
Volume 296, number 2, 179-183 FEBS 10588 
© 1992 Federation of European Biochemical Societies 00145793/9~$5.00 

January 1992 

The precursor form of the rat liver non-specific lipid-transfer protein, 
expressed in Escherichia colt, has lipid transfer activity 
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The cDNA encoding the precursor form of non-specific lipid-transfer protein (pre-nsL-TP) from rat liver was cloned into the expression vector 
pET3d. The resulting plasmid was transformed to the Esrherichia colt strain BL21(DE3). After induction of the bacteria with isopropyl./5'-D- 
thiogalactopyranoside (IPTG) pre-nsL-TP was purified from the bacterial lysat¢ by anion exchange chromatosraphy followed by 8elliltration. From 
1 I of culture, 6-7 nag of pre-nsL-TP was obtained, equal to approximately 7% of the cytoplasmic protein. By use of a fluorescence lipid transfer 

assay, prc.nsL-TP was found to have lipid transfer activity identical to mature nsL-TP. 
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1. INTRODUCTION 

The non-specific lipid-transfer protein (nsL-TP) cat- 
alyzes in vitro the transfer of  phospholipids, glycolipids 
and cholesterol [1,2], Due to this transfer activity it 
stimulates various aspects of  cholesterol metabolism [3- 
6]. The protein is also known as sterol carrier protein-2 
(SCP-2). 

The amino acid sequence of nsL-TP (123 residues, 
mol. wt. 13 kDa) is very conserved among mammalian 
species. Bovine, rat, human and mouse nsL-TP are 
more than 90% identical [7-11]. A peroxisomai nsL-TP 
from the yeast CandMa tropicalis (13.8 kDa) has 33% 
sequence identity with rat nsL-TP [12]. r~sL-TP from 
plant sources show no sequence similarity with the 
mammalian proteins [13-15]. 

Rat liver nsL-TP contains the C-terminal peroxi. 
somai targeting signal Ala-Lys-Leu [16]. However, ira. 
muno-electronmicroscopic labeling studies [17-19] as 
well as subcellular fractionation studies [20,21] have 
indicated that nsL-TP is not strictly peroxisomal. On 
the other hand, a specific relationship between nsl..-TP 
and peroxisomes is supported by the observations that 
nsL-TP is absent from Chinese hamster ovary (CHO) 
cells deficient in peroxisomes, and from Zellweger liver 
[20,22]. In these CHO cells, the mRNAs encoding nsL- 
TP are still present [23]. Rat liver nsL-TP is synthesized 
as a 15 kDa precursor (pre-nsL-TP) on cytoplasmic free 
polyribosomes [24]. It was concluded from studies on 
somatic cell fusion with Zellweger fibroblasts that the 
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processing of pre-nsL-TP (presequence of 20 a m i n o  
acids) depends on the presence of peronisomes [25]. 

In this study we have made use of an expression 
system based on T7 RNA polymerase, which elongates 
RNA-chains about 5-times faster than Escherichta colt 
RNA polymerase. The translation vector pET3d 
derives from the multicopy plasmid pBR322 and carries 
a T7 promoter. The T7 RNA polymerase gene, which 
is integrated in BL21(DE3) lysogen used as a host strain 
in the expression system, is indueable by IPTG. After 
induction, T7 RNA polymerase transcribes the target 
DNA in the plasmid. Translation of the target mRNA 
gives directly the desired protein [26]. Here we describe 
the over-expression of pre-nsL-TP in E. coli and its 
purification from the bacterial lysate. The lipid transfer 
activity of pre-nsL-TP is determined. 

