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Tyrosinase is a rate—limiting enzyme in melanin biosynthesis and tyrosinase-relat—
ed protein(TRP)is responsible for the formation of black melanin rather than brown.
To identify the cis-acting element(s) required for pigment cell-specific gene transcrip—
tion, we analyzed the promoter function of two pigment cell-specific genes encoding hu—
man tyrosinase and TRP by transient expression analysis. The fusion genes were con—
structed by inserting the 5'-flanking region of the human tyrosinase gene or TRP gene
upstream from the firefly luciferase gene and were introduced into human melanoma
cells and cervical cancer cells(HeLa cells). We thus identified the enhancer sequence of
39 base pairs(bp), located about 1.8 kb upstream from the transcription initiation site of
the human tyrosinase gene, that is responsible for its pigment cell-specific expression.
Furthermore, we found the presence of enhancer-like activity in the first intron of the
human TRP gene that enhances the transient expression of the reporter(luciferase) gene.
However, this enhancer-like activity is detected not only in melanoma (pigment)cells but

also in HeLa cells.
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DOWNSTREAM REGION OF THE HUMAN TYROSINASE-RELATED PROTEIN GENE
ENHANCES ITS PROMOTER ACTIVITY

1-3 EZ &

We have cloned and sequenced the human genomic DNA segments encoding the 5 -flanking
region and the first two exons of the tyrosinase-related protein (TRP) gene, a pigment cell-spe—
cific gene. Functional analysis of its promoter suggests that the downstream region of the TRP
gene, including the first intron, enhances the transient expression of the luciferase gene under
control of the TRP gene promoter about 16-to 20-fold. This enhancer-like activity is detected not
only in melanoma cells but also in HeLa cells whose TRP gene expression is assumed to be
repressed. We suggest a possibility t}_lat the downstream region is not sufficient to confer pig—
ment cell-specific expression, but is required for efficient transcription of the TRP gene in pig—
ment cells. ©1992Academic press, Inc.
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Fig. 1. Structural organization of the 5'-region of the human TRP gene.

A. Schematic representation of the human TRP gene. The directlion of
transcription is from left to right. Shown are the sites for only relevant
restriction enzymes. The EcoRI site located at the 5”-end of the gene represents
the linker sequence. Solid lines represent flanking and intronic DNA segments.
The 5'-untranslated and the protein-coding regions are indicated by open boxes
and a closed box, respectively. The S1 probes used in C and D were also shown
and asterisks indicate the sites of end-labeling. B. Northern blot analysis. Each
lane contained 10 u g of total RNA prepared from MeWo melanoma cells (lane 1) and
HeLa cells (lane 2). A small horizontal bar indicates the origin of lanes. A bottom
panel shows the stained rRNA (18S and 28S) representing variability in the
amounts of RNA loaded. The hybridization probe used was the Rsal/Rsal fragment
(806/1554) excised from human TRP c¢DNA (11). C. Identification of the
transcription initiation site. Shown is an autoradiogram of a sequencing gel. Lane
1, protected products with HeLa cell RNA; lane 2, protected products with human
melanoma RNA. Lanes 3 and 4, chemically cleaved products of the S1 probe,
representing purines and pyrimidines, respectively. Capital letters, shown along
the sequencing ladder, denote the sequence of the sense strand (see Fig.2). An
arrow indicates the putative transcription initiation site. D. S1 mapping analysis
for the presence of correctly spliced transcripts. Lane 1, protected products with
HeLa cell RNA; lane 2, protected fragments with human melanoma RNA; and lane 3,
protected products with yeast tRNA, The size markers shown are pBR322 plasmid
DNA digested with Mspl and given in bases.
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Fig. 2. Nucleotide sequence of upstream and downstream regions of the human TRP
gene. The top line represents the nucleotide sequence of the 5’~flanking region,
exon 1, intron 1 and a part of exon 2 of the human TRP gene, and the bottom line
represents that of the mouse counterpart (13,14). The nucleotide sequences of
exons are printed in shaded areas. The putative transcription initiation site of
the human TRP gene (nucleotide residue 1) is shown by an aslerisk. Nucleotide
residues are numbered in the 5" to 3”7 direction, and nucleotides on the 5’ side of
residue 1 are indicated by negative numbers. The translational initiation codon
located in the exon 2 is boxed. The three elements, found in other pigment
cell-specific genes, are overlined (13). Double overlines represent the recognition
sites for three enzymes: FnudHI, Ddel and BstNI (see Fig.1A). Small vertical lines
between both sequences indicate identical nucleotide residues and small
horizontal bars represent gaps. Two other 5’-splicing sites of the mouse intron 1
are indicated by closed triangles (14). The middle portion (240 bp) of the mouse
intron 1 is not shown, because no sequence similarities are found.
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Fig. 3. Functional analysis of the human TRP gene promoter. MeWo human
melanoma cells and HeLa cells were cotransfected with 8 -galactosidase expression
vector, pCH110 and the fusion genes containing the human TRP gene promoter
upstream of the luciferase gene. Both upstream and downstream regions of the
TRP gene used for construction of fusion genes are shown at the left panel. The
BanHI site located at the 5’-end of the upstream region represents the linker
sequence used for construction. Cellular extracts were prepared from transfected
cells and assayed for luciferase and g -galactosidase activity as an internal
control. Luciferase activity was divided by g -galactosidase activity and shown
as a ratio to the value obtained with pL1, a promoterless luciferase expression
vector. The data shown are averages of two independent experiments as indicated
by closed or open circles.
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Identification of a cis-Acting Element That Enhances the Pigment Cell-specific Expression of
the Human Tyrosinase Gene

