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Abstract

Many monoclonal antibodies (mAbs) used in cancenumotherapy mediate tumour cell lysis by

recruiting natural killer (NK) cells; a phenomendmown as antibody-dependent cellular

cytotoxicity (ADCC). Eliminating core-fucose frorhé N-glycans of a mAb enhances its capacity to
induce ADCC. As such, inhibitors of fucosylatioredrighly desirable for the production of mAbs

for research and therapeutic use. Herein, we dmserisimple synthesis of 6,6,6-trifluoro-L-fucose

(F3Fuc), a metabolic inhibitor of fucosylation, addmonstrate the utility of this molecule in the

production of low-fucose mAbs from murine hybridooe lines.
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Fucose, enzyme inhibition, monoclonal antibody,riddgma

1. Introduction

Therapeutic monoclonal antibodies (mAbs) used icotogy adopt many different modes of action,
including: inhibition of cell signalling, deliverpf a cytotoxic payload, complement-dependent
cytotoxicity (CDC) and antibody-dependent celluttotoxicity (ADCC).[1] ADCC is the most
common mode of action for therapeutic mAbs of tmenunoglobulin (Ig) G isotype. To initiate

ADCC, a mAb must bind both its cognate antigenhf@tumour cell and the Ig gamma Fc receptor
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llla (FcyRIlla) on an effector cell. The effector cell, ubya natural killer (NK) cell, then forms a
lytic synapse and releases cytotoxic enzymes aretfpoming agents to lyse the tumour cell.[2] The
interaction between a therapeutic mAb angRttia, which is crucial for this process, involvas
conserved complex biantennary N-glycan on Asn297hefigGl heavy chain.[3, 4] While this
glycan usually bears-1,6-linked core-fucose, mAbs without core fucostually have greater
affinity for FcyRllla.[4] As a consequence, mAbs lacking core-fecesicit a more potent ADCC
response to low-density antigens,[5] have imprawedéerance of FgRllla polymorphisms,[6, 7] and
are less prone to competitive inhibition by pladg@s.[8] Mogamulizumab, a therapeutic antibody
used in the treatment of haematological malignanaias the first low-fucose mAb approved for
use in the clinic.[9]

The improved efficacy of low-fucose mAbs has inegirthe development of chemical
strategies to disrupt fucosylation in cell linegddor protein production. Two fluorine-substituted
fucose-mimics have proven to be useful for inhrgtprotein fucosylation in CHO cells lines: 2-
deoxy-2-fluoro-L-fucose (2FFuc),[10] and 6,6,64trdro-L-fucose (F3Fucl).[11] These hijack the
fucose salvage pathway to be imported into the aetl converted into the corresponding GDP-
fucose mimics.[10, 11] The electron-withdrawing oifine substituents on these molecules
dramatically slows their hydrolysis and glycosylartsfer by fucosyltransferases (FUTS).
Accumulation of the GDP-fucose mimics leads to Bk inhibition of the cell’sle novopathway
for GDP-fucose synthesis, depleting the cell of &DEbse, while also providing competitive
inhibition of FUTs (Figure 1).[10, 11] Alkynyl fuse derivatives can also inhibit tlie2 novo
biosynthesis of GDP-fucose,[10, 12] yet they alswe as substrates for some FUTs,[13, 14] making
them less desirable than fluorinated fucose analedur the production of low-fucose proteins.

cytopiaem salvage de novo

pathway pathway
Fuc —> Fuc —_— GDP-Fuc <«— GDP-Man

2FFuc 2FFuc GDP-2FFuc golgi
e — >
F3Fuc F3Fuc GDP-F3Fuc FUTs

Figure 1. Inhibition of cellular fucosylation by the fucosgmics 2FFuc and F3Fuc.

Here, we present an alternative, high-yielding lsgais of F3Fuc and establish that this
molecule can also be used for the production officeese mAbs in murine hybridoma cells lines.
This approach provides a convenient means to eehdnec ADCC potential of mAbs at the very

early stages of therapeutic antibody development.
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2. Resultsand discussion
Two syntheses of F3Fud)(have been reported.[15, 16] Toyokuni and co-wwkiest prepared
F3Fuc using the rare sugar L-lyxose as a startiagnal.[15] This approach required stoichiometric
guantities of mercuric chloride and the difficuffpsration of F3Fuc from its epimer 6-deoxy-6,6,6-
trifluoro-D-altrose at the final step. A better inetl was later reported by Caille and co-workers at
Amgen, which provides F3Fuc in seven steps fromrdbiaose in an 11% overall yield.[16]
Nevertheless, the strategy of Petit and co-workarshe synthesis of L-fucose mimics alludes to a
shorter route to F3Fuc from D-mannose.[17]

We took the commercially available mannolacto®g hich is readily accessible from D-
mannose,[18, 19] and treated it with trifluoromégtniymethyl)silane (TMSCE) and catalytic TBAF
to obtain, after workup, a single diastereomer lué tactol 8) that was purified directly by
recrystallization (Scheme 1). Reduction of the dhaising sodium borohydride followed by
benzoylation gave a mixture of diasteromef$ it a ratio of 4:1, as determined By NMR
spectroscopy. Hydrolysis of the acetonides usingeaqs trifluoroacetic acid (TFA) provided a
complex mixture or products owing to the migratadrbenzoyl groups to adjacent hydroxyl groups.
The use of a weaker acid, aqueous acetic acid,lexhdtydrolysis of the acetal groups without
causing migration of benzoyl esters to providediastereomeric tetraol®4) and gb), which were

easily separated by silica gel column chromatograph
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Scheme 1. Reagents and conditions: @) Me,CO, RT, 16 h, (98%); b)| Ko,COs, CHCI,, 40°C, 16

h, (66%); c) TMSCE, TBAF, THF, 0°C-RT, 16 h, (95%); d) NaBHEtOH, 0-70°C, 12 h; e) BzCl,
DMAP, pyridine, CHCI,, 0°C-RT, 16 h, (80% over two steps); f) AcORH(4:1), 90°C, 2.5 h,
(67%); g) AcO, DMAP, pyridine, RT, 16 h, (89%); h) NajOH,O, MeOH, 0-12°C, 2 h, (95%); i)
NaOMe, MeOH, RT, 2 h, (92%).

To unambiguously determine the relative stereogonétion of these diastereomers, the major
isomer Bb) was converted to the tetraaceta, (which provided crystals suitable for x-ray
diffraction studies. This analysis revealed thae tmajor product had the stereochemical

configuration required for the synthesis of F3FLic(Figure 2).
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Figure 2. Structural model of tetraacetae as determined by single crystal x-ray diffraction
Thermal ellipsoids are shown at 50% probabilityeleand implicit hydrogens depicted as small

spheres.

A selective periodate-mediated oxidative cleavafiethe terminal vicinal diol in %b)
proceeded smoothly to give the lact@), Presumably the less sterically encumbered Miadia

undergoes oxidative cleavage first to give an atdehwhich rapidly cyclises to the furanos®, (
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thereby masking the remaining vicinal diol and er&ing further periodate cleavage. The benzoate
(7) was submitted to Zemplen transesterification dmplete the synthesis, providing F3Fdg in
just six steps from the commercially available daet @) with an overall yield of 40%.

While, the ability of F3Fuc to inhibit fucosylatiohas been investigated in CHO cell
lines,[16] which are commonly used in industry floee production of therapeutic mAbs, it's activity
in murine hybridoma cells lines, which are used toe production of most mAbs in academic
research, has not been investigated. To demondtratéroad utility of F3Fuc, we cultured a
monoclonal murine hybridoma cell line in media deppented with 10 mM F3Fuc, 10 mM L-fucose
(negative control) or 10 mM 2FFuc (positive conirdlhe secreted IgG1 isotype mAb was purified
from the culture supernatant using protein G imnisdx on agarose beads. The isolated mAb was
reduced, alkylated and proteolytically digestedhvirypsin prior to analysis by LC-MS/MS. Semi-
guantitation using extracted ion counts providegbad estimate of the degree of core-fucosylation
on the mAb expressed under these different comditig-igures 3 and S1-3). For the L-fucose
control, an estimated 80-90% Nfglycans at Asn297 of the IgG1 heavy chain possessee-
fucose. This was diminished to 50% in the presa&icd® mM 2FFuc and 4% in the presence of 10
mM F3Fuc (), revealing that F3Fuc is superior to 2FFuc athing fucosylation in murine
hybridoma cell culture. This may be because F3Etains a hydroxyl group at the C2 position, in
contrast to 2FFuc, potentially making it a bettgiosrate for the fucose transporter(s) and enzymes
of the fucose salvage pathway that are requiredtHeractivity of these metabolic inhibitors of
fucosylation. Since F3Fuc provided effective inhdn at 10 mM with no loss in cell viability, we
did not explore the use of lower F3Fuc concentratidtHowever, to economise the use of F3Fuc in
large scale protein production optimisation wikdly be required, bearing in mind that subtle

variations in culture techniques can dramaticatipact protein glycosylation.[20]

3. Conclusion

The short and high-yielding route to F3Fuc describere provides easy access to an effective
inhibitor if cellular fucosylation. F3Fuc proved tbe superior to 2FFuc at inhibiting core
fucosylation of mAbs in murine hybridoma cell lingsaking it a valuable tool for generating the

low-fucose mADbs that early-stage ADCC research arog require.
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Figure 3. Mass spectra and extracted ion chromatograms faxNBAe,MansGIcNAc, and
HexNAc,MansGIcNAc,dHex glycoforms of thé °EEQFNSTFR’® peptide. The MS1 spectrum of
the doubly charged forms of HexNAdansGIcNAc, (m/z 1228.50) and
HexNAc,MansGIcNAc,dHex (m/z 1301.53), as well as extracted ion chromatograite denoted
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ions are shown for IgG1 purified from A) untreat®&);Fuc-treated; C) 2FFuc-treated and D) F3Fuc-
treated hybridoma cell lines.

4. Experimental

4.1. General methods

All chemical reagents were purchased from Sigmaiéidat >95% purity and used without further
purification, unless otherwise stated. All reactiomere conducted under a Btmosphere, unless
otherwise stated, and monitored by thin layer clatