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ABSTRACT A cDNA encoding the cytoplasmic precursor
of the ,B subunit of the mitochondrial enzyme propionyl-CoA
carboxylase (EC 6.4.1.3) was cloned and sequenced. The DNA
sequence of 2070 nucleotides is almost identical in size to the
major hybridizing mRNA from rat liver (2000 ± 50 nucleo-
tides), suggesting that the cloned DNA represents nearly all of
the mRNA sequence. A polypeptide expressed in vitro from an
mRNA transcript of this cDNA is indistinguishable in size from
the .3 subunit precursor (58,500 Da). An open reading frame of
1623 nucleotides, flanked by stop codons, encodes a polypep-
tide of541 amino acids; the predicted amino acid sequence was
confirmed as that of the ,B subunit of propionyl-CoA carbox-
ylase by matching it to the amino acid sequences offive peptides
derived from pure mature rat enzyme. Although the exact
length of the cleavable, NH2-terminal leader peptide has not
been determined because the NH2-terminal residue of the
mature subunit is blocked, the leader is most likely 40-42
amino acids in length and is highly positively charged. Com-
puter-aided analysis of secondary structure suggests that the
leader peptide consists of two a-helical segments, with the two
most NH2-terminal arginine residues occupying opposite sites
of the first helix; this helix has no apparent hydrophobic
moment.

Propionyl-CoA carboxylase [PCCase; propanoyl-CoA:
carbon-dioxide ligase (ADP-forming), EC 6.4.1.3], a biotin-
dependent mitochondrial enzyme, is a key enzyme in the
catabolic pathway for odd-chain fatty acids, isoleucine,
threonine, methionine, and valine. In humans, propionic
acidemia due to recessively inherited deficiency of PCCase
activity often causes life-threatening ketosis and acidosis (1).
The native enzyme is probably a dodecamer (2) composed of
six biotin-containing a subunits (Mr = 70,000-72,000) and six
/3 subunits (Mr = 54,000-56,000) (3). The a and ,B subunits are
each synthesized initially as larger precursors on cytoplasmic
polyribosomes. These precursors, containing NH2-terminal
leader sequences, are subsequently transported across both
mitochondrial membranes, cleaved to their mature size, and
assembled (4). To facilitate investigation of PCCase biogen-
esis and the nature of mutations in the various complementa-
tion groups of inherited PCCase deficiency (5), we have
isolated cDNA clones for the ,B subunit (/3PCCase) (6). In this
communication we present the entire amino acid sequence of
the ,BPCCase precursor as deduced from the cDNA se-
quence. This primary structure is supported by amino acid
sequences of five peptides isolated from homogeneous rat
liver PCCase.

EXPERIMENTAL PROCEDURES
cDNA Cloning. We have previously described the isolation

and identification of pPCCase cDNA clones from a cDNA
library prepared from a highly enriched, immunopurified
,3PCCase mRNA (6, 7). A restriction map of the clones has
also been published (6).
In Vitro Transcription and Translation. Plasmid DNA

containing the T7 promoter joined with the ,PCCase coding
sequence was prepared for transcription by restriction cleav-
age at a unique Pvu II site downstream from the coding
sequence. The product was extracted with phenol and
precipitated with ethanol, and 1 jig of linearized DNA was
then used in a 50-il transcription reaction mixture containing
nucleoside triphosphates at 0.5 mM each, 10 pCi (1 Ci = 37
GBq) of [a-32P]GTP, 40mM Tris-HCl at pH 7.5, 6mM MgCl2,
2 mM spermidine, 10 mM NaCl, 10 mM dithiothreitol, 70
units of RNasin (Promega Biotec, Madison, WI), and 125
units of T7 RNA polymerase. The reaction was carried out
for 90 min at 40°C. The products were extracted with phenol
and precipitated with ethanol from 2M ammonium acetate to
remove the unincorporated nucleotides. Cell-free translation
in rabbit reticulocyte lysate followed by immunoprecipitation
was carried out as previously described (7).

