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SUMMARY: The amino-terminal sequence of two electrophoretically homogeneous
forms of rabbit liver microsomal cytochrome P-450, P-450LM, and P-450t My, has
been examined by automated Edman degradation. Methionine is the amino terminus
of P-450LM,, and 17 of the first 20 residues are hydrophobic, including two
clusters of five consecutive leucines. The composition and sequence of this
region are similar to those of the short-lived hydrophobic amino-terminal
precursor segments of certain other proteins, especially myeloma immunoglobulin
light chains and pancreatic zymogens. Multiple amino-terminal residues,
including methionine, were detected for P-450LM, suggesting the presence of
several highly similar forms of P-450 or that partial proteolysis had occurred.

During the past few years, several different forms of liver microsomal
cytochrome P-450 (P-450LM) have been separated and purified (1-7). We have
recently begun an investigation of the primary structure of P-450LM as an aid
in understanding the variations in the biological and chemical properties of
this family of proteins, which play an essential role in the metabolism of
prostaglandins, fatty acids, and steroids as well as a host of foreign
compounds, including drugs and carcinogens.

Two electrophoretically homogeneous forms of P-450LM from rabbit liver (1)
were examined: P-450LM,, which is induced by phenobarbital but is absent in
microsomes from untreated animals, and P-450uLM,, which is induced by B-naptho-
flavone and certain carcinogens but is also present at significant levels in
microsomes from phenobarbital-treated and untreated animals. These cytochromes
have subunit molecular weights of 49,000 and 55,000, respectively, and also
differ in their spectral, immunochemical, and catalytic properties (1,2,8).

The data reported here confirm the purity of P-450LM,, and indicate that
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the composition and sequence of its extremely hydrophobic amino-terminal region
are remarkably similar to those of the hydrophobic amino-terminal segments
present in certain preproteins, but not in the correspdnding "mature' proteins
(9-15). To our knowledge, this is the first observation of such a sequence

appearing in a "mature" protein.

MATERIALS AND METHODS

Rabbit liver P-450LMp and P-450LM,: The two electrophoretically homoge-
neous forms of P-450LM were isolated from liver microsomes of phenobarbital-
treated rabbits as previously described (1). Two pooled preparations of P-450LM,
with specific contents of 16.2 and 12.1 nmol per mg of protein were used.

A single pooled preparation of P-450LM, was used which had a specific content
of 11.3 nmol per mg of protein. The P-450LM, was isolated from liver microsomes
of phenobarbital-induced rabbits but is not induced by this agent. Due to
partial heme loss during purification of both proteins, some apoenzyme was
present. The heme was removed from each preparation with acidic acetone (16),
and the apoprotein was converted to the S-{(B-carboxymethyl)cysteinly deriva-
tive (17).

Amino-terminal sequence and amino acid analysis: For each sequence anal-
ysis, about 110 nmol of the carboxymethylated protein was placed in a Beckman
Model 890 sequencer, and automated Edman degradation was performed using a
protein double cleavage program (18,19). The amount of protein used in each
experiment was determined by amino acid analysis of 24-hour acid hydrolysates,
assuming that the glutamic acid content was 42 and 46 mol per mol protein for
P-450LM, and P-450LM,, respectively (1). The yields of the phenylthiohydantoins
were determined by gas chromatography (20), except for glutamic acid, arginine,
and histidine, for which the yield was estimated by amino acid analysis of acid
hydrolysates with 50 to 70% recovery (21). The data were corrected for back-
ground and for out of step degradation where appropriate (22). Amino acid
analyses were performed as described by Spackman et al. (23) using a Beckman
Model 120 analyzer.

RESULTS AND DISCUSSION

Edman degradation of P-450LMy: The results of sequence analysis of

P-450LM; are shown in Table I. For all residues except those enclosed by
parentheses, identical unambiguous assignments were made in two experiments
using different preparations of the protein. The repetitive yield was 96%.

