Volume 221, number 1, 87-90

FEB 05054

August 1987

The primary structure of iron superoxide dismutase from
Escherichia coli

M. Eugenia Schinina, Letizia Maffey, Donatella Barra, Francesco Bossa, Krystyna Puget* and
Adolf M. Michelson*

Department of Biochemical Sciences and CNR Centre for Molecular Biology, University of Rome La Sapienza,
00185 Rome, Italy and * Fondation Edmond de Rothschild, Institut de Biologie Physico-Chimique, Paris, France

Received 8 July 1987

The complete amino acid sequence of iron superoxide from Escherichia coli has been determined. The se-

quence was deduced from analysis of peptides obtained after cleavage of the carboxymethylated apoenzyme

with trypsin, Stapholococcus aureus protease or CNBr. The polypeptide chain is made up of 192 residues

and is easily aligned with the other known amino acid sequences of iron and manganese superoxide dismuta-

ses from various sources. The iron superoxide dismutase from E. coli shows a significantly higher homology
with the iron enzyme from a different organism than with the manganese isoenzyme from E. coli.

Iron superoxide dismutase; Primary structure; Sequence homology

1. INTRODUCTION

The superoxide dismutases (SOD, EC 1.15.1.1)
are a class of metallo-proteins containing different
metals, namely iron (FeSOD), manganese
(MnSOD), or both copper and zinc (Cu,ZnSOD).
The superoxide dismutases containing either man-
ganese or iron have been grouped in a class distinct
from the copper/zinc-containing isoenzymes on
the basis of structural evidence and biological
distribution. Structure-function relationships on
the copper/zinc SODs have been the subject of
various reviews [1-5], whereas information on the
manganese- or iron-superoxide dismutases is less
available.

The MnSOD is present in mitochondria and in
bacteria, whilst the FeSOD is essentially a pro-
karyotic protein. In some cases MnSOD and
FeSOD can be present in the same bacterial
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species. This is the case in Escherichia coli. The
iron superoxide dismutase initially thought to be
present in the periplasmic space of this species [6]
was eventually confirmed to be present in the cyto-
plasm [7]. Although the iron and manganese SODs
have similar biological activity, their biosynthesis
in E. coli has been found to be influenced by either
the superoxide radical or the culture conditions
{8-11]. The available crystallographic data for the
Thermus thermophilus MnSOD [12] have clarified
structural characteristics, such as the identity of
the metal ligands and the hydrophobicity of the ac-
tive site, for this class of isoenzymes. In the case of
the FeSOD, X-ray diffraction studies on both
Pseudomonas ovalis and E. coli proteins [13,14]
have provided only evidence for the tertiary struc-
ture of the two enzymes. This is because no amino
acid sequence is available for either protein.

We therefore have undertaken the determination
of the amino acid sequence of FeSOD isolated
from E. coli. The results obtained provide the basis
for (i) a more detailed interpretation of the avail-
able crystallographic data, and (ii) a better under-
standing of  structural and evolutionary
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relationships between two isoenzymes from the
same organism.

2. MATERIALS AND METHODS

Iron superoxide dismutase from E. coli was
purified according to Yamakura [15]. Apoprotein
prepared by dialysis against 8 M urea containing
10 mM EDTA adjusted to pH 3.8 with acetic acid,
was carboxymethylated with iodo[!*C]acetate as in
[16]; two samples (about 6 mg each) were digested
with trypsin or Staphylococcus aureus V-8 pro-
tease, respectively [17]. Another 2 mg aliquot of
apoprotein was cleaved at the level of tryptophan
residues with CNBr according to [18]. Isolation of
tryptic and S. aureus protease peptides was carried
out by high-performance liquid chromatography
on a macroporous reverse-phase column
(Aquapore RP-300, 4.6 X 250 mm, 10 #m, Brown-
lee Labs) with gradients of 0-70% acetonitrile in
0.2% trifluoroacetic acid. Elution of peptides was
monitored on a Beckman 165 spectrophotometer
at both 220 and 280 nm. Analytical techniques for
the determination of the N-terminal residue and
amino acid composition of the peptides were car-
ried out as described in [17]. Sequence analysis was
performed on an Applied Biosystems model 470A
gas phase protein sequencer equipped with an Ap-
plied Biosystems model 120A PTH analyzer for
the on-line detection of phenylthiohydantoin
amino acids. Samples were loaded onto trifluoro-
acetic acid-treated glass fiber filters, coated with
polybrene and prewashed according to the manu-
facturer’s instructions. The CNBr digest of the
protein was directly analyzed on the automatic se-
quencer, by a modification of the express tech-
nique described by Shlyapnikov et al. [19].

3. RESULTS AND DISCUSSION

The complete amino acid sequence of the E. coli
iron superoxide dismutase is given in fig.1. The se-
quence is made up of 192 residues and was recon-
structed by isolation and analysis of a complete set
of tryptic peptides which were aligned by overlap-
ping peptides obtained following S. aureus pro-
tease and chemical cleavages.

