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Figure S1. Structural ensembles derived from 1 µs molecular dynamics (MD) simulations for 

GDP-Fuc a) and mimetic 1 b) in water. Numbers indicate the RMSD values (heavy atoms) in Å. 

Fucose residue in GDP-Fuc is shown as sticks.  

  

Molecular dynamics (MD) simulations  

Parameters for GDP-Fuc and mimetic 1 were generated with the antechamber module of 

Amber18,1 using the general Amber force field (GAFF),2 with partial charges set to fit the 

electrostatic potential generated with HF/6-31G(d) by RESP.3 The charges were calculated 

according to the Merz-Singh-Kollman scheme using Gaussian 09.4 Each compound was 

immersed in a water box with a 10 Å buffer of TIP3P water molecules.5 The system was 

neutralized by adding explicit counter ions (Na+). A two-stage geometry optimization approach 

was performed. The first stage minimizes only the positions of solvent molecules and ions, and 

the second stage is an unrestrained minimization of all the atoms in the simulation cell. The 

systems were then gently heated by incrementing the temperature from 0 to 300 K under a 



S3 
 

constant pressure of 1 atm and periodic boundary conditions. Harmonic restraints of 30 

kcal·mol–1 were applied to the solute, and the Andersen temperature coupling scheme6 was 

used to control and equalize the temperature. The time step was kept at 1 fs during the heating 

stages, allowing potential inhomogeneities to self-adjust. Water molecules are treated with the 

SHAKE algorithm such that the angle between the hydrogen atoms is kept fixed. Long-range 

electrostatic effects are modelled using the particle-mesh-Ewald method.33 An 8 Å cutoff was 

applied to van der Waals interactions. Each system was equilibrated for 2 ns with a 2-fs time-

step at a constant volume and temperature of 300 K. Production trajectories were then run for 

additional 1 µs under the same simulation conditions. 

 

 

Figure S2. P value table for Figure 1 – Table contains P values for all reactions in  Figure 1B.  Statistical 
analysis was performed using one-way ANOVA, followed by Dunnett’s multiple comparisons test where 
appropriate. For all above experiments n = 3. 

 
Figure S3. Exofucosylation of the RPMI-8402 cells line using FTVI. All reactions were carried 
out in triplicate using increasing concentrations of GDP-fucose and 1 x 106 cells each.  

Exofucosylation of the RPMI-8402 cells line using FTVI and GDP-Fuc. 

A titration of GDP-fucose was carried out to determine the maximum mean fluoresent intensity 
(MFI) of sLeX and LeX via flow cytometry for downstream inhibition experiments. Generally, 1 x 
106 cells were used in each FTVI exofucosylation reaction and all reactions were carried out in 
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triplicate.  Cells were then stained with either Alexa-Fluor 488 Mouse Anti-Human CD15s (BD 
Biosciences), or APC anti-human CD15 (SSEA-1) Antibody (BioLegend). Cells were then 
acquired on a Canto II (BD Biosciences) flow cytometer and analylized using Flowjo software 
(Treestar). FTVI was purchased from R&D systems. 

Figure S4. Inhibition of exofucosylation of the RPMI-8402 cells line using fucose mimetic 1. All 
reactions were carried out in triplicate utilizing 1.0 mM of GDP-fucose and 1 x 106 cells each.  
The green dotted line represents a 50% reduction in the creation of sLeX and LeX.  The blue 
dotted lines represent the ~IC50 calculated values. IC50 values were calculated from steady state 
rate regions (linear portions) of each curve, and represent the concentration of mimetic needed 
to inhibit 50% of the fucosyltransferase activity. This was then extrapolated from % change in 
MFI vs. mimetic 1 concentration. We used Microsoft Excel to obtain best fit and to calculate IC50 

values. 

Antibodies, flow cytometric analysis. 

A Canto II (BD Biosciences) flow cytometer was utilized for flow cytometry and the data acquired 
was analyzed using FlowJo Software (Treestar). Cells were stained using antibodies specific to 
sLeX (Alexa-Fluor 488 Mouse Anti-Human CD15s (BD Biosciences)), or LeX (APC anti-human 
CD15 (SSEA-1) Antibody (BioLegend)). 

Inhibition of exofucosylation of the RPMI-8402 and MSC cells using fucose mimetic 1. 

