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SUPPLEMENTARY METHODS  
 

Diffraction data collection and structure determination - Diffraction data from the crystals of the 

hUGP1•UDP-Glc complex were collected to 3.35 Å resolution at the ESRF beamline ID14-1 using an 

ADSC CCD detector (Table 1). Data were reduced with XDS1. The structure was solved by Molecular 

Replacement using AMoRe2 with coordinates of a monomeric subunit of S. cerevisiae UGP (PDB ID: 

2I5K) as a starting model. During the model refinement, no cut-off for structure-factor amplitudes was 

used. The Molecular Replacement solution was refined in the torsion-angle simulated annealing procedure 

of CNS3,4 followed by energy minimization using deformable elastic network refinement5,6. The resulting 

structure was further refined in multiple rounds of manual real space refinement, using Coot7 and 

automated reciprocal space refinement, using PHENIX8 and REFMAC9. The same set of 5% randomly 

selected Rfree reflections was used in all refinement protocols. Atomic Displacement Parameters (ADP) 

were refined with the translation-libration-screw-rotation model (TLS) and individual ADPs. TLS 

parameters were refined with each macromolecule chain as one TLS-group. Torsion-angle NCS 

restrictions (restraint σ 2.5°, limit 15.0°) were lifted when R factors converged. Final electron density was 

calculated using the density modification (DM) procedure10. The DM was performed in a solvent 

flattening mode, using Hendrickson-Lattman coefficients from the refined protein model with omitted 

substrate and ligands as an initial approximation. The composite 2Fo–Fc electron density map was 

calculated using weighted structure factor and modified phases resulting from the DM procedure. 

Structure comparisons were performed using SSM and LSQ superposition in Coot11. 

Molecular modeling and structure analysis - Molecular mechanics energy minimization of an 

individual hUGP monomer was performed using CNS3,4, using an explicit water model with periodic 

boundary conditions in an artificial unit cell with P1 symmetry containing the hUGP monomer and three 

coordination spheres of water around the protein. The starting geometry was obtained from coordinates of 

the individual monomer (chain A) of the hUGP1•UDP-Glc complex. Stereochemical structure analysis 

was performed using Coot7. 
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SUPPLEMENTARY RESULTS 

 

Figures 
 
(Next page) Figure S1 Active site analysis of hUGP and species comparisons. (a) Portion of the 

composite 2Fo–Fc electron density omit map, calculated using weighted structure factor and modified 

phases resulting from the DM procedure (See Experimental Procedures for details). The map was 

contoured at 0.8 σ, around UDP-Glc (grey bonds) and surrounding active site residues (purple bonds) 

shown in stick representation. Red, blue and orange atom colours represent oxygen, nitrogen and 

phosphorus, respectively. (b) LigPlot illustration12 of the interaction of hUGP1 with UDP-Glc, displaying 

atoms (black: carbon; blue: nitrogen; red: oxygen; orange: phosphorus) of UDP-Glc (grey bonds) and 

hUGP1 residues (purple bonds) involved in hydrogen bonds (dotted lines) and hydrophobic contacts (half 

circles). (c) Purified recombinant StrepII-tagged wt hUGP1 and active site mutants, analyzed by silver 

stained SDS-PAGE (top) and Western Blot detecting the StrepII-tag (bottom). (d) Ribbon representation 

of one subunit of octameric hUGP1 (top, dark grey, this work) and monomeric L. major UGP (bottom, 

light grey, PDB ID: 2OEG). Conserved structural elements are highlighted in color i.e. the NB-loop 

(green), the central β-sheet (blue) and the SB-loop (orange). UDP-Glc is shown in ball-and-stick 

representation with oxygen, nitrogen and phosphorus atoms displayed in red, blue and orange, 

respectively. (e) Comparison of the quaternary structure and active site architecture of octameric UGPs 

from S. cerevisiae (PDB ID: 2I5K) and H. sapiens (isoform 2, PDB ID: 3R2W) in the apo-form. Top row: 

surface representation of apo S. cerevisiae UGP (green) and hUGP2 (blue) octamers, with individual 

subunits depicted in different hues. Bottom: active site residues of S. cerevisiae UGP (light grey bonds 

and labels) and hUGP2 (black bonds and labels), corresponding to residues shown to be involved in 

product binding and activity in this study (compare Fig. 3d). (f) Schematic representation of the 

compaction of the hUGP octamer in the UDP-Glc bound form. The outer cuboid frame (golden) 

represents the space filled by the apo hUGP2 octamer, the inner cuboid encloses the hUGP1*UDP-Glc 

complex (subunits represented by individual colours). Dimensions for both cuboids in Å are given along 

the respective outer and inner edges (blue text), differences are given along the X, Y and Z axis (black 

text). 
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(Previous page) Figure S2 Multiple sequence alignment of eukaryotic UGPs from human, mouse, 

chicken, zebrafish, S. cerevisiae, A. thaliana, barley and L. major created with MultAlin16 and ESPript17. 

