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ABSTRACT: Sterol carrier protein 2 (SCP,) is a protein that is believed to be involved in the intracellular
transport of cholesterol and phospholipids. Expression in mammalian COS cells of a cDNA encoding SCP,
revealed that the mature protein is synthesized as a pro-form containing a 20-residue amino-terminal leader
sequence. The function of this presequence is currently not known, and pro-SCP; is generally not detected
in tissues. In order to obtain large quantities of pro-SCP, as well as the mature form of human SCP,,
Escherichia coli expression plasmids were constructed. Both proteins were produced in high yield (10-30%
of the total cell protein) and were found in the supernatant fraction after cell lysis. Recombinant human
SCP, and pro-SCP, were purified to homogeneity by acid precipitation followed by ion-exchange
chromatography. Both recombinant human SCP;, and pro-SCP; had sterol exchange activity similar to that
seen with SCP; purified from rat liver. In addition, the lipid content of SCP,- and pro-SCP,-producing
E. coli was analyzed. Acidic lipids were significantly increased in the transfected cells. Specifically, fatty
acids were increased 2-3-fold, phosphatidylglycerol was increased 2-fold, and lipid A was increased 3—4-
fold, while neutral lipids were decreased 2—3-fold as compared to control cells. This alteration of the lipid
composition of E. coli expressing SCP; or pro-SCP, is consistent with the proposed role for SCP; in intracellular

lipid movement.

Sterol carrier protein 2 (SCP,)! is a 13.2-kDa basic protein,
pI of 8.6, which was initially isolated from rat liver cytosol
(Bloj & Zilversmit, 1977) but has since been detected in a
number of tissues (Teerlink et al., 1984). In in vitro studies,
SCP; has been shown to transfer both sterols and phospholipids
between membranes, and it is thought that this protein may
havea similar function within the cell (Biltheimer & Reinhart,
1990). Isolation of the cDNA for rat, mouse, and human
SCP, (Billheimer et al., 1990a; Ossendorp et al., 1990;
Moncecchi et al., 1991; Yamamoto et al., 1991) has revealed
that SCP; is synthesized as a 15.3-kDa pro-form, from which
a 20 amino acid leader sequence is removed to produce the
mature 13.2-kDa form of SCP,. It has been suggested that
the 15.3-kDa pro-form might be an inactive form of SCP,
which requires cleavage to generate the active form.

The cellular location where cleavage occurs has yet to be
determined, but both a peroxisomal location and a mito-
chondrial location have been suggested. The evidence for a
peroxisomal location includes the immunolocalization of SCP;
in peroxisomes (Van Amerongen et al., 1989; Keller et al.,
1989; Tsuneoka et al., 1989) and the presence of a peroxisomal
targeting sequence, Ala-Lys-Leu, in the C-terminus (Sub-
ramani, 1991). Additionally, in cells from subjects with
Zellweger syndrome, which do not produce functional per-
oxisomes, the 15.3-kDa form of SCP; is produced, but then
apparently degraded without yielding the mature 13.2-kDa
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form (Suzukietal., 1990). However, itisrelatively uncommon
for peroxisomal proteins to undergo cleavage of N-terminal
presequences during or after import into the peroxisomes
(Subramani, 1991). By contrast, cleavage of N-terminal
presequences regularly occurs for many mitochondrial proteins,
and SCP, has been found to associate with mitochondria
(Becker et al., 1992; Megli et al., 1985; McNamara et al.,
1989, McLean et al.,, 1989). The 20 amino acid leader
sequence has some similarity to known mitochondrial ‘argeting
sequences inclv ling a relative lack of acidic amino acids, an
abundance of hydroxylated amino acids, and the ability to
form an amphiphilic a-helical structure, but it is not enriched
in basic amino acids (Nicholson & Neupert, 1988).

Studies addressing the physiological function of SCP; and
its pro-form have been slowed by the limited availability of
large amounts of pure SCP; and the relative lack of pro-SCP;
found intissuesamples. Inthis paper, we report the production
of milligram quantities of both the mature and the pro-form
of human SCP; using an Escherichia coli expression system.
Additionally, we have analyzed the impact of the overpro-
duction of SCP; or pro-SCP; on the lipid profile of the E. coli
expressing these proteins.

