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SUMMARY: Genomic clones for mouse dopamine -hydroxylase (DBH) were isolated from
two genomic libraries derived from DBA/2J and 129/SV mouse strains, by plaque hybridization
with the human DBH cDNA probe. Subsequently, cDNA encoding mouse DBH was amplified
with reverse transcription-polymerase chain reaction (RT-PCR) method using primers
corresponding to 5'- and 3'-portions of the mouse DBH mRNA, subcloned into a plasmid
vector, and subjected to nucleotide sequence analysis. The clone encoded a protein of 621
amino acids with a calculated molecular mass of 70,186 daltons. The predicted amino acid
sequence of mouse DBH showed 87%, 80% and 79% identities with the rat, bovine and human
enzymes, respectively. Several potential amino acid sequences that are involved in the
posttranslational modification and catalytic function of DBH were identified in mouse DBH
protein. Nucleotide sequence analysis of the overlapping genomic clones showed that the
mouse DBH gene was composed of 12 exons about 17 kb in length. Typical TATA and CCAAT
boxes were observed in the 5'-upstream region of the gene. Northern blot analysis of adrenal
gland RNA detected a single size species of the mouse DBH mRNA. o 1992 acadenic press, inc.

Dopamine fB-hydroxylase (DBH; EC 1. 14. 17. 1) that catalyzes hydroxylation of dopamine

to norepinephrine in the catecholamine biosynthesis pathway, is a copper-containing
glycoprotein consisting of four identical subunits with molecular weight of 75 kDa (1,2). The
enzyme exists as soluble and membrane-bound forms, in synaptic vesicles of norepinephrine
and epinephrine neurons in brain and sympathetic ganglion, as well as in storage granules of
adrenal medulla chromaffin cells. Several groups have reported the cDNA and predicted amino
acid sequences of human (3,4), bovine (5-9) and rat (10) DBH. Actually, the recombinant
protein expressed in cultured cells, exhibited the DBH enzyme activity (11,12). Moreover, we

reported that the human DBH gene is composed of 12 exons, spanning ~23 kb of human
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genome, and that alternative use of two poly A signals generates different mRNA types in 3'-
untranslated region (4).

Since the DBH gene is expressed specifically in norepinephrine- and epinephrine-producing
cells in the central and peripheral nervous systems, the regulatory elements involved in gene
expression supply the information to understand molecular mechanism of neurotransmitter
phenotype determination and the method to drive the foreign gene to the selected neuron
subtype in transgenic mice. Recently, Mercer et al. (13) have reported that the 5.8-kb region of
the human DBH gene promoter is sufficient to drive expression of the E. coli lacZ gene to
norepinephrine neurons in brain, sympathetic ganglion, and adrenal chromaffin cells of
trangenic mice. Our previous reports also showed that the 4-kb 5'-flanking region of human
DBH gene promotes expression of human phenylethanolamine N-methyltransferase (PNMT)
c¢DNA specifically in norepinephrine and epinephrine neuron subtypes of the trangenic mouse
brain (14,15). As a part of our continuing investigation on the regulation of the DBH gene
expression in transgenic mice, we present here cDNA cloning of mouse DBH and also

charaterization of the mouse DBH gene structure, and compare its structure to the human gene.

MATERIALS AND METHODS

Screening of genomic DNA library: Two genomic DNA libraries used in this
experiment were derived from DBA/2J (Clontech) and 129/SV (Stratagene) mouse strains,
which were constructed with EMBL-3 and Lambda FIX 11 as vectors, respectively. A total of
1.5 x 10° recombinant phages of each library were plated out on lawn cells for screening. The
phage plaques were lifted onto nylon membranes (Hybond-N, Amersham). The human DBH

c¢DNA fragment (4) was labeled with [@-32P)dCTP (110TBg/mmol) by the Megaprime DNA
labeling system (Amersham) and used as a probe. The membranes were prehybrized for at least
2 hours at 65°C in 6 x SSC containing 5 x Denhardt's solution, 0.5% SDS and 0.1 mg/m! of
salmon sperm DNA. Hybridization followed at 65°C for 17 hours in the above solution with a
labeled probe. The membranes were washed with 2 x SSC containing 0.05% SDS at 65°C for
20 minutes twice.

