) fatty acids are present in the esterlipids
(triacylglycerols, phospholipids, and cholesterol-
esters) in comparable amounts. They are metabolized
at the same rate and form an essential source of
energy generated during their complete combustion
in the mitochondria of muscle, heart and liver, but not
of brain. A comprehensive view of the B-oxidation
pathway of all naturally occurring fatty acids was on-
ly possible after the discovery of the mitochondrial
3-2trans-enoyl-CoA isomerase (EC 5.3.3.8) in mam-
malian tissue!!,

This enzyme shifts the 3cis double bonds of the inter-
mediates of e.g. oleic and linoleic acid oxidation with
positional and geometrical isomerization to the 2trans
position, yielding the common intermediate of the 8-
oxidation spiral. 3frans isomers are also isomerized to
their respective 2trans derivatives’. Isolated 2cis-
enoyl-CoA substrates, such as 2cis-octenoyl-CoA, on
the other hand, are hydrated to the D(-)3-hydroxy-
acyl-CoA intermediate, which is epimerized by an
epimerase (EC 5.1.2.3) to the appropriate substrate
of the mitochondrial S-oxidation enzyme L(+)3-hy-
droxyacyl-CoA dehydrogenase!™¥. The epimerase

and isomerase activities are also encoded on the fad B
operon and expressed in the a-subunit of the pro-
caryotic B-oxidation complex*"l. In addition a
mitochondrial NADPH-dependant reductase (EC
1.3.1.34) has been postulated to reduce and isomerize
2trans . 4-dienoyl-CoA intermediates occurring during
the degradation of polyunsaturated fatty acyl-CoA
derivatives with cis double bonds on even-numbered
C-atoms, to the respective 3rrans-enoyl-CoA deriva-
tives'™. The reaction products are again substrates of
the key enzyme 3-2trans-enoyl-CoA isomerase. We
have purified the 3-2rrans-enoyl-CoA isomerase of
rat and bovine liver to homogeneity!*'”! and also the
D(-)3-hydroxyacyl-CoA epimerase (unpublished re-
sults). The native isomerase is a 58 kDa homodimer,
consisting of two identical 29-kDa subunits.

Here we describe the molecular cloning of the 3-2-
trans-enoyl-CoA isomerase, indispensable for the
complete oxidation of unsaturated fatty acids in mito-
chondria. This enzyme was purified from rat liver
mitochondria to homogeneity by a simplified proce-
dure. Peptides isolated after enzymatic or chemical
cleavage of the purified protein were analysed by Ed-
man degradation. Screeningof cDNAlibraries withan
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amino-acid sequence-derived synthetic oligonuc-
leotide led to the isolation of isomerase-specific
c¢DNA clones, one of which harboured the complete
coding region.The preform of the 3-2rrans-enoyl-CoA
isomerase is a 289 amino-acid residue polypeptide of
M, 32254,

The expression of the enzyme was studied in liver,
heart, muscle, brain, kidney and spleen by Northern
blot hybridization.

The majority of mitochondrial proteins is synthesized
with an N-terminal targeting sequence in the cytosol.
During the import into the organelle, this leader se-
quence is proteolytically cleaved either in one step by
the mitochondrial processing peptidase (MPP) alone
or in two successive steps by MPP and the mitochon-
drial intermediate peptidase (MIP)!'"'?), Processing
experiments in vitro revealed that the isomerase is
synthesized as a preprotein, which is processed during
its mitochondrial import to the 29-kDa mature form
via an 30-kDa intermediate form probably by succes-
sive loss of the N-terminal heptadecapeptide and oc-
tapeptide.

Results

Isolation and immunological characterization of

3-2trans-enoyl-CoA isomerase

The isomerase was purified from the mitochondrial

fraction (10000 x g sediment) of a rat liver homo-

genate in three steps:

a) mitochondria were lysed and submitted to the ap-

proved heat stepl!!, followed by

chromatography on Whatman CM52 cation ex-

change cellulose and

¢) by isolation of the purified enzyme as a single peak
by FPLC on a Mono Q cation exchange column,
applying salt gradient elution. The table shows
the purification steps and Fig. 1A presents their
PAGE analysis.