2. MATERIALS AND METHODS 
2.1. Materials 

E. colt strain BL21(DE3) and the vector pETBd (formerly pETBc) 
[26] were obtained from Dr. J.H. Veerkamp (Department of Biochem. 
istry, University of Nijmegen, The Netherlands). E. colistrain PC2495 
was obtained from the Phabagen collection, Utrecht, The Neth- 
erlands. The primers used were synthesized on a Biosearch 8600 DNA 
synthesizer, dNTPs were from Boehringer (Mannheim, Germany). 
Taq polymerase and PCR buffer were obtained from Promega (Ma. 
dixon, Wl). The Prep-a-Gene DNA purification kit warn from Bio-Rad 
(Brussels, Belgium). The T7 S~Xluencing kit, isopropyl-fl-D-thiogalae. 
topyranoside ([lrrG), and Seph~tdex O.50 were from Pharmacia 
(Uppsala, Sweden). [~.-~SS]dATP (1000 Ci/mmol) was obtained from 
The Radiochemical Centre (Amersham, UK). Nitrocellulose was from 
Schleicher & Schaell (Dassel, Gemtany). DEAE-cellulose (DE 52) was 
obtained from Whatman Biosystems Ltd. (Maidstone, UK). Eg, g yolk 
phosphatidylchoBne (PC) and phosphatidic acid (PA) were obtained 
from Sigma (St. Louis, Me). Trinitrophenyl-phosphatidylethano- 
lamine (TNP-PE) was prepared from egff,-yolk PE and trinitrobenze- 
nesulfonic acid [27]. l-Palmitoyl.2.[pyrenylhexanoyl].sn-gly~ro-3. 
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phosphocholine (Pyr(6)PC) was a kind gift of Dr, P.J, Somcrharju 
(University of Helslnki, Finland), Rat liver nsL-TP and an affinity- 
purified polyclonal anti.nsL-TP antibody were isolated as described 
before [28,29]. 

2,2, Clotting of  the eDNA sequence encoding rat fiver pre.nsL-TP in 
pET3d 

A eDNA clone (1851 bp) encoding a 58-kDa protein that contains 
the complete pre-nsL-TP sequence [23] (see discussion) was used in a 
pol~,merase chain reaction (PCR) [30] experiment to give a 505-bp 
DNA fragment encoding pre-nsL-TP, Two oliBonucleotid¢~ were syn- 
thesized and used in the PCR to create the appropriate restriction sites 
in this cDNA. With oligonucleotide 1, 5'.ACC,CTC.TAC,ACC,- 
ATG.GGT.T'I'r,CCC,GAA.Y, an Ncol site was created around the 
startcodon, and with oligonuelcotide 2, 5'.CGT,GGA,TTT.CTA.- 
CGG.ATC.CAC.ACA.TCT,C-3', a BamHl site was made 43--48 bp 
downstream or the stopcodon. The PCR reaction mixture contained: 
300-1500 ng DNA, 1 ~M of each oligonucleotide. 200/JM of each 
dNTP, 2 U Taq polymerase, and 1/10 volume of 10x reaction buffer 
(10×: 500 mM KCI, 100 mM Tris.HCl, pH 9.0 at 25 °C, 15 mM MgCl,, 
0,1% gelatin (w/v) and I% Triton X-100), The final volume was 100 
91. The mixture was overlayered with 100~ul water-saturated paraffin, 
The PCR was carried out in a thernmcycler (Techne Programmable 
Dri-Block PHC-I, New Brunswick Scientific Benelux B,V. The 
Netherlands) as follows: 7 rain at 95'C, then 5 cycles for 1 min at 
95°C. 2 rain at 55°C, 1,5 rain at 72°C, then 25 cyclc~ for I mln at 95°C, 
2 rain at 65°C, 1.5 rain at 72°C, and finally 10 rain at 72°C to ensure 
complete synthesis, Standard technique~ were used for cloning [31], 
Because the 505-bp DNA t'ra~ment I'on'aed contained in addition to 
the newly created Ncoi site an internal Neol site. cloning required 
partial digestion with Ncol. Partial digestion yielded, on a 1.5% TAE- 
agaro~e gel, 3 distinct bands ofabout 500, 300 and 200 bp. The 500.bp 
band, containing non-digested DNA (505 bp) and the DNA digested 
at the 5' Ncol site (494 bp), was isolated from the gel by the freeze- 
sweep method [32], This DNA was digested with BamH! and ligated 
in pET3d, which was previously digested with BamHl and Ncol and 
aho purified from the gel, The resulting plasmid was transformed to 
E, coli strain PC2495, In order to check the nuclcotide sequence of the 
imert, double-strand sequencing was performed according to instruc- 
tions supplied with the T7 sequencing kit on plasmid DNA that was 
isolated according to the boiling method [31] and extensively purified 
b~, using Prep-a-Gene purification matrix, 

