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ABSTRACT Rat mitochondrial ornithine carbamoyltrans-
ferase (EC 2.1.3.3) is encoded by a gene located on the X
chromosome and expiessed specifically in the liver and small
intestine; we have cloned this gene and determined its struc-
ture. The gene is 75 kilobases long and is split into 10 exons. The
introns range in length from 85 bases to 26 kilobases. The sum
of the total exons is 1.5 kilobases and occupies only 2% of the
gene; this value being one of the lowest among genes heretofore
reported. The first exon encodes most of the NH,-terminal
presequence that functions as a mitochondrial targeting signal.
Putative binding sites for the two substrates of the enzyme,
carbamoyl phosphate and ornithine, are encoded by exons 3
and 9, respectively. A set of ‘“CAAT box”’- and ‘“ATA
box’’-like sequences is present about 200 bases upstream from
the 5’ end of the mRNA. About 35 bases downstream from this
set of putative promoter elements, an 11-nucleotide sequence
around the 5’ end of the mRNA reappears, as a direct repeat.
This pair of direct repeats may play a role in pulling the cap site
and the promoter elements together. Upstream and down-
stream from the 5’ end of the mRNA there are several
sequences that resemble the transcription factor Spl binding
site, the enhancer core sequence, the consensus sequence for the
glucocorticoid receptor binding sites, and the putative enhanc-
er element of the antithrombin III gene, another gene that is
expressed specifically in the liver.

Ornithine carbamoyltransferase (OrnCbmTase; carbamoyl-
phosphate:L-ornithine carbamoyltransferase, EC 2.1.3.3)isa
mitochondrial matrix enzyme encoded by a nuclear gene
located on the X chromosome (1) and catalyzes the second
step of urea synthesis in the liver of ureotelic animals. The
enzyme is initially synthesized in the cytosol as a larger
precursor with an NH,-terminal presequence and is then
transported into the mitochondrial matrix, where it is pro-
cessed to the mature enzyme, concomitantly with the trans-
port (refs. 2-4, reviewed in ref. 5). OrnCbmTase deficiency
is known in humans (6) and mice (7, 8), as an inborn error of
metabolism that results in protein intolerance and ammonia
intoxication. The enzyme has been purified to homogeneity
from bovine (9), rat (10), and human (11) liver and from rat
small intestine (12). The primary structure of the enzyme
precursor was deduced from the nucleotide sequences of rat
(13-15) and human (16) cloned cDNAs.

The expression of the OrnCbmTase gene in mammals has
several characteristics. The enzyme is found almost exclu-
sively in the liver and, to a lesser extent, in the small intestine
(12, 17). In the fetal liver, the level of the enzyme increases
late in gestation, coordinately with other urea-cycle enzymes
(18). The coordinate induction of the urea-cycle enzymes is
caused also by an increase in dietary protein (19, 20). In
addition to these tissue-specific, developmental stage-specif-
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ic, and dietary regulations, the OrnCbmTase gene on one of
the two X chromosomes in female cells is subject to inacti-
vation, which accompanies X chromosome condensation (21,
22). Cloning and structure analysis of the OrnCbmTase gene
will facilitate studies on molecular mechanisms of these
modes of regulation of gene expression. Partial structures of
the mouse (23) and human (24) OrnCbmTase gene have been
reported. We have now cloned the rat OrnCbmTase gene and
determined its complete structure. The gene is 75 kilobases
(kb) long and consists of 10 exons. There are noteworthy
structural elements around the promoter region that might
participate in regulation of transcription.f