Reverse transcription-polymerase chain reaction (RT-PCR) and ¢DNA cloning:
Two oligonucleotides 5'-ATCCCTGCCATGCAAGCTCATCTCAGCCAC-3' (forward primer)
which corresponds to the nucleotides from -9 to 21, and 5'-GCCAGCACTAGTCTATGGA-
AGTGAGTCTTCACACAGGAAGG-3' (reverse primer) complementary to the nucleotides
from 1,951 to 1,990, were used as RT-PCR primers. The first strand of cDNA was yielded by

reverse transcription from 1 ug of mouse adrenal gland total RNA using oligo(dT) as a primer.
Subsequently, the segment including the mouse DBH cDNA was amplified using RT-PCR
primers. The cDNA fragment was electrophoresed on 0.8% agarose gel, eluted from gel slices,
phosphorylated at the 5'-end with T4 polynucleotide kinase, and subcloned into the Sma 1 site
of pUC119 vector.

Nucleotide sequence analysis: Proper restriction fragments of the genomic and cDNA
clones were subcloned into pGEM-7Zf(+) and pUC119 vectors. Several deletion mutants of the
appropriate clones were constructed according to the unidirectional deletion method (16). DNA
sequences were determined by the dideoxy chain-termination method (17) with Sequenase
DNA Sequencing kit (Stratagene) with T7 or SP6 promoter primer, or the synthetic
oligonucleotide corresponding to the 5'- or 3'- terminal sequence of each exon.
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Northern blot hybridization: Poly (A)YRNA (3 pg) was electrophoresed on 2%
agarose-formaldehyde gel, and transferred to a nylon membrane in 20 x SSC according to
Thomas (18). The membrane was hybridized with 32P-labeled mouse DBH cDNA fragment.

RESULTS AND DISCUSSION

Isolation of the gene and cDNA encoding mouse DBH: A DBA/2J mouse genomic
DNA library was screened with the human DBH ¢cDNA fragment (4) as a probe. Two positive
phages designated as gMDBH(D)2 and gMDBH(D)3, were obtained (Fig. 1). Southern blot
analysis with some restriction fragments of the human DBH cDNA showed that gMDBH(D)2
and gMDBH(D)3 contained the 5'- and 3'-regions of the mouse DBH gene, respectively, and
that they did not overlap with each other. Then, we screened a 129/SV mouse genomic DNA
library and obtained five overlapping positive clones (Fig. 1). Proper restriction fragments
digested with BamH 1 or BamH 1/Sal 1, were subcloned into the pGEM-7Z(+) or pUC119
vector.

To isolate the mouse DBH ¢cDNA with RT-PCR, we initially identified the first and last exons

of the mouse DBH gene in the isolated phage clones, and determined the nucleotide sequences
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Fig.1. Organization of the mouse DBH gene. The upper panel shows the restriction enzyme
maps of seven overlapping genomic clones, gMDBH (D)2 and 3 obtained from a DBA/2J
mouse genomic library, and gMDBH?2, 10, 14, 19 and 21 from a 129/SV mouse genomic
library. Restriction enzyme abbreviations: B, BamH I; E, EcoR I; and S*, Sal I site that was
artificially produced to construct the genomic DNA library. The exon/intron structure of mouse
DBH gene is illustrated, indicating exons with boxes. Sequencing strategy is shown on the
bottom. The nucleotide sequences of exons and their surrounding regions were determined with
the synthetic oligonucleotide primers (arrows). Some exons were localized by the restriction
enzyme mapping and their sequences were determined from the proper restriction sites (dotted
arrows). Arrowheads indicate the location and the direction of the oligonucleotide primers
used in RT-PCR described in MATERIALS AND METHODS.
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of their surrounding regions. As described in MATERIALS AND METHODS, the mouse DBH
¢DNA was amplified by RT-PCR method with adrenal gland total RNA using two synthetic
oligonucleotides corresponding to 5'- or 3'- region of the mouse DBH mRNA as primers. The
PCR product of about 2.0 kb was subcloned into the pUC119 vector and subjected to
nucleotide sequence analysis (Fig. 2). The predicted amino acid sequence showed that this
c¢DNA encoded the mouse DBH protein.

Subsequently, we determined the complete exon-intron structure of the mouse DBH gene.