MATERIALS AND METHODS

E. coli Expression System. The pCMVS5 expression vector,
previously used to express human SCP; in COS cells
(Yamamoto et al., 1990), was transformed into E. coli strain
MC1009, and four isolated colonies were chosen for cesium
chloride preparations of plasmid DNA (Sambrook et al., 1989).
Oligonucleotide primers were designed for polymerase chain
reaction (PCR) amplification and isolation of the DNA
encoding either mature SCP; or pro-SCP,. The 5’-primer for
SCP, was CTTAAGCTTACATATGGCTTICTGCAA 5T-
GATGGATTTAAGC, and that for pro-SCP, was CT-
TAAGCTTACATATGGGTTTTCCGGAAGCGC (the un-
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derlined bases are homologous to the protein’s DN A sequence).
The same 3’ primer was used for the expression of both
proteins: CTTTCCATGGATCCTTATCAGAGCT-
TAGCGTTGCCTG. The 5’ primersadded a Ndel restriction
site directly 5’ of the desired sequence, and this site provided
the ATG initiation codon for SCP,. Additionally, a serine to
alanine change for the first amino acid of SCP; was engineered
to maximize initiation of translation and to ensure cleavage
of the initial methionine residue by E. coli methionylami-
nopeptidase (Hirel et al., 1989). The 3’ primer included both
the TGA and the TAA translational termination signals
followed by unique restriction sites for BamHI and Ncol. The
reaction mixture for PCR amplification of SCP; or pro-SCP,
included 1 ug of the appropriate 5'- and 3’-oligonucleotide
primer combination, 0.1 ng of the pCMV5 DNA template,
and the four deoxynucleotides at a final concentration of 50
uM/dNTPina 10 mM Tris-HC], 50 mM KCl, 1.5 mM MgCl,
buffer, pH 8.3. A total of 29 repetitive cycles of 1 min at 94
9C, 1 min at 58 °C, and 1 minute at 72 °C, followed by a
7-min period at 72 °C to allow for the completion of synthesis,
were conducted. The reaction mixture was then transferred
to a new tube, and the DNA was purified using the
GENECLEAN kit (BIO 101 Inc.,, La Jolla, CA). The
production of a single PCR product of the appropriate size
was confirmed for each sample by applying an aliquot of the
DNA to a 1% TAE (Tris—acetate/EDTA buffer)-agarose
gel and viewing the ethidium bromide-stained gel under
ultraviolet light.

The PCR-amplified DNA was then digested with Ndel
and BamHI, and the reisolated fragment was ligated into a
pTAC-based expression plasmid, which had been digested
with the same restriction enzymes and transformed into E.
coli strain NF1829 using standard techniques (Sambrook et
al., 1989). Cells containing the plasmid were selected, and
the plasmid DNA was reisolated and subjected to restriction
analysis to confirm the presence of the DNA insert encoding
SCP; (pHG240/4) or Pro-SCP, (pJM104/6).

Productionof SCP;and Pro-SCP;. E.colistrains, W3110
or W3110F’, were transformed with the plasmid containing
the DNA fragment encoding either SCP, (pHG240/4) or
pro-SCP, (pJM104/6), respectively. Both plasmids contain
a modified pTac promoter /operator system, the S-lactamase
gene encoding ampicillin resistance, an optimized ribosomal
binding sequence, a t13 transcriptional terminator, atpE epsilon
translational enhancer sequences, REP1 mRNA stabilization
sequences, and a ColE1 (rop-) replication origin. The plasmid
for the expression of SCP; also contained the parB (hok-sok)
plasmid stabilization loci and a laci repressor gene cassette.

E. coli expressing SCP; or pro-SCP; were produced by
inoculating 1 L of LB media plus ampicillin (100 ug/mL)
with 4 mL of overnight culture of cells. The cells were grown
at 37 °Cwithshaking until they reached an Ago 0f 0.5, induced
by the addition of 100 mM isopropyl 8-D-thiogalactopyranoside
(IPTG) at a final concentration of 0.5 mM and incubated for
an additional 3—4 h. The cells were harvested by centrifu-
gation, resuspended in 10 mM Tris-HC1/5 mM EDTA/10%
glycerol, pH 8.0, and stored at —70 °C until protein purification
was conducted.