MATERIALS AND METHODS

Isolation and Characterization of Genomic Clones. Three rat
genomic libraries were used. Two libraries were prepared
from liver DNA of male Sprague-Dawley rats by partial
digestion with restriction endonuclease EcoRI (25) or Hae 111
respectively, using bacteriophage A Charon 4A as a vector.
These libraries were provided by T.D. Sargent, L. L.
Jagodzinski, and J. Bonner (California Institute of Technol-
ogy). The third library was prepared as follows. A partial
Sau3Al digest of liver DNA from a female Wistar rat was
treated with calf intestine phosphatase and ligated with a
BamHI digest of bacteriophage A EMBL4. After packaging in
vitro, recombinant phages that carried rat DNA inserts were
selected by use of a restrictive host strain, Escherichia coli
NMS39. Starting from 1 ug each of donor and vector DNAs,
this procedure gave a library composed of 1.5 x 10° recom-
binants with an average insert size of 15 kb. These libraries
were screened first with nick-translated cDNA fragments
excised from the plasmid pOTC-1 (13) and later with labeled
DNA fragments derived from some of the isolated genomic
clones and free of repetitive sequences. Phage DNAs of
positive clones were characterized by restriction mapping
and by Southern (26) blot hybridization analysis. Subclones
were constructed with plasmid pUC18 as a vector, and the
nucleotide sequences of the double-stranded plasmid sub-
clones were determined by the dideoxynucleotide chain-
termination method (27, 28), using synthetic oligonucleotide
primers complementary to the vector or cDNA sequences.

Analysis of the 5' End of OrnCbmTase mRNA. Poly(A)*
RNA was prepared from the liver and small intestine of a
Wistar rat by guanidinium thiocyanate extraction (29) fol-
lowed by oligo(dT)-cellulose chromatography. Determina-
tion of the 5’ end of the OrnCbmTase mRNA by nuclease S1
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FiG. 1. Physical map of the rat OrnCbmTase gene. The structure of the gene is shown as the bar at the top of the diagram. Exons 1-10 are
shown as vertical lines. Below the gene structure, Hindlll sites are shown. The genomic DN A fragments contained in the phage clones are shown

below the restriction map.

mapping (30) and primer extension (31) were performed as
described.

RESULTS

Isolation and Characterization of the OrnCbmTase Gene.
Three phage libraries constructed from rat liver genomic
DNA were screened for the OrnCbmTase gene. About 40
independent clones were isolated and analyzed by restriction
enzyme digestion. Representative clones are shown in Fig. 1.
These clones overlapped and spanned about 100 kb. To
define positions and boundaries of the exon blocks, the
restriction fragments identified by Southern hybridization
were subcloned and their sequences were determined (Figs.
1 and 2). The gene is 75 kb long and is divided into 10 exons.
The nine introns range in size from 85 bases (intron 7) to 26
kb (intron 4). Since the exons total 1507 bases, 98% of the
gene is occupied by the introns. All of the splice donor and
acceptor sites conform to the GT ... AG rule (32) for
nucleotides immediately flanking exon borders.

The first exon encodes most (25 out of 32 amino acid residues)
of the NH,-terminal presequence that functions as a mitochon-
drial targeting signal. The presequence of the rat OrnCbmTase
precursor was shown to direct a fused cytosolic protein to the
mitochondria (33). Putative binding sites for the two
OmCbmTase substrates, carbamoyl phosphate and ornithine,
are encoded by exons 3 and 9, respectively. Boxed arginine and

cysteine residues in Fig. 2 were shown to be a part of the
carbamoyl phosphate- and ornithine-binding sites on the basis
of the following results. Inactivation of the enzyme by an
arginine-reactive reagent, butanedione, is prevented by
carbamoyl phosphate, and a cysteine-reactive reagent, 5,5'-
dithiobis(2-nitrobenzoic acid), interferes with the binding of
ornithine (34). Furthermore, these residues are conserved
among the mammalian and E. coli OrmCbmTases (14).

Characterization of the 5’ and 3’ Ends of the OrnCbmTase
Gene. DNA sequences around the 5’ and 3’ end of the
OrnCbmTase gene are shown in Fig. 3. The 5’ end of the
mRNA was determined by nuclease S1 mapping and primer
extension (Fig. 4), and is numbered +1. The DNA fragment
labeled at a position 21 bases downstream from the initiation
codon was used as the probe for the S1 mapping and gave
protected fragments of 106—-108 bases for both liver and small
intestinal poly(A)* RNA. The 108-base-long fragment, start-
ing from the primer labeled at the same position as the S1
probe, was also detected by primer extension analysis. From
these results, the 5’ end of the OrnCbmTase mRNA was
assigned to a position 87 bases upstream from the initiation
codon. The assigned 5’ end was the residue A preceded by C,
the generally preferred cap site.