Positions of the exon/intron junctions were estimated in the mouse DBH ¢cDNA sequence,
based on the comparison with the human DBH gene structure (4). As shown in Fig. 1, 5'- and
3'-terminal sequences of each exon region were synthesized and used as primers, to localize
each exon in subcloned restriction fragments and to determine the exon/intron junctional
sequences. The mouse DBH gene spanned about 17 kb and consisted of 12 exons interrupted
by 11 introns which ranged from about 0.1 kb to 2.8 kb. The sequences flanking splice donor
and acceptor sites obeyed the GT-AG rule (19,20) (Fig. 3). The exon/intron junctions of the
mouse DBH gene were identical with that of human DBH gene.
Primary structure of mouse DBH: As shown in Fig. 2, the cDNA clone encoded an open
reading frame consisting of 621 amino acids with the calculated molecular weight of 70,186,
that corresponded to the mouse DBH precursor protein including signal peptide. The sequence
surrounding initiation methionine codon, CTGCCATGC, matched well the consensus sequence
by Kozak (21). Previously, analysis of the bovine soluble DBH protein detected two N-
terminal sequences that were of about equal stoichiometry and differed only in the presence or
absence of the first three amino acids, Ser-Ala-Pro (22-24). We located two putative signal
peptide cleavage sites in the mouse DBH precursor protein, based on the homology with the
protein sequence data of the mature bovine DBH. The sequence of signal peptide showed high
hydrophobicity and contained the N-terminal extension of 11 amino acids as compared to the
bovine DBH signal peptide. Cleavage of signal peptide generates the mature protein of mouse
DBH with molecular weight of ~65 kDa, without posttranslational modification.

The predicted amino acid sequence of mouse DBH was compared to the sequence data of
DBH from other species (Fig. 4). It showed 87%, 80%, and 79% identities with the rat (10),
bovine (5-9), and human (3,4) DBH sequences, respectively. We found several amino acid
sequences that are involved in the posttranslational modification and catalytic function of DBH
protein. Five potential N-linked glycosylation sites that are identical to the consensus sequence,
Asn-X-Ser/Thr (25), were localized in the mouse DBH sequence. Three of these sites, Asn-68,
Asn-188, and Asn-569, were conserved among other three species. Wang et al. (6) have shown
that two potential glycosylation site, Asn-170 and Asn-552 of bovine DBH, which correspond
to Asn-188 and Asn-569 of mouse DBH, respectively, are actually glycosylated. There were
two putative calmodulin-dependent protein-kinase II phosphorylation sites, that correspond to

the consensus sequence, Arg-X-Y-Ser/Thr (26), at residues Ser-350 and Ser-508 in the mouse
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-1
ATCCCTGCC
—————

10 20 30 40 50 60 70 80 90 100 110 120
ATGCAAGCTCATCTCAGCCACCAGCCTTGTTGGAGCAGCCTCCCAAGCCCCAGTGTCCGTGAGGCGGCT TCCATGTACGGCACTGCTGTGGCCATCTTCCTGGTCATCCTGGTGGCTGCA
MetGlnAlaHisLeuSerHisGlnProCysTrpSerSerLeuProSerProServValArgGluAlaRlaSerMet TyrGlyThrAlavValAlaIlePheleuValIleleuvValAlaAla
——————————-

130 140 150 160 170 180 190 200 210 220 230 240
CTGCGGGGCTCGGAGCCTCCAGAGAGCCCCTTCCCCTACCACATCCCCCTGGACCCCGAAGGGATTTTAGAGC TCTCATGGAACGTCAGCTATGTCCAGGAGATCATCCACTTCCAGCTC
LeuArgGlySerGluProProGluSerProPheProTyrHi sIleProLeuAspProGluGlyIleLeuGluLeuSerTrpA_analSerTeralGl nGluIleIleHisPheGlnleu

A 80

250 260 270 280 290 300 310 320 330 340 350 360
CAGGTGCAAGGGCTGAGGGCTGGGGTCCTGTTTGGAATGTCAGATCGAGGAGAGATGGAGAACGCAGATCTCATCATGCTCTGGAGTGATGGGGACAGGGCCTACTT TGCGGATGCCTGG
GlnValGlnGlyLeuArgAlaGlyValLeuPheGlyMet SerAspArgGlyGluMetGluAsnAlaAspLeulleMet LeuTrpSerAspGlyAspArgAlaTyrPheAlaAspAlaTrp

