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The mouse myelin basic protein promoter was transcribed in brain nuclear extracts. The distal promoter
region from -253 to -54 directed preferential transcription in brain extracts, whereas the same region
repressed transcription activity in liver extracts. Stimulation of transcription was observed when the distal
region was located only in a native orientation. The proximal region downstream from -53 alone still directed
preferential transcription. It is suggested that cooperative function by the two promoter regions may be
required for higher specificity.

Myelinogenesis is one of the essential processes for ner-
vous activity of the vertebrates, and many diseases that
cause defects in this process in animals and humans have
been documented (10, 14, 15, 23, 24). Myelin basic protein
(MBP) is a major protein of myelin in the central nervous
system, and we are studying molecular mechanisms of
transcription control of the MBP gene. Among genes relating
to the nervous system, that for MBP is a particularly good
example for the study of brain-specific gene expression,
since the promoter activity is very strong in the brain (20)
and since fundamental promoter functions of the MBP gene
have been well characterized (6, 16, 21, 22, 25-27). In
addition, transgenic mice studies have already specified a
1.3-kilobase region of upstream sequence necessary and
sufficient for nervous tissue-specific expression of the MBP
gene (12). In vitro study is a powerful method for analysis of
interaction of cis-acting elements with their trans-acting
factors. In this study, we established tissue-specific tran-
scription from the MBP promoter in brain-derived nuclear
extracts and investigated promoter regions required for
specific transcription.
Nuclear extracts from the brain of mice and rats were

prepared as previously described (7). The MBP promoter
sequences have also been determined (16). Structures of a
series of the 5'-deletion mutants of the mouse MBP promot-
er-carrying plasmids used in this study are illustrated in Fig.
1A. In all experiments, closed circular DNAs were used as
templates. We used pBP1318 DNA, which contained a
region similar to that of the MBP promoter used in trans-
genic mice studies, to investigate transcription competency
of the brain nuclear extract. In vitro transcription was
carried out for 45 min at 30°C. Preincubation mixture con-
tained 8 il of extract (10 mg of protein per ml), 4 ,lI of the
dialysis buffer (7), and 1.5 ,lI of template DNA (300 ng/,l).
After preincubation for 10 min on ice, 6.5 ,ul of a mixture
containing 50 mM HEPES (N-2-hydroxyethylpiperazine-
N'-2-ethanesulfonic acid) (pH 7.6), 9% glycerol, 80 mM KCI,
18 mM MgCl2,0.08 mM CTP, 2 mM ATP, 2 mM UTP, 2 mM
GTP, and 8 ,uCi of [cx-32P]CTP was added to start transcrip-
tion. Reaction was terminated by sodium dodecyl sulfate,
and RNAs were purified by phenol-chloroform extraction.
Transcripts were analyzed by a modified S1-mapping proce-
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dure (9) using single-stranded DNA probe. For modified S1
mapping, RNA was hybridized with 2.5 ,ug of corresponding
single-stranded DNA probe at 37°C for 30 min in the pres-
ence of 40 mM PIPES [piperazine-N,N'-bis(2-ethanesulfonic
acid)] (pH 6.5), 1 mM EDTA, 0.4 M NaCl, and 50%
formamide and then denatured at 85°C for 10 min. Single-
stranded nucleic acids were digested with 220 U of S1
nuclease in a buffer containing 30 mM sodium acetate (pH
4.5), 3 mM ZnSO4, and 0.4 M NaCl at 37°C for 30 min.
Digestion was terminated by adding 33 mM EDTA and 0.33
M Tris hydrochloride (pH 8.0), and S1-resistant RNAs were
analyzed through a 5% sequencing gel. The MBP promoter
in pBP1318 yielded a strong signal of 415 bases, demonstrat-
ing the mouse brain nuclear extract to be apparently tran-
scription competent (Fig. 1B). This signal is oa-amanitin
sensitive, and the transcription start point has been con-
firmed to be identical to that of the MBP mRNA (data not
shown). The amounts of transcripts from pBP652 and
pBP253 were similar to the amounts from pBP1318. How-
ever, the transcript of pBP53 decreased to 25% of the
pBP253 transcript. Positive transcription elements function-
ing in the brain extract were found to be located downstream
from -253. The same results were obtained with rat brain
extracts (data not shown). We chose pB253 to study brain-
specific transcription.