Purification of SCP; and Pro-SCP;. Cellsuspensions were
thawed at room temperature, and the cells were repelleted
and resuspended in a 0.1 potassium phosphate buffer, pH 6.8,
containing 0.5 mM EDTA/1 mM dithiothreitol (KPED
buffer), containing 1 mg/L leupeptin. Thecells were ruptured
by multiple passes through a Ranne homogenizer at 10 000
psi or by sonication, and supernatants were collected by
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centrifugation at 4000g for 30 min at 4 °C. The remainder
of the purification procedure was conducted at 4 °C. The pH
of the supernatants was lowered to pH 5.2 using 6 N HCI.
After 15 min of mixing, the resulting precipitates were pelleted
by centrifuging at 24000g for 20 min, and the pH of the acid-
treated supernatants was increased to pH 7.4 by the addition
of 8 M KOH. As for the acid treatment, a 15-min period of
mixing followed by centrifugation was conducted to collect
thesupernatants. The supernatants were dialyzed against 10
mM KPED buffer and separately applied to a 10-mL Mono-S
column equilibrated with 10 mM KPED buffer. The column
was washed extensively to remove any nonabsorbed proteins
and the SCP; or pro-SCP; eluted with 80 mL of 2 0.06 M KCl
linear gradient. The fractions comprising the protein peak
were pooled and dialyzed against water or buffer and
lyophilized. The proteins were shown to be homogeneous by
SDS-PAGE electrophoresis. The identities of the proteins
were further confirmed by Western blotting and by N-terminal
amino acid sequencing of the first 15-20 amino acids using
a Porton Instruments PI 2090E sequencer (Porton Instruments,
Tarzana, CA).

Sterol Transfer Activity. The ability of the purified SCP,
and pro-SCP, to transfer cholesterol between donor and
acceptor membranes was assayed as previously described
(Billheimer et al., 1990b). The assay measures the ability of
a protein to facilitate the movement of [!“C]cholesterol from
[14C]cholesterol /egg yolk phosphatidylcholine liposomes to
heat-treated rat liver mitochondria. Rat liver SCP,, which
wasisolated and purified as previously described, was assayed
concurrently with the purified human SCP; and pro-SCP,
samples (Morris et al., 1988). Protein was assayed by the
method of Bradford (1976).

Analysis of the Lipid Content of E. coli Expressing SCP,
or Pro-SCP;. One-liter cultures of E. coli expressing either
SCP;, pro-SCP;, or an unrelated protein, a 43-kDa fusion
protein consisting of a 30-kDa outer membrane protein from
Brucella abortus, BCS30 (Mayfield et al., 1988), and pro-
interleukin-183, were grown up as above, except that M9
minimal medium was substituted for the LB media. Thelipids
were extracted and analyzed by the method of Alvarez and
Touchstone (1992). Briefly, the cell pellets were extracted
twice with 20 volumes of chloroform/methanol/water (10:
10:1), and the combined extracts were evaporated to dryness,
and the residue was redissolved in chloroform. The samples
were applied to an aminopropyl column (Worldwide Moni-
toring, Horsham, PA), equilibrated with hexane, and four
fractions were eluted: neutral lipids, fatty acids, neutral
phospholipids and glycolipids, and acidic phospholipids and
glycolipids. Each fraction was subsequently analyzed by thin-
layer chromatography on silica gel HP-K plates (Whatman,
Clifton, NJ), and following CuSQ, staining, the samples were
quantitated by scanning densitometry. The values reported
are the mean of samples from three plates.

RESULTS

Following IPTG induction, 20—30% of the total cell protein
of cells containing the expression vector for SCP,, pHG240/
4, was recombinant SCP, (Figure 1). All of the recombinant
protein could be isolated from the soluble fraction after cell
lysis. The majority of the recombinant pro-SCP; produced
in cells containing the expression vector for pro-SCP,,
pJM104/6, was also found in the soluble fraction. However,
detectable amounts of the protein remained with the pellet
following centrifugation of cell lysates, suggesting that some
of this material may form inclusion bodies. The level of
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FIGURE 1: SDS-PAGE gels of E. coli expressing human SCP; (gel
A) or pro-SCP; (gel B). Molecular mass markers (lane 1) used were
92, 55,43, 36,29, 18,and 12.4 kDa. Gel A isa 15% polyacrylamide
gel stained with Coomassie blue. Lanes 3-5 are preparations of total
cell lysates from SCP,-expressing E. coli clones, HG240/1, HG240/
2,and HG240/3, induced with IPTG. Lane 2 shows total cell lysate
from the uninduced clone HG240/1. Gel B is a 10—20% Tricine—
SDS gel stained with Coomassie blue. Lane 1 contains molecular
mass markers; lane 2, total cell lysate of control E. coli (cells which
were not transfected with the DN A for pro-SCP,) following induction
with IPTG; lane 3, total lysate of cells expressing pro-SCP; following
induction with IPTG; and lane 4, cytosolic fraction of cells expressing
pro-SCP; following induction with IPTG.
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FIGURE 2: Homogeneity of SCP; and pro-SCP; purified from E.
coli. Aliquots of human SCP; (lanes 2-4) and pro-SCP; (lanes 5-7)
at increasing amounts of protein (1, 3, and 7 ug) were subjected to
SDS-PAGE electrophoresis on a 10-20% Tricine-SDS gel and
stained with Coomassie blue. The molecular mass standards (lane
1) are as described in Figure 1.

