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Mitochondrial aldehyde dehydrogenase

Homology of putative targeting sequence to that of carbamyl phosphate
synthetase I revealed by correlation of cDNA and protein data
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Comparison of existing protein and cDNA data for human liver mitochondrial aldehyde dehydrogenase
reveals deviations in two segments. They are shown to correspond exactly to localized frameshifts in the
cDNA data, which are likely to have three reading errors. After correction of the cDNA frameshifts, a de-
duced amino acid sequence corresponds exactly to the data established at the protein level. In addition,
extension of the shifted frame into the cDNA corresponding to the mitochondrial leader sequence allows
reinterpretation of that sequence. The new leader sequence is consistent with characteristics of such seg-
ments of other mitochondrial protein pro-forms. Furthermore, the sequence displays a homology, when
centered around the cleavage site, with the leader sequence of rat liver carbamyl phosphate synthetase I,
suggesting a novel similarity between mitochondrial targeting sequen(,ies of two different enzymes.

Aldehyde dehydrogenase; Carbamyl phosphate synthetase; cDNA; Frameshift; Leader sequence;
Mitochondrial targeting

1. INTRODUCTION

NAD-linked aldehyde dehydrogenases (EC
1.2.1.3) effect oxidation of aliphatic and aromatic
aldehydes to carboxylic acids. Substrates include
acetaldehyde, thus involving the enzyme in ethanol
metabolism. Two forms of the enzyme, one
cytosolic and one mitochondrial, occur in human
and other mammalian livers [1,2]. The complete
primary structures of both these human enzymes
have been characterized directly at the protein level
[3,4]. The same applies to both forms of the horse
liver enzyme ([5] and Johansson et al., unpublish-
ed). In addition, substitution of lysine [6] for
glutamic acid [7,8] at position 487 has been linked
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to the defect in the low-activity form of the human
mitochondrial enzyme, which is frequent in Orien-
tal individuals. Comparisons of the structures have
revealed similarities and differences which are
taken to reflect various functional aspects [4,9,10].

Most of the structures of the cytosolic and
mitochondrial human aldehyde dehydrogenases
(except the N-terminal 160 and 101 residues,
respectively) have also been characterized at the
¢DNA level [8]. These indirectly deduced amino
acid sequences are in agreement with those deter-
mined directly at the protein level [3,4] except at
one position in the cytosolic enzyme (Val/lle)
which likely reflects a neutral polymorphism, and
one position in the mitochondrial enzyme
(Glu/Val) which potentially could also derive from
a single base substitution, although such a
polymorphism which would result in differing elec-
trophoretic mobilities has not been noted. Recent-
ly, two reports have appeared [11,12], covering
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also the N-terminal part of the human mitochon-
drial enzyme as indirectly deduced from a cloned
cDNA.

Those reports are of interest because of the
possibility of correlation with the known protein
data [4] and because of the possibility of judging
the targeting signals for mitochondrial transport in
the pro-form of mitochondrial aldehyde
dehydrogenase. The latter is transported to the
mitochondria from its site of synthesis in the
cytoplasm, and is then proteolytically processed to
lose an N-terminal targeting signal (frequently
quite long and often with basic residues [13,14]).
Consequently, this segment is lacking in the
mature protein and has therefore not been studied
by protein analysis. However, based on the obser-
vation of ragged N-terminal ends in mitochondrial
aldehyde dehydrogenase [4] and other mature
mitochondrial enzymes [15,16], it was suggested
that the proteolytic removal of the targeting se-
quence is not always quantitative at a single site.

The protein sequence indirectly deduced from
the recently reported ¢cDNA structure [11,12] is
puzzling, since it does not fit the one directly ob-
tained from the protein [4]. Similarly, knowing the
start of the mature protein [4], the signal sequence
deduced appears somewhat shorter than that
typical in other cases [13,14]. Consequently, the
reports on the cDNA sequence [11,12] have now
been re-examined. As a result, the protein analyses
are reinforced and a novel homology to the pro-
forms of another enzyme is suggested regarding
the targeting signals.

2. MATERIALS

All data for mitochondrial human liver aldehyde
dehydrogenase are taken from the protein analysis
[4] and from the ¢cDNA analyses [11,12]. The
numbering system from the protein analyses is
used to designate all amino acid residues, while
nucleotides are numbered according to the cDNA
reported.

3. RESULTS AND DISCUSSION

3.1. Comparison of protein structures directly
deduced from peptide studies and those
indirectly deduced from cDNA data

Inspection of the two amino acid sequences
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1 7 14
{Ala)Ala-Ala-Ala-Thr-6ln-Ala-Val-Pro-Ala-Pro-Asn-Gln-Gln

Val-Ser-Arg-Arg-His-Pro-Gly-Arg-Ala-Ala-Pro-Asn-6ln-61ln

59 65 72
Val-Asp-Lys-Ala-Val-Lys-Ala-Ala-Arg-Ala-Ala-Phe-Gln-Leu

Val-Asp-Lys-Ala-Arg-6lu-Gly-Arg-Pro-Gly-Ala-Phe-Gln-Leu

Fig.1. Multi-residue segments of human liver
mitochondrial aldehyde dehydrogenase which differ as
determined directly (upper line) at the protein level from
overlapping peptides [4] and as deduced (lower line)
from cDNA [11,12]. (A) Segment with the N-terminus of
the mature protein, (B) internal segment. Residue
numbers given are those from the mature protein ([4],
with Ala-1 shown in parentheses as in the original report
to indicate its uncertain assignment). Thin type-face
indicates the differing segments, which are flanked by
complete agreements (bold-face).