In this study, we did not put any promoter in the reaction
mixture as an internal control because this could cause
interferences in experimental transcripts. Addition of pML
DNA as an internal control generated nonspecific signals and
preferentially enhanced transcription of pBP253 (Fig. 2, lane
3). Moreover, the internal MLP signal in lane 4 of Fig. 2 was
1.7 times stronger than that in lane 3. Without pML DNA in
the reaction mixture, the ratio of transcripts of pBP253 to
those of pB53 (lanes 1 and 2) was 3.7. However, the ratio
changed to 6.3 in the presence of pML DNA (lanes 3 and 4).
We may conclude that the exclusion of internal control is a
reasonable procedure for analyzing authentic amounts of
transcripts.
To demonstrate promoter-selective transcription, we con-

ducted in vitro transcriptions with three promoters, includ-
ing adenovirus type 2 major late protein (MLP) (pML),
mouse albumin (pALB), and mouse MBP (pBP253) promot-
ers in rat brain and rat liver extracts (Fig. 3A). Since pML
contains a short MLP sequence around the TATA box and
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FIG. 1. Structure of recombinant DNAs (A) and in vitro transcription from the MBP promoter in the mouse brain nuclear extract (B). (A)

Sequences shown are for pBR322 vector ( ) MBP (16) (H), MLP (1) (U), and mouse albumin (0) (7). Restriction sites are abbreviated
as follows: E, EcoRl; P, PstI; T, Stil; H, HindlIl; S, Sall; B. BacmHI. pML contains MLP sequences from -34 and +33 (27). Single-stranded
DNA probes, each of which has appropriate transcribed sequences. were used to detect specific transcription signals 415, 316, and 307 bases
long for the MBP, MLP, and albumin genes, respectively. (B) pBP series DNAs were transcribed in the brain nuclear extract of 11-day ICR
mice as described in the text. The signal for the MBP transcripts (415 bases long) is indicated by an arrowhead. Lane M. pBR322-Mspl
marker.

the transcription initiation site (-34 to +33) (Fig. 1A), it is
considered a "minimum promoter" with no activating ele-
ments. The transcription ability of each extract was normal-
ized by assuming that transcripts of pML were produced at
similar levels by both extracts. This standardization was
verified with other control promoters (unpublished results).
MLP was active in both extracts (Fig. 3A, lanes 2 and 5).
However, the albumin promoter was active in the liver
extract but not in the brain extract, in agreement with the
results of Gorski et al. (7). In contrast, the MBP promoter
was preferentially transcribed in the brain extract. Thus, in
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FIG. 2. Effects of internal control in the in vitro transcription
system. pBP253 (lanes 1 and 3) and pBP53 (lanes 2 and 4) (450 ng

each) were transcribed in the mouse brain nuclear extract in the
presence (lanes 3 and 4) or absence (lanes 1 and 2) ofpML DNA (450
ng). The reaction conditions were as described in the legend to Fig.
1B.
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FIG. 3. Tissue-specific transcription of the MBP promoter. (A)
MLP (pML) (lanes 2 and 5), mouse albumin (pALB) (lanes 3 and 6),
and MBP (pBP253) (lanes 4 and 7) were transcribed in liver and
brain nuclear extracts of Wistar rats as described in the legend to
Fig. 1B. (B) pML (<1) and pBP253 (-4) were transcribed in nuclear
extracts of rat spleen (RS). rat liver (RL). rat brain (RB), mouse
brain (MB). and HeLa cells (HL). Lane M. Molecular weight
markers.
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FIG. 4. Effect of the distal and proximal promoter regions of the MBP promoter. The reaction conditions were as described in the legend
to Fig. 1B. Signals of MLP (<) and MBP (4) are indicated. (A) MLP and MBP-MLP chimeric promoters (Fig. 1A) were transcribed in rat
liver (lanes 2 through 4), rat brain (lanes 5 through 7), and mouse brain (lanes 8 through 10) extracts. Lane M, Molecular weight markers. (B)
Effect of elimination of the distal region from the proximal region on transcription activity in rat liver (lanes 1 through 3) and mouse brain
(lanes 4 through 6) extracts. (C) pBP53 (lanes 1 and 4), pBP53-DR (lanes 2 and 5), and pBP53-DR(I) (lanes 3 and 6) were transcribed in the
rat liver or mouse brain extract. Configurations of the distal and proximal MBP promoter regions and EcoRl linkers (10-mer) in each template
are illustrated. Transcripts are indicated by an arrowhead.

vitro transcription from albumin and MBP promoters can

mimic the in vivo situation, at least qualitatively.
We used several extracts to demonstrate preferential

transcription from the MBP promoter (Fig. 3B). The MBP
promoter was transcribed preferentially in brain extracts of
rats and mice. Compared with the rat brain extract, rat liver
and spleen extracts transcribed the MBP promoter ineffi-
ciently. HeLa cell extracts were almost inactive in transcrib-
ing from the MBP promoter, though the same extract was

significantly active for linearized MBP templates (27).
Mouse and rat brain extracts were demonstrated to be
equivalent in preferential transcription of the MBP gene.
Since mouse liver extracts were found to be not transcription
competent, for unknown reasons, we used rat liver as a
source of reference extract.
To investigate the possibility that the MBP upstream