(Received for publication, June 8, 1992)

2-3 E 0

To identify the cis-acting element that is responsible for the pigment cell-specific expression of
the human tyrosinase gene, we analyzed the promoter activity of its 5'-flanking region by tran—
sient expression assays. The fusion genes were constructed by inserting the 5’—flanking region
of the human tyrosinase gene upstream from the firefly luciferase gene and were introduced into
human melanoma cells and HeLa cells. We thus found the element, located between 2.7 and 1.8
kilobase pairs upstream from the transcription initiation site, that enhances the transient
expression of the luciferase reporter gene in melanoma cells, but not in HeLa cells, the tyrosi—
nase gene expression of which is not detectable. Using the fusion genes containing putative en—
hancer elements under the control of the heterologous simian virus 40 promoter, we identified
the pigment cell-specific enhancer of ~200 base pairs(bp) between-2.0 and -1.8 kilobase pairs
and localized the core sequence to a 39-bp region. This 39-bp core element was then confirmed to
direct the melanoma cell-specific expression of the reporter gene under the tyrosinase gene pro—
moter. We thus propose that this core element is responsible for the pigment cell-specific ex—
pression of the human tyrosinase gene.
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FiG. 1. Comparison of nucleotide sequences and function of
human and mouse tyrosinase gene promoters. A, comparison of
the nucleotide sequences. The top line represents the nucleotide
sequence of the human tyrosinase gene promoter (8, 9), and the
bottom line represents that of the mouse gene (12, 14). Closed triangles
indicate the major transcription initiation sites (residue 1) and the
second initiation site of the mouse gene (12). The nucleotides on the
5’-side of residue 1 are indicated by negative numbers. Relevant
restriction sites and the CATGTG motif are also indicated. B, tran-
sient expression analysis. MeWo human melanoma cells and HeLa
cells were cotransfected with B-galactosidase expression vector
pCH110 and the fusion genes containing the tyrosinase gene pro-
moters upstream from the luciferase gene. The promoter regions used
for construction of fusion genes are schematically shown to the left.
The direction of transcription is from left to right as indicated by
arrows, and the transcription initiation site is numbered +I. The
exons coding for the 5’-untranslated regions are indicated by closed
boxes. The number shown at the 5’-end of each upstream region
represents the position from the transcription initiation site. Lucif-
erase activity was divided by p-galactosidase activity (an internal
control) and is shown as a ratio to the value obtained with pL1
(relative luciferase activity). The data shown are the mean * S.D. of
three independent experiments.
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Fi16. 2. Functional analysis of human tyrosinase gene pro-
moter. The upstream regions of the human tyrosinase gene used for
construction of fusion genes are shown to the left. The relative
luciferase activity is shown to the right. Other conditions were the
same as described for Fig. 1.
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F1G. 3. Functional analysis of enhancer element using het-
erologous promoter. A, presence of the enhancer element. The
Xbal/Ncol fragment, identified in Fig. 2, is enlarged, and the up-
stream regions of the human tyrosinase gene used for enhancer
analysis are shown to the left. The upstream regions were inserted
upstream from the SV40 promoter. The data shown were obtained
from one experiment. B, presence of the enhancer element conferring
pigment cell-specific gene expression. pHTSVLI10 carries the en-
hancer element in the opposite orientation, as indicated by the arrow.
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FiG. 4. Comparison of pigment cell-specific enhancer of hu-
man tyrosinase gene with homologous sequence found in
mouse counterpart. A, nucleotide sequence of the pigment cell-
specific enhancer of the human tyrosinase gene. Shown is the nucleo-
tide sequence of the EcoRI/Ncol fragment (—2.0/—1.8 kb), containing
the enhancer element of the human tyrosinase gene (top line). The
bottom line represents the nucleotide sequence of the putative mouse
homolog (14). Nucleotide residues are tentatively numbered in the
5’- to 3’-direction for the human element (see “Experimental Pro-
cedures”), and the nucleotide residues of the mouse homolog were
renumbered according to our assignment of the transcription initia-
tion site (12). Indicated are the recognition sites for the enzymes used
for construction of the fusion genes. Vertical lines between both
sequences indicate identical nucleotide residues, and dashes represent
gaps. The core element is from 142’ to 180’, and the CATGTG motif
is dotted. The overline indicates the sequence similar to the consensus
sequence of octamer-binding proteins. B, functional analysis of the
mouse sequence homologous to the human enhancer element. The
Pacl/Ncol fragment (—1325/—1105) of the mouse tyrosinase gene was
located upstream from the SV40 promoter/luciferase fusion gene.
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Fic. 5. Identification of core element in pigment cell-spe-
cific enhancer of human tyrosinase gene. A, functional analysis
using the SV40 promoter. The EcoRI/Ncol fragment, identified in
Fig. 3, was dissected, and its enhancer activity was analyzed. B,
functional analysis using the tyrosinase gene promoter. The Msel/
Hinfl fragment, containing the core sequence of the enhancer, was
analyzed for enhancer activity.
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