Cells of the RPMI-8402 cell line and MSC cell line were treated with either 0.3 g of 
fucosyltransferase VI (FTVI), 2.7 g of fucosyltransferase VII (FTVII), 1.0 ug fucosyltransferase 
IX (FTIX) or buffer-only at 37 °C for 60 minutes. All reactions contained at 1 × 106 cells/30 l in 
HBSS with 10 mM Hepes, 0.1% Human Serum Albumin, and 1.0 mM GDP fucose (Carbosynth) 
and the appropriate fucosytransferase. Then, mimetic 1 was added to each of the treatment 
groups in molar equivalents with respect to GDP-Fuc with each of the fucosytransferases. The 
treatment groups were as follows: 1:1 GDP-Fuc to mimetic 1 (i.e., 1.0 mM GDP-Fuc and 1.0 
mM mimetic),1:2 GDP-Fuc to mimetic 1 (i.e., 1.0 mM GDP-Fuc and 2.0 mM mimetic), or 
preincubated in presence of FT with a 2.0 mM solution of the mimetic 1 for 45 minutes followed 
by addition of a 1.0 mM solution of GDP-Fuc for 1 hour. Concentrations of the various FTs were 
utilized that would maximize the MFI to allow the detection of the efficacy of mimetic 1 to inhibit 
the various enzymes. 

Parallel Plate Flow Chamber 

Human umbilical vein endothelial cells (HUVEC, Lonza) were cultured in Endothelial Cell 
Growth Media (R&D Systems) in Bioflux microfluidic chambers that had been previously coated 
with 250 g/ml fibronectin (BD Biosciences). Then 4 hours prior to rolling assay, cells were 
activated with 40 ng/ml TNFα (R&D Systems). Different cell subsets, based on 
exofucoslylation/mimetic conditions, were then infused into the chamber at a concentration of 
2 × 106/ml and shear stress was applied from 0.5–8 dynes/cm2.  Then RPMI-8402 subsets were 
loaded into chambers containing monolayers of E-selectin bearing HUVECs with an initial shear 
rate of 0.5 dyne/cm2, with stepwise increments in the shear rate up to 8 dynes/cm2. The number 
of tethering/interacting RPMI-8402 cells on HUVEC were quantified at each shear rate and 
averaged across three different fields of view. 
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Expression of GFP-FTVI in HEK2936E cells 

pGEn2-HsFUT6 was isolated and purified from Escherichia coli strain DH5α using NucleoBond 
PC 10000 EF Gigaprep kit (Macherey-Nagel). HEK2936E suspension culture cells were grown 
to a cell density of 1-1,5x106 in FreeStyle F17 Expression Medium (Thermo Fisher Scientific) 
supplemented with 2% GlutaMax (Thermo Fisher Scientific) and 0,1% Kolliphor P188 (Sigma). 
The vector was transfected into cells using linear polyethylimine ‘Max’ (MW 40,000; 
Polysciences). The culture supernatant was harvest after 4 days of shaking the cells at 125 rpm, 
37°C, 8% CO2. 

Protein purification 

GFP-HsFTVI was purified from suspension culture medium by nickel-affinity purification using 
HisTrap HP (GE Healthcare) column connected to an ÄKTA FPLC system (GE Healthcare). 
The filtered culture medium was dialyzed overnight against 25 mM Tris pH 7.5, 150 mM NaCl, 
10 mM Imidazole and injected into the column at 1.0 ml/min. The bound protein was eluted with 
a gradient from 10-400 mM imidazole (over 16 column volumes), collecting 5-ml fractions. 
Fractions containing the GFP-HsFTVI were pooled and exchanged into a storage buffer (25 mM 
Tris pH 7.5, 150mM NaCl) using a desalting column (GE Healthcare). Protein was concentrated 
using a 30-KDa MW cutoff Amicon Ultra centrifugal filter unit (Millipore), frozen in liquid nitrogen 
and stored at -80°C. The final yield was 5.5 mg of GFP-HsFTVI per liter of cell culture 
supernatant. This protein was used for Saturation Transfer Difference (STD) NMR experiments. 