Blot Hybridization Analysis. Total RNA from rat and
human liver or from human skin fibroblasts were prepared as
described (8). Polyadenylylated RNA was isolated by
oligo(dT)-cellulose chromatography according to the suppli-
er's instructions (Collaborative Research, Waltham, MA).
Blot hybridization analysis was performed after electropho-
resis of the RNAs through a 1% agarose gel containing
formaldehyde (9).
DNA Sequencing. DNA was sequenced according to

Maxam and Gilbert (10). Restriction endonuclease fragments
were sequenced on both strands by radiolabeling at their 5'
termini using T4 polynucleotide kinase (Bethesda Research
Laboratories) and [y-32P]ATP (Amersham) or at their 3'
termini by using the Klenow fragment of Escherichia coli
DNA polymerase I (Boehringer Mannheim) and the appro-
priate [a-32P]dNTP (Amersham).

Succinylation, Isolation, and Sequencing of Arginine Pep-
tides from PCCase. Rat liver PCCase was purified to homo-
geneity by using affinity chromatography on avidin (11). To
obtain arginine peptides, 30 nmol of PCCase was dialyzed
against 5 M guanidine hydrochloride (pH 8.5) for 36 hr. The
sample (20 ml) was then succinylated (12) with 150 mg of
succinic anhydride while the pH was maintained at 8.5. When
succinylation was complete (5 min), solid NH2OH'HCl was
added to a final concentration of 1 M, 5 M NaOH was used
to adjust the pH to 10, and the mixture was stirred for 1 hr.

Abbreviations: PCCase, propionyl-CoA carboxylase; BPCCase, (B
subunit of PCCase; bp, base pair(s).
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After dialysis against 0.25 mM NaHCO3 and drying, the
succinylated PCCase was dissolved in 1 ml of0.2M NaHCO3
and digested with tosylphenylalanyl chloromethyl ketone
(TPCK)-treated trypsin at 1:20 (wt/wt) ratio at 370C for 8 hr.
The resulting peptides were separated on a Vydac C4 reverse-
phase column (0.45 x 25 cm) equilibrated with 0.05%
trifluoroacetic acid and then eluted as described previously
with increasing concentrations of acetonitrile (13). Aliquots
were taken from the peak fractions for hydrolysis in 6 M HCO
(115TC, 16 hr), followed by analysis on a Beckman 121 M
amino acid analyzer. Several selected peptides were either
coupled to aminopolystyrene and then subjected to solid-
phase sequencing on a Sequemat mini 15 sequenator or were
dried under reduced pressure and then loaded onto an
Applied Biosystems gas phase sequencer in 0.1 ml of
trifluoroacetic acid. The resulting phenylthiohydantoin ami-
no acids were identified by reverse-phase HPLC (13).

RESULTS AND DISCUSSION

IBPCCase cDNA Clones. We had previously isolated and
identified two overlapping ,PCCase cDNA clones from a rat
liver cDNA library highly enriched for pPCCase sequences
(6). The unique portions [2070 base pairs (bp)] of these two
clones were joined and inserted into a plasmid, pGEM2
(Promega Biotec, Madison, WI), bearing a T7 RNA poly-
merase promoter. The PPCCase cDNA was transcribed in
vitro, and the transcript was translated by using a reticulocyte
lysate-programmed system. Fig. 1 shows that the translated
polypeptide (58.5 kDa) is indistinguishable in size from the
PPCCase precursor immunoprecipitated from a translation
mixture of total rat liver mRNA.
RNA Analysis. Blot hybridization analysis ofrat and human

liver and human skin fibroblast mRNA with the pPCCase
cDNA probe just described yielded a major hybridizing
species of 2000 50 nucleotides in both rat and human
mRNA (Fig. 2). In addition, minor bands were observed at
2600 and 4500 nucleotides in rat mRNA and at 450 and 4500
nucleotides in human mRNA. The 2600-nucleotide rat tran-
script may represent a minor mRNA species elongated at the
3' end. The existence of such an elongated species has been
shown to account for the two mRNAs found for the a chain

_/ -P3PCCase

1 2

FIG. 1. NaDodSO4/polyacrylamide gel analysis of /3PCCase
polypeptides translated from transcribed 8PCCase cDNA and from
total rat liver mRNA. A plasmid containing the T7 RNA polymerase
promoterjoined with the fBPCCase cDNA sequence was transcribed
in vitro and the product was used to direct a reticulocyte lysate-
programmed translation mixture containing [35S]methionine. After
translation, an aliquot (1 jAI) ofthe mixture was applied to the gel (lane
1). The 83PCCase band in lane 1 is, in fact, a doublet produced by
initiation at both the initiator methionine codon and at the first
internal methionine (residue 10). Total rat livermRNA was translated
in 100 Al of translation mixture and the precursor of 83PCCase
(pP3CCase) was immunoprecipitated with anti-,IPCCase antiserum
(lane 2). The radioactive bands were visualized by fluorography for
10 hr.