A high degree of purity of the protein is indicated by the initial yields
(Table I), the extrapolated initial yield (83%), and the observation that for
Steps 1 to 4 no nonprimary residues were identified with yields greater than
3%. Similarly, treatment of the native protein with carboxypeptidase released
arginine with a yield greater than 95% (1). Ingelman-Sundberg and Gustafsson
(24) have reported the resolution of P-450LM, into several heme-containing
forms by isoelectric focusing. In our experience, electrophoretically homoge-
neous preparations of P-450LM, are not obtained by the methods described in
their report, and their method of SDS-polyacrylamide gel electrophoresis gives

poorer resolution than the discontinuous buffer system used in our laboratory

-

968



Vol. 77, No. 3, 1977 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

TABLE I

Automated Edman Degradation of P-450LM,

Yield
Step Amino Acid (%) Identification Method
GC HYD TLC
1 Methionine 79 + + +
2 Glutamic acid > 35 + +
3 Phenylalanine 82 + +
4 Serine 50 + +
5 Leucine 55 + +
6 Leucine 56 + +
7 Leucine 63 + +
8 Leucine 60 + +
9 Leucine 55 + +
10 Alanine 53 + +
11 Phenylalanine 50 + +
12 Leucine 54 + +
13 Alanine 47 + +
14 Glycine 50 + +
15 Leucine 55 + +
16 Leucine 48 + +
17 Leucine 47 + +
18 Leucine 45 + +
19 Leucine 49 + +
20 Phenylalanine 39 + +
21 (Arginine) > 10 +
22 Glycine 38 + +
23 (Histidine) > 10 +
24 (Proline) 14 + +
25 X -
26 Alanine 28 + +
27 X -
28 Glycine 23 + #
29 X -
30 Leucine 27 + +

The parentheses and symbol X indicate tentative assignments and unidentified
residues, respectively. The identification methods are: GC, gas chromatog-
raphy (20), HYD, amino acid analysis of acid hydrolysates (21), and TLC, thin
layer chromatography (18). Yields estimated by amino acid analysis were not
corrected for incomplete hydrolysis or instability.

A brief report by Ozols et al. (25) has indicated that the amino terminus
of the phenobarbital-inducible form of rabbit liver microsomal cytochrome P-450

is blocked, as determined by automated sequence analysis. The difference
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between that finding and the results presented here could conceivably be due to
cleavage of the native protein in our studies during isolation or derivatiza-
tion, thus exposing a free amino terminus. However, this seems unlikely in view
of the high yields of the initial residues, which would require that such a
postulated cleavage be highly specific and quantitative. Electrophoresis of

the carboxymethylated protein demonstrated that its subunit molecular weight

was the same as for the native protein, and that no smaller polypeptides were
present that were indicative of cleavage.

Comparison of P-450LM; with preproteins: The amino-terminal region of

P-450LM; has 17 to 18 hydrophobic residues in the first 20 positions, including
two clusters of five consecutive leucines. These unusual properties led us to
examine previous reports describing the composition and sequence of hydrophobic
amino~terminal precursor segments for several proteins, including mouse myeloma
immunoglobulin light chains (10), dog pancreatic zymogens (11), rat proinsulin
(12), bovine proparathyroid hormone (13), human placental lactogen (14), and a
bacterial outer membrane lipoprotein (15). For each of these secretory pro-
teins, a preprotein has been isolated from an in vitro protein synthesis
system. The preproteins contain a hydrophobic amino-terminal precursor segment
composed of 15 to 25 amino acids preceding the amino-terminal sequence of the
native protein isolated by conventional techniques. Many of the precursor
segments have methionine as the amino-terminal residue, which is likely to be
the initiator methionine (26). It is believed that the precursor segments may
be responsible for binding of the nascent polypeptide to the endoplasmic
reticulum or other membranous sites during transport (9). During a process of
maturation or transport, the precursor segment is removed in a manner that is
not yet understood, although enzymatic removal of the precursor segment of
placental lactogen has been observed (14).

In Fig. 1, the sequence of the first 20 residues of P-450LMy is compared
with those of the precursor segments of one of five homologous dog pancreatic
zymogens (protein 5, Ref. 11), and three mouse myeloma immunoglobulin light
chains (10). The similarity of the sequences of these functionally unrelated
proteins from diverse sources is evident. For the pancreatic zymogen, the
gaps introduced at positions 1, 2 and 3, and the absence of an amino-terminal
methionine may indicate that the initial tripeptide was lost before the protein
was isolated from the in vitro system. The amino-terminal sequence of P-450LMy
does not resemble those of the hydrophobic precursor segments of certain other
proteins, however (12-15).