1 7 14
SerAlaAlaAlaThrGlnAlaValFrorlaProAsnGInGIn
c
76 GTCAGCCGCCGCCACCCAGGCCGTGC TGCCCCCAACCAGCAG 117

\ VA

ValSerArgArgHisProGlyArgAlaAlaProAsnGlnGln

61 70
LysAla VallysAlaAlaArgAlaAlaPhe

o I A

256 AAGGCACGTGAAGGCCGCCCGGGC GCCTTC 285

LysAla ArgGluGlyArgProGlyAlaPhe

Fig.2. The differing segments from fig.1A and B can be
transformed to agree exactly between protein and cDNA
data by introduction in the cDNA of single frameshifts.
The c¢cDNA from [11,12] is shown in between the
segments from fig.1 of human mitochondrial aldehyde
dehydrogenase as determined directly (upper line) and as
deduced (lower line). Vertical lines show nucleotide
groupings corresponding to codons for the respective
amino acids. In order to effect the necessary frameshift
to fit the cDNA data to the protein data, only two
nucleotide insertions (C and N above the line of the
nucleotide sequence) and one deletion (C with an
asterisk) are required, as indicated. All codons then fit
exactly from the cDNA to the top-line bold-face amino
acid sequence determined at the protein level.

reported for the mature protein of human
mitochondrial aldehyde dehydrogenase reveals two
segments (residues 1-9 and 63-68) and a single
amino acid residue (Glu-320) that differ between
the protein and cDNA data. It is apparent that the
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two differing regions do not correspond at all in
amino acid sequence and that the deviating
residues are contiguous (fig.1), suggesting the
possibility of some frameshifts at the cDNA level.

Indeed, such a situation appears to have occur-
red in both of the present deviating regions (fig.2).
Hence, insertion of a cytidine after either
nucleotide 100 or 101 (numbering system of
[11,12]) alters the reading frame in the 5’ -direction
and results in deduction of the same sequence as
that already found at the protein level for the N-
terminal segment (disregarding residue 1, which
was previously not firmly established). Similarly,
at amino acid positions 63—68, frameshifts in the
corresponding ¢cDNA sequence can explain the
deviations. Thus, removal of cytidine-262 in the
c¢DNA and insertion of any nucleotide after posi-
tion 279 in the cDNA yields a deduced amino acid
sequence corresponding exactly to that from the
protein directly analyzed.

The coincidences support the protein data and
strongly suggest that the initially reported devia-
tions are derived from single frameshifts (fig.2).
This situation could most easily derive from inser-
tions/failures to detect nucleotides in interpreta-
tions of sequencing gels. In summary, comparison
of the cDNA data recently reported for human
mitochondrial aldehyde dehydrogenase [11,12]
with the previous data obtained directly at the pro-
tein level [4] suggests that three frameshift errors
occurred in the reading of the cDNA data. This
underscores the utility of making maximal use of
all available protein data when assembling protein
sequences by deduction from cDNAs.

3.2. Comparison of pro-form segments in
mitochondrial aldehyde dehydrogenase and
other mitochondrial enzymes

Using the frameshift at nucleotide 100 or 101
defined above, and assuming that the region of the
cDNA towards the 5’-direction is correct without

further introduction of additional frameshifts, a

novel amino acid sequence may be deduced from

the existing cDNA sequence [11,12]. Several facets
of the structure of the leader sequence may then be
noted after translation in the revised frame.
First, the cDNA after the ATG initiation codon
was previously interpreted to encode 35 amino acid
residues N-terminal to the start of the mature en-
zyme subunit [11,12]. However, based on the
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CPS I: Pro-6ly-Ile-Arg-Leu-Leu-Ser-vVal-Lys-Ala-Gln-Thr-Ala

AlDH : Pro-Gly-Arg-Arg-Leu-Leu-Ser-Ala-Ala-Ala-Thr-Gln-Ala

Fig.3. Alignment of portions of the pre-sequences of
human liver mitochondrial aldehyde dehydrogenase
(AIDH) with carbamyl phosphate synthetase I (CPS I),
to reveal maximal identities (bold-face) after centering
the alignment on leader sequence cleavage sites indicated
by arrows. Other cleavage sites have been identified for
both proteins [4,16]. The CPS I sequence is from [16]
and the AIDH sequence is based on the frameshift
(fig.2A) introduced in the ¢cDNA data of [11,12],
allowing the cDNA reading frame to correspond to the
known protein sequence [4].

known start points of the mature enzyme [4], that
cDNA translation actually corresponds only to an
additional 15 residues N-terminal to position 1 of
the mature protein. Furthermore, the cDNA
reported [11,12], as presently frameshifted, will
not cover an ATG initiation of translation. Conse-
quently, it now appears that more residues were
originally present between an ATG and the start of
the mature enzyme. This proves that the targeting
segment should also be longer, and resolves the
question of the otherwise unexpectedly short
pro-form.

Second, the leader now deduced is highly basic,
encompassing three Arg residues, which is consis-
tent with previously observed features of
mitochondrial targeting segments in other proteins
[13,14].

The third observation which arises from the
frameshift is a short but intriguing homology be-
tween the ‘new’ putative leader sequence and that
of carbamyl phosphate synthetase I [16]. As shown
in fig.3, an alignment centered on one of the
cleavage sites of each enzyme (two have been
reported for the synthetase) reveals five matches
over the six positions of the leader closest to the
cleavage site, and three matches in seven positions
extending into the sequence of the mature protein,
for an overall positional identity of 62%.
Although the similarities do not extend further in-
to the leader sequences, this is to our knowledge
the most convincing degree of homology which has
been noted in connection with mitochondrial
targeting segments.
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