FIG. 2. Blot hybridization analysis of /PCCase mRNA from rat
liver, human liver, and human skin fibroblasts. mRNA samples were
denatured with formaldehyde and formamide and electrophoresed in
a 1% agarose gel (9). The separated mRNAs were transferred to
nitrocellulose, and the blot was probed with radiolabeled rat
A3PCCase cDNA. Lane 1, rat liver mRNA, 5 ,ug; lane 2, human liver
mRNA, 5 ,ug; lane 3, human skin fibroblast mRNA, 10 ,g. The sizes
of ribosomal RNA markers are as follows: 16S, 1541 nucleotides;
18S, 1740 nucleotides; 23S, 3000 nucleotides; and 28S, 4850
nucleotides.

of P-hexosaminidase (14). The 4500-nucleotide species prob-
ably represent nuclear precursors. The nature of the 450-
nucleotide species, particularly prominent in human fibro-
blast mRNA, is unknown.

Nucleotide Sequence. The cloned 83PCCase cDNA se-
quence is 2070 bp long (Fig. 3). Comparison of the estimated
size of the /3PCCase mRNA with that of the cloned cDNA
suggests that very little mRNA information is missing from
the cDNA. The open reading frame of 1623 bp is flanked by
stop codons at positions 1 and 1630. The putative translation
initiation codon beginning at position 7 within the sequence
AAAAAAUGG differs somewhat from the optimal context
for initiation, CCACCAUGG, derived from surveys of eu-
karyotic mRNAs (15). However, the two most highly con-
served residues, an A at position -3 and a G at position +4,
are present in the 8PCCase mRNA. The 3' untranslated
region of 441 bp does not contain a poly(A) tail. Codon usage
in the ,3PCCase mRNA is summarized in Table 1. Of all the
possible 61 codons, only 57 are utilized in the sequence. CUA
(Leu), GUA (Val), and UCG (Ser) are not used. UUA is used
only once in 39 leucine codons, and all 15 Gln residues are
coded for by CAG rather than CAA.

Peptide Sequence Analysis of Mature PPCCase. The homo-
geneous rat PCCase was modified at lysine residues by
succinylation, and the modified protein was cleaved with
trypsin. Thus, the protein was cleaved only at arginine
residues. The resulting peptides were separated by HPLC
and their sequences were determined on a solid-phase
sequenator or gas-phase sequencer. Out of eight sequenced
peptides, five matched the /3PCCase DNA sequence, while
the other three were later found to match the human aPCCase
chain (16). The NH2 termini of both the a and the ,3PCCase
mature subunits were found to be blocked, as evidenced by
the lack of any identifiable sequence when 900 pmol of the
succinylated subunits was loaded onto the gas-phase se-
quencer. With the exception of a steadily decreasing back-
ground of glycine, cycles 2-10 contained less than 10 pmol of
any individual phenylthiohydantoin derivative.
Amino Acid Sequence of flPCCase and a Predicted Second-

ary Structure of Its Leader. The open reading frame of 1623
nucleotides in the cDNA sequence (Fig. 3) encodes a poly-
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1 TAAAMATGGCGGCGGTGATTCGGATTCGGGCGATGGCAGCTGGAACGAGGCTCAGAGTTTTGAACTGCGGCCTCGGCACCACAATCCGC
1 MetAl aAlaValIleArgIleArgAlaaMetAlaAlaGlyThrArgLeuArgValLeuAsnCysGlyLeuGlyThrThrIleArg

91 AGOCTGCAGCCAGCCGGTCTCAGTTAATGAGCGCATCGAAAACAAGCGCCATGCCGCGCTGCTGGGAGGAGGCCAGCGACGCATCGAC
29 SerLeuCysSerGlnProValSerValAsnGluArgIleGluAsnLysArgHisAlaAlaLeuLeuGlyGlyGlyGlnArgArgIleAsp

181 GCACAGCACAAGCGAGGAAAGCTGACAGCCAGGGAGCGGATCAGTCTCCTGCTGGATCCTGGCAGCTTCCTGGAGAGCGACATGTTTGTG
59 AlaGlnHisLysAr!GlyLysLeuThrAlaArgGluArgIleSerLeuLeuLeuAspProGlySerpheLeuGluSerAspMetPheVal