2,3. Expression ofp~'e.nsL.TP h~ E. coil 
In order to overexpress pre-nsL-TP in E. coil, pET3d containing 

pre-nsL-TP eDNA was transformed to E. eoli strain BL21(DE3), A 
10 ml culture, grown overnight in LB containing 50/~ggml ampicillin, 
was centrifuged for 10 min at 2000 × g, The pellet wag resuspended 
in 3 ml of LB and usual to inoculate 1 I of LB containing 50/2g/ml 
ampieillin which was prewarmed to 37°C prior to inoculation. 
Bacteria were grown at 37'C while shaking, At an A ~  of 0,5 the 
culture was induced with 0.5 mM iPTG and grown for an additional 
3h.  

2,4. Purification of pre.nsL-TP 
All manipulations were performed at 4°C. Bacteria were harvested 

by eentrifugation at 5000 xg  for l0 rain in a Sorvall RC2-B centrifuge, 
The pellet was washed once with buffer A (50 mM Tris-HCl, pH 8,0, 
2 mM EDTA, 10 mM fl-mercaptoethanol) and then resuspended in 
25 ml buffer A. The resuspended cells were sonicated in portions of 
5 ml for 4 × 30 s at 50 W output with the broad tip o fa  Sonifier BI2 
(Branson Sonic Power Co., Connecticut). The suspension was spun at 
30,000 x g for 30 rain in an ultracentrifuge (Beckman Spinco L2 65B). 
The superaatant was applied to a DEAE-cellulose column (12 × 2.5 
cm) equilibrated with buffer A. Tiae column wan rinned witl, barrel' A 
at a flow rate of 30 ml/h (fractions of 10 ml). Pre-nsL-TP eluted in the 
ran-through, The fractions containing pre-nsL-TP were pooled, put 
into a dialy~i~ bag and concentrated to 8 ml by using solid polyethyl- 
eneglycol 2000. Aliquots of 4 ml were applied to a Sephadex G-50 

column (110 x 1 cm) and the proteins were eluted with buffer B (50 
mM Tris-HCl, pH 7,0, 2 mM EDTA, 10 mM p-mercaptoethanol) at 
a flow rate of 4 ml/h (fractions of 1 ml). Purification of pre-nsL-TP 
was followed by SDS-PAGE, hnmunoblotting was carried out on 
gradient gels (7,5-25% acrylamid¢) [20]. Protein concentration was 
determined by a microtiter-plate version of the Lowry method [33], 

2,5, Fluorescence lipid transfer assay 
Transfer activity of pre-nsL-TP was determined by measuring the 

transfer of Pyr(6)PC from quenched donor vesicles to unquenched 
acceptor vesicles as described in [34], 

3. RESULTS 

The DNA fragment encoding pre-nsL-TP was ob- 
tained by PCR. As shown in Fig. 1, the PCR product 
was void of contaminating fragments. After digestion 
with NcoI and BamHl, the ensuing DNA fragment was 
ligated in pET3d and transtbrmed to E. coli strains 
PC2495 and BL21(DE3). Doable-stranded sequencing 
of the plasmid DNA isolated from PC2495 demon- 
strated that the nucleotide sequence of the insert was 
identical to that of pre-nsL-TP. After induction with 
IPTG, pre-nsL-TP was effectively expressed in E. eoli 
BL21 (DE3) as shown by submitting total cell protein to 
SDS-PAGE (Fig. 2, lanes 1 and 2). It was observed that 
bacteria containing the plasmid grew somewhat slower 
than untransformed cells. Pre-nsL-TP was very promi- 
nently present in the bacterial lysate (Fig. 2, lane 3). The 
protein was purified from the lysate by anion exchange 
chromatography on DEAE-eellulose and gelfiltration 
on Sephadex G-50. At pH 8.0, most of the bacterial 
proteins bind to the DEAE-cellulose column, while pre- 
nsL-TP and minor amounts of contaminating proteins 
appear in the run-through (Fig. 2, lane 4). After 
gelfiltration, the protein was pure (Fig. 2, lane 5). In 
agreement with the preseqaence of 20 amino acid 
residues° pre-nsL-TP has a distinctly higher molecular 
weight than nsL-TP (i.e. an estimated tool. wt. of 16 and 
14 kDa, respectively; see Fig.2, lanes 5 and 6). From 1 
1 of culture 6-7 mg pre-nsL-TP was obtained. It was 

