Biol. Chem. Hoppe-Seyler
Vol. 374, pp. 507-517, July 1993

Characterization of a Brain-Specific Spl-Like Activity Interacting
with an Unusual Binding Site within the Myelin Proteolipid

Protein Promoter

Roger Janz and Wilhelm STOFFEL

Institute of Biochemistry, Medical Faculty of the University of Cologne

(Received 8 April / 28 May 1993)

Summary: The proteolipid protein (PLP) gene en-
codes the main integral protein of the myelin mem-
brane of the central nervous system. The expression
of the gene is regulated in a cell- and development-
specific manner.

Comparison of approximately 1.5kb of the upstream
noncoding region from man, mouse, and rat gene re-
vealed an extensive sequence identity of about 95%
between —250 and +100 (the most upstream tran-
scription start site is defined as +1) but only about
50% identity further upstream.

To define potential cis-acting elements in the promo-
ter of the mouse PLP gene the upstream region was
studied by transfection of C6 glioblastoma cells and
CHO fibroblasts with various 5' deletion constructs
fused to the reporter gene luciferase. We localized a
promoter at position — 184 to +90, which is active in
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both cell lines. Analysis of this region by DNase I foot-
printing experiments and band shift analysis with
nuclear extracts from myelinating brain, liver, C6,
and CHO cells shows the binding of several different
proteins to the promoter region. One brain-specific
and two ubiquitous factors bound to the sequence
AAGGGGAGGAG (DR1/2 box). This motif is also
present in the upstream region of other myelin-specif-
ic genes and in some variants of the glia cell-specific
virus JC. The factors bound with similar affinity to a
Spl-binding site. Therefore one of the ubiquitous fac-
tors seems to be Spl suggesting that Spl may play a
role in the transcriptional regulation of the PLP gene.
It has been shown that the DR1/2 box-binding factors
are Zn*®-dependent. By Southwestern blotting it has
been demonstrated that the DR1/2 box binds a pro-
tein of about 66 kDa that is enriched in brain.

Enzymes:

Chloramphenicol acetyltransferase (EC 2.3.1.28);
DNA polymerase I (EC 2.7.7.7):

DNase I (EC3.1.21.1);

Luciferase (EC 1.13.12.7):

Restriction endonucleases (EC 3.1.2).

Abbreviations:

BSA, bovine serum albumine; CAT. chloramphenicol acetyl transferase; CHO, chinese hamster ovary; CNS, central nervous
system; DMEM, Dulbecco’s modified Eagle’s medium; DTT, dithiothreitol; EDTA, ethylenediamintetraacetic acid; FCS, fetal
calf serum; HBS, Hepes and basal salts; Hepes, N-hydroxyethylpiperazine-N'-2-hydroxypropanesulfonic acid: MAG, myelin-
associated glycoprotein; MBP. myelin basic protein; mRNA, messenger ribonucleic acid; OMG, oligodendrocyte myelin glyco-
protein; PCR, polymerase chain reaction: PLP. proteolipid protein; PMSFE, phenylmethanesulfonyl fluoride; PNS, peripheral nerv-
ous system; SDS, sodium dodecyl sulfate; TBE, tris borate EDTA; TLC, thin-layer chromatography.
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During myelination, oligodendrocyte precursor cells
follow a highly regulated differentiation process which
results in the expression of the genes of myelin-specific
proteins and lipid-synthesizing enzymes and which
leads to the production of large amounts of structural
elements of the myelin membrane!'l. The proteolipid
protein (PLP) is the most abundant protein of the
myelin membrane in the CNS and contributes to
about 50% of the myelin proteins™. It is essential for
the compact and ordered structure of the myelin
sheath. The structural importance of PLP is dem-
onstrated best by heritable dysmyelinating diseases in
human®*, mice®®, and rat”"! where mutations in the
PLP gene lead to distorted myelin structures and
death of oligodendrocytes. The expression of the
gene is restricted to oligodendrocytes in CNS®! and
to Schwann cells in PNSI and correlates with the
myelination process''"?), Expression of PLP mRNA
peaks between postnatal day 20 and 25 and develop-
mental and cell-specific synthesis of PLP seem to be
regulated at the transcriptional level.

In an attempt to define the promoter region and
oligodendrocyte specific cis-elements we report here
the sequence analysis and comparison of 1.5kb of up-
stream sequences from the human™, rat!’l, and
mouse gene. We located a highly homologous region
in all three species, extending from position —250 to
+ 100 relative to the most upstream transcription start
site which exhibits a similarity in DNA sequence of
about 95%. We also found a region with a reduced
homeoelogy (50% ) in the further upstream region. This
suggests a possible role of the proximate region in
gene regulation.

We used the Cb glioblastoma cell line as a model sys-
tem to study PLP expression in oligodendrocytes be-
cause the immortalized neuronal cells express the
PLP gene. Transient expression experiments in C6
glioblastoma and CHO fibroblast cells with different
5’ trunctated promoter fragments were performed.