271 GAACACAGGTGTGCCGACTTCGGAATGGCTGCCGAGAAGAATAAGTTTCCTGGAGATAGTGTGGTCACTGGACGGGCAGAATCAACGGA
89 GluHisArgCysAlaAspPheGlyMetAlaAlaGluLysAsnLysPheProGlyAspSerValValThrGlyArgGlyArgIleAsnGly

361 CGATTGGTTTATGTCTTCAGTCAGGACMACAGTT11TGGAGGCAGTCTGTCAG&CGCACATGCTCAGAAGATCTGCAAAATCATGGAC
119 ArgLeuValTyrValPheSerGlnAspPheThrValPheGlyGlySerLeuSerGlyAlaH1sAlaGlnLysIleCysLysIleMetAsp
451 CAGGCCATAACAGTGGGGGCTCCAGTGATCGGACTCAATGACTCCGGGGGCGCCAGAATCCAGGAGGGGGTGGAGTCCTTGGCTGGCTAT
149 GlnAlaIleThrValGlyAlaProValIleGlyLeuAsnAspSerGlyGlyAlaArgIleGlnGluGlyValGluSerLeuAlaGlyTyr

541 GCAGACATCTTCCTGAGGAATGTCACAGCGTCCGGAGTCATCCCTCAGA UTTCTCTGATCATGGGCCATGCGCTGGTGGGGCCGTCTAC
179 AlaAspIlePheLeuArgAsnValThrAlaSerGlyValIleProGlnIleSerLeuIleMetGlyProCysAlaGlyGlyAlaValTyr
631 TCCCCCGCCCTGACAGACTTCACATICATGGTGAAGGACACGTCCTACCTGTTTATCACTGGCCTGAAMGTGAAGTCTGTTACCAAT
209 SerProAlaLeuThrAspPheThrPheMetValLysAspThrSerTyrLeuPheIleThrGlyProGluPheValLysSerValThrAsn
721 GAAGACGTGACTCAGGAGCAGCTGGGTGGTGCCAAGACCCACACCACTGTGTCAGGTGTGGCCCACAGAGCTTTCGACAATGACGTCGAT
239 GluAspValThrGlnGluGlnLeuGlyGlyAlaLysThrHisThrThrValSerGlyValAlaHisArgAlaPheAspAsnAspValAsp
811 GCTCTGTGTAACCTGCGTGAATTCTTAAACTCTGCCCCTCAGCAACCAGGACCCGGCTTCCATCCGAGAGTGCCATGACCCCAGTGAC
269 Al aLeuCysAsnLeuArgGl uPheLeuAsnPheLeuProLeuSerAsnGl nAspProAl aSerI l eArgGl uCysHi sAspProSerAsp

901 CGTCTGGTTCCTGAGCTGGATACAGTTGTCCTTTGGAGTCAAGCAAAGCCTATAACATGCTGGACATCATACATGCAGTGATTGACGAG
299 ArgLeuValProGluLeuAspThrValValProLeuGluSerSerLysAlaTyrAsnMetLeuAspIleIleHisAlaValIleAspGlu
991 AGAGAGlTTTTTGAGATMTGCCCAATTATGCAAAAACATtGTCATTGGCTTTGCAAGAATGAATGGGAGGACCGTTGGAATTGTTGGC
329 ArgGluPhePheGluIleMetProAsnTyrAlaLysAsnIleValIleGlyPheAlaArgMetAsnGlyArgThrValGlyIleValGly

1081 AACCAGCCCAACGTGGCTTCAGGGTGCCTGGACATTMTTCATCTGTGAAGGGGGCTCGCTTTGTCAGATTCTGTGATGCTTTCAGCATT
359 AsnGlnProAsnValAlaSerGlyCysLeuAspIleAsnSerSerValLysGlyAlaArgPheValArgPheCysAspAlaPheSerIle

1171 CCTCTCATCACTTTCGTTGACGTCCCTGGCTTCCTGCCTGGCACAGCGCAGGAATATGGAGGCATCATCCGGCATGGTGCCAAGCTGCTC
389 ProLeuIleThrPheValAspValProGlyPheLeuProGlyThrAlaGlnGluTyrGlyGlyIleIleArgHisGlyAlaLysLeuLeu

1261 TACGCCMGCCGAGGCCACCGTGCCCAAMTCACGGTCATCACCAGGAAGGCCTATGGAGGTGCCTATGATGTCATGAGCTCCAAACAC
419 TyrAlaPheAlaGluAlaThrValProLysIleThrValIleThrArgLysAlaTyrGlyGlyAlaTyrAspValMetSerSerLysHis

