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Things we have done in the past

side chain (Figure 1A) and GlcNAcstatin G a penta-2,4-diena-
mide derivative, both potentially able to react with the hOGA
Cys215. GlcNAcstatin H, a saturated derivative of GlcNAcstatin
G, was synthesized as a control (Figure 1A). The synthesis will be
reported elsewhere.

GlcNAcstatins F–H Show Increased hOGA Selectivity
while Retaining Potency
The new GlcNAcstatin derivatives were evaluated in kinetic
studies for their ability to inhibit recombinant hOGA. The
pH optimum of hOGA is 7.3 (Figure 1D), whereas the first
GlcNAcstatin inhibitor reported (GlcNAcstatin C) inhibits with
maximum potency at pH 6.6 (Ki = 2.9 nM) (Figure 1D). At
pH 7.3, GlcNAcstatins F–H show time-independent inhibition in
the 2.6–11.2 nM range (Table 1 and Figures 1A and 1B). To
assess selectivity, inhibition of hHexA/B was also investigated
(Figure 1C). The extension of the N-propionyl side chain of
GlcNAcstatin D with an additional thiol group (GlcNAcstatin F)
increases selectivity for hOGA to 1000-fold (Figure 1C and
Table 1), showing that the elongated N-acyl substitution abol-
ishes the binding of the compound to hHexA/B (Table 1). Strik-
ingly, the more extended GlcNAcstatin G inhibits hHexA/B with
an approximate IC50 of only 7 mM (Figure 1C and Table 1),
thus resulting in a >900,000-fold selectivity for GlcNAcstatin G
toward hOGA, representing the most selective hOGA inhibitor
reported to date.
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Figure 1. GlcNAcstatins and Their Inhibitory
Activities
(A) Chemical structures of GlcNAcstatins C, D,

and F–H.

(B) Lineweaver-Burk analysis of hOGA steady-

state kinetics measured in the presence of

0–40 nM GlcNAcstatin G at pH 7.3. Data were

fitted using the standard equation for competitive

inhibition in the GraFit program (Leatherbarrow,

2001), yielding a Ki of 4.1 nM (Table 1).

(C) Dose-response curve of hHexA/B inhibition

GlcNAcstatins C and F–H. Data were fitted using

the standard IC50 equation in the GraFit program

(Leatherbarrow, 2001).

(D) Characterization of pH optimum of hOGA

catalytic activity (open circles) and GlcNAcstatin

C inhibition (black dots). The catalytic activity

was measured using a McIlvaine buffer system

over a 4.9–8.1 pH range. Data for 1/Ki and kcat/Km

were plotted versus the pH and fitted by nonlinear

regression to the bell-shaped double pKa equation

in the program GraphPad Prism. The pH optimum

for hOGA hydrolytic activity is pH 7.3 (right y-axis),

and the pH optimumGlcNAcstatin C inhibition is at

pH 6.6 (left y-axis).

The 3-Mercaptopropanamide Side
Chain of GlcNAcstatin F Efficiently
Occupies the Selectivity Pocket
The molecular basis of the increased
selectivity of the new GlcNAcstatin
derivatives was investigated by X-ray
crystallography using the CpOGA V331C

mutant that perfectly mimics the hOGA active site (Dorfmueller
et al., 2009) (Figure 2B). The CpOGA-V331C GlcNAcstatin
F complex (2.5 Å resolution) reveals that the inhibitor-binding
mode is similar to the previously reported GlcNAcstatin C/D
complexes (Dorfmueller et al., 2006, 2009) (Figure 2B). The
3-mercaptopropanamide moiety points straight into the
pocket of the active site, whereas all hydrogen bonds seen in
the GlcNAcstatin C/D complexes are conserved. Interestingly,
the sulfhydryl group of GlcNAcstatin F approaches the active
site cysteine (Cys215 in hOGA, equivalent to Cys331 in the
V331C-CpOGA mutant) to within 3.5 Å (Figure 2B), although
the side chain thiol points away from the inhibitor, and no
disulfide bond is formed, in agreement with the absence of
time-dependent inhibition. A structural superposition of the
GlcNAcstatin F-V331C-CpOGA complex onto the structure of
hHexA (Figure 2C) reveals that the shallower N-acetyl binding
pocket in the HexA structure would produce steric clashes
with the 3-mercaptopropanamide moiety, also explaining the
increased selectivity for hOGA of >900,000-fold for the further
elongated penta-2,4-dienamide substituent (GlcNAcstatin G).

GlcNAcstatin G Penetrates HEK293 Cells
No direct evidence has so far been provided for any known
hOGA inhibitor penetrating the cell and inducing cellular hyper-
O-GlcNAcylation by direct inhibition of intracellular hOGA. We
have used a mass-spectrometric approach to measure intracel-
lular GlcNAcstatin G concentrations in HEK293 cells. HEK293
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Things we will do @MBG The lab @MBG from June 1st

Contact: daan@mbg.au.dk or dmfvanaalten@dundee.ac.uk

Main aim: understand how OGT-
missense mutations lead to intellectual 
disability
• Develop fly/mouse/ESC models
• Modulate using genetic/chemical tools
• Dissect through biochemistry/”omics”
• Understand through structural biology
• Interact with clinicians/patients


