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Mature carnitine palmitoyltransferase I retains the N-terminus of the
nascent protein in rat liver
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Carnitine palmitoyltransferase I was isolated from octylglucoside extracts of rat liver mitochondrial outer membranes. This native enzyme was

digested proteolytically with V8 protease. Five major peptides were obtained all of which were found in the amino acid sequence predicted from

the full-length cDNA sequence of the protein. One peptide was found to correspond to the extreme N-terminus of the deduced amino acid sequence.

Therefore, the mature protein retains the N-terminus of the nascent protein after import into the mitochondrial membrane. Knowledge of the

identity of the N-terminus of the mature protein allows a reappraisal of the role of the two main, N-terminal hydrophobic domains of the protein
and of the possible topology of the protein within the membrane,
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1. INTRODUCTION

Major advances have been made in the understanding
of the mitochondrial carnitine palmitoyltransferase sys-
tem in recent years. The overt enzyme (CPT I) was
finally correctly localised to the mitochondrial outer
membrane [1]; its catalytic activity was shown to reside
in a protein that has the same functional size as that
labelled by the irreversible inhibitor, tetradecylglycidyl-
CoA (TDG-CoA) [2}; specific polyclonal antibodies
raised against CPT I were found not to be immunoreac-
tive against latent CPT (CPT II) and vice versa [3]; the
¢DNA for both CPT I and CPT 11 have been cloned,
sequenced and expressed and, as expected, shown to
code for distinct polypeptides [4,5].

The predicted amino acid sequences of the respective
N-termini of CPT 1 and CPT II differ greatly [4,5]. In
particular, that of CTP II contains a characteristic mito-
chondrial inner membrane-matrix targeting sequence
containing regularly spaced basic amino acid residues
interspaced with hydrophobic ones; this sequence is pre-
sumably proteolytically cleaved to produce mature CPT
I1. No such sequence occurs in the predicted N-terminus
of CPT 1, as would be expected from its location in the
mitochondrial outer membrane [1]. Of particular inter-
est, however, is the presence in the predicted CPT I
sequence of two highly hydrophobic stretches of pri-
mary sequence in the N-terminal 122 amino acids. Esser
et al. [5] have suggested that the shorter (and more
C-terminal) of the two sequences constitutes a mem-
brane-spanning anchoring domain and that the more
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N-terminal sequence (amino acids 48-73) may not be
present in the mature protein due to proteolytic cleav-
age after import of CPT I into the mitochondrial outer
membrane. In their experiments, they used a truncated
form of CPT 1, which may have lacked this N-terminal
sequence, for the generation of tryptic peptides.

In the present paper we describe the generation of
peptides from intact {(non-truncated), mature CPT I and
demonstrate that it contains the N-terminal amino acids
predicted from the cDNA sequence. The implications
for the mechanism of import of CPT 1 into the mito-
chondria and for the functions of the N-terminal hydro-
phobic sequences are discussed.

2. EXPERIMENTAL

2.1. Iselation of intact CPT I

Mature, intact CPT 1 was prepared essentially as described previ-
ously [3], with minor modifications. Mitochondria were prepared from
livers of 48-h starved male Wistar rats and purified on self-forming
Percoll gradients (31% in 0.3 M sucrose, 5 mM Tris, | mM EGTA,
pH 7.4 at 0°C). Quter membranes were prepared from the mitochon-
dria by the swelling and shrinking procedure of Parsons et al. [6] as
modified by {2]. The membranes were solubilised by incubation with
octylglucoside (37 mM) for 1 h at 6°C. The solubilised proteins of
these membranes were incubated with Agarose-concanavalin A to
remove the glycoprotein that routinely contaminates CPT I on SDS
gels [3]. The resulting supernatant was subjected to SDS-gel electro-
phoresis and the band corresponding to CPT I (p88, see [3]) was
excised and electroeluted. The resultant purified protein was concen-
trated (Centricon, Amicon, Danvers, MA, USA) and used for prote-
olytic generation of peptides using Endoprotease Glu-C (Staphylococ-
cus aureus VB) by the method of Cleveland et al. [7]. Digestion was
allowed to proceed for 45 min at room temperature before separation
of the resuiting peptides on a 15% polyacrylamide gel. The peptides
were transferred to nitrocellulose (Problot Applied Biosystems, Foster
City, CA, USA), lightly stained with Amido black, excised, and used
directly for microsequencing of the N-termini. The approximate mo-
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lecular weights of the peptides were determined by concurrent electro-
phoresis of suitable standards.

2.2. Chemicals

Agarose—concanavalin A and V8 protease were from Sigma (Poole,
Dorset, UK). All materials used for the preparation of the peptides
were of sequencing grade.

3. RESULTS AND DISCUSSION

Proteolysis of mature, intact CPT I resulted in the
generation of five major peptides with distinct amino-
termini (Table I) and multiple other minor peptides
which were shorter fragments and had the same N-
terminal sequences as those listed in Table 1. All the
sequences were found to correspond to regions through-
out the amino acid sequence predicted from the full-
length cDNA sequence obtained for rat liver CPT I [9],
indicating that the intact protein prepared by separation
of outer membrane proteins on SDS-gels is indeed CPT
I. This confirms our earlier findings [3] that a polyclonal
antibody raised against this protein removes CPT I ac-
tivity from octylglucoside extracts of rat liver mitochon-
dria outer membranes. The combination of these obser-
vations is significant in that it proves that CPT I activity
is not destroyed by octylglucoside, as claimed previ-
ously [4]. It also explains the presence of a malonyl-
CoA-sensitive CPT activity in octylglucoside extracts of
outer membranes [8].