120

370 380 390 400 410 420 430 440 450 460 470 480
AGTGACCGGAAAGGGCAGATCCATCTGGATTCCCAGCAAGACTACCAGCTGCTCCAGGCACAGAGGACTCGAGATGGCCTGTCCCTGCTCTTCAAGAGGCCCTTTGTCACCTGTGACCCC
SerAspArglysGlyGinlleHisLeuAspSerGlnGlnAspTyrGlnLeuleuGlnAlaGlnArgThrArgAspGlyLeuSerLeuLeuPheLysArgProPheValThrCysAspPro

160

490 500 510 520 530 540 550 560 $70 580 590 600
AAGGATTATGTCATTGAGGATGACACTGTCCATCTAGTGTATGGGATCTTGGAAGAGCCAT TTCAGTCGC TGGAGGCCATCAACACCTCAGGCCTGCATACAGGGCTGCTGCGGGTGCAG
LysAspTyrValIleGluAspAspThrValHisLeuValTyrGlyIleLeuGluGl uProPheGlnSerLeuGluAlaIleA;nThrSerGlyLeuHisThrGlyLeuIeuArgValcln

200

610 620 630 640 650 660 670 680 690 700 710 720
CTTCTGAAGTCTGAGGTCCCCACTCCATCCATGCCTGAGGATGTACAAACCATGGATATCCGGGCTCCTGACATCCTCATCCCCGACARTGAGCAAACGTACTGGTGCTATATCACTGAG
LeuLeuLysSerGluValProThrProSerMet ProGluAspValGlnThrMetAspIleArgAlaProAsplleleulleProAspAsnGluGlnThrTyrTrpCysTyrileThrGlu

240

130 740 750 760 770 780 790 800 B10 820 830 840
CTACCCCCACGCTTCCCCCGACACCACATCATCATGTATGAGGCCATTGTCACTGAGGGCAAT GAGGCCCTGGTGCACCACATGGAGCTCTTCCAATGTGCAGCTGAGTCTGAGGACTTC
LeuProProArgPheProArgHisHisIleIleMet TyrGluAlalleValThrGluGlyAsnGluAlaLeuValHisHisMetGluValPheGlnCysAlaAlaGluSerGluAspPhe

280

850 860 870 880 890 900 910 920 930 940 950 960
CCCCAGTTCAACGGACCCTGTGACTCCAAAATGAAGCCTGACCGACTCAACTACTGCCGRCACGTGCTGGCAGCATGGCCCCTGGGTGCCAAGGCATTTTACTACCCAAAAGARGCTGGT
ProGlnPheAsnGlyProCysAspSerLysMet LysProAspArgleuAsnTyrCysArgiisValleuAlaAlaTrpAlaleuGlyAlaLlysAlaPheTyrTyrProlysGluAlaGly

320

970 980 990 1000 1010 1020 1030 1040 1050 1060 1070 1080
GTTCCCTTTGGGGGCCCGGGGTCCTCCCCGTTTCTCCGACTGGAAGT TCATTACCACAACCCACGGAAGATACAAGGCCGGCAGGACTCCTCTGGCATCCGCCTACCCTACACAGCTACT
ValProPheGlyGlyProGlySerSerProPheleuArgleuGluValHisTyrHi sAsnProArgLysIleG lnGlyArgGInAsp%rSerGlyI leArgleuProTyrThrAlaThr

360

1090 1100 1110 1120 1130 1140 1150 1160 1170 1180 1190 1200
CTCCGACGCTATGACGCGGGCATCATGGAGCTCGGACTGGTGTATACACCCTTGATGGCCATCCCCCCTCAGGAGACTGCCTTTGTGTTGACCGGCTACTGCACAGACAAGTGCACCCAG
LeuArgArgTyrAspAlaGlyIleMetGluLeuGlyleuValTyrThrProleuMetAlalleProProGlnGluThrAlaPheValLeuThrGlyTyrCysThrAsplysCysThrGln