Saturation Transfer Difference (STD) NMR experiments 

All experiments were performed using a “Bruker Avance I” 500 MHz spectrometer with a 5 mm 
PATXI 1H/D-13C/15N Z-GRD probe at a temperature of 285 K. For assignment, mimetic 1 was 
prepared at 1 mM concentrations in 25 mM Tris-d11, 150 mM NaCl buffer in D2O at pH 7.5. 
Assignments were completed using standard 1H-13C HSQC (hsqcetgpsi) and COSY 
(cosygpmfph) experiments. STD NMR samples were prepared with 1.0 mM concentration of 1 
and 25 M of FTVI in 25 mM Tris-d11, 150 mM NaCl buffer in D2O at pH 7.5. STD NMR 
experiments were performed using the residual water peak as a reference for chemical shifts 
and at saturation times (d20) of 0.5 s, 1 s, 2 s, 3 s, 4 s and 5 s with a recycle delay (d1) of 5 s. 
A train of 50 ms, 1.1 mW Gaussian pulses applied at -1 ppm (on-resonance) or 40 ppm (off-
resonance) on the f2 channel were used. To remove unwanted x,z signals a spoil sequence 
was used composing of 2 trim pulses of 2.5 ms and 5 ms, followed by a 40% z-gradient for 3 
ms. To supress protein signals a spin lock of 0.9 W for 40 ms was used. STD NMR competition 
experiments with GDP were run on the previously produced STD NMR sample containing FTVI 
and 1, by addition of a concentrated GDP stock, to achieve a GDP concentration of first 1 mM, 
and then 10 mM. STD NMR competition experiments with GDP-fucose were run on a sample 
prepared in the exact same conditions as the previous, but with another batch of FTVI coming 
in 25 mM Tris-d11, 150 mM NaCl in D2O at pH 7.5, which produced lower STD (%) (Fig. 2d). 
The stddiffgp19.3 pulse sequence was used. All competition experiments were run at a 
saturation time (d20) of 2 s. 

Saturation Transfer Difference (STD) NMR experiments. Binding Epitope Mapping from 
Initial Slopes (STD build-up curves) 

STD build-up curves were constructed for each proton of 1 by measuring the STD intensity at a 
number of saturation times (0.5, 1, 2, 3, 4, 5 s). This allowed the initial rate of STD build-up 
(𝑆𝑇𝐷0) to be calculated by performing a least-squares fitting of the following mono-exponential 
curve: 

𝑆𝑇𝐷(𝑡𝑠𝑎𝑡) = 𝑆𝑇𝐷𝑚𝑎𝑥(1 − exp(−𝑘𝑠𝑎𝑡𝑡𝑠𝑎𝑡)) 

where 𝑆𝑇𝐷(𝑡𝑠𝑎𝑡) is the STD intensity for a saturation time, 𝑡𝑠𝑎𝑡, 𝑆𝑇𝐷𝑚𝑎𝑥is the maximum STD 
intensity, and 𝑘𝑠𝑎𝑡 is the rate constant for saturation transfer. In the limit, 𝑡𝑠𝑎𝑡 → 0: 

𝑆𝑇𝐷0 = 𝑆𝑇𝐷𝑚𝑎𝑥𝑘𝑠𝑎𝑡 

Importantly, 𝑆𝑇𝐷0 gives a value that is independent of any relaxation or rebinding effects, 
allowing for a more accurate binding epitope.7 The value of 𝑆𝑇𝐷0 was then normalised against 
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the proton with the largest intensity (Ha) to give values in the range of 0-100 %, which were then 
mapped on to a ligand structure to give the binding epitope (Figure 2b, main text). 

Table S1. Normalised STD0 values for 1. Table showing normalised values of STD0 (column “Relative 
STD”) for each proton of the inhibitor 1. The values of STD0 (column “Initial Slope”) were normalised 
against the largest value for each ligand. The second column shows the values of the parameters STDmax 
and ksat obtained by fitting the experimental STD data to the monoexponential equation described above. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S5. RPMI-8402 cell line was untreated (red), exofucosylated with 1.0 mM GDP-Fuc (orange), 1.0 
mM GDP-Fuc to 2.0 mM 1 (light green), or preincubated with FTVI and 1 (2.0 mM) for 45 min followed 
by addition of GDP-Fuc (1.0 mM) for 1 h (dark green). RPMI-8402 subsets were then loaded into 
chambers containing monolayers of E-selectin bearing HUVECs with an initial shear rate of 0.5 
dyne/cm2, with shear incremented stepwise until 8 dynes/cm2. The number of RPMI-8402 cell 
tethering/interactions were quantified at each shear rate and averaged across three different fields of 
view. 

 

Proton 
  

Initial Slope Relative STD 

H1 STDmax 27.37 31.78 83.1 

 
ksat 1.16 

  

H2 STDmax 19.67 22.05 57.6 

 
ksat 1.12 

  

H3 STDmax 16.29 22.97 60.1 

 
ksat 1.41 

  

H4 STDmax 16.93 25.89 67.7 

 
ksat 1.53 

  

H5 STDmax 17.55 27.76 72.6 

 
ksat 1.58 

  

H6 STDmax 12.07 33.92 88.7 

 
ksat 2.81 

  

Hb STDmax 29.26 36.92 96.5 

 
ksat 1.26 

  

Ha STDmax 31.77 38.25 100.0 

 
ksat 1.20 

  

Hc STDmax 25.00 26.32 68.8 

 
ksat 1.05 

  

CH2 STDmax 13.71 22.61 59.1 

 
ksat 1.65 
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Figure S6. Binding epitope mapping for the interaction of the donor substrate GDP-fucose to FTVI as 
obtained by STD NMR build-up curves. 

