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Dihydroorotase (L-4,5-dihydroorotate amidohydrolase, E.C. 3.5.2.3, catalyzesthe reversible enzymatic
conversion of carbamoyl aspartate (ureldosuccinate) into dihydroorotic acid via an intermolecular amide
condensation. Thisis one of the very few enzymes used to form an amide bond without a directly coupled
energy source such as ATP to drive the reaction. Dihydroorotase is the third enzyme in the highly conserved
de novo pyrimidine biosynthetic pathway. Like other enzymes on the interior of a biochemical pathway,
dihydroorotase is not feedback regulated by end product inhibition in E. coli (Sander and Hebe, 1971), S.
cerevisae (Lacroute, 1968), or in C. pepo (Lin and Lovatt, 1986). The catalytic mechanism of action of the
mammalian and most bacterial dihydroorotasesis thought to be similar to that of azinc protease
(Christopherson and Jones, 1980).

TheE. coli enzyme has been cloned and overexpressed (Brown and Collins, 1986). The enzyme has a
tightly bound catalytic Zn(I1) ion at the active site (Washabaugh and Collins, 1984) and also has two weakly
bound structural Zn(11) ions per subunit that are not essential for activity (Washabaugh and Collins, 1986). In
the eukaryotic CAD enzyme, the structural Zn(l1) ion isrequired for activity; however, the two weakly bound
structural Zn (I1) ions are not present (Smmer etal ., 1990). The E. coli enzymeisalso adimer
(Washabaugh and Collins, 1984) while the enzyme is amonomer in certain parasitic protozoa (Krungkrai et
a ., 1990).

Sequences encoding dihydroorotase (or CAD) have been isolated from Homo sapiens (Simmereta .,
1990), Mesocricetusauratus (golden hamster; Beinetal ., 1991), Drosophila melanogaster  (Freund and
Jarry, 1987), D. discoideum (Faureetal ., 1989), S cerevisiae (Guyonvarchetal ., 1988), Ustalago
maydis (Spanosetal ., 1992), E. coli (Béckstrometal ., 1986), Methanococcusjannaschii  (Bultetal .,
1996), and Arabidopsisthaliana (Nasr et al., 1994).

The genetic organization of the genes encoding dihydroorotase is variable. In mammals (Smmer et a .,
1990), Drosophila mdanogaster  (Freund and Jarry, 1987) and Dictyostelium discoideum (Faureeta .,
1989), the dihydroorotase enzymatic activity is part of alarge multifunctional enzyme termed CAD. This
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protein i1s encoded by a single gene and contains the enzymatic activities of the first three enzymes of
pyrimidine biosynthesis, Carbamoy| phosphate synthase (EC 2.7.2.9), Aspartyl transcarbamoylase (EC
2.1.3.2) and Dihydroorotase ( 3.5.2.3). In plants, S. cerevisiae (Guyonvarch etal ., 1988), Chlorella (Dunn
etal ., 1977) and some fungi (Spanosetal ., 1992), on the other hand, the dihydroorotase is encoded as a
monomeric protein that is not physically linked with other enzymes.

In plants, expression of dihydroorotase has been examined during germination of wheat grains, the enzymatic
activity of dihydroorotase drops by 50% during the first 30 minutes following imbibition and remains low
until about 12 hours after imbibition, when the activity beginsto rise. By two days after germination, the
activity isfour-fold higher than in dry seeds (Mazus and Buchowicz, 1972). Thus, the gene encoding
dihydroorotase must be developmentally regulated during seedling development. Whether the dihydroorotase
geneisalso environmentally expressed in plantsis not currently known.

DNA sequence reactions were performed using the Applied Biosystems Prism Dye-deoxy Cycle Sequencing
Kit. The reactions were run on an Applied Biosystems Prism 377 DNA sequencer, Perkin-Elmer Corp.
Sequence was initiated from known vector sequences. On the basis of these runs, primers specific to the
dihydroorotase sequence were constructed to extend the cDNA sequence. DNA sequences were performed in
duplicate or triplicate for each run. Each strand was completely sequenced including sequencing through all
restriction enzyme sites and the entire sequence of the cDNA confirmed on the opposite strand. The sequence
was deposited in GenBank with accession number AF000146.