Inspection of the predicted amino acid sequence for
CPT I indicated that the specificity of V8 protease (Glu-
C) was preserved in the generation of all the peptides.
However, there were some differences (about 5%) be-
tween the sequences obtained in the present study and
those deduced from the cDNA. This low level of dis-
crepancy can be explained by errors arising from se-
quencing (amino acid or nucleotide) procedures.

Of particular interest was the observation that pep-
tide 1 (Table I) contains the entire N-terminal sequence
predicted to result from cleavage at Glu 3 of the protein,
at the extreme N-terminus of the predicted sequence [5].
As our starting material was intact, mature CPT 1, it is
concluded that the N-terminus of the nascent protein is
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retained after import of CPT I into the mitochondrial
outer membrane. Therefore, contrary to the suggestion
in [5], the N-terminus of the nascent protein, including
the hydrophobic region represented by residues 48-75,
is not cleaved upon import and is present in the mature
protein. This means that import of CPT I conforms with
that of other mitochondrial outer membrane proteins
[9).

The knowledge that the N-terminal sequence of nas-
cent CPT I is retained in the mature protein enables
direct comparison of the N-terminal sequences of nas-
cent CPT I and CPT II. Of particular interest is the
presence of multiple acidic residues in the N-terminal
sequence of CPT I which, as expected, are incompatible
with matrix targeting. On the other hand it is now pos-
sible to suggest that the more N-terminal of the two
hydrophobic stretches of the CPT I sequence is not only
present in the mature protein but probably acts as a
stop-transfer signal and spans the outer membrane.
Membrane-spanning domains are usually considered to
consist of an uninterrupted series (24 £ 2) of hydropho-
bic amino acids [10]. A major yeast mitochondrial outer
membrane integral protein (OMM 70, [10]) contains
such a typical transmembrane sequence of 28 amino
acids (although only 19 of these were found to be essen-
tial for transmembrane orientation of the protein [12])
in the first N-terminal 38 amino acids of its sequence.
Typically, these transmembrane sequences are flanked
by highly charged stretches of amino acid sequences
[13,14]. It is of interest, therefore, that the more N-
terminal of the two hydrophobic sequences of CPT I
(residues 48-73) has no fewer than 5 positively charged
amino acid residues in the immediate N-terminal flank-
ing region. Similarly, 3 out of the first 5 residues imme-
diately C-terminal to the hydrophobic span are charged
(acidic and basic). It is significant, however, that the net
positive charge difference between these two charged
regions flanking the hydrophobic domain is strongly in
favour of the N-terminal region. This suggests that if
this hydrophobic domain adopts a transmembrane ori-
entation it is likely that the extreme N-terminus of ma-
ture CPT I (this paper) protrudes into the cytosol. This

Table I
Peptides obtained from mature CPT I after V8-protease treatment

Peptide Approximate N-Terminal sequence Position within
mol. wt. protein (residues)

1 25 kDa XHQAVAFQFTVTPDGIXL 4-238

2 15 kDa MLYITPTDIQAAR)S(GNTI 259412

3 42 kDa QQMQQILDDPSEPNGGEAK 361-773

4 20 kDa VIYASLSSAXJ,LAND 529-744

5 10 kDa LFDFEKNPDYVSRGGGFPVAD 696-773

The assignments of the amino acid residues were made by a combination of comparison of the N-terminal amino acid sequences of the peptides
with that deduced from the full-length cDNA sequence for the protein [5], the approximate molecular weights of the peptides, and the Glu-C
specificity of the protease. Residues for which a definitive assignment could not be made are indicated by X. Differences from the cDNA-deduced
sequence are indicated by an asterisk.
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is because a strong correlation has been found, for other
transmembrane proteins (microsomal and mitochon-
drial outer membrane), between the difference in the
charges of the 10-15 residues flanking signal-anchor
domains of the proteins in the membranes with their
orientation within the membrane. In general, the more
positive portion faces the cytosol, with the orientation
of all subsequent transmembrane segments determined
by the most N-terminal one [15]. It is noteworthy that
the more C-terminal of CPT I’s two putative trans-
membrane domains does not have such a charge differ-
ence across it. Current evidence about the topology of
CPT I in the mitochondrial outer membrane is contro-
versial, as the work of Murthy and Pande [1] suggested
that the malonyl-CoA-binding and catalytic sites of the
protein are differentially exposed to proteases in intact
mitochondria, whereas the data of McGarry and co-
workers [17] suggest that such differential sensitivity is
not due to membrane topology but to the tertiary struc-
ture of the protein which responds to malonyl-CoA-
induced changes in conformation [18,19]. It is antici-
pated that the present results on the identity of the
N-terminus of the mature protein (e.g. through the use
of specific anti-peptide antibodies) can provide an im-
portant first step in the resolution of the topology of
CPT 1 within the mitochondrial outer membrane.
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