expression of pro-SCP, after induction with IPTG was
approximately 10-20% of the total cell protein. The lower
level of production of pro-SCP; may reflect commonly seen
differences between batch preparations, or may reflect a lower
level of production of the longer pro-form of the protein by
E. coli.

Preparations of SCP; and pro-SCP; were purified to
homogeneity from 1-L cultures of E. coli. When aliquots of
each purified preparation were applied to 10-20% Tricine/
SDS gels, a protein band migrating with a molecular mass of
12 500 Da was seen for the SCP,, preparation, and a protein
band of 15 000 Da was seen for the pro-SCP; preparation
(Figure 2). Atthelargestamount of protein, higher molecular
mass bands corresponding to the dimers for SCP; and for
pro-SCP; were evident. A yield of 30-40 mg/L was typical
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Table I: Sequence of the N-Terminal Amino Acids for E. coli-
Expressed Human SCP; and Pro-SCP;

-20 1 20
SCPea MGFPEAASSF RTHQIEAVPT SSASDGFKAN LVFKEIEKKL
SCP2 (E. coli) ASASDGFKAM LVFKE
pro-SCP2 (E. coli) GFPEAASSF RTHQIEAVPT SS

¢ Protein sequence derived from the cDNA sequence for human SCP,
(Yamamoto et al., 1991).
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FIGURE 3: Sterol transfer activity of purified SCP; and pro-SCP,.
Aliquots of the purified proteins were incubated for 20 min at 37 °C
with ['*C]cholesterol/egg yolk phosphatidylcholine liposomes and
heat-treated mitochondria. At the end of this incubation period, the
percentage transfer of label was measured for human SCP; (O) and
for human pro-SCP, (O). SCP; isolated from rat liver (A) at a
single protein amount was assayed concurrently. All values shown
are the mean % SD for triplicate samples.

for cultures of E. coli expressing SCP;, while 3-5 mg/L was
more common for our E. coli expression system for pro-SCP;.

Sequencing of the N-terminal amino acids confirmed that
the proteins isolated from the E. coli had the expected sequence
(TableI). The N-terminal amino acid sequence for the SCP,
protein expressed by E. coli was identical to that predicted
from the cDNA (Yamamoto et al., 1991) with the exception
of the first amino acid, which was an alanine instead of a
serine. However, this amino acid change was engineered into
the design of the original PCR primer to promote efficient
translation and cleavage of the N-terminal methionine and
was therefore expected. The N-terminal aminoacid sequence
for the pro-SCP; expressed in E. coli was identical to that
predicted from the cDNA with processing of the N-terminal
methionine residue.

Toascertain if the E. coli-expressed proteins possessed lipid
transfer activity, their ability to promote movement of
cholesterol between membranes was assayed. The nanomoles
of purified SCP; or pro-SCP, was plotted against the
percentage of [!4C]cholesterol transferred from [!4C]choles-
terol/egg yolk phosphatidylcholine liposomes to heat-treated
mitochondria (Figure 3). Both the mature and the pro-form
of SCP; stimulated the transfer of cholesterol from donor to
acceptor membranes. The levels of activity for the expressed
proteins were similar to those obtained with SCP; purified
from rat liver.