The cDNA encoding dihydroorotase is 1362 nucleotides long. The cDNA isfull length. A methionine start
codon was found at [86..88]. The region surrounding the methionine start codon (CAGATGA) isin poor
compliance with the consensus eukaryotic trandation start region (Kozak, 1986). None of the nucleotides
surrounding the start codon is consensus. The pyrimidine at position -3 and substitutions at -1, -2, and +4
should result in a poor rate of trandation initiation for the Arabidopsis dihydroorotase. An ochre stop codonis
located at [1217..1219]. A consensus polyadenylation signal (AATAAA) was observed at [1325..1330], 18
nucleotides upstream from the polyadenylation site [ 1348].

The Arabidopsisthaliana Dihydroorotaseis a 377 amino acid protein that shares high identity with
prokaryotic dihydroorotase enzymes and moderate identity with the eukaryotic enzymes. The three conserved
domains found among other dihydroorotases (Guyonvarch etal ., 1988) are also conserved in the
Arabidopsis cDNA: Domain A (42-DWHLHLRDGDL-52), Domain B (67-AIVMPNLKPPVTS-79) and
Domain C (276-FLGTDSAPHERSRK-289). The histidines of Domain A are thought to coordinate the
catalytic zinc (Brown and Collins, 1991). Based upon thisidentity, we speculate that the catalytic mechanism
of the plant enzymeis similar to that of the E. coli and S. cerevisiae enzymes.

Table 1. Characteristics of the Arabidopsisthaliana cDNA for Dihydroorotase

Organism:
Arabidopsisthaliana cv Columbia

Source:
Clone was obtained by complementation of a S. cerevisiae urad mutant (Nasr etal ., 1994)

Function of Gene:
Dihydroorotase (L-4,5-dihydroorotate amidohydrolase), EC 3.5.2.3, third enzyme of the de novo
pyrimidine biosynthetic pathway, enzyme catalyzes an intramolecular condensation of carbamoyl
aspartate (ureidosuccinate) to form dihydroorotate.

Method of Identification:
Sequence isolated by complementation of a S. cerevisiae dihydroorotase mutant; confirmed by
identity with known dihydroorotases from avariety of organisms.

Characteristics of cDNA:
The cDNA is contained on a 1362 nucleotide fragment. A 85 bp 5' untranslated sequence[1 . . 85]
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Poor consensus signal surrounding the trandlation start codon (CAGATGA) found at [83 . . 89] A
377 amino acid protein [86 . . 1216] An opal stop codon (TGA) at [1217..1219]. A 131bp 3
untrandated sequence [1217 . . 1348]. A consensus polyadenylation signal (AATAAA) found at
[1325 . . 1330], which is 18 nucleotides upstream from the polyadenylation site [1348].

Features of the deduced Dihydroorotase:
A 377 amino acid protein. pl = 8.64 MW = 41,950 Protein was predicted to be 31.6% a pha-helical;
20.4% beta-pleated sheet and 48.0% unstructured.

Identity of the Arabidopsis protein with dihydroorotases from other species:

| Species ||% identity|/Accession Number|
[E. coli 545 |[PO5020 |
|S. typhimurium ||51.6 ||P06204 |
|U. maydis |27.6 ||P31301 |
|S cerevisiae  |(23.9 ||P20051 |
[M. jannaschii_|[22.7 |[P46538 |

In addition, FastA analysis revealed that the A. thaliana dihydroorotase had about 20% identity with a
region of the CAD enzymesfrom H. sapiens (GenPept P27708), Mesocricetus auratus (GenPept
P08955), D. discoideum (GenPept P20054), and D. melanogaster  (GenPept PO5990). Thisregion
extends approximately from amino acid 1400 to 1800 of the various CAD enzymes.
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