400

1210 1220 1230 1240 1250 1260 1270 1280 1290 1300 1310 1320
ATGGCACTGCAGGACTCCGGAATCCACATCTTTGCCTCTCAGCTTCATACACACCTGACGGGCAGGAAGGTGGTTACTGTGCTCGCCAGGGATGGCCAAGAGAGGAAGGAGGTGARCAGG
MetAlaleuGlnAspSerGlyIleHisIlePheAlaSerGlnLeuHisThrHisLeuThrGlyArgLysValValThrValLeuAlaArgAspGlyGlnGluArgLysGluValAsnArg

o) 440

1330 1340 1350 1360 1370 1380 1390 1400 1410 1420 1430 1440
GACAACCACTACAGCCCCCACTTCCGGGAGATCAGAATGCTGAAGAAGGT TGTGACAGTCTACCCGGGGGACGTACTCATCACT TCATGCACATACAACACAGARAACAAGACGCTGGCC
AspAanlsTyrSerProHisPheAr}GluI leArgMet LeuLyslysValValThrValTyrProGlyAspValLeuIlleThrSerCysThrTyrAsnThrGluRsnLysThrleuAla

= 480

1450 1460 1470 1480 1490 1500 1510 152¢ 1530 1540 1550 1560
ACAGTGGGGGGGTTTGGAATCT TGGAGGAGATGTGTGTCAACTATGTGCACTACTACCCCCAGACAGAGCTGGAACTCTGCAAGAGTGCCGTGGACGACGGCTTCCTACAGARATACTTC
ThrVa*lyGlyP heGlyIleLeuGluGluMetCysValAsnTyrValHisTyrTyrProGlnThrGluleuGluleuCysLysSerAlaValAspAspGlyPheLleuGlnlysTyrPhe

520

1570 1580 1590 1600 1610 1620 1630 1640 1650 1660 1670 1680
CACATGGTAAACAGGTTCAGCAGTGAGGAGGTCTGCACCTGCCCTCAGGCCTCAGTCCCCCAGCAGTTCTCCTCCGTGCCCTGGAACTCTT TCAATCGGARTATGCTCAAGGCTCTGTAT
HisMetValAsnArgPheSerSDerGlucluValesThrCysProGl nAlaSerValProGlnGlnPheSerSerValProTrpAsnSerPheAsnArgAsnMet LeuLysAlaleuTyr

560

1690 1700 1710 1720 1730 1740 1750 1760 1770 1780 1790 1800
GACTACGCCCCTATCTCCATGCATTGCAACAAGACTTCTGCTGTCCGCTTCCCGGGTGAGTGGAACCTGCAGCCTTTGCCTAAGATCACCTCCACGCTGGAAGAACCCACCCCACGCTGC
AspTyrAlaProl leSerMetHisCysA-snLysThtSerAlaValArgPheProGlyGluTrpAsnLeuGlnProLeuP rolysIleThrSerThrLeuGluGluProThrProArgCys

600

1810 1820 1830 1840 1850 1860 1870 1880 1890 1900 1910 1920
CCCATCCGACAGACTCAGAGCCCCGCTARCCCCACTGTGCCCATCACAACAGGAGGCAGATGCTGAATAGACCCACCTTGTGAGAAGCTATTCTTCARGACCCTCCTCCTCCTGTCCACC
ProIleArgGlnThrGlnSerProAlaA:nProThrValProI 1eThrThrGlyGlyRrgCys***

1930 1940 1950 1960 1970 1980 1990
TGGGCTCACACCAGCTCTGTGTAGCCCTCCCTTCCTGTGTGARGACTCACTTCCATAGACTAGTGCTGGC
e

Fig. 2. Nucleotide sequence and deduced primary structure of mouse DBH. The amino acid
sequence is indicated below the nucleotide sequence with three-letter code, and the nucleotides
are numbered from the putative intitiation methionine codon. The vertical arrowheads indicate
the predicted cleavage sites of signal peptide. Exon/intron junctions are represented with vertical
arrows. Potential N-glycosylation sites and calmodulin-dependent protein kinase 11
phosphorylation sites are marked with filled and open boxes, respectively. Putative S~