Although prokaryotic organisms such as E. coli do not
contain sterols, they do have a complement of phospholipids
and other lipid species in their membranes which could
potentially be subject to SCP;-mediated transfer (Billheimer
& Reinhart, 1990). Analysis of the lipid profile of E. coli
transfected with the DNA from human SCP; or pro-SCP,
revealed substantial differences from that seen for non-
plasmid-containing cells. Four lipid fractions were eluted from
anaminopropyl column andanalyzed. Thefirstthree fractions
(neutral lipids, fatty acids, and neutral phospholipids and
glycolipids) are shown in Figure 4. Scanning densitometry
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FIGURE 4;: CuSO,-stained HPTLC chromatogram of E. coli lipids
eluted in fractions 1-3 from the aminopropyl column. Each group
of three samples are lipids extracted from control E. coli which do
not express SCP; or pro-SCP; from E. coli which express SCP,, and
from E. coli which express pro-SCP,, respectively. Lane 1 contains
lipid standards: oleic acid, phosphatidylglycerol, cardiolipin, phos-
phatidylethanolamine, phosphatidylinositol, phosphatidylserine, phos-
phatidylcholine, and sphingomyelin. Lanes 24 contain the nonpolar
lipid fractions, lanes 5-7 contain the fatty acid fractions, and lanes
8-10 contain the neutral phospholipid and glycolipid fractions.

suggests that there was a 2-fold and a 3-fold decrease in the
nonpolar lipid fraction for the SCP,- and the pro-SCP;-
transfected cells as compared to host cells. Fatty acids,
however, increased 2-fold and 2.5-fold in the SCP»- and pro-
SCP,-transfected cells over levels seen for control cells. The
increase in fatty acid content appears to be a generalized
increase in all fatty acids and not an increase in an individual
fatty acid, as analysis of individual fatty acid species by diphasic
two-dimensional HPTLC—fluorescence spectrodensitometry
revealed no differences in the percentages of individual species
(data not shown). No differences were seen for phosphati-
dylethanolamine levels between control and transfected cells.
In initial experiments, the lipids from E. coli expressing an
unrelated protein, a 43-kDa fusion protein of BCSP31
(Mayfield et al., 1988) and pro-interleukin-183, were also
analyzed. The fusion protein was expressed at a level of 10—
20% of the total cellular protein. The lipid composition of
these bacteria was found to be identical to that of the
nontransfected control cells.

The fourth lipid fraction analyzed, the acidic glycolipids
and phospholipids, is shown in Figure 5. As compared to
control cells, the SCP,- and pro-SCP;-transfected cells showed
a 2-fold increase in phosphatidylglycerol and a 3-fold and
4.5-fold increase in a lipid species, which migrates like E. coli
lipid A. Lipid A is a major component of E. coli outer
membranes and serves as the hydrophobic anchor for li-
popolysaccharide (Raetz et al,, 1991). The molecule is a
disaccharide of glucosamine, which is phosphorylated and
acylated. The acidic lipid species, which was increased in our
transfected cells and comigrated with authenic lipid A, also
gave positive reactions for orcinol and molydenum staining,
which demonstrate the presence of sugar hemiketals and
phosphate moieties, respectively. Furthermore, hydrolysis
with 0.1 N NaOH resulted in the release of fatty acid and a
slower migrating component (Figure 5B).

DISCUSSION

There is considerable interest in factors that regulate
intracellular lipid trafficking. SCP; has received attention in
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FIGURE 5: Analysis of the acidic lipids from E. coli. The locations
of the origin (OR) and the solvent front (SF) or fronts (SF, and SF,)
are indicated for each plate. Panel A shows the CuSO,-stained
HPTLC chromatogram of the acidic polar lipids, fraction 4 from the
aminopropy! column. E. coli lipid A standard was applied to lane
1, and phospholipid standards (phosphatidylethanolamine, phos-
phatidylcholine, and sphingomyelin) were applied to lane 2. Lanes
3-5 contain the phosphatidylglycerol fraction from control, SCP,-
expressing, and pro-SCP,-expressing E. coli. Lane 6 contains a
phosphatidylglycerol standard. Panel B shows the CuSO,-stained
HPTLC chromatogram of alkaline hydrolysis-treated lipid isolated
from SCP,-transfected E. coli, which migrated like lipid A in panel
A. Lane 1 contains fatty acid standard, lane 2 contains the lipid
A-like sample obtained from SCP,-transfected E. coli after alkaline
hydrolysis, and lane 3 contains lipid A standard. Panel C shows the
structure of E. coli lipid A with 3-deoxy-D-mannooctulosonic acid
(KDO) disaccharide [derived from Raetz et al. (1991)].