Monospecific antibodies were obtained from rabbit

antiserum against FPLC-purified 3-2trans-enoyl-

CoA isomerase by affinity chromatography on a cova-

lently coupled isomerase Sepharose 4B-CL column.

b

S

Table. Purification steps of 3-2trans-enoyl-CoA isomerase.

Protein Activity | Spec. act.
[mg] (U] [U/mg]
500 x gsupernatant 13600 - -
Sonified mitochondria 2100 544 0.3
Heat denaturation 82 344 4.2
CM cellulose, pH 6.0 13 165 12.7
FPLCMono Q 1.2 74 62.0

A
kDa
92.5

B)
kDa

68.0

2 3

Fig.1. A) Silverstained SDS polyacrylamide gel (15%) of
aliquots of protein of the three purification steps of 3-2trans-
enoyl-CoA isomerase. M: marker proteins; lane 1: mitochond-
rial lysate after heat step; lane 2: pooled isomerase containing
fractions after CM Cellulose cation exchange chromatography;
lane 3: the homogenous enzyme after FPLC Mono Q anion ex-
change chromatography.

B) Western blot analysis of enriched 3-2trans-enoyl-CoA
isomerase. M: Coomassie blue-stained marker proteins; lane 1:
Coomassie blue-stained enriched isomerase fraction: lane 2,3:
Western blot analysis of enriched isomerase fraction with anti-
isomerase antibodies and non immune serum, respectively. The
antibody exclusively detects the 29-kDa band.
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The antibody solution reached a titer of 1:10000 in
the ELISA!"Y, The antibodies detected exclusively
the 29-kDa isomerase band in Western blot ana-
lysis!™l, Fig. 1B.

Aliquots of enzymatically active isomerase solution
were preincubated with the antibodies against the 29-
kDa band and the activity measured. Fig. 2 illustrates
the immunotitration of the isomerase reaction. The
antibody inhibits the enzyme activity completely up
to a dilution of 1:80, whereas the nonimmune serum
did not interfere with the isomerase activity.

Protein structural analysis of 3-2trans-enoyl-CoA
isomerase

The amino-terminal residue of the isomerase is pro-
tected. Therefore partial sequence information was
obtained from peptides released by chemical and pro-
teolytic degradation of the purified enzyme.

The protein was degraded by cyanogen bromide into
10 fragments. They where separated by high resolu-
tion PAGE!"! and transferred to glass fibre mem-
branes by electroblotting for gas phase microsequenc-
ing!"®, Fig. 3A. The isomerase was also tryptically
cleaved, the fragments separated by 17.5% SDS
PAGE, Fig. 3B, and the Coomassie blue-stained
bands eluted for microsequencing following the pro-
cedure recently elaborated in this laboratory!'"!. With
the same approach fragments of the Lys-C and V8 pro-
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16.9 |
144

10.6 ;
82 #

6.2

tease hydrolysis were isolated and sequenced. The fol-
lowing amino-acid sequences were obtained (under-
lined sequences were used for the synthesis of derived
oligo-deoxyribonucleotide probes):
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Fig.2. Immunotitration of 3-2trans-enoyl-CoA isomerase re-
action.

Inhibition of isomerase activity by titration with specific anti-
isomerase antibodies. Non immune serum (NIS) serves as a
control.
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Fig.3. A) Coomassie blue-stained electroblot of cyanogen fragments of purified 3-2trans-enoyl-CoA isomerase (lanes 1-3). Frag-
ments were separated by high resolution PAGE (16.5% acrylamide). Peptides marked by arrows were directly sequenced. M:

marker proteins.

B) SDS PAGE (17.5% acrylamide); lane 1: purified isomerase; lane 2: purified isomerase after tryptic digestion. M: marker pro-
teins. Peptides marked by arrows were sequenced after buffer elution.



