cresol and B—ethyryltyramine binding sites are indicated with the filled and open circles,
respectively. The paired histidines and His-X-His residues are underlined. Horizontal arrows
indicate the location and the direction of the oligonucleotide primers used in RT-PCR (see
MATERIALS AND METHODS).
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Exon 3'-junction 5'-junction
1 TAC TTT GCG gtgagt ... (Intromn 1, ~2.8kb)... ctgtag GAT GCC TGG
Tyr Phe Ala Asp Ala Trp
117 118
2 GTC ATT GAG gtaggc ...({Intron 2, ~2.3kb)... ctacag GAT GAC ACT
Val Ile Glu Asp Asp Thr
166 167
3 ATC ATC ATG gtaaac ... {Intron 3, ~0.6kb)... ttgcag TAT GAG GCC
Ile Ile Met Tyr Glu Ala
252 253
4 GGT GCC AAG gtgtgt ... (Intron 4, ~0.3kb)... acag GCA TTT TAC
Gly Ala Lys Ala Phe Tyr
311 312
5 ATA CAA G gtagga ... (Intron 5, ~2.0kb)... cttag GC CGG CAG
Ile Gln Gly Gly Arg Gln
346 346
6 ACC CAG ATG gtgagt ... (Intron 6, ~2.2kb)... cag GCA CTG CAG
Thr Gln Met Ala Leu Gln
401 402
7 CAC TTC CGG gtgaga ... ({(Intron 7, ~0.2kb)... ttgcag GAG ATC AGA
His Phe Arg Glu Ile Phe
449 450
8 GTC TAC CCG gtgagt ... (Intron 8, ~0.6kb)... ccag GGG GAC GTA
Val Tyr Pro Gly Asp Vval
462 463
9 GCC ACA GTG gtaa ...{Intron 9, ~2.6kb)... gcag GGG GGG TTT
Ala Thr Vval Gly Gly Phe
482 483
10 GTA AAC AG gtgaag ... (Intronl0, ~C.lkb)... ttccag G TTC AGC
val Asn Arg Arg Phe Ser
525 525
11 CGC TTC CCG gtatga ... (Intronll, ~1.4kb)... ttacag GGT GAG TGG
Arg Phe Pro Gly Glu Trp
578 579
12 AGA TGC TGA atagacccaccttgtgaga
Arg Cys ***
621

Fig. 3. Exon/intron junctions of the mouse DBH gene. The splice boundaries were determined
by comparing the genomic DNA sequence with the mouse cDNA sequence.

DBH sequence. The sequence of human DBH also contained one potential site of the same
protein kinase at the position corresponding to Ser-350 of mouse DBH. However, in the rat
and bovine DBH sequences, the consensus sequence around this potential phosphorylation site
was converted to that of cyclic AMP-dependent protein kinase by the amino acid substitution of
GlIn-348 of mouse DBH to Arg, at the position -2 preceeding the phosphorylation site.
Furthermore, the paired histidines and His-X-His residues, which are thought to be related to
copper binding, were located at positions, 248-249, 266-267, 337-339, and 416-418. Two

595



Vol. 189, No. 1, 1992 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

mouse
rat
bovine
human

mouse
rat
bovine
human

mouse
rat
bovine
human

mouse
rat
bovine
human

mouse
rat
bovine
human

mouse
rat
bovine
human

mouse
rat
bovine
human

mouse
rat
bovine
human

mouse
rat
bovine
human

1 25 50 75
MQAHLSHQPCWSSLPSPSVREAASMYGTAVAIFLVILVAALRGSEQ%ESPFPYHIPLDPEGILELSWﬁVSYVQEI
——Perm———me K e e e e e e Qe P mm e D-—-
MQV ===~ mmm oo e m oo Q-—A-A—-—-- I T-m——— I--A—-T
MPALSR-A-—-G=~M-——-F==§-—————mmmm e Q=~A-R-~=L==m——~———m §mmmmmm - T--A