The hydrophobic region of the '"mature' P-450LM, is apparently the equiva-
lent of the relatively short-lived precursor segments described above. Almost

all have an amino-terminal methionine and are similar with respect to hydro-
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521 « Met| X Thr X ThrTrp Val

Leu|Leu Trp Val Pro X Ser Thr X |—

FIG. 1.  Comparison of amino-terminal sequence of P-450LM, with hydrophobic

precursor segments of other proteins. The proteins are: P-450LM,, this
report; P. zym., dog pancreas zymogen, believed to be procarboxypeptidase
(protein 5, Ref. 11); 104E Ay, 41(b) «, and 321 «, immunoglobulin 1ight

chains MOPC-104E A,, MOPC-41 (b) «, and MOPC-321 «, respectively (10). 1In

the study of the pancreatic zymogens, leucine and isoleucine were not resolved
(11), and leucine has been assumed to be present for the purpose of this com-
parison. Gaps (indicated by - ) were introduced to allow maximal alignment.
The symbol f— indicates the beginning of the sequence of the mature protein.
Residues which are homologous with P-450LM, are enclosed.

phobicity, apparent length, and high leucine content. The retention of the
hydrophobic segment in P-450LM, suggests that the segment may function in the
binding of the cytochrome to the endoplasmic reticulum or in its orientation
in functional complexes with other components of the hydroxylation system such
as NADPH-cytochrome P-450 reductase and phospholipid. Cytochrome bs, which is
also present in liver microsomes, has a hydrophobic domain that is required for
binding of the protein to membranes and for the formation of functional com-
plexes (27). However, this domain is at the carboxyl end of the protein, and
its sequence does not resemble that described here for P-450Lm, (27,28).

Comparison of P-450LM2 and P-450.ap: The amino-terminal sequences of

P-450LMy and of P-450.,, from Pseudomonas putida (29) are compared in Fig. 2.
These two proteins have similar amino acid compositions (1,31,32), immunochemi-
cal properties (32), and optical spectra (1,29), but differ greatly in their
solubility, substrate specificity, and the requirement of P-450tM, for a
phospholipid and P-450.,;, for an iron-sulfur protein for activity. A compari-
son of the amino-terminal sequences of the two proteins reveals no similarity
in their composition or sequence (Fig. 2). Obviously, the data do not preclude
the presence of similar regions elsewhere in the proteins.

Edman degradation of P-450LM,: The first cycle of degradation of P-450LMy

released glycine, methionine, serine, and alanine in the ratio 1:2:2:3 with the
sum of their yields equal to approximately 85%. At each of the nine subsequent

steps, two to four of the following residues were identified: methionine,
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1 5 10
P-450LM, Met Glu Phe Ser Leu Leu Leu Leu Leu Ala Phe Leu Ala Gly

P-450.,n,  Thr Thr Glu Thr Ile Gln Ser Asn Ala Asn Leu Ala Pro Leu

FIG. 2. Comparison of amino-terminal sequences of P-450LM; and P-450.4p-
The sequence for P-450.5y, is from Tanaka et al. (30).

leucine, valine, proline, alanine, and serine. The presence of multiple amino-
terminal residues may indicate that the preparation contains several proteins

or several highly similar forms of the cytochrome. This seems unlikely, how-
ever, in view of the electrophoretic and immunochemical evidence for homogeneity,
as well as the finding of a single carboxyl-terminal residue, lysine (1,8). An
alternative conclusion is that the mixture of polypeptides represents a family
of cytochromes differing only in the degree to which a hydrophobic amino-terminal
segment has been degraded by proteolysis in vivo or during isolation. This view
is supported by the identification of methionine as one of the amino-terminal
Tesidues, the nearly exclusive identification of hydrophobic residues for Steps

1 to 10, and by data in previous reports indicating relatively low yields of

the amino-terminal methionine in some precursor segments synthesized in vitro,
presumably due to hydrolysis (10,14).
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