The sequences CAAT (—235to —232) and ATAA (=191 to
—188), resembling canonical ‘*‘CAAT’’ and ‘*“‘ATA’’ boxes, are
situated more upstream than the ordinary locations, which are
around 80 and 30 bases upstream from a cap site, respectively

|GTAAGTGACAGAAACTGGGA. . . Intron 1...ACTTCTCCCTTCTTTTGTAG|

ATGCTGTCTAATTTGAGGATCCTGCTCAACAAGGCAGCTCTTAGAAAGGCTCACACTTCCATGGTTCGAAATTTTCdGTATGGGAAGCCAGTCCAGAGTCAAGTACAGCTGAAAGGCCGT
TS

ML SNLRTILLNEKAALTR REKAH

M VRNFRYGKPVQYS QVQLKTGHR 40
|GTATGCAATATTTGCCTTTT. . . Intron 2...GTTTTGTCTTTGGTTTTCAG |

GACCTCCTCACCCTGAAGAACTTCACAGGAGAGGAGATTCAGTACATGCTATGGCTCTCTGCAGATCTGAAATTCAGGATCAAACAGAAAGGAGAA&ACTTGCCTTTATTGCAAGGGAAA
bttt TLKNFTGEETIQVYMLWLSADTLTEKTFRTIIKTE QEKSGETYTL®PLTLTE QG GEK 80

|GTGAGTCTACTGACTAGCTC. .. Intron 3.

LTGTCTTTTTCTTACTTTTAG|

TCCTTAGGGATGATTTTTGAGAAAAGAAGTACEEﬁAACAAGACTGTCCACAGAAACAG%CTTCGCTCTTCTGGGAGGACATCCTTCTTTTCTTACCACACAAGACATTCACTTGGGCGTG
T ETG

S LGM I FEKRST
[GTTTGTAAAACTTTTCTTCT...Intron 4. LCTCTTCTTGGTTTGCCCCAG|

L L GGHPSFLTTQDTIHLGV 12

AATGAAAGTCTCACAGACACAGCTCG&GTGTTATCTAGCATGACAGATGCAGTGTTAGCTCGAGTGTATAAACAATCAGATCTGGACATCCTGGCTAAGGAAGCAACCATCCCAATTGTC
A

N E S L DT ARV LS SMTDAVL

|GTTGGTGTATTTCTTTGCTT. .. Intron 5..

VYKQSDLDILAKEATTIZPI 160

-GCGTTACCTCTGTTTTGTAG]

AACGGACTGTCAGACCTGTATCATCCTATCCAGATCCTGGCTGATTACCTTACACTCCAG%AACACTATGGCTCTCTCAAAGGTCTCACCCTCAGCTGGATAGGAGATGGGAACAATATC
L

NG L SDLYHPTIQI

YL TLQEHYGSLKGLTLSWIGDSGNNT 200

|GTAGGAATGCTGTCTGGCCT. . . Intron 6...GCTAATGTTTTTTCTTGCAG] |GTAGGTTTTAATTTGTAAAT...Intron 7...AGCAGACTTCTCTGTCCTAG|

CTGCACTCCATCATGATGAGTGCTGCAAAATTCGGGATGCACCTTCAAGCAGCTACTCCAAAGbGTTATGAGCCAGATCCTAATATAGTCAAGCTAGCAGAGCAGTATGCCAAGGAG&AT
L A A