76 100 125 150
IHFQLQVQGLRAGYVLFGMSDRGEMENADLIMLWSDGDRAYFADAWSDRKGQIHLDSQQDYOLLQAQRTRDGLSLL
————————— Po-m-——ms—c—————e—V———Teoe—T——memcmoQm———===TH-——=—————~V§N§ -~~~
-Y--~L-RE~K--—-——~===== L----- VV--T~R-G-—-G=~=-— Q~—-V==mmmmmm e R-—--PE--Y--
————— L-RR~K--===—~=—===L=———=VV~=T=—=To————===Qm-—=—==Pw=———e=-Y-——PE--T~-
151 175 a 200 225
FKRPFVTCDPKDYVIEDDTVHLVYGILEEPFQSLEAINTSGLHTGLLRVQLLKSEVP TP SMPEDVQTMD IRAPDT
—————————————————————————————————————————————— QQ~--=-P-~§=~A-—A-=mm———===rV
————— G---~N=--L---G=—=-===-F==--LR===§--—=-=~====—-Q-~===-PSI-K-AL-A-TR-~E~——=~V
————— G-——~==-L==-G-~======—===-R-==~==G-~-QM--Q-~--=~PNI~E-EL-S-AC-~EVQ-~N-
226 ° 250 275 300
LIPDNEQTYWCYITELPPREPRHHI IMYEATVTEGNEALVHHMEVFQCARESEDFPQFNGPCDSKMKPDRLNYCR
~==§T-TT=~m-———== LH=—— = m o m e TN-——A==M=r————=mmmmm e
~--GQQT--~-~ V--—-DG-—--—~ A e e e F-TI-H-§-———=~=---Q--—F--
Q~-5Q-T--~--- K---KG-§-—-—- K=-P-——K-====—=—==mm——m P-MDSV-H-§==——————~==m———==
301 325 350 375
HVLAAWALGAKAFYYPKEAGVPFGGPGS SPFLRLEVHYHNPRK IQGRQDSSGIRLPYTATLRRYDAGIMELGLVY
———————————————— E-----—==§-—-R-====——===~—N--~-R~————==H-—-§—-PNE-——~=~~———
———————————————— E---LA--=--—-R-===————==~LV-T-=R~————==Y-—-A-==Fo---no=-—j~
---------------- E--=LA---==--RY--==-————~LV-E--Nw=--=—=Y=m=K———FN==————~wo—
376 400 ° 425 450
TPLMAIPPQETAFVLTGYCTDKCTOMALQDSGIHIFASQLETHLTGRKVVTVLARDGQOERKEVNRDNHY SPHFRE
——————— wmm=fmmm————w-R-—===—PK-—-R=-=====m=——RA===T=—— === eQ-EV~~T=———====Q~
e e EE R RSP E PR g R e R-TEI---———===-~ 0-
——V--—-- e L=~PPommmmmmmmmmm e V—=-R-WEI--Q-————=-~ 0-
451 475, 500 525
IRMLKKVVIVYPGDVLITSCTYNTENKTLATVGGFGILEEMCVNYVHYYPQTELELCKSAVDDGFLOKYFHMVNR
———— NA-—-HQ--—————=——==== R-M-—mmmmmm oo K----- Smmmmmmmmm e I---
———————— §=Qr——========——~DRR-========== === ———me (P _H-~-RL-——
———————— §~H-—======——~==—DRE======—==== =~ oo T f-m——m——=LI-—
526 550 A 575 600
FSSEEVCTCPQASVPQQFSSVPWNSFNRNMLKALYDYAP ISMHCNKTSAVRFPGEWNLQPLPKITSTLEEPTPRC
“GN==—==mm e mm e O S N-——~-~ N e N-—-AV-~--D-~~
R E--A-——====—— EV---—— GF-==~———— R§-----Q-~=--R-—--E-V-R-=-----H~-
-NN-D---===~== R DV--~-- ) L Qm———=mmm = VI--———==- Q-

601
PIRQTQSPAﬁPTVPITTGGRC
————— RG--G-F-V~--H---HVIVLQ
-AS-A-~--G---LNIS--KG
-TS-GR---G---VSIG--KG

Fig. 4. Comparison of the deduced primary structures of mouse, rat, bovine and human DBH.
The amino acid residues identical to mouse DBH are indicated as dashes, and gap (*) has been
inserted to achieve a maximum homology. The vertical arrowheads indicate the predicted
cleavage sites of signal peptides. Putative S—cresol and S—ethyryltyramine binding sites are
indicated with the filled and open circles, respectively. Triangles represent the N-glycosylation
sites conserved (a) or not conserved (») among four species. Underlined, conserved HH or
HXH residues indicate likely copper binding sites, and open squares show potential
phosphorylation sites. The rat, bovine and human DBH profiles are derived from the reports of
McMahon et al. (10), Taljanidisz et al. (5), and Kobayashi et al. (4), respectively.
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catalytic active sites that were identified in bovine DBH with mechanism-based inhibitors, -

cresol (27) and B-ethyryltyramine (28), were present at Tyr-234 and His-416 in the mouse

DBH sequence, respectively. These characteristic amino acid residues were conserved among
the sequences from four species.

