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Myelin P, is a basic protein of an apparent molecular
weight of 14,800. Expression of P, has been found
largely in the cytosol of Schwann cells in the periph-
eral nervous system. Although the function of P, is
unknown, its striking homology to a family of fatty
acid binding proteins has led to the idea that P, may
function as a fatty acid transport molecule. To inves-
tigate the DNA elements that control the expression of
P,, sequences 5’ to the coding region were cloned
upstream of the caf reporter gene. A series of 3’ and
5’ promoter mutants was constructed and their activ-
ity determined following transfection into secondary
Schwann cells and the MT ,H1 Schwann cell line. Us-
ing this strategy, we have identified a 217 bp silencer
region and a 142 bp positive regulatory region. In
addition, we have localized the 5’ flanking sequences
in the promoter that are responsive to cAMP induc-
tion and to the transcription factor CCAAT/enhancer
binding protein (C/EBP).  © 1993 Wiley-Liss, Inc.
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INTRODUCTION

The formation of myelin is dependent upon the
developmentally regulated expression of myelin genes.
In the peripheral nervous system (PNS), myelin is syn-
thesized by Schwann cells and in the central nervous
system (CNS) the myelin forming cells arc the oligoden-
droglia. Myelin itself is comprised of both lipid (~70%)
and protein (~30%) components, as are the precursor
plasma membranes of myelin forming cells (Agrawal
and Hartman, 1980). In the CNS, the major proteins
consist of proteolipid protein (PLP), myelin basic protein
(MBP), and the Wolfgram proteins (including 2’,3'-cy-
clic nucleotide 3’ phosphodiesterase) (see review by
Campagnoni, 1988). The major myelin proteins of the
PNS include P,, MBP, and P,.

Attempts to characterize the peripheral myelin pro-
teins have led to postulated roles for the P, and MBP in
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maintaining both structural integrity and in bringing
about myelin compaction (Omlin et al., 1982; Lemke
and Axel, 1985). Myelin P, protein is a 14,800 dalton
(14.8 kDa) basic protein, which has been shown immu-
nocytochemically to be localized to the cytoplasmic sur-
face of compact myelin and in actively myelinating
Schwann cclls (Trapp et al., 1984). Based on its striking
sequence homology with other fatty acid binding pro-
teins (FABPs), P, has been hypothesized to be involved
in the transport of intracellular fatty acids (Narayanan et
al., 1988). Further evidence supporting this role comes
from X-ray crystallographic data, which show a fatty
acid located centrally within a flattened barrel structure
of P, (Joncs et al., 1988). These data have provided vital
information regarding the functional characteristics of
the protein and have resulted in a postulated role for P,
during the myelination process.

One interesting observation regarding the expres-
sion of P, protein is that it is found in varying amounts
in myelin of different species. In rodents it comprises
1-2% of total myelin protein, in rabbits it makes up 6%,
and in humans it makes up about 14% (Greenfield et al.,
1973). Moreover, the distribution of P, is also found to
vary among different species. In rodents P, protein is
confined to the PNS, whereas in rabbits, cattle, and hu-
mans the protein is found in both the PNS and CNS
(Greenfield et al., 1982). It is unclear what controls the
expression of P,, since very little is known about the
regulatory sequences of the P, gene that might be re-
sponsible for this tissue and species specific variation.

A cDNA clone of P, from rabbit and a genomic
clone of mouse P, have been isolated and characterized
by Narayanan et al. (1988, 1991). Both cDNA and ge-
nomic clones for myelin P, (Lemke and Axel, 1985),
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MBP (Takahashi et al., 1985; deFerra ¢t al., 1985), and
PLP (Milner and Sutcliffe, 1983; Nave et al., 1987) have
been isolated and characterized. Comparison of their
protein and DNA sequences has shown some homologies
between P, and MBP (Lemke, 1988; Lemke et al., 1988)
and modest homology between MBP and PLP (Macklin
et al., 1987; see review by Mikoshiba et al., 1991). In
contrast, P, shares no significant homology with the
other three myelin specific proteins, either at the protein
or DNA level, including their respective 5’ flanking re-
gions (Narayanan et al., 1988, 1991).