region itself could drive tissue-restricted in vitro transcrip-
tion, we carried out transcription (Fig. 4A) using chimeric
MBP promoters carrying the MBP upstream region from
-253 to -54 and pML DNA. The upstream region was

joined to the minimum MLP in a native (pMLBP) or an

inverted [pMLBP(I)] orientation. In the liver extract, both of
the chimeric promoters yielded reduced transcripts. In brain
extracts of both rats and mice, however, we found consid-
erable enhancement in transcription of pMLBP compared
with that of pML. No appreciable transcription stimulation
was observed when the upstream region was ligated in the
inverse orientation. These results demonstrate that the up-
stream sequence of the MBP promoter alone functions in the
brain extract to elevate transcription from the MLP. In the
brain extracts, the MBP upstream region was also able to
stimulate transcription from the MBP promoter at -53 to
+60 when it was joined in a native orientation by EcoRI

linkers (Fig. 4C, lane 5). However, when joined in an

inverted orientation, the upstream region did not enhance
transcription (Fig. 4C, lane 6). In liver extracts, we observed
no activating effect by the upstream region in any orienta-
tions.
We assayed transcription of pBP253 and pBP53 in both

liver and brain extracts. As shown above (Fig. 1B), pBP53
was more weakly transcribed than pBP253 in the brain
extract (Fig. 4B, lanes 5 and 6). Quantitative analysis re-

vealed that the transcription efficiency of pBP53 was 25%
that of pBP253. However, transcription activity of pBP53
was higher than that of pBP253 in the liver extract (Fig. 4B,
lanes 2 and 3). In addition, it is interesting that the transcrip-
tion signal of pBP53 in the brain extract was still 2.2 times
stronger than that in the liver extract. The MBP promoter
carrying sequence around the TATA box and the transcrip-
tion initiation site was demonstrated to be transcribed pref-
erentially in the brain extract.
A limited number of genes have been investigated by

tissue-specific in vitro transcription systems (7, 13, 17, 29),
but no reports have been made of specific in vitro transcrip-
tion of genes related to the nervous system. In this paper, we
report specific transcription from the MBP promoter in brain
nuclear extracts. We observed that several nervous system-
specific genes other than MBP were transcribed well in brain
nuclear extracts (unpublished results). Specific in vitro tran-
scription from the MBP promoter was seen when we used
closed circular DNA templates (data not shown). A major
positive cis-element of the MBP promoter is found down-
stream from -253, and similar results have been obtained in
transfection experiments (16). Sequences downstream from
-253 may be important for MBP expression in vivo, and this
idea is not inconsistent with results of the transgenic mice
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study (12). We observed no differences between mouse and
rat brain extracts in specific transcription of the MBP gene.
For the mouse albumin gene, we found that the promoter is
preferentially transcribed in rat liver extracts, which agrees
with results with a previous report (7).
We divided the MBP promoter into two domains referred

to as the distal promoter, from -253 to -54, and the
proximal promoter, from -53 to +60. The distal region was
able to direct specific transcription by itself, even when
linked to the heterologous MLP core promoter, suggesting
that the distal region' contains some tissue-specific cis-acting
elements and that the brain is rich in the trans-acting cognate
factors. Brain-specific transcription activation by the distal
region may be conducted during the transcription preinitia-
tion process. Neither postinitiation events nor stability of
transcripts was expected to result in preferential in vitro
transcription (Fig. 4A). In contrast to upstream activating
sequences and enhancers of other genes, the MBP distal
region seems to function in a direction-dependent manner.
Only a native orientation of the distal region to the MLP core
promoter and the MBP proximal promoter can govern en-
hanced transcription in brain extracts (Fig. 4A and C).
Cooperative interaction of transcription factors in the distal
and proximal regions may be required for tissue-specific
transcription. Alternatively, inhibitory sequences in an up-
per part of the distal region may contribute to the different
profiles of transcription activation. Indeed, we suggest that
the distal region functions to repress the transcription in liver
extracts. Repressive cis-acting elements have been found in
other genes (2, 4, 18, 19). Transcription inhibitors associated
with the distal region may be dominant in nonexpressing
tissues.
We demonstrated that even the proximal promoter region

alone directs specific transcription in vitro. Thus, there may
be tissue-specific activating sequences in the proximal region
as well. However, we could not find any known factor-
binding sites between -53 and the TATA box at -34 (16,
27). There are other studies suggesting core promoter-driven
tissue-specific transcription (5, 28). It has been suggested
that eucaryotic TATA box factors are heterogeneous (3, 8).
The TATA box sequence of the MBP promoter does not fit
the common consensus sequences (16, 27). Therefore, the
MBP promoter may utilize a specific TATA box factor.
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