1351 CTTCTTGGTGATACCAACTATGCCTGGCCCACAGCTGAGATTGCAGTCATGGGTGCAAAGGGTGCCGTGGAGATCATCTTCAAAGGACAC
449 LeuLeuGlyAspThrAsnTyrAlaTrpProThrAlaGluIleAlaValMetGlyAlaLysGlyAlaValGluIleIlePheLysGlyHis

1441 GAAGACGTGGAAGCCGCCCAGGCAGAGTATGTGGAGAAGTTTGOCAATCCTTTCCCTGCAGCCGTGAGAGGGTTCGTGGATGACATCATC
479 GluAspValGluAlaAlaGlnAlaGluTyrValGluLysPheAlaAsnProPheProAlaAlaValArgGlyPheValAspAspIleIle

1531 CAGCCGTCCTCTACTCGTGCTCGGATATGCTGTGACCTGGAAGTCCTGGCCAGCAAGAAGGTCCATCGTCCTTGGAGGAGCATGCCAAT
509 GlnProSerSerThrAr9AlaArgI1eCysCysAspLeuGluValLeuAlaSerLysLysValHisArgProTrpArgLysH sAlatsn

1621 GTCCCACTGTGAAGAGATCAAAAGAAGAGAGCAACAGTGAGAAGCTGGCCTTTTGCAGCCTACCCCTGCCTTCTACAATCATGAAAGAAC
539 ValProLeuEnd

1711 GGATCTACATACCTTGGACACTGATTGAATTGCATAAAGAGTTCCTGTGCTTGGAGAAAAATTATGTGCTCTATTAAAATCTTCACTGGT
1801 GCTTTCTGAATAACTATTTCATTTTTATAGTAGAAATCTCAACCTACACMGAMACCAAMAAACGGGGAGGAGGGAACCAGAATTGTA
1891 GTTGCCTTGTATCTGGTTCTGGCTGACAGTMTGTGGTTAGGATTCATTGGCCTAGAGGTCACGTGTGGGAACTTGGATTCCGTGTGGAG

1981 TGGTGAGAGGGAAGATATAGTGGGAGGTGCTGAGGTCAGCTGGGCTGGGATCTGTGCTACCCAAGAGGCTGAGGTCTTTCCTCAGCTGCT

FIG. 3. Nucleotide and amino acid sequences of the rat APCCase precursor. The first nucleotide of the 5' untranslated region and the first
amino acid residue offPCCase are denoted no. 1. The five sequenced peptides derived from homogeneous mature rat ,BPCCase are underlined;
the broken line indicates those amino acid residues in the fourth peptide that were not determined.

peptide of 541 amino acids with a molecular mass of 58,626
Da-in excellent agreement with the estimate of 58,500 Da
determined for the cytosolic precursor of 3PCCase by
NaDodSO4/polyacrylamide gel electrophoresis (Fig. 1). Two
isolated arginine peptides match the predicted amino acid
sequence from His-46 to Arg-63. Furthermore, the COOH-
terminal sequences from Gly-502 to Arg-514 and from Ile-517
to Leu-541 were found in the other three sequenced ,BPCCase
peptides. Comparison of the rat PPCCase sequence to the
cloned COOH-terminal half of human 3PCCase (16) reveals
a high degree of homology (94%); there are only 16 differ-
ences in 251 amino acid residues compared.
We have shown previously that fPCCase is synthesized on

cytoplasmic polysomes as a larger precursor with an NH2-
terminal leader sequence that is cleaved offconcomitant with
the transport ofthe precursor to the mitochondrial matrix (4).
The estimated mass of the mature subunit is 54,000 Da (4).
This would predict the mass of the precursor segment to be
approximately 4500 daltons-i.e., 40-42 amino acids. If this

prediction is correct, the leader peptide would contain 6
arginines and 1 or 2 glutamates, and would carry a net
positive charge. Alternatively, the blocked NH2 terminus of
the mature polypeptide could be a pyroglutamic acid residue
derived from the glutamine at position 33. This would predict
a leader peptide of 32 amino acids, cleavage between serine
and glutamine residues, and the presence in the leader of 5
arginines and no acidic residues. It is of interest, in this
regard, that position 34 is occupied by proline, because the
propensity for the pyrrolidine ring to form is enhanced when
glutamine is followed by proline (17). In fact, this sequence
situation has already been reported for another mitochondrial
matrix enzyme with a blocked mature NH2 terminus,
ornithine aminotransferase (18). Regardless of overall length,
the leader peptide is particularly rich in nonpolar amino acid
residues such as alanine, valine, isoleucine, and leucine, and
in the polar, uncharged residues serine and threonine.
The preponderance of positively charged arginines and of