In fig.1 the E. coli iron superoxide dismutase se-
quence is compared with that of the mangano iso-
enzyme from the same organism [20] and with the
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known amino acid sequence of P. leiognathi iron
protein [17]. Gaps are inserted to maximize the
homologies and to compensate for differences in
length.

The amino acid sequences of mangano superox-
ide dismutases from human liver [16], mouse [21],
Saccharomyces cerevisiae mitochondria [22], Ba-
cillus stearothermophilus [23) and T. thermophilus
[24] are not reported in fig.1 for the sake of clarity,
however residues conserved in all the primary
structures of the two FeSODs and six MnSODs are
underlined. This indicates that 41 positions
(18.8%) are conserved in the eight SODs. In fig.1
the positions of the identified ligands to the metal
in the T. thermophilus MnSOD are also shown.
These residues appear to be conserved in all the
known primary structures both for manganese-
and iron-containing proteins suggesting that
His-26, -73 and -160 and Asp-156 are the can-
didates for metal binding also in the iron superox-
ide dismutase from E. coli. This is in fair
agreement with the tentative assignment from the
crystallographic data [14].

The percentage values of the extent of sequence
homology between iron- and manganese-super-
oxide dismutases are reported in table 1. It appears
that the iron protein from E. coli exhibits a higher
homology with the FeSOD from P. leiognathi
(75.1%) than with the manganese isoenzyme from
the same species (41.4%). The homology between
the E. coli iron and manganese isoenzymes is of the
same order as that observed between the different
manganese superoxide dismutases,

A more detailed analysis of the possible align-
ments between the two FeSODs and the six
MnSODs (not reported) indicates the presence of
certain amino acids in various critical structural
positions in the amino acid sequence reported in
fig.1. Thus the residues in positions 76, 77, 84, 92,
100, 150, 151, 179, 194 and 195 are conserved in all
the MnSODs whereas the FeSODs have a different
conserved amino acid. Five of these positions are
in the 69-100 region, around ligand His-81, where
the homology values are 97% for FeSODs and
29% for MnSODs. Furthermore, the residues in
position 25, 72, 125 and 180 appear to be discrimi-
nated on the basis of whether the enzyme was
isolated from mitochondria or from prokaryotes.
The most critical differences between the two E.
coli isoenzymes appear in positions 18, 90, 95, 96
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Table 1

Sequence homologies between iron- and manganese-superoxide dismutases

Mouse S. cerevistae  B. stearoth. T. thermoph. E. coli  P. leiognathi E. coli

(Mn) (Mn) (Mn) (Mn) (Mn) (Fe) (Fe)
(Mn) Human liver 93.9 45.5 48.8 49.3 43.3 37.7 40.2
(Mn) Mouse cDNA 43.3 49.0 48.1 42.9 38.7 40.2
(Mn) S. cerevisiae 39.2 41.6 39.0 35.7 34.5
(Mn) B. stearoth. 58.7 60.5 50.7 51.0
(Mn) T. thermoph. 51.2 38.0 40.2
(Mn) E. coli 39.5 41.4
(Fe) P. leiognathi 75.1

Values are given as percentage of sequence homologies

and 181 which in the mangano form are occupied
by amino acids peculiar only for this organism.
These data confirm that the manganese- and
iron-containing superoxide dismutases belong to
the same family and suggest a very early occur-
rence of the possible gene duplication giving rise to
the divergence of two distinct metallo-proteins
without changing their function. The high extent
of conservation of the iron SOD sequences would
suggest, if confirmed by more sequence data, extra
constraints on the structure of this sub-class of

SOD, possibly imposed by some specific func-
tional or topological features.

Further structural information would therefore
be useful to confirm the discriminant characteristic
of some positions in the primary structure of these
isoenzymes.
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(MnS0D) E.colh DfF 6 sy 0 N[F K AJe[Fle kKJA AlA SRIF G S G WlaAfw L v]- - L k[6]ofK T Al]V S T|AN]Q D S M G E[A]l
(FeS0D) E.coh SIFGSFAID[FKAlQIF ToAAI|KINFGSGWTWLVKN|SDIGl-[KLATVSTSKAG|T ru-
(FeSOD) P.letognathr A[F G S F AJE[F K AJK[F T OfS]A IjN[N F 6 SISTw T W L v k NJA NjGls -]JL A 1 v[N]T s nag]cle[T]tfe € - -
160 * * 8 200
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{FeSOD) P.lerognathy - - - GV{I P L LT VOJTIWEHAYY {DVYRHNLRPSYMOGFWALVNWD S-lKNLAA

Fig.1. Comparison of the amino acid sequence of E. coli FeSOD with those of the mangano isoenzyme from the same

organism and of FeSOD from P. leiognathi. Gaps were introduced to compensate the difference in length and to max-

imize the homologies. Metal ligands are indicated with an asterisk. Boxes indicate positions at which residues are iden-
tical. Underlined residues are conserved in all the manganese- and iron-superoxide dismutases so far known.
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