One common inducible pathway in the expression
of these genes has been identified recently. Raising in-
tracellular cAMP levels by treatment with forskelin and
other cAMP analogues has been shown to result in the
induction of P,, MBP, and P, mRNA expression (Lemke
and Chao, 1988; Monuki et al., 1989, 1990; Gandelman
et al., 1989). This is surprising considering the absence
of a consensus cAMP responsive element (CRE) (Mont-
miny et al., 1986) and a lack of significant homologies
among the 5' elements of these genes. Thus, in an at-
tempt to define better the 5’ regulatory elements within
the promoter region of the myelin P, gene necessary for
expression, we have constructed a series of 5° and 3’
deletion promoter mutations and have examined their
cffect on promoter activity with a reporter gene. Using
this strategy, we have identified a 217 bp silencer region
and a positive regulatory region. In addition, we have
characterized the 5’ flanking sequences that are respon-
sive to cAMP induction and have identified the se-
quences that are regulated by the transcription factor
CCAAT/enhancer binding protein (C/EBP).

MATERIALS AND METHODS
Plasmids

The adenylate cyclase o subunit expression vector,
pCMV-Ca, was obtained from M. Uhler and C/EBP
expression vector, pMSV-C/EBP, was obtained from S.
McKnight.

Cell Culture

MT, H1 rat Schwann cell line (Peden et al., 1989)
and secondary Schwann cells used for transfections were
grown in 10 cm dishes in Dulbecco’s modified Eagle’s
medium (DMEM) with 10% fetal bovine serum
(DMEMO-10). MT,H! cells were maintained without
the addition of ZnCl,.

Construction of pP,cat

A schematic representation of the strategy used to
construct pP,cat expression plasmid is shown in Figure
1. Briefly, the 4 kb P, gene (Narayanan et al., 1991) was
cleaved with restriction endonucleases EcoRI and
HindIII. The 1 kb fragment was isolated on an agarose
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gel and subsequently gel purified. This fragment con-
tained the ATG of P, but the presence of this ATG did
not alter chloramphenicol acetyltransferase (Cat) activ-
ity. The fragment was then ligated to the 3.6 kb pcar
fragment (K. Peden, unpublished data) obtained follow-
ing digestion with EcoRI and HindIII (Fig. 1). This con-
struct was next used to obtain a series of 5" and 3’ de-
letion mutants.

Exonuclease III Digestion

A schematic representation of the strategy used to
construct the 3’ and 5' deletion mutants is shown in
Figure 2. For these studies, 5 ug of pP,car DNA was
used per reaction. Exo-Mung Bean reagents were ob-
tained from Stratagene (La Jolla, CA). The reaction
buffer contained 50 mM Tris, pH 8.0, 5 mM MgCl,, 10
pg/ml tRNA, and 10 mM B-mercaptoethanol. To each
reaction, 1 pl exonuclease IIT (100 U/ply was added.
Timed digestion was done at 23°C. (At 23°C, the cxo-
nuclease Il removes 125 bp/min.) The reaction was
placed on ice and mung bean nuclease buffer (30 mM
sodium acetate, pH 5.0, 50 mM NaCl, 1 mM ZnCl,, and
5% glycerol) was added. The reaction was heated at
68°C for 15 min. To each tube, 15 U of mung bean
nuclease was added and incubated for 30 min at 30°C.
The reaction was stopped by addition 55 pul of a solution
containing 20% sodium dodecyl sulfate (SDS), 0.2 M
EDTA, and 10 mg/ml proteinase K. After another incu-
bation at 37°C for 30 min, the sample was extracted with
phenol:chloroform and the DNA precipitated. For the 3’
deletions, HindIII linkers were added. For the 5’ dele-
tions, the pP,cat plasmid was linearized with Aatll,
which leaves a 3’ overhang and makes it unsuitable as a
substrate for exonuclease III. The plasmid was blunt-
ended using the 3'-5" exonuclease activity of the Klenow
fragment, followed by repairing the ends with the same
enzyme and adding cold dNTPs. Xhol linkers were
added to the two ends and digested with Xhol. Some of
this plasmid was used to create the 5’ deletions via the
exonuclease IlIl/mung bean nuclease strategy outlined
above. After mung bean nuclease treatment, the various
deletions were separated on a 1.2% low melting temper-
ature agarose gel. The different 5’ deletion fragments
were excised from a 1.2% agarose gel and purified by
GeneClean (Bio 101, La Jolla, CA), and Xhol linkers
were added. The 5" P, promoter deletions were isolated
as XhoI-HindIII fragments. These fragments were li-
gated into a pP,car derivative whose Aatll site had been
converted to an Xhol site by linker addition between the
Xhol and HindIII sites. All the 3" and 5’ deletions were
sequenced by the dideoxy sequencing protocol using Se-
quenase (USB, Cleveland, OH) (Sanger et al., 1977).
For the 5’ deletions, the primer used was a 21-mer from
nucleotides 4241-4261 of pBR322 (5'-AAACAAAT-
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Fig. 1. Construction of pP,cat plasmid.

AGGGGTTCCGCGC-3"). For the 3’ deletions, a 31-mer
primer downstream from the HindllI site in the cat gene
was used (nucleotides 4921-4951; 5'-GCCATTGGG
ATATATCAACGGTGGTATATCC-3").

Transient Transfection Assays

All transfections were done using the calcium
phosphate precipitation method (Gorman et al., 1982). A
total of 10 wg of DNA was transfected into Schwann

cells or MT,H1 cell lines. The precipitate was removed
12 hr later and the cells were rinsed once with phosphate
buffered saline (PBS), followed by addition of fresh me-
diums. Cells were harvested 48 hr later and assayed for
Cat activity and B-galactosidase activity.

Cat Activity and B-Galactosidase Activity

To correct for differences in transfection efficien-
cies from experiment to experiment, B-galactosidase as-
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Fig. 2. Schematic representation of the construction of 3’ and 5’ pP,cat deletion mutants.

says were performed (Miller, 1972). In this assay, o-ni-
trophenol-B-galactoside is converted by [3-galactosidase
to galactose and o-nitrophenol, and the amount of the
latter compound is determined spectrophotometrically.
The reaction was stopped by the addition of concentrated
Na,CQj; solution, which shifts the pH to 11 and thereby
inactivates [-galactosidase. The assay for (3-galactosi-
dase was done at 37°C for 30 min to 2 hr depending on
the transfection efficiency. The amount of 3-galactosi-
dase was determined by the formula: number of units =
1,000 [OD4,0—-1.75 ODsso/hr]. Cat activity was assayed
according to the method of Gorman et al. (1982). The
conversion of ['*C]chloramphenicol to the mono- and
diacetyl forms was monitored by thin layer chromatog-
raphy and autoradiography. Cat activity was computed

as a percentage of conversion to the acetylated forms and
normalized to 100 units of (3-galactosidase.

RESULTS
P, Promoter Contains a Functional TATA Box

To determine the functionality of the TATA box,
we constructed a total of nine 3’ deletion mutants of the
mouse P, promoter. Cat activity was determined follow-
ing transfection into secondary rat Schwann cells and the
MT,H1 Schwann cell line. These deletions extended
from + 120 to —230 bp (Fig. 3), thereby inactivating the
TATA box (3’ —83 through 3’ —175) and CAAT boxes
(3" —230). Cat activity for all the deletion constructs
measured in the two cell types was not significantly dif-



512 Bharucha et al.

-870 -500 +1

| | |

5 39
pP2cat
3' + 87
3' + 80
3* - 83
3* - 95

3* - 138
3" - 175
3' - 230

Fig. 3. 3’ deletion analysis of the P, promoter region reveals
a functional TATA box. Secondary Schwann cells (open bars)
and the MT H1 cell line (solid bars) were transiently trans-
fected with 5 wg of pP,cat and 3’ deletion clones. To account
for transfection efficiencies, 2 pg of the B-galactosidase gene
driven by the RSV promoter was cotransfected. For each con-
struct, Cat activity was calculated as the percentage of the
value obtained for pP,cat (= 100%), normalized for transfec-

ferent. However, Cat activity of deletion mutants 3’ —83
through 3’ —230, when compared to the full length P,
promoter (pP,cat), indicated that expression from the
promoter was completely eliminated by the removal of
the TATA and CAAT boxes, such that Cat activity ex-
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pressed was no different from background as measured
by pcat. Similarly, deletions beyond the TATA and
CAAT boxes showed negligible Cat expression. These
data indicated that expression from the mouse P, pro-
moter requires a functional TATA box.



5’ Flanking Sequences of the Mouse P, Promoter
Contain Positive and Negative Regulatory Elements

To identify the transcriptional regulatory sequences
within the 5" flanking region of the mouse P, promoter,
we progressively deleted promoter sequences from posi-
tion —870 to —293. The deletion mutants were then
cloned upstream of the cat reporter gene and the resulting
deletion mutants were transfected in secondary rat
Schwann cells and the MT,H1 Schwann cell line. The
results showed that the transcriptional activity of some of
the deletion mutants was significantly higher (5° —590
through 5" —398) in the absence of upstream 5’ flanking
sequences; however, there were no significant differ-
ences in Cat activity measured in the two cell types (Fig.
4). Specifically, clones that did not contain sequences
from —739 to —570 (5’ —739 through 5’ —570) dis-
played 2-3-fold higher Cat activity than the full length
promoter. This region contains a 217 bp TC tract, from
position —739 to position —520 (see Fig. 8), and upon
complete deletion of this tract (5’ —435), Cat activity
increased by 5-fold (Fig. 4). A 1.3-fold drop in promoter
activity was observed when only 26 bp downstream of
clone 5° —435 were deleted (—435 to —409), and a
further drop when 11 bp were removed from —409 (mu-
tant 5° —409) to —398 (mutant 5 —398). This suggests
that this 37 bp region contains positive regulatory se-
quences. When a further 104 bp were deleted down-
stream of position —389 (mutant 5 —293), Cat activity
was no more than background, although the TATA box
and CAAT boxes were intact. This 30-fold reduction in
promoter activity demonstrates that strong positive reg-
ulatory elements are present in this region. Thus, these
data indicate that the 5’ flanking region of the P, pro-
moter contains sequences that both negatively and posi-
tively regulate the expression of P,.

Forskolin Treatment Transactivates the
Myelin P, Promoter

Several myelin genes have been reported to be in-
duced by forskolin treatment, presumably due to in-
creased cAMP levels. To test if the myelin P, promoter
contains sequences that may be regulated by forskolin
and to map the sequences responsible, we transfected
pP,car and the 3" and 5’ deletion mutants into secondary
rat Schwann cells. Twenty-four hours following trans-
fection, forskolin was added to the medium to a final
concentration of 4 pM, and Cat activity was assayed on
the following day.

Forskolin treatment was found to significantly ac-
tivate the P, promoter 2.4-fold in secondary Schwann
cells, thus demonstrating that the promoter for this my-
elin gene is responsive to increased cAMP levels. Dele-
tion of the sequences downstream to the TATA box
within the 3’ mutants had no effect on the forskolin re-
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sponse (3" +87 and 3’ +80). As cxpected, though, the
3" deletion mutants lacking the TATA box and the
CAAT boxes did not show any change in basal Cat ex-
pression following forskolin treatment (data not shown).
On the other hand, deletion of 5’ sequences (5’ —829
through 5" —570) showed significant transactivation fol-
lowing the addition of forskolin, until the deletions were
extended to position —435 (5’ —435) and beyond (Fig.
5). Itis likely that the high basal activity of this construct
(5" —435) may have obscured the forskolin response.
However, since deletion mutants 5 —409 and 5' —398,
which also have a high basal activity, failed to respond to
forskolin (Fig. 5), the present results suggest that forsko-
lin responsive elements (FRE) must exist upstream of
position —435.

Activation of the P, Promoter by the Adenylate
Cyclase cAMP « Subunit

Another strategy used was to increase cAMP levels
by introducing one of the genes in the cAMP synthetic
pathway, the adenylate cyclase cAMP « subunit gene.
An expression plasmid for this protein, pCMV-Ca, was
cotransfected into secondary Schwann cells with pP,cat
and the 5’ deletion mutants controlling the cat reporter
gene. These results demonstrated that the effect of
pCMV-Ca on the P, promoter closely mimicked that of
forskolin, both in the fold transactivation and in the spe-
cific deletion mutants that were significantly responsive
(Fig. 6). Thus, it secems likely that forskolin and the
catalytic subunit of the adenylate cyclase are effecting
the transactivation of the P, promoter by the same path-
way, namely through the increase in the level of cAMP,
since the promoter scquences responsive to both reagents
reside in the same 435 bp region.

Effect of C/EBP on P, Promoter Activity

Several reports have shown that increases in intra-
cellular cAMP result in the induction of transcription
factors such as the cAMP responsive element binding
protein (CREB) (Sheng et al., 1991), the cAMP respon-
sive element modulator (CREM) (Foulkes et al., 1991),
and the CAAT/enhancer binding protein (C/EBP) (Mc-
Knight et al., 1989). Since the P, promoter does not
contain any consensus homology to the reported CRE
motif (TGACGTCA) (Montminy et al., 1986), we de-
cided to test the possibility that forskolin is acting indi-
rectly via the activation of the transcription factor
C/EBP. This factor scemed the most likely mediator
since, as mentioned before, P, shares an extensive ho-
mology with the adipacyte FABP (aP2/422) (Narayanan
et al., 1991), which has been shown to be transactivated
by C/EBP (Christy et al., 1989).

To test if the expression of the mouse myelin P,
promoter is modulated by C/EBP, we cotransfected
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Fig. 4. 5' deletion analysis of the P, promoter region reveals
positive and negative regulatory elements. Secondary Schwann
cells (open bars) and the MT H1 cell line (solid bars) were
transiently transfected with 5 pg of pP,car and 5’ deletion
clones. To account for transfection efficiencies, 2 pg of the
B-galactosidase gene driven by the RSV promoter was cotrans-
fected. For cach construct, Cat activity was calculated as the
percentage of the value obtained for pP.car (= 100%), nor-
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malized for transfectjon efficiency by 100 units of B-galactosi-
dase. Results are the average of 5 separate measurements for
each construct and the standard error of measurement (= SEM)
for each construct is shown in parentheses. Constructs signif-
icantly different (determined by ANOVA) from pP,cat are in-
dicated by an asterisk (P =< 0.05). The RNA start site of the P,
promoter is indicated as +1.
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Fig. 5. Deletion analysis of the P, promoter region reveals the
FRE. Secondary Schwann cells were transiently transfected
with 5 wg of pP,car and 5’ deletion clones. Twenty-four hours
following transfection, forskolin was added to the medium to a
final concentration of 4 wM, and Cat activity was determined
on the following day. For each construct, Cat activity in the

pP,cat along with a C/EBP expression vector, pMSV-C/
EBP. Figure 7 shows that there was a 3—4-fold activation
of the full length P, promoter (pP,cat) and deletion mu-
tants 5° —829 through 5" —570, as assayed by Cat ex-
pression. This is comparable to that found with forskolin
treatment and cotransfection of pCMV-Ca.. Thus, these
results clearly indicate that the genetic elements required
for transactivation of the P, promoter by all three agents
reside in the 435 bp upstream of the transcriptional start
site.

DISCUSSION

Our primary aim in this study was to identify the
sequences of the mouse myelin P, promoter that are re-

presence (filled bars) and absence (open bars) of forskolin was
calculated as indicated in Figure 3. The standard error of mea-
strement (*+ SEM) for each construct is shown in parentheses.
Deletion constructs significantly different (determined by
ANOVA) following the addition of forskolin are indicated by
an asterisk (P = 0.01).

sponsible for the regulated expression of this gene. By
using transfection experiments, we were able to show
that the isolated 1 kb of the gene is able to drive the car
reporter gene in cultured secondary Schwann cells and in
a Schwann cell line. By progressively deleting from the
3’ end of the promoter, we were able to show that dele-
tion of the TATA box resulted in complete inactivation
of the promoter. These data indicate that the cloned
mouse P, promoter contains a functional RNA start site
and basal responsive elements that control transcription.
Systematic deletion of the 5’ regulatory region of the P,
promoter indicated that there were positive and negative
regulatory elements that control the transcriptional activ-
ity of P,.
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pP,cat and 5’ deletion clones along with 2 pg of pPCMV-Ca.
For each construct, Cat activity in the presence (hatched bars)
and absence (open bars) of pPCMV-Ca was calculated as indi-

When we progressively deleted the P, promoter
from position —870 to position —435 (Fig. 4), Cat ac-
tivity increased by 2-5-fold. As seen in Figure 8, this
segment contains a TC tract of 217 bp, which may be
responsible for the repression of the P, gene. It is very
likely that the presence of this TC-rich region may play
an important regulatory and evolutionary role in the ex-
pression of myelin P,. Recently, the human P, gene has
been cloned (Narayanan, unpublished data) and, on ex-
amination of the sequences, the TC region was absent.
As noted earlier, the amount of P, protein expressed in
PNS myelin varies among species. A relatively larger
amount of this protein is found in humans (14%) than in

cated in Figure 3. The standard error of measurement (£ SEM)
for each construct is shown in parentheses. Constructs signif-
icantly different (determined by ANOVA) following the
cotransfection of pPCMV-Ca are indicated by an asterisk (P <
0.01).

rodents (1-2%) (Greenfield et al., 1980, 1982), and
since the human P, lacks a TC-rich region it seems to
suggest that such a region may indeed have a repressor
function. Negative cis-regulatory elements (silencers)
have been characterized (Winoto and Baltimore, 1989)
and have been postulated to control the rate of gene
transcription through repression. This 217 bp TC region
does not conform to the reported Z-DNA structure of
alternating purine-pyrimidine sequences (dTG dCA),
which have been previously shown as negative transcrip-
tional regulators (Naylor and Clark, 1990).

Another observation found upon further 5’ deletion
of the P, gene was a 142 bp region (position —435 to



cis-Acting Elements of Mouse Myelin P, Promoter 317

Pacat 100% (2. 8)
P o (¢ O|ZZZIITIZZIIZTIZZIT + (3 -cesp
+ C/EBP
v 126% (3. 2)
829 ok 6 NIIIIIIIIIIIIIIIIIZI7]
- 150% (2. 9)
5807 3 SRz
ST AT
393% (3. 9) .
- 173% (5. 2)
5-684 e 4)7777777*777”‘777;”7;777]777”71 .
. 200% (5. 1)
§-590  00% (4. 0 IIIIIIIZZZZZITITIITITTTTTZTTZT 7T
- 208% (4. 7)
5'-585 oo, 5. ZZZZIIIITTZZIIITTIT I 7T I I77 777 7A
- 220% (5. 9)
8- 510 & NI 77777 I T
5'.435  500%(5.5)
505% (6. JWLLL L L TP P77 P77 7P Pl 7Pl P PP P P2 27 77 77777 7L
5.409  972%6.1
s75% (6. 1NZZIZITTTTTTTTIZTTTTIZTTTTTTZTT 7777
- 300% (4. 4)
5-398 ol s oWz I IIIIIIIITITTTITTTTTTTTD)
. 10% (2. 8)
5'-293 10% (3. 1)2

Fig. 7. Activation of the P, promoter following cotransfection
of a C/EBP expression plasmid. Secondary Schwann cells were
cotransfected with 5 pg of pP,car and 5” deletion clones along
with 2 pg of pMSV-C/EBP. For each construct, Cat activity in
the presence (hatched bars) and absence (open bars) of pMSV-

—293) that seemed to regulate positively P, transcrip-
tion. When this region was deleted, a 30-fold drop in
promoter activity was seen, suggestive of an cnhancer
region. The relatively lower expression of the full length
P, promoter suggests that the silencer elements may
block the activity of the downstream enhancer elements
thereby reducing the basal expression. We are currently
attempting to determine if this region is a bona fide en-
hancer and is able to enhance the rate of transcription of
heterologous promoters in a position and orientation in-
dependent manner.

Several reports have indicated that the adenylyl cy-
clase-cAMP second messenger pathway may regulate the
proliferation and development of Schwann cells (Jessen

C/EBP was calculated as indicated in Figure 3. The standard
error of measurement (+ SEM) for each construct is shown in
parentheses. Constructs significantly different (determined by
ANOVA) following the cotransfection of pMSV-C/EBP are
indicated by an asterisk (P < 0.01).

and Mirsky, 1991; Morgan et al., 1991), and activation
of this pathway has also been shown to induce myelin
specific genes (Lemke and Chao, 1988; Monuki et al.,
1989; Gandelman et al., 1989; Shuman et al., 1988).
Addition of forskolin and other cAMP analogues to cul-
tured Schwann cells has been shown to result in differ-
entiation and in activation of P,, Py, and MBP mRNA
expression (Lemke and Chao, 1988; Monuki et al.,
1989). The sequences within the MBP and P, promoter
do not show any consensus CRE, and the 5’ elements
that confer cAMP responsiveness have not been mapped.
Although the present study does indicate that the region
responsive to forskolin treatment lies 435 bp upstream of
the transcriptional start site of the P, promoter, it remains
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870 -739 -570  -435 229 1191 23 4l 125
P | ) ] | ] '
5 = , , , , | 3
TC  FRE Enhancer  CAAT  CAAT TATA  RNA ATG
region  C/EBP elements box box box  Start site

A.

S' PETGACAACCCTTACCCTACGCCACCCCACCACCCAAAAAGTARCAARCCTAGCTAGACARACATGAAGAGAA
CGCTTARAACTTGTCATAAAGATGCTCCAATGAGTATATGAACAACACAAACTGGGTTTGTTTCTCCTTCTCC
TTCTCCTTCTCCTTCTCCTTCTCCTTCTCCTTCTCCTTCTCCTTCTCCTTCTCCTTCTCCTTCTCCTTCTCCT
TCTCCTTCTCCTTCTCCTCCTTTTTCTCTTCTCCTTCTCCTCTTCCTCCTCCTTCTCCTTCTTTTTCTCCTCC

TTTTTCTC A A AGTT

TAAGGAAGGGAAGCAGACCTGGGAAGACTGAAAGTGAGTGTGATTAGGGTGGAATTATATGAAATTCCCAAAL

aacaataaaaattaatgcaaaacaagaactcttaatcgtgctgagtcagaattaaaagtcagtaagataccta
cacacatgcaaaacagtgtgcgtgtgcacacacatccacactcacacacagacactcagacacacaCACACAC
ACACACACACACACACACTCATATAATATATACAAGGGCTTAAGCATGCCTATcaat GTAAGATGAACCAAAA
ATATCTTAAAGGTTCAAACaatACTTTCAGTTGTTTTTGTGGTTTTGGAAACACAAGGACATTGTGTAGAGGA
TTATTTCACCCATGGATAGGCAGTGTACGACTTAAGAGCCATTCATCACTCAGCCTGGTCGCCGCCTTTCCTC

ATTGGGTCTCAGGGTGAGTCACATGCTTTGGGTTTCLEEGaaaaGAGCTGTGCAAGATCTCAGCATE 3’

B.

Fig. 8. cis-Acting elements of the mouse myelin P, promoter.
A: Schematic summary of the basal elements within the 5'
flanking region of the mouse P, promoter. The 217 bp TC
silencer (open box) and the 142 bp enhancer (oval) regions are
indicated. The filled box displays the FRE and C/EBP inducive
elements. B: Nucleotide sequence of the mouse myelin P,
promoter. Sequences shown are from position —870 to +1
(Narayanan et al., 1991). The transcription start site is indi-

unclear whether raising intracellular cAMP levels di-
rectly results in the activation of the P, promoter. The
resulting increase in myelin genes including P, could be
due to 1) activation of transcription factors such as
CREB, CREM, or C/EBP, or, alternatively, 2) repres-
sion of factors that negatively regulate myelin genes such
as c-Jun and SCIP (suppressed cAMP inducible POU)
(Monuki et al., 1989, 1990). Both c¢-Jun and SCIP have
been shown to be lower in myelinating Schwann cells
and have been found to be elevated in vivo following
nerve transection (Hengerer et al., 1990; Monuki et al.,
1990). Our results regarding the role of transcription fac-
tors that transactivate the P, promoter indicate that
C/EBP may play a role in inducing the expression of P,.
Although the elements responsive to forskolin, pCMV-
Ca, and C/EBP map within the same 435 bp region

cated at position +1 (block letter **C’’ underlined). The
TATA box (in bold italics underlined) and the two CAAT
boxes (italics underlined) are displayed. The 142 positive reg-
ulatory region (in lowercase italics) and the negative regulatory
217 bp TC region (in bold block letters) are also indicated. The
FRE and C/EBP responsive regions are displayed as the un-
derlined sequences.

upstream of the transcriptional start site, it remains un-
clear whether the transactivation of P, by these three
treatments is mediated via the same pathway. Since it is
likely that the effects of both forskolin and pCMV-Ca
are mediated by increasing the level of C/EBP, we are
currently testing whether C/EBP binds directly to the P,
promoter and thereby regulates its expression.
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