Regulatory elements of the mouse DBH gene promoter: The nucleotide sequence of
the 5'-region of mouse gene was compared to that of human DBH gene (4) (Fig. 5). Their
nucleotide sequences showed the homology of 67%. Several transcription regulatory elements
were found in the 5'-upstream region of the mouse DBH gene. The typical TATA (20) and
CCAAT (29) boxes were found at nucleotides -38 bp to -33 bp, and -159 bp to -155 bp of the
mouse DBH gene, respectively. These sequences were conserved between the mouse and

human DBH genes. However, the sequences homologus to cyclic AMP response element

-230
mouse CTGGAGGTGTCCTTAGGACCT-ATGTCTGCAGAGAGTAGCTG-~TTTCCAACAG~GCGTC

human CAGAGGGTGTCTGAAAGGCCTCTTGGCTGCAGGGTGCATCTGCTTTTGGGACAGCTCTTC
~284

-175
mouse AGAG--ATTTGTTGGAGGACAG--TCAGCCACTCTGCTTCGATTCTC~CTGAAGATGTCC

human AGAGCCATCTCAGAAGGGACAGCATCCGCCTGTCTACTTCAACTCCCACTGATGACGTCC
-224

-114
nouse ATGTGTCATTAGTGCCAATTAGGGGAGATGTGTGTGCCCCAGGGCATGGACTGGTGGGAG

human ATGTGTCATTAGTGCCAATTAGAGGAG-GGCAGCAGGCTGAGTGCTTGGCCTGGGGCGCA
-165

-60
mouse GGCCACCAAGA----CAATTCAATTCCCCACCAGACAAATGTGATTA--GGTGCAGCCTG

human AGCTTGTGGGAGGGAAAATTGGATTCCCCGCTAGACAAATGTGATTACCCGTGCTGCCTG
-105

-1
mouse G-CCCAACCCCACTGGA-CA-GGCATAAATGGCAGAGTGGGGTTGGGGTGCTCATCCCTGCC

human GACCCACCCATTCAGGACCAGGGCATAAATGGCCAGGTGGGACCAGAGAGCTCACCCCAGCC
~43

Fig. 5. Comparison of the 5'-flanking regions of the mouse and human DBH genes. Identical
resudies are marked by (). Gap (-) has been inserted to achieve a maximum homology.
Putative cis-acting elements, TATA, CCAAT and CACCC boxes, cyclic AMP responsive
element (TGACGTCC) are underlined. Human data are from reference (4).
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Fig. 6. Northern blot hybridization of RNA from mouse adrenal gland probed with the 2.0-kb
mouse DBH cDNA. Poly (A)'RNA profile (3.0 yg/lane) was electrophoresed in a 2% agarose
gel in the presence of formaldehyde and transferred to a nylon membrane. The 28S and 18§
ribosomal RNA bands are indicated as solid lines.

(CRE) (30), and CACCC box (31), which were observed in the 5'-region of the human DBH
gene, were not found in the corresponding region of the mouse DBH gene.

Detection of the mouse DBH mRNA: Northern blot analysis of mouse adrenal gland
RNA was carried out with the mouse DBH cDNA as a probe (Fig. 6). The result indicated the
existence of a single mRNA species of 2.5 kb. We previously reported the generation of two
different mRNAs (3.0 kb and 2.7 kb) encoding human DBH in pheochromocytoma. They were
distinct only in the 3'-untranslated region and were produced by alternative use of the
polyadenylation signals from a single human DBH gene (4). McMahon et al. (10) described
that there were two mRNA species of 2.5 and 2.7 kb in rat DBH, and that the relative
abundance of two mRNAs was different in rat adrenal gland and PC12 cells. On the other
hand, Wu et al. (9) detected a single DBH mRNA in bovine adrenal medulla. Multiplicity of the
DBH mRNA seems to be different in species or in tissues, and its physiological significance is

still unclear.
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