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Supplementary Table S1. Mutation sites on the epimerase part of human GNE that cause inherited
disorders. Mutants 58, 60 and 61 caused sialuria. All others caused HIBM.

No. Amino acid substitution  Structural position Localization of Reference
amino acids
within GNE
protein

1 E2G Flexible N-terminus surface 1
2 R8* Flexible N-terminus surface 13
3 R11W B1 strand surface 4
4 C13s B1 strand inside 257
5 A26P al helix inside 8
6 P27L al helix inside 39
7 P27S al helix inside 10
8 128M al helix inside 1
9 M29T al helix inside 511
10 M29R al helix inside 1
11 E35K Lo1-p2 surface 212
12 P36L Lat-p2 surface 13
13 E40K B2 strand surface 1
14 I51M Lnt-n2 tetramer interface 212
15 M60V a2 helix inside 14
16 R71W B3 strand surface !
17 G89R o3 helix dimer interface 1115
18 G89S a3 helix dimer interface 311
19 R101C a3 helix tetramer interface 6
20 R101H a3 helix tetramer interface 1
21 1106T B4 strand inside 2
22 11281fs*6 Laa-ps inside 311
23 R129Q B5 strand surface 3
24 R129* B5 strand surface 14
25 H132Q BS strand inside 1617
26 G135V Lps-as inside 18
27 G136R Lps-as inside 1
28 1142T a5 helix dimer interface !
29 1150V a5 helix inside 19
30 Y156H B6 strand surface 14
31 H157fs Ls-p6 inside 20
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Supplementary Figure S1. Dimer comparison with the hydrolyzing epimerase from M. jannaschii.

(a) The closed dimer of the M. jannaschii enzyme (PDB 4NES; green) is superimposed on the GNE

dimer (red). (b) The open dimer of PDB 4NEQ (cyan) is superimposed on GNE by using the N

domain.
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Supplementary Figure S2. Full-length model. The dimer of the kinase part of GNE (PDB 2YHY)
was docked onto the tetramer of the epimerase part by dyad alignment and axial rotations. In (a) an
epimerase monomer is color coded from N to C terminus and so is the corresponding kinase part.
The linker of 380-405, colored magenta, is probably longer than shown here. Other monomers are
colored pink. The bound ligands are shown as stick models. In (b) a surface presentation is shown
with each monomer colored differently, except the linker of the green subunit is colored magenta.
Shown in (¢) are two different views of the full-length tetramer model, colored green and cyan. The
same model is colored yellow in (d), where two open dimers of the M. jannaschii enzyme are
superimposed on to the tetramer as in Figure S2 and colored green and cyan in place of those in (¢).
Semitransparent surface representations of the open dimers are also shown. A possible channel for

ManNAc trafficking between epimerase and kinase is indicated by dashes.
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Supplementary Figure S3. The bound ManNAc molecule in monomer C. In (a) the protein is shown
as a ribbons diagram and spectrum color coded from N to C terminus. Bound ligands are shown as
thick stick models and colored magenta. In (b) the protein model is shown as thin sticks and

potential hydrogen bonds to the ManNAc molecule are indicated by pink dashes.




Supplementary Figure S4. Interactions of UDP with non-hydrolyzing epimerase in the active site.
The UDP molecule, as well as the allosteric UDP-GIcNACc, is shown as thick sticks model with
carbon atoms colored gray. The participating protein residues are shown as thin sticks, and potential

hydrogen bonds are indicated by cyan dashes.
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Supplementary Figure S5. Product binding mode. In (a) the crystal structure of non-hydrolyzing E.
coli enzyme with a bound UDP-ManNAc (PDB 1VGYV) is viewed by placing the sugar moiety in
the center. The product is shown as a thick stick model with cyan carbons. Some amino acids near
ManNAc and the B-phosphate are shown as yellow thin sticks. Hydrogen bonds are depicted with
green dashed lines. In (b) the ManNAc moiety from the E. coli structure was superimposed on GNE
with some adjustments. The original UDP is shown as thick sticks in magenta. Protein residues are
shown as thin sticks in green. The hydrogen bonds to the B-phosphate of UDP are indicated by pink

dashed lines, whereas some possible bonds to ManNAc are colored light blue.
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Supplementary Figure S6. Substrate binding mode and catalysis. With some modifications of the
ManNAc binding mode, a GIcNAc model is constructed and shown as yellow sticks in (a). UDP is
colored magenta. The surrounding amino acid residues are shown as thin green sticks. Potential
hydrogen bonds to GlcNAc and UDP are indicated by dashes and colored light yellow and light
blue. In (b) the catalytic bases Asp112 and Asp143, as well as the B-phosphate binding Ser302, are
colored green. UDP and ManNAc are colored cyan and magenta. Two solvent molecules which may

participate in the catalysis are shown as red spheres.
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Supplementary Figure S7. Sequence alignment. Residues of human GNE that interact with UDP are
marked by blue triangles, whereas those interacting with CMP-Neu5Ac are indicated by red ovals.
The enzymes from human, Neisseria meningitidis and Helicobacter pylori are hydrolyzing
epimerases, whereas those from Bacillus anthracis and Methanocaldococcus jannaschii are
non-hydrolyzing. Strictly conserved residues in both classes of epimerase are highlighted by solid

red boxes.
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Supplementary Figure S8. Location of HIBM mutants in the full-length GNE model. One monomer

is shown as a green ribbon diagram except the mutation sites, which are colored magenta. The other

monomers in the same dimer (cyan) and the other dimer (yellow) are shown as surface

representations.
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Supplementary Figure S9. Gel-filtration profile and PAGE analysis of the eluted fractions. After
purification by using Ni-NTA column, the His-tagged protein was concentrated and loaded onto a
Superdex-200 size-exclusion column. The subsequent elution profile is shown in the upper part of
this figure, with X-axis and Y-axis indicating the elution volume and the absorbance at 280 nm. The
red numbers denote the collected fractions. In the lower part, the contents of selected fractions
(indicated on top of the lanes) were analyzed by using polyacrylamide gel electrophoresis (PAGE).
On the left side the molecular weights of the marker proteins are indicated (lane M).
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Supplementary Figure S10. Ramachandran plot. There are 17 outliers, most located at the rims of

allowed regions. This figure was prepared based on the output of MolProbity.
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Supplementary Figure S11. The simulated annealing Fo-Fc omit maps are contoured at 4.0 ¢ and
shown as grey meshes around CMP-Neu5SAc (a) and UDP (b).
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