The promoter region was analysed for trans-acting
DNA-binding proteins by DNase I footprint analysis
with nuclear extracts from different cells and tissues.
Synthetic oligonucleotides corresponding to pro-
tected sequences were used for gel retardation assays.
DNA-binding factors were further analysed by com-
petition studies and Southwestern analysis.

Materials and Methods

General methods

Unless otherwise specified all molecular biology procedures were
essentially performed as described by Ausubel et al.!"]

Cell eulture

Cells were grown in DMEM supplemented with 10% FCS. Cells
were plated in Gem dishes at a density of 1 x 10%cm? 12h before
transfection.

Oligonucleotides

Oligonucleotides corresponding to the promoter sequences were
synthesized with the solid phase phosphoamidite method with an
automated oligonucleotide synthesizer (Applied Biosystems,
Model 380 A) and annealed.

Oligonucleotide sequences:
DR sense,
S'TCGAAGGGGAGGAGAAGGGGAGGAG-3":
DR antisense,
5'TCGACTCCTCCCCTTCTCCTCCCCT-3";
UE sense,
S'TCGACTTAAAGAAGGGAGTATCCCTTGTTTAAG-3';
UE antisense,
S'TCGACCTCCTTTGGGATACTCCCTTGTTTAAG-3":
DR1/2 sense,
S'TCGAAGGGGAGGAGTCGA-3';
DR1/2 antisense,
5'TCGACTCCTCCCCTTCGA-3';
DR-MI1 sense,
5'TCGAAGCGGAGGAGTCGA-3';
DR-M1 antisense,
5'TCGACTCCTCCGCTTCGA-3";
DR-M2 sense,
5'TCGAAGCGGAGCAGTCGA-3":
DR-M2 antisense,
5'TCGACTGCTCCGCTTCGA-3'.

DNA-protein binding gel electrophoresis assay (gel shift analysis)
1-5 ug nuclear proteins were preincubated with double-stranded
poly d(I-C) (3 mg) for 15min at 4°C in a 20 u/ reaction mixture con-
taining 25mm Hepes pH7.6, 40mMm KCI, 0.1mM EDTA, Imm DTT,
8% Ficoll, and 5Smm MgCl,. In the competition assay a 100-fold
molar excess of nonradioactive oligonucleotide was introduced and
approximately 100000cpm or 10fmol P*labeled double-stranded
oligonucleotide was added and incubated for 30min at 4°C.

DNA-protein complexes and the unbound probe were separated
by polyacrylamide gel electrophoresis (6% ) using 0.25 x TBE!Y,
Following electrophoretic separation at 10 V/cm the gel was dried
onWhatman 3 M paper and exposed to Kodak AR 5 film.

Metal replacement studies were done according to Kadonaga et
al.U%, Nuclear extracts were dialysed against 20mm Hepes (pH7.9),
150mm KCI, Imm DTT, and 0.5mym EDTA. Reconstitution was
achieved by adding 1mm of ZnCl;, MnCl, or NiCl; and incubating
for 30min at room temperature.

Plasmid construction

A series of PLP-LUC hybrid genes was constructed using different
Bam HI, Hae 11, Hae 11, Nco 1, and Hind III fragments and a
200bp PCR fragment of a mouse genomic cosmid PLP clone were
generated, They were ligated as blunt end inserts into the Smg T site
of the multiple cloning site of pBluescript SK+ (Promega). The
orientation of the inserts was determined and the inserts excised
with Sal I and Bam HI for ligation in the correct orientation into the
multiple cloning site of p0-LUC (kindly provided by Dr. Brasier,
Harvard Medical School'”)) yielding plasmids pBB-LUC, pH2B-
LUC, pH3B-LUC, pNB-LUC, pHB-LUC, and p200B-LUC, re-
spectively. The clones were verified by restriction enzyme mapping
and plasmid sequencing.

Plasmid DNA was prepared by alkaline lysis and purification with
Quiagen columns according to the manufacturer’s prescription.
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Transfection

2.5ug plasmid DNA, 0.5ug pSV2-CAT, and 5pug salmon sperm
DNA were precipitated with calcium phosphate and added to the
medium following standard procedures!*®). After 4h of incubation a
2min glycerol shock (15% glycerol in HBS) was carried out and.
cells incubated for 48h at 37°C. They were lysed with Triton buf-
fer'"™ and aliquotes of the supernatant used for the luciferase and
CATassay.

Luciferase activity was measured at a lmM ATP concentration in a
Luminometer (Berthold. Kliniluminomat) and after injection of
Luciferin (0.lmm final concentration): light emission was meas-
ured for 20s.

CAT activity was determined according to Gorman et al.”™ and
quantitated by radio TLC analysis using the thin layer chromato-
gram scanner Raytest.

Sequencing
The dideoxy chain termination method!*!! was performed on both
strands using the Sequenase kit and appropriate oligonucleotides
as primers.