m - 5 0 5  bp 

1 2 
Fis. 1. Analysis of the PCR product encoding pre.nsL-TP on a 1.5% 
agarose gel. (Lane I) ex.174.gF/Hincll (marker, Pharmacia: 1057, 
770, 612, 495, 392, 340, 295 bp); (lane 2) 1/25 of the PeR product (4 

/~1). 

I80 
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M I 2 3 4 5 6 M 
Fig, 2. The purification of rat liver pre-asL-TP from E, cofi as shown 
by SDS-PAGE, The 8el was stained with Coomassie brilliant blue. 
(Lane 1) BL21(DE3) culture before induction with IPTG (0.~ ml); 
(lane 2) BL21(DE3) culture 3 h after induction with Ilrl'G {0.25 ml); 
(lane 3) bacterial lysate (90/zg protein); {lane 4) DEAE column cluate 
(13/zg protein); (lane 5) purified rat liver prc-nsL-TP after GS0 gel 
filtration (10/~g protein); (lane 67 pure rat liver nsL-TP (10#g protein); 
(lane M) reel. wt. markers (Bio-Rad: 97.4, 66.2, 45.0, 31.0. 21.~ and 

14.4 kDa). 

est imated that af ter  3 h of  induction approximately  7% 
o f  the cytoplasmic protein is pre-nsL-TP.  Western blot 
analysis of  the bacterial culture before and after induc- 
t ion showed that  induction gave rise to one very pro- 
minent immunoreact ive band representing pre-nsL-TP 
(Fig. 3, lanes 1 and 2). Immunoblo t t ing  o f  pure pre-nsL- 
T P  and nsL-TP yielded 1 major  band (Fig. 3, lanes 3 
and 4). In addition, 1 minor  band  was observed at  mol. 
wt. 32 and 29 kDa,  respectively. This band most  likely 
represents the dimers o f  pre-nsL-TP and nsL-TP,  in 
agreement  with previous observations [6,8,28]. 

In a cont inuous fluorescence transfer  assay, pre-nsL- 
T P  was found to  have lipid transfer activity (Fig. 4). The  
activity p~r mg protein as estimated f rom the slope o f  
the progress curve, was identical to  that  o f n s L - T P  (data 
not  shown). Also in lipid monolayer  experiments (see 
[35]), pre-nsL-TP behaved identical to  nsL-TP (Dr. 
R.A. Demel, personal communicat ion) .  

4. DISCUSSION 

Pre-nsL-TP has an N-terminal  extension o f  20 amino 
acid residues, i.e. Met-Giy-Phe-Pro-GiuS-Aia-Aia- 
Se r - S e r - P he  ~°-Arg-Thr-  His-Gln-l le~S- Se r -Ala -Ala -  
P ro -Thr  ~°. Based on c D N A  analysis, it was found that  
the complete amino acid sequence o f  pre-nsL-TP (15 
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FiB. 3. lmmunoblot analysis of rat liver pre.nsL-TP expressed in E. 
coll. (Lane I) BL2 i (DE3) culture before induction with IPTG (0.5 ml); 
(lane 2) BL21 (DE3) culture 3 h alter induction (0.25 ml); (lane 3) pure 
rat liver pre.nsL-TP (10/.tg); (lane 4) pure rat liver nsL-TP (10/zg); 