this regard because it is highly conserved among species with
greater than 85% homology between the amino acid sequences
of human, mouse, rat, and bovine SCP; (Yamamoto et al.,
1991; Moncecchi et al., 1991; Pastuszyn et al.,, 1987,
Westerman & Wirtz, 1985), it facilitates the movement of
sterols and phospholipids between membranes in in vitroassays
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(Billheimer et al., 1990b; Crain & Zilversmit, 1980), and it
has also been detected in all tissues studied (Teerlink et al.,
1984). These properties would be expected of a protein
involved in a fundamental process in lipid metabolism.
Nonetheless, a number of proteins have been suggested as
potentially facilitating cholesterol movement between mem-
branes, but most of them have since been found to serve other
functions (Habig et al., 1974; Gordon et al., 1983; Szeigolet,
1984).

Progress in defining the physiological role of SCP; has been
hampered by the limited amounts of the protein which can be
isolated from tissue. Advancesinmolecular cloning techniques
and the isolation of the cDNA for the protein (Yamamoto et
al., 1991) have made it possible to produce human SCP; and
its pro-form in milligram quantities from E. coli. Our yield
of 30 mg/L of E. coli culture for SCP; is equivalent to the
amount of proteins which could be isolated from the livers of
several hundred rats using a similar purification protocol
(Morris et al., 1988). Moncecchi et al. (1991) have also used
an E. coli expression system to produce mouse SCP,, but
were only able to purify 110 ug of the protein/L of cell culture.
While it is generally not possible to isolate the pro-form of
SCP, from tissue, we were able to produce 3 mg of human
pro-SCP,/L of culture using an E. coli expression system,;
Ossendorp et al. (1992) have recently reported a similar level
of expression of the pro-form of rat liver SCP, using an E. coli
expression system (6-7 mg/L).

Asexpected, the human SCP; produced in E. coli stimulated
the transfer of cholesterol between membranes with an activity
equal to, if not greater than, that observed with SCP; purified
from rat liver. It was of note that human pro-SCP, was also
capable of stimulating an increase in the rate of cholesterol
transfer which was comparable to that seen for SCP; purified
fromrat liver. The pro-form of rat SCP; has also been shown
to transfer phospholipid at an identical rate as the mature
form of the protein (Ossendorp et al., 1992). Thus, cleavage
of the presequence does not appear to be necessary for either
sterol or phospholipid transfer activity. While pro-SCP; is
clearly not aninactive precursor requiring cleavage to generate
active SCP», the possible role of the 20 amino acid presequence
asa targeting signal, particularly for mitochondrial targeting,
has yet to be tested.

Production of large amounts of SCP; or pro-SCP; by E.
coli was also found to alter the bacterial cells’ lipid content.
Specifically, the amounts of acidic lipids such as fatty acids,
phosphatidylglycerol, and lipid A were increased. Currently,
it is not known how the presence of these proteins brings about
the observed increases in acidic lipids. However, it does not
appear to be a result of the process of transfection and
expression of a foreign protein as the lipid profile for E. coli
expressing an unrelated protein was the same as that seen for
nontransfected host cells. Perhaps, a charge interaction
between the acidic lipids and the basic SCP; or pro-SCP;
proteins removes regulatory pools of lipids which might
otherwise provide feedback inhibition on their own synthetic
pathways. Interestingly, lipid A, a major component of the
E. coli outer membrane, is synthesized in part by proteins
associated with the inner surface of the inner membrane (Raetz
et al., 1991). One could speculate that SCP; may facilitate
the movement of this lipid from the inner membrane through
the periplasmic space and the peptidoglycan layer to its final
destination in the outer membrane.

In summary, we report the expression of both the mature
and the precursor forms of SCP; in E. coli in quantities of
milligrams per liter of cell culture. Both the E. coli-expressed
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mature and precursor forms of SCP; efficiently transferred
cholesterol between donor and acceptor membranes at a rate
similar to SCP;isolated from rat liver, indicating that cleavage
of the presequence was not a requirement for this activity.
Overproduction of SCP; or pro-SCP; in E. coli resulted in an
increase in acidic lipids in the cells. Use of these expression
systems will allow for future studies addressing the role of the
presequence in directing the protein to specific cellular
locations and in determining the structure of SCP; by 3D
NMR.
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