Nuclear extracts

Crude nuclear extracts were prepared from brain and liver of 18 to
25-day old rats as described”! except that Imm MgCl, and 0.25%
Triton X-100 were added but EDTA omitted. Nuclear proteins were
extracted with a 0.42m KCl buffer (10mm Hepes pH7.9. 1.5mm
spermine, SmM spermidine, 1mm MgCl;, Imm DTT, 20%
glycerol). The nuclear extract was dialysed against 20mm Hepes,
pH7.9, 150mm KCI, Imm MgCly, Imm DTT, and 10% glycerol. The
supernatant was shock-frozen and stored at —70°C. All buffers con-
tained protease inhibitors PMSF (0.5mM), benzamidine (1mwm),
leupeptin (0.5ug/m/), and pepstatin (1.0 pug/ml). Proteins were
concentrated to Smg/m/ in Centricon tubes for DNase [ protection
experiments.

For the developmental kinetic nuclear extracts were prepared from
rats of the corresponding age by the described method.

Protein concentrations were determined by the method of Sedmak
etal.l,

Footprint analysis

The 269bp Hind TTI/Bam HI fragment was labeled asymmetrically
with [a-?P]dATP, [a-7P]dGTP and Klenow fragment of
polymerase I. 1ng fragment and 100 ug nuclear proteins (or 100 g
BSA) were incubated in the presence of 5ug poly d(I-C) in 40/
binding buffer (20mm Hepes pH7.0, 2mm MgCl, 50mm KCl,
0.5mM DTT) for 10 min at room temperature. 2 u/ DNase I solution
(10-100 pg/ml) was added and the reaction stopped after 1-2min
by the addition of 100 u/ stop solution (50mm EDTA, 100 ug/mi sal-
mon sperm DNA, 100 ug/ml yeast tRNA). The incubation mixture
was extracted with phenol/chloroform and precipitated with
ethanol.

Samples were analysed electrophoretically in 6% polyacrylamide
7um urea gels. The fragments were also chemically cleaved at G and
Aor C and Taccording to Maxam and Gilbert*! and applied as size
markers.

Southwestern blot

The Southwestern blot analysis was done according to Singh et
al.* using the DR1/2 oligonucleotide as probe. About 50 g nucle-
ar protein of brain or liver was used and separated using a 10% SDS
polyacrylamide gel. After the protein transfer blotting was control-
led by reversible staining of the membrane with Ponceau S.

Results

Sequence homology of the 5'-noncoding region
of the human, rat, and mouse proteolipid protein gene

The nucleotide sequences of the 1.5kb 5’-untrans-
lated region upstream of the translation start codon of
man'"¥, rat””, and mouse were determined and com-
pared (Fig. 1). The clone of the mouse PLP gene was
isolated from a mouse genomic cosmid library. We
found the highest sequence similarity in the region
from position —250 and +100. About 96% of the
350bp domain of the mouse and rat PLP gene are
identical and 93% of the respective man and mouse
sequences. In the further upstream region a 589bp
segment is deleted in the rat gene. Therefore a con-
served regulatory function of this sequence is highly
unlikely. Well-characterized eukaryotic cis-acting
transcription elements within the 1.5kb upstream se-
quence of the PLP gene are not apparent. ACCAAT
box in antisense orientation is located between posi-
tion —147 and —142. At position —21 to —25 up-
stream of the main transcription start a degenerated
TATA box (TTTAA) is found in the three species. The
direct repeat AAGGGGAGGAG between —54 and
—75 is also conserved in all three species. This se-
quence is similar to sequences in the upstream do-
main of the myelin basic protein (MBP) genel®®=%l,
the myelin-associated glycoprotein (MAG)*"), the
oligodendrocyte myelin glycoprotein (OMG)P!l, and
several variants of polyoma virus JC, a glia-cell-spe-
cific virus®#!, The homologous sequences are sum-
marized in Fig. 2.

Functional characterization of the PLP promoter

Selected 5'-deleted fragments of the mouse PLP
promoter were cloned upstream of the luciferase gene
of Photinus pyralis in the promoter-deficient p0-LUC
vector!”), The 3’ end of the promoter fragment was
positioned in the Bam HI site at +90 relative to the
proposed main transcription start!>*. Deletions be-
tween —1392 and —38 were introduced as shown in
Fig. 3A. The largest fragment with antisense orienta-
tion was used as negative control in transfection ex-
periments. Two cell lines were used for transient ex-
pression, C6 glioblastoma cells and CHO cells. Tran-
scription of the PLP gene in C6 glioblastoma cells is
active!'!l, however considerably lower than in
oligodendrocytes; CHO cells do not express the PLP
gene. The level of luciferase expression of the differ-
ent constructs is shown in Fig. 3B.

Truncation of the promoter region down to position
— 184 did not alter the expression, which is 45 to 50%
of the pSV2-LUC vector containing the SV40 promo-
ter and enhancer. The constructs p-200B-LUC con-



