LHSIMMSAAKTFGMH

T P K G

Y EPDPNT VKLAEQ QY AKEN 240

GGTACCQGGTTGTCAATGACAAATGATCCACTGGAAGCAGCACGTGGAGGCAATGTATTAATTACAGATACTTGGATAAGCATGGGACAAGAGGATGAGAAGAAAAAGCGTCTTCAAGCT

L SMTNDPLEAARGS GNUVL
|GTACAAATTGAGGCTTCTCT. .. Intron 8...TCTTACCCCCATCTCTTTAG|

TTCCAAGGTTACCAGGTTACAATGAAG%CTGCTAAAGTGGCTGCGTCTGACTGGACGTTTTTACA
K V A D W TF L H[CJ]LPRKPETEVDTDEVTFVYSPR 32

FQGY QVTMKTA

TDTWTISMGAQEDTETKTKTI KR RLAQA 28

CTTGCCTAGAAAGCCAGAAGAAGTAGATGATGAAGTGTTTTATTCTCCGCGG

[gTAAGGAAGAAGCGGGCAAT...Intron 9...TTTCTCTTTTGTCATCCCAG

TCATTAGTGTTCCCAGAGGCAGAAAATAGAAAGTGGACAATCATG%CTGTCATGGTATCCCTGCTGACAGACTACTCACCTGTGCTCCAGAAGCCAAAGTTC
S

S LVFPEAENRKUMWTIMAVMY

L L TDYSPVLQKZ®PKTF 354

FiG. 2. Exon-intron organization of the rat OrnCbmTase gene. The locations of the nine introns are indicated above the contiguous
protein-coding sequence. The amino acid sequence (standard one-letter symbols) is given below the coding sequence. 5’ and 3’ untranslated
sequences are not included. Arrowhead indicates the position of proteolytic maturation. Boxed arginine and cysteine residues are the putative
binding sites for the substrates, carbamoyl phosphate and ornithine, respectively.



6138

Biochemistry: Takiguchi et al.

a

-1011 -1001 -991 -981 -971 -961 -951 -941 -931 -921 -911 -901
TTCTGCTCCTGACTTTCAAATGACATTTACTGGTGGTAGTCTATAAACTTCTAGCAAGTACACATCAGGGTTTGCTAAGACATATGAATTGACAGTA@GAGGCQQQIGCCTCQﬁCTCTCC

-891 -881 -871 -861 -851 -841 -831 -821 -811 -801 791 -781
CTCCTCCCCTGTCTTCCACCCTTCTTGTTTTAAAAGTTTCCCTCTTCTGTGTTCTGCAGGACAACGTTATCTGGATCTTTCATATGGTCTTGGACTAGGACTATTGTTTACAAATGCAAT

=771 -761 -751 -741 -731 -721 -711 -701 -691 -681 -671 -661
CACTTTTGTTGAAATCTTAAGCTCTACAAAGATGAGATCATATCCTCTTTAGAAATTCTAGTCTCCCTGATGTCTGACAAAGATGAGAATTTAAAGCCAGCTCATTTCAAGCTGTAGCTA
DR-1 DR-1

-651 -641 -631 -621 -611 -601 -591 -581 =571 -561 =551 -541
AATGAATGAATGTGAAACATTGGCCCTTGATGACCTGAGGAGTTGCTGAGGTGCT TGRGGGCGGGGH GGGCGGGG GGGGAGGGGTTCACTGGTACTTGGAAACTCACACCGGAATCAGTAAGTGCCC

-531 =521 =511 -501 -491 -481 -471 -461 -451 -441 -431 -421
ACCTACTTACTAAACACCTATTATGTGGAAGACATAAAGGGGCCCCCTGGACTGAGTTCTTTTTATTATACCTCTACACCTCTTGAACTTGCTGCCATGGAAACCCAACTTTGAGTCTAT

-411 -401 -391 -381 -371 -361 -341 -331
CCCTTTCTATTTGTTGTGGAACGGATGGGAGTGCTAGGTAGGAAAGTGAAATCAACAGGAATACACAGGGCTGTCATAGCTCCATCTGGGGTTTTGTACTGTCAATTTACATTTTCTGAA
-291 -281 -271 -261 -251 -241 -231 -221 -211 -201 -191 -181
TGAGTTATTTCAGTGTACCTTCAGAGCAGCCCCAGCACGGCAGTGCCTTGCATATATTACACGCTGGTACTTGTCAACTGATTTTTATCCAAGCAAGTGACAGC@ATACATT
-171 -161 -151 -141 -131 -121 01 -91 -81 -61
ATGAAAAATGAAGGGTCTGGGCTCTGAAAGCATTAGGACTCTTTCTTTAAACAACAACCCTAGAGTTAGGCTTAAAGTTCAAGTGCCCCTGCACCCTGCCCTGCTCT CTCTAACC G
DR-2 ~
-21 11 10 20 30 40 60
TTGATCT.;GTGGTAGGACCTTTGATCCCCTCTGCAACTGAAAGCATTCTTAGCTTGCCAGTGGCCCCCACTGCCTGCCTGCCTGCGGAA(ﬁCTCTAGACCNTAG
______ bbbk
gb® 0352 100 110 DR 130 1?5 -3 150 160 170 180