nonpolar and polar uncharged residues in p,3PCCase are

Biochemistry: Kraus et A
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Table 1. Codon usage in IPCCase mRNA
AA Codon No.
F UUU 13
F UUC 15
L UUA 1
L UUG 4

L CUU 3
L CUC 7
L CUA 0
L CUG 24

I AUU 10
I AUC 24
I AUA 4
M AUG 12

AA Codon No.

S UCU 4
S UCC 8
S UCA 6
S UCG 0

P CCU 12
.P CCC 7
P CCA 3
P CCG 3

T ACU 6
T ACC 8
T ACA 10
T ACG 3

AA Codon No.

Y UAU 9
Y UAC 3
* UAA 0
* UAG 0

H CAU 7
H CAC 6
Q CAA 0
Q CAG 15

N AAU 11
N AAC 11
K AAA 6
K AAG 17

AA Codon No.

C UGU 4
C UGC 7
* UGA 1
w UGG 2

R CGU
R CGC
R CGA
R CGG

S AGU
S AGC
R AGA
R AGG

4
5
4
6

5
9
8
7

V GUU 10 A GCU 14 D GAU 8 G GGU 9
V GUC 17 A GCC 25 D GAC 22 G GGC 16
V GUA 0 A GCA 11 E GAA 9 G GGA 15
V GUG 20 A GCG 6 E GAG 18 G GGG 8

AA, amino acid residue (standard one-letter code); No., number of times the given codon is used in fPCCase; *, stop
codon.

features that are shared with the other dozen known mito-
chondrial leaders that target cytoplasmic precursors to the
mitochondrial matrix, suggesting that a common structural
motif is responsible for the targeting role of these sequences.
Although there is little conservation of amino acid sequence
among the leader segments, recent analyses have suggested

the presence of a-helical domains in these leader peptides
(19, 20). von Heijne, in particular, has emphasized the
possible importance of the amphipathic character of these
a-helices (20). Profiles of secondary structure propensity and
of hydrophobicity (21) of the ,fPCCase leader sequence (Fig.
4 Upper) strongly predict three to four turns of an a-helix

A

I A

7 11 V

4

3

M 10

6
R

2 9
A

12
A

5

A

FIG. 4. Amino acid sequence profiles of the first 32 amino acid residues of the leader peptide of the I3PCCase precursor and a helical-wheel
analysis. (Upper) From top to bottom, the amino acid sequence (one-letter code) used to compute the profiles; reverse-turn propensity (T);
a-helix (thin line) and (3-sheet (heavy line) propensities (B, A); profile of charged residues (+ or -); and hydrophobicity (HB). The most
NH2-terminal a-helical region predicted is represented by the horizontal box below the panel. (Lower) Helical-wheel analysis of amino acid
residues 1-12. Residues are numbered consecutively from the NH2 terminus of the helix. The residues are plotted circularly with a successive
angular displacement of 1000. Such a plot corresponds to angular periodicity of residues in the ideal a-helix with 3.7 residues per helical turn
(22). Note the perfect distribution of hydrophobic residues (boldface letters) in the helix, indicating that the whole helix with the exception of
the two arginines is hydrophobic.

MAAVIRIRAMAAGTRLRVLNCGLGTTIRSLCS
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between positions 1 and 12 and also give a weaker, more
ambiguous, prediction of a-helix for residues 17 to 28. The
strong prediction for an NH2-terminal a-helical segment is
supported by use of the helical wheel (Fig. 4 Lower).
Although the NH2-terminal a-helix is exceptionally hydro-
phobic, its overall hydrophobic moment (23) is virtually nil
because its two pairs of methionine and isoleucine residues,
as well as its two charged arginine side chains, occupy
opposite faces of the helix. Unlike the NH2-terminal seg-
ment, the second a-helix (residues 17-28), if it exists, is likely
to be amphipathic. Clearly, more experimental and theoret-
ical work is needed to define more precisely the putative role
of amphipathicity in mitochondrial transport.
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