Black, red, and white letters boxed in red indicate non-conserved, partially conserved and strictly 

conserved residues, respectively. White letters boxed in blue indicate residues that are involved in 

octamerization and strictly conserved only among animal UGPs. Secondary structure elements, functional 

loops and domains of hUGP1 and residues mutated in this study are highlighted underneath and above the 

alignment.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(Next page) Figure S3 Conformational rearrangements of hUGP associated with UDP-Glc binding. 

(a) – (d) Wall-eye stereo views of the superposition of hUGP active site elements in the apo- (PDB ID: 

2R2W; black) and UDP-Glc bound state (this study; purple). (a) The eight-stranded β-sheet, forming the 

active site cleft (left panel) undergoes a torsional deformation (right panel) upon UDP-Glc binding. (b) 

Coordination of UDP-Glc (ball-and-stick representation) by the NB-loop. (c) Conformational 

rearrangements in the SB-loop region upon UDP-Glc binding. The apo- and UDP-Glc bound 

conformations are shown in black and purple, respectively. Residue R287, participating in the interlock 

mechanism, is highlighted in ball-and-stick conformation. (d) Overlay of apo-hUGP2 (semi-transparent, 

black bonds) and UDP-Glc bound hUGP1 (purple bonds) active site residues involved in product 

coordination.  
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Tables 
 
Table S1 Primers used for the amplification of wt or mutant human UGP1. Each mutant hUGP1 
coding sequence was assembled from two (for single mutants) or three (for double mutants) fragments 
which were generated using the respective mutagenesis primers and hUGP1 primers ACM10 and ACM09 
for N- and C-terminal fragments, respectively. Codons that were changed in order to introduce point 
mutations are given in uppercase. BamHI and NotI restriction sites introduced for ligation of the PCR-
products into the expression vector are underlined. 
 

Mutation Primer names and sequences 

wt ACM10 cgcgggatcctcgagatttgtacaagatc 
ACM09 atatgcggccgctcagtggtccaagatgc 

L113G JF53 gctggttcccaaaccaccattCCCtttcaccaccactagtttgttc 
JF52 gaacaaactagtggtggtgaaaGGGaatggtggtttgggaaccagc 

G115D JF35 gcccatgctggttcccaaaccATCattgagtttcaccaccactag 
JF34 ctagtggtggtgaaactcaatGATggtttgggaaccagcatgggc 

G116A JF55 gcccatgctggttcccaaTGCaccattgagtttcaccaccactag 
JF54 ctagtggtggtgaaactcaatggtGCAttgggaaccagcatgggc 

K127A JF37 cctcacaccaatcagactTGCagggcctttgcagcccatgc 
JF36 gcatgggctgcaaaggccctGCAagtctgattggtgtgagg 

G222A JF59 ctggcgtaaatatcaccatgTGCtggagggtaccaagcttctg 
JF58 cagaagcttggtaccctccaGCAcatggtgatatttacgccag 

H223L JF39 ctggcgtaaatatcaccCAAacctggagggtaccaagcttctg 
JF38 cagaagcttggtaccctccaggtTTGggtgatatttacgccag 

N251L JF41 ctgtggcacccagattatctatCAAagacacaaaaatatactctttgccttctcc 
JF40 ggagaaggcaaagagtatatttttgtgtctTTGatagataatctgggtgccacag 

D253L JF43 cagatccactgtggcacccagattCAAtatgttagacacaaaaatatactc 
JF42 gagtatatttttgtgtctaacataTTGaatctgggtgccacagtggatctg 

N328L JF67 gctgcaagagaaatccataggttgtttgtCAAaaatattttgaactttgatacagacttgaactcg 
JF66 cgagttcaagtctgtatcaaagttcaaaatatttTTGacaaacaacctatggatttctcttgcagc 

K396A JF47 gcaagagatctgatgtggtTGCgacaggcagaaaacggctcc 
JF46 ggagccgttttctgcctgtcGCAaccacatcagatctcttgc 

R287E JIF88 ggaagtcacaaataaaacaGAGgcagatgtaaagggcg 
JIF89 cgccctttacatctgcCTCtgttttatttgtgacttcc 

R287L JIF90 ggaagtcacaaataaaacaCTTgcagatgtaaagggcg 
JIF91 cgccctttacatctgcAAGtgttttatttgtgacttcc 

D456K JIF92 ccagatatgcttgaattgAAAcacctcacagtttcagg 
JIF93 cctgaaactgtgaggtgTTTcaattcaagcatatctgg 

 
 
Table S2 Oligomeric nucleotidyltransferases analyzed with regard to the presence of  
     an interlock mechanism. 
 

Enzyme (EC Nr.) Organism Oligomeric state PDB ID (Reference) 

Glucose-1-phosphate  
uridylyltransferase (2.7.7.9) 

Saccharomyces 
cerevisiae Octameric 2I5K13  

Glucose-1-phosphate 
cytidylyltransferase (2.7.7.33) Salmonella typhi Hexameric 1TZF14 

Glucose-1-phosphate 
thymidylyltransferase (2.7.7.24) 

Pseudomonas 
aeruginosa Tetrameric 1G1L15 
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