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SUPPORTING INFORMATION 

Title: Dihydroorotase from the hyperthermophile, Aquifiex aeolicus, is activated by stoichiometric 

association with aspartate transcarbamoylase and forms a one pot reactor for pyrimidine 

biosynthesis 

Authors: Pengfei Zhang, Philip Martin, Cristina Purcarea, Asmita Vaishnav, Joseph S. Brunzelle|, 

Roshini Fernando, Hedeel I. Guy-Evans, David R. Evans, and Brian F. P. Edwards 

Table S1: Representative structures for carbamoyl phosphate synthetase, aspartate transcarbamoylase, 

and dihydroorotase. 

Enzyme Class Species PDB Limit Ligands 1 No. Id. 2 Citation 3 

CPS  Escherichia coli 1JDB 2.10 None  (1) 

ATC A Aquifex aeolicus (DAC) 3D6N 2.3 None  
(T-state 

291 Paper 

ATC C Bacillus subtilis 2AT2 3.00 
(C ) 

None  
(T-state) 

118 (2) 

ATC C Pyrococcus abyssi 1ML4 1.80 PALA 
(R-state) 

99 (3) 

ATC B Escherichia coli 6AT1 2.60 None  
(T-state) 

89 
 

(4) 

ATC B Escherichia coli 1D09 2.10 PALA  
(R-state) 

90 (5) 

ATC B Escherichia coli 
(C-trimer) 

3CSU 1.88 None  
(T-state) 

91 (6) 

ATC B Escherichia coli 
(C-trimer) 

1EKX 1.95 PALA 
(R-state) 

91 (6) 

ATC C Sulfolobus acidocaldarius 1PG5 2.60  None  
(T-state) 

88 (7) 

ATC B Moritella profunda 2BE7 2.85 None  
(T-state) 

81 (8) 

DHO I Aquifex aeolicus (DAC) 3D6N 2.3 FLC 422 Paper 

DHO I Aquifex aeolicus 1XRF 1.65 None 422 (9) 
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DHO I Aquifex aeolicus 1XRT 1.61 None 422 (9) 

DHO I Thermus thermophilus 2Z00 2.42 None 158 RSGI 

DHO I Porphyromonas 

gingivalis 

2GWN 1.85 CAC 128 MCSG 

DHO II Escherichia coli 1J79A 
1J79B 

1.70 ORO 
NCD 

68 (10) 

DHO II Escherichia coli (T109S) 2E25 2.70 FOT 68 (11) 

DHO II Escherichia coli 1XGE 1.90 NCD 
DOR 

68 (12) 

DHO II Escherichia coli 2EG6 (h) 1.70 None 68 (13) 

DHO II Escherichia coli  2EG7 (h) 2.00 HDDP 68 (13) 

DHO II Escherichia coli 2EG8 (h) 2.20 FOT 68 (13) 

DHO I Agrobacterium 

tumefaciens 

2OGJ 2.62 None 27 NSGXRC 

        

 

1 Ligand codes: CAC = cacodylate ion; DOR = (4S)-2,3-dioxohexahydropyrimidine-4-carboxylic 
acid; FOT = 5-fluoro-2,6-dioxo-1,2,3,6-tetrahydropyrimidine-4-carboxylic acid (5-fluoroorotate); 
HDDP = 2-oxo-1,2,3,6-tetrahydropyrimidine-4,6-dicarboxylic acid; NCD = lysine NZ-carboxylic acid; 
ORO = orotic acid 

2 Number of identical residues from a Blast search of the Protein Data Bank using the sequence of the 
corresponding protein from Aquifex aeolicus.  

3 MCSG = Midwest Center for Structural Genomics, paper “to be published”; NSGXRC = New York 
Structural GenomiX Research Consortium, paper “to be published”; RSGI = RIKEN Structural 
Genomics/Proteomics Initiative. 
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Figure S1. Structure-based sequence alignment for AaeDHO. The sequences of dihydroorotases 

from T. thermophilus (2z00A.pdb), P. gingivalis (2gwnA.pdb), E. coli (1xgeB.pdb), and A. tumefaciens 

(2ogjA.pdb) are aligned with the sequence of AaeDHO based upon the structural equivalences identified 

by SSM (14). The rmsd values for AaeATC superposed onto TthDHO, PgiDHO, EcoDHO and 

AtuDHO are 1.1 Å, 1.7 Å, 2,4 Å, and 3.3 Å, respectively. The ruler above each block gives the position 

in the sequence of AaeDHO; the sequence number for the other aligned structures are given at the end 

of each row. Identities with AaeDHO have a grey background. AaeDHO residues assigned to a specific 

interface by PISA are marked with the appropriate color in the cell above them – or in the two cells 

above if the residue participates in two interfaces. The primary residues in the active site are boxed. 

AaeDHO residues assigned to loops-A, -B, and –C, which start respectively at H180, N257, and Q310, 

are flagged with horizontal bars. The carboxylated lysine (KCX102) in EcoDHO is marked with an ‘X’. 

Only the first two letters of the species prefixes are used in this figure. 
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Figure S2. Structure-based sequence alignment for AaeATC. The sequences of aspartate 

transcarbamoylase from T. abyssi (R-state; 1ml4A.pdb), E. coli (R-state: 1d09A.pdb; T-state: 

6at1A.pdb), S. acidophilus (T-state; 1pg5A.pdb), and M. profunda. (T-state; 2be7A.pdb) are aligned 

with the sequence of AaeATC based upon the structural equivalences identified by SSM (14). The rmsd 

values relative to AaeATC are 1.9 Å, 1.9 Å, 2.2 Å, 2.1 Å, and 2.3 Å, respectively. The ruler above each 

block gives the position in the sequence of AaeATC; sequence numbers for the other aligned structures 

are given at the end of each row. Identities with AaeATC have a grey background. AaeATC residues 

assigned to a specific interface by PISA are marked with the appropriate color in the cell above them – 

or in the two cells above if the residue participates in two interfaces. The primary residues in the active 
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site are boxed with single lines; the residues participating in the active site of an adjacent catalytic chain 

are boxed with double lines. Only the first two letters of the species prefixes are used in this figure. 
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