Dynamic light scattering (DLS)  

DLS measurements were carried out on a Brookhaven instrument (a BI 9000AT correlator and a BI200 
SM goniometer), equipped with a Peltier temperature control system. The light source was a Torus laser, 
mpc3000, Laser Quantum, UK (λ = 532 nm) and the scattered intensity was detected using a BI-APD 
detector. All DLS curves were acquired at 25°C. DLS measurements were performed on 1.0 mM solution 
of mimetic 1 (25 mM TRIS, 150 mM NaCl, pH 7.5).  

Figure S7. Representative correlograms of mimetic 1 solution and buffer, showing no signal correlation 
within 2 minutes of measurement. No significant difference was observed between the recorded 
scattering intensity of the sample and the buffer (i.e. 1.7 kcps and 2.5 kcps, respectively), indicating the 
absence of nano or micrometric aggregates within the sample. As a further confirmation, the scattering 
signal of the 1.0 mM solution of mimetic 1 does not correlate with itself in the time scale of the experiment 
(2 minutes of recorded scattering intensity), as in the case of buffer. 
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Figure S8. STD NMR competition experiments of mimetic 1 with GDP for binding to FTVI. The reference 
spectra of the sample containing 1.0 mM of mimetic 1 and 1.0 mM GDP is shown on top, in purple at 4x 
magnification (reference spectra of the sample containing 1.0 mM mimetic 1, and 1.0 mM mimetic 1 + 
10 mM GDP are not shown, to avoid figure over-crowding). The STD spectra of the sample containing 1 
mM mimetic 1 (black), 1.0 mM mimetic 1 + 1.0 mM GDP (red) and 1 mM mimetic 1 + 10 mM GDP (blue) 
are shown on the bottom, all at 1x magnification. The mimetic 1 signals are labelled with a star (*), while 
the GDP signals are labelled with an hash (#).  
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Figure S9. STD NMR competition experiments of mimetic 1 with GDP-fucose for binding to FTVI. The 
reference spectra of the sample containing 1 mM of mimetic 1 and 1.0 mM GDP-fucose is shown on top, 
in purple at 4x magnification (reference spectra of the sample containing 1.0 mM mimetic 1 is not shown, 
to avoid figure over-crowding). The STD spectra of the sample containing 1 mM mimetic 1 (black) and 
1.0 mM mimetic 1 + 1.0 mM GDP-fucose (red) are shown on the bottom, at 1x magnification. The mimetic 
1 signals are labelled with a star (*), while the GDP-fucose signals are labelled with an hash (#).  
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Figure S10. STD NMR competition experiments of GDP-fucose upon addition of mimetic 1 for binding 
to FTVI. The reference spectra of the sample containing 1.0 mM of mimetic 1 and 1.0 mM GDP-fucose 
is shown on top, in purple at 4x magnification (reference spectra of the sample containing 1 mM GDP-
fucose is not shown, to avoid figure over-crowding). The STD spectra of the sample containing 1 mM 
GDP-fucose (black) and 1.0 mM GDP-fucose + 1.0 mM mimetic 1 (red) are shown on the bottom, at 1x 
magnification. The mimetic 1 signals are labelled with a star (*), while the GDP-fucose signals are 
labelled with an hash (#).  

Figure S11. STD NMR competition experiments of sLacNAc upon addition of mimetic 1 for 
binding to FTVI. The reference spectra of the sample containing 1.0 mM of sLacNAc is shown 
on top (green). At the bottom, in red, the STD NMR spectrum of sLacNAc in the presence of 
FTVI showed no signals from the ligand (only residual baseline signals from the protein were 
observable, labelled with asterisks). Upon addition of 1.0 mM mimetic 1, no change in the 
baseline residual signals was observed, and intense STD NMR signals from mimetic 1 were 
observable (blue), reporting binding of the latter. Unfortunately the absence of sLacNAc STD 
NMR signals precludes any interpretation regarding potential competition with mimetic 1. 

sLacNAc
Reference 
spectrum

STD NMR sLacNAc

STD NMR
sLacNAc + mimetic 1

*

*

*
*

*
*
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