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Supplementary Methods 

Protein production and purification of RePC site-directed mutants. The E248A, E248D, 

E248R, R353A, and K1119Q mutants of RePC were expressed as reported for T882A with the 

exception that smaller, 20 L, cultures were grown.  Ni2+-affinity chromatography was used to 

purify the K1119Q and E248A mutants, while a combination of Ni2+-affinity and anion exchange 

chromatography was used to purify the R353A, E248R, and E248D enzymes to homogeneity.  

Cells were lysed by sonication and 0.2 mg/mL lysozyme in a 1:10 ratio of cell paste to loading 

buffer (20 mM HEPES (pH 7.5), 200 mM NaCl, and 10 mM MgCl2, and 5 mM β-

mercaptoethanol) supplemented with 10 mM imidazole, 1 mM PMSF, 0.1 mM EGTA, 5 µM E-

64, and 1 µM Pepsatin. Cell lysate was cleared by centrifugation at 64,000 × g for 0.5 h. A 10 

mL column volume of Ni2+-NTA Profinity resin (BioRad) was manually poured and packed in a 

2.5 cm diameter column and equilibrated with loading buffer.  Cleared cell lysate was applied to 

the Ni2+-affinity column and the column was washed with 250 mL loading buffer containing 20 

mM imidazole.  The protein was eluted with a 100 mL linear gradient of 20 - 300 mM imidazole 

in loading buffer.   E248A and K1119Q were considered pure after the Ni2+-column and peak 

fractions were pooled and dialyzed against storage buffer (10 mM HEPES (pH 7.5), 50 mM 

NaCl, 10 mM MgCl2, and 1 mM TCEP).  For the other mutants, protein that eluted in 

concentrations ≥1 mg/mL was pooled and dialyzed against loading buffer 2 (20 mM HEPES (pH 

8.0), 10 mM MgCl2, 50 mM NaCl, and 2 mM DTT).  A 10 mL column volume of Q-Sepharose 

Fast Flow (GE Healthcare) resin was manually poured and packed in a column with a 2.5 cm 

diameter. The anion-exchange resin was equilibrated with loading buffer 2 and the dialyzed 

protein was then loaded on the column. The column was washed with 100 mL of dialysis buffer 

prior to elution with a 50 mM - 1 M NaCl linear gradient (100 mL total volume).  Fractions were 
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pooled and dialyzed against a storage buffer consisting of 10 mM HEPES (pH 7.5), 50 mM 

NaCl, 10 mM MgCl2, and 2 mM DTT.  An Amicon stirred cell was used to concentrate all 

proteins to 5 - 10 mg/mL. Concentrated proteins were flash frozen in liquid nitrogen prior to 

storage at -80 °C. 

 

RePC BC protein production and purification. The BC construct of RePC (BC-RePC) in a 

pET-28a-(His)8-TEV plasmid was co-expressed in E. coli BL21Star(DE3) with E. coli biotin 

protein ligase A on vector pCY216. The BC-RePC was expressed in M9 minimal media 

containing 50 g/mL kanamycin and 30 g/mL chloramphenicol. Cultures were grown at 37 °C 

to an Optical Density (600 nm) of 0.9 and immediately chilled on ice for 15 minutes prior to 

induction with 25 mM L-arabinose and 1 mM IPTG and supplementation with D-biotin to a final 

concentration of 1.5 mg/L. Cultures were induced at 16 °C for 18-20 hours. The BC construct 

of RePC was purified using Ni2+-affinity chromatography as previously described (1). The 

purified preparation was incubated with His-tagged recombinant TEV (rTEV) protease at 4 °C 

(40:1 molar ratio of BC RePC to rTEV) to remove the N-terminal (His)8 tag of BC-RePC. 

Subsequently, the sample was reapplied to a Ni2+-affinity column to remove the cleaved (His)8 

tag and His-tagged-rTEV protease. The (His)8 tag cleavage and rTEV protease removal was 

>95% efficient as estimated by SDS-PAGE. The purified recombinant protein was concentrated 

to ~8 mg/mL, drop frozen in liquid nitrogen in 30 L aliquots and stored at –80 °C. The enzyme 

concentration of BC-RePC was determined spectrophotometrically using the predicted molar 

extinction coefficient of 76 780 M-1 cm-1 at 280 nm (2). 
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Table S1. Table of Calculated Relative Binding Energies for Docked Analogues

Analogue
Relative Binding 

Energy (kcal/mol)
Conformation

Carboxyphosphate

-5.49

-5.12

Carbamoyl phosphate -4.82

Acetyl-phosphate -5.06

Phosphonoacetate -5.14
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Supplementary Figure Legends 

Figure S1.  Multiple cloning region sequence for the modified pET-28a vector. The open reading frame 
corresponding to the N-terminal (His)8-tag and TEV cleavage site is indicated along with a number of 
unique restriction enzyme sites.  The sites for the T7 promoter (green), lac repressor (blue), His-tag 
(purple) and TEV cleavage site (gold) are also indicated. This figure was generated using the program 
Geneious Pro (Biomatters, Ltd.). 

Figure S2.  A bottom-side view of the two tetramers in the crystal structure of RePC T882A. Tetramer 1 
is made up of chains A (top side; blue) and B (bottom side; yellow) while tetramer 2 consists of chains C 
(top side; red) and D (bottom side; green). The tetramers are presented “bottom-side up” in order to give 
the clearest visualization of all structural elements. Crystal packing contacts are between the two 
tetramers are primarily in the circled region, consisting of residues 516-538 at the periphery of the CT 
domain. Panels A and B are rotated 90° through the plane of the page. Panel C displays the structural 
superposition of the two tetramers, showing that they are structurally very similar, with an overall RMSD 
of 2.9 Å. 

Figure S3.  Diagrammatic scheme representing the possible rehybridization combinations of both active 
and inactive tetramers from mixing and diluting the T882A and K1119Q RePC mutants.  Filled black 
shapes indicate an either inactive CT domain (T882A mutant) or BCCP-domain (K1119Q mutant).  Red 
filled shapes indicate an active intermolecular catalytic pair formed across neighboring polypeptide 
chains.  

Figure S4.  A side and top stereo view of the 2Fo-Fc electron density contoured at 1.0  for tetramer 1 (A) 
and tetramer 2 (B). For clarity, the 2Fo-Fc electron density corresponding to the BCCP domain is colored 
in blue while the 2Fo-Fc electron density corresponding to the B-subdomain is colored in green.  

Figure S5.  ClustalW sequence alignment for the BC domain of various biotin dependent carboxylase 
enzymes and for carbamoyl phosphate synthetase (a) RePC residues 1-250 (b) RePC residues 251-460. 
Yeast pyc1 corresponds to isoform 1 of yeast PC; PCC is propionyl-CoA carboxylase; UC is urea 
carboxylase and CPS is carbamoylphosphate synthetase. The conservation of Arg353 and Asp248 is 
highlighted in a yellow starred box. Residues Tyr90 and Asp399 are also highlighted in yellow boxes.  

Figure S6.  Proposed reaction mechanism for the BC domain catalyzed reaction. 
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