(lane M) reel. wt. markers, as in FiB, 2. 

kDa) is present at  tile C-terminal end e r a  58-kDa pro- 
tein [23,36,37]. However,  pre-nsL-TP and the 58-kDa 
protein are synthesized from separate mRNA's .  In this 
study, the cD N A  encoding the 58-kDa protein was used 
in a PCR experiment to  amplify the pre-nsL-TP encod- 
ing sequence. In a previous study [38]. we have reported 
that  an incomplete e D N A  clone encoding pre-nsL-TP, 
coded for  Ser instead o f  Phe at position 10 o f  the pr¢- 

i o 

o I 2 3 

FiB, 4. Transfer of PyK6)PC from donor to accepter vesicles by rat 
liver pre-nsL-TP as measured in a continuous fluorc'~ccnc~ transfer 
assay, (Arrow A) Addition of 100 nmol acx~eptor vesicles consisting 
of PC and PA (95:5 reel%); {arrow B) "addition of 2 nmol donor 
vesicles consisting of Pyr(O)PC and TNP-PE (90: I 0 reel%); (arrow C) 
addition of pre-nsL-TP (5 ~8), Measurements were done at 250C in 
a total volume of 2 ml. The assay buffer consisted of 20 mM Tris-HCi, 
pH 7.4, 100 mM NaCI, 1 mM EDTA, I mM EGTA. The pyrene 
fluorescence was recorded at excitation 346 nm (bandpass 2.5 rim) and 

emission 377 nm (bandpa~s 10 nra). 

1 8 1  
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sequence. This, however, has not been confirmed by 
other laboratories [36,37]. 

Rat liver pre-nsL-TP was efficiently expressed in 
E.coli. Its purification from the bacterial lysate was 
based on methods developed for the purification ofnsL- 
TP from rat liver [28]. On the DEAE-cellulose column 
pre-nsL-TP and nsL-TP behaved similarly in agreement 
with the fact that both proteins have a calculated iso- 
electric point of 8.6. The amount of  pre-nsL-TP purified 
from 1 I of  culture (i.e. 6-7 mg of  protein) is comparable 
to the amount of nsL-TP purified from 500 g of rat liver 
(50-60 rats) [28]. Recently, the bacterial expression of 
mouse liver nsL-TP was reported [11]. Purification from 
1 1 of culture yielded 0.11 mg of nsL-TP. 

In the lipid transfer assay, pre-nsL-TP shows transfer 
activity towards P),r(6)PC identical to that of nsL-TP. 
This indicates that cleavage of  the pro-sequence is not 
necessary to activate the enzyme. In the absence of  per- 
oxisomes pre-nsL-TP is rapidly degraded [25]. This 
strongly suggests that processing of pre-nsL-TP is re- 
quired to obtain a stable protein. 

It was noted that the sequence Ala-Ala-Pro present 
in the pre-nsL-TP presequence at position - 4  to -2  
from the processing site and the Ser residue present at 
position +1 are also present in rat liver peroxisomal 
3-oxoacyl-CoA thiolase, another peroxisomal protein 
which is synthesized as a precursor [39,40]. This se- 
quence identity around the cleavage site could mean 
that the same protease(s) is involved in the processing 
of pre-nsL-TP and the thiolase [37]. It is not yet clear 
whether proteolytic processing of pre-nsL-TP and 
thiolase is functionally coupled to import into perox- 
isomes. It was suggested that the presequenee of nsL-TP 
could be a mitochondrial targeting signal [11,41]. In 
vitro import studies should be carried out to establish 
whether indeed the nsL-TP presequence is able to target 
the protein to mitochondria. 

The expression of pre-nsL-TP in E. coli offers the 
possibility to obtain a sufficient amount of protein for 
crystallization and 3D structure determination, nsL-TP 
has a low affinity lipid binding site [34]. The location of 
this binding site in the protein is not yet known. Site- 
directed mutagenesis can yield information on the na- 
ture of the lipid binding side. 
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