7
ATTCCTCCTCCACTCTAGCAAGAGAAGATGCTGTCTAATTTGAGGATCCTGCTCAACAAGGCAGCTCTTAGAAAGGCTCACACTTCCATGGTTCGAAATTTTCGGTAAGTGACAGAAACT

210 220 230 240 250 260 270 300

GGGATCTGGTCAACGGTGAAAATTGGAATTATGTTCTGCAAGGGAATGCCTCTTTCAGCAAAGTAAGTGAAGTGCTACAGTTAGCAATTACATTCCTAGCGA
GCR(Anti-sense)

310 320 330 340 350 360 370 380 390 400 410 420

GGTTCGTATCTCTCACTCATTCTGCAGTTGAATTTTACCACGC TAACCAAGGCAGCTACAACAGACTAAATGCTCTTGACATCTTTCATTTGTGTGCATTCTAAATGAGCTACTGGCGAA

430 440 450 460 470 480 490 500 510 520 530 540
ACCAACCTGCAAAACCACCTCCCTGGATTACTAAGGGAAGGTTCTCACTTTGAAGAAATGTATCTGTGATGGTGGTCCIGGGCTTACTTGTTCTICAACGACTGATAGACCTAAGTTCCCT
GCR

b

10010 10020 10030 10040 10050 10060 10070 10080 10090 10100 10110 10120
TGATGCCTGTCAAGAGGACGAAAAACCCAAAAGACAAAAAAATCTGTTCTTTAGCAGCAGAATAAGTCAGTTTATGTAGAAAAGAGAAGAATTGAAATTGTAAACACATCCCTAGTGCGT
Hkk

10130 10140 10150 10160 10170 10180 10190 10200 10210 10220, 10230 10240
GATATAATTATGTAATTGCTTTGCTATTGTGAGAATTGCTTAAAGCTTTTAGTTTAAGTGCTGGGCATTTTATTATCCTGCTTGACTTGACTTAAGCACTCTCTTCAATTCACAACTTCT

10250 10260 10270 10280 10290 10300 10310 10320 10330 10340 10350 10360
GAATGATATTTGGGTTTCATATTAATTATCATACACATTTCCTTCCACTAAGCATTAAACACTATGCTTACAATGCATACCATCTAAGTGTAATCCATGCTTATTACCTT‘/_\A

10370 10380 10390 10400 10410 10420 10430 10440 10450 10460 10470 10480
TAAATGATCACTCGTGCTCATTTCTGAATAAACATTTGCCAGGCAGTCAACTGCTATCAAGTTCATGGGCCTTCAGACCAATGAGAGAGTTGAATGACCTACATCCTGCAAATGAGTACA
10490 10500 10510 10520 10530 10540 10550 10560 10570 10580 10590 10600
ATTCTCAGGGCAACAAGCAAAGTCAGACAGCCACAGAGACATCATGGAATTCTTTAAAAATGACAATTTACCCATACCGAAGTATTTTTCTAATAATTTATGGGAAGATCGGAGTCTGTC

Proc. Natl. Acad. Sci. USA 84 (1987)

10610 10620 10630 10640 10650 10660

10670 10680 10690 10700

AAATGCATACATCTCTCTATGTCACTGACTACTTCATGTTGCATATGGGTACCTGTCCAGGATCATGGGTTCATTACAGACTCACATAGCCCATAAT

FiG. 3. Nucleotide sequences of 5’ (a) and 3’ (b) termini. The sequence was determined on both strands, except for the regions upstream
from position —997 and downstream from +492 in the 5' terminus. (a¢) The underline (+1 to +164) denotes the first exon. The initiation codon
is marked with stars. The boxed areas with the symbols resemble the following sequences; ‘‘ATA’", ATA box; ““‘CAAT"’, CAAT box; Spl,
Spl-binding site (35); EC, enhancer core sequence (36); GCR, consensus sequence for glucocorticoid receptor binding sites (37); ATE, putative
enhancer element of human antithrombin I1I gene (38). The brackets with the intervening broken lines, marked with DS-1 to -3, indicate the
sequences of dyad symmetry. Paired arrows DR-1 and DR-2 indicate direct repeats. (b) The sequence downstream of the termination codon
TGA (marked with stars) is shown. The nucleotide corresponding to the termination codon is numbered 10,001. Arrowhead indicates the poly(A)
addition site. The putative poly(A)-addition signal is boxed. The ‘‘typical’’ poly(A)-addition signal sequences are denoted by the broken lines.

(Fig. 3a). About 35 bases downstream from the ATAA se-
quence is located the 11-nucleotide sequence CTGAAAGCA-
TT (—157 to —147), this being a direct repeat of the sequence
around the 5’ end of the mRNA (-8 to +3). Therefore, this
alignment of CAAT, ATAA, and the cap site-like region forms
a typical structure that could function as a promoter, although
no transcript starting from this region was detected. Another
ATAA sequence is present at positions —52 to —49, and even
this position is more upstream than the usual one.

A potential binding site for the cellular transcription factor
Sp1 (35), GGGGCGGGGGQG, is found at positions —603 to —594.
A sequence similar to the viral and cellular enhancer core
sequence (36), GTGGAAAG, is situated at positions —44 to
—37. The latter half of this enhancer core-like sequence is
overlapped by a sequence of dyad symmetry, AAAGGTggtag-
gACCTTT (—40 to —23, uppercase letters show the comple-
mentary regions). Two sequences in the first intron, located at
positions +290 to +275 (antisense strand) and +499 to +514,
resemble the consensus sequence for the glucocorticoid recep-
tor binding sites (37) (Fig. 5a). Two sequences surrounding the

5’ end of the mRNA, located at positions —72 to —63 and +47
to +57, are similar to the sequence that was postulated as an
enhancer element of the human antithrombin III gene (38),
expressed mainly in the liver, which in turn resembles a portion
of the polyoma virus enhancer (39) (Fig. 5b).

The 3’ untranslated region of the OrnCbmTase gene
contains 358 nucleotides (Fig. 3b). The site of polyadenylyla-
tion was inferred from three independent cDN A clones (refs.
14 and 15 and unpublished results). An uncommon but not
unprecedented poly(A)-addition signal, ATTAAA (40, 41), is
located 22 bases upstream from the poly(A) tail. The typical
poly(A)-addition signal sequence AATAAA appears twice,
just following the polyadenylylation site and 28 bases down-
stream from the site. Whether or not these sequences
function as minor poly(A)-addition signals is unknown.

DISCUSSION

The present study shows that the rat OrnCbmTase gene
spans about 75 kb on the X chromosome. Since the sum of the
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FiG. 4. Determination of the 5’ end of rat OrnCbmTase mRNA
by nuclease S1 mapping (¢) and primer extension (b). Poly(A)*
RNAs from rat liver and small intestine were analyzed. (a) The probe
was an Apa 1-BamHI fragment (—500 to +108) 32P-labeled at the 5’
end of the BamH]I site. Hybridization was carried out with 0.02 pmol
of probe (1.3 x 10° dpm) and 5 ug of poly(A)* RNA at 51°C for 20
hr, and the mixture was subjected to nuclease S1 digestion. (b) The
primer was a synthetic oligonucleotide (20-mer, complementary to
positions +89 to +108) *2P-labeled at the 5’ end. Annealing was
carried out with 0.3 pmol of primer (4 X 10° dpm) and 5 ug of
poly(A)* RNA, and the mixture was subjected to reverse transcrip-
tion. In both a and b, yeast tRNA was used as a control. To compare
the products directly with the genomic nucleotide sequence, the 5’
ends of the probe and the primer were arranged to coincide with the
5" end of a primer of the dideoxynucleotide sequencing (reaction
mixtures A, C, G, and T). Portions of samples were electrophoresed
in a 6% acrylamide/7 M urea gel. Arrow indicates the position
assigned to the 5’ end of the mRNA.

exon lengths is 1.5 kb, exons occupy only 2% of the whole
gene, a value being one of the lowest among genes heretofore
reported. X chromosome-linked genes whose structures have
been determined thus far are relatively large: the hypoxan-
thine phosphoribosyltransferase gene spans 33 kb (42); the
factor IX gene, 34 kb (43); the factor VIII gene, 186 kb (44);
the phosphoglycerate kinase gene, 23 kb (45); the color-vision
genes, 13-15 kb (46); and the glucose-6-phosphate dehydro-
genase gene, 18 kb (47). Though the number of examples is
small and they were not selected by random sampling, X
chromosome-linked genes generally appear to be large. It is
tempting to speculate that large genes are more favorable for
inactivation associated with X chromosome condensation.
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Fic. 5. Similarities between the 5'-region seqiences of the
OmCbmTase gene and the consensus sequence for the glucocorti-
coid receptor binding sites (37) (a) and the putative enhancer element
of the human antithrombin III gene (hAT-III, ref. 38) (b), which in
turn resembles a portion of the polyoma virus enhancer (39). The
OrnCbmTase gene sequence at position +290 to +275 is on the
antisense strand. Matched nucleotides are boxed. Dashes represent
gaps introduced for maximal sequence identity.

The 5’ end of the rat OrnCbmTase mRNA assigned here is
87 bases upstream from the initiation codon, both in the liver
and the small intestine. Among the three OrnCbmTase cDNA
clones reported, one clone (14) starts just from the cap site,
another from a position 30 bases downstream (13), and the
third from a position 13 bases upstream (15). The ldst one was
probably derived from mRNA that initiated from the up-
stream, less frequent start site.

The sequences CAAT and ATAA are present 235 bases
and 191 bases upstream from the 5’ end of the mRNA. It
remains open to question whether these sequences function
as ““CAAT” and ““ATA" boxes, since their positions are far
upstream from the usual locations. However, it is noteworthy
that the ll-nucleotide sequence CTGAAAGCATT around
the 5’ end of the mRNA is directly repeated about 35 bases
downstream from the sequence ATAA. Therefore, it is
possible that the cap site and the ATAA sequence are pulled
into the same vicinity by interaction of the direct repeats with
their binding protein(s) and by the resultant ‘‘looping out’’ of
the interval sequence (48). In this manner, the putative
CAAT and ATA boxes may become functional.

The structures of the 5’ regions of the mouse (23) and
human (24) OrnCbmTase genes have been reported. The
entire reported sequence of the mouse gene (corresponding to
positions —636 to +189 of the rat gene) is 92% identical with
the rat sequence except for several insertions or deletions,
and that of the human gene (corresponding to positions —500
to +305) is 75% identical with the rat sequence (data not
shown). These results indicate that rather long areas of the 5’
region of the gene, including the first intron, are highly
conserved among these species. For the mouse OrnCbmTase
gene, an =800-nucleotide 5’ flanking region was reported (23)
to direct the expression of the fused chloramphenicol ace-
tyltransferase gene in human hepatoma cells.

Around the 5’ end of the mRNA are noteworthy sequences
resembling the previously characterized cis-acting transcrip-
tional elements (Fig. 3a). The sequence GGGGCGGGGG
(—603 to —594) contains the core GGGCGG sequence of the
binding site of transcription factor Sp1 (35), which enhances
transcription by RNA polymerase 11, and coincides with one
of the Spl-binding sequences of the immediate early gene 3
of herpes simplex virus 1 (35). The homologue of the
enhancer core sequence (36), GTGGAAAG (—44 to —37), is
overlapped by a sequence of dyad symmetry that has the
potential to serve as a recognition site of DNA-binding
protein(s) (49); therefore, this site might be bound competi-
tively by various proteins. The sequences located in the first



6140  Biochemistry: Takiguchi et al.

intron at positions +290 to +275 (antisense strand) and +499
to +514, which resemble the consensus sequence for the
glucocorticoid receptor binding sites (37) (Fig. 5a), might be
involved in induction of OrnCbmTase activity by the coop-
eration of dexamethasone and glucagon (50, 51). As shown in
Fig. 5b, two sequences near the 5’ end of the mRNA are
similar to the sequence of a putative enhancer element of the
antithrombin 11l gene (38) expressed mainly in the liver.
Therefore, the homologous sequences of the OrnCbmTase
gene might also function as liver-specific enhancers. These
characteristic sequences remain to be tested for interaction
with protein factors and for their effects on transcription of
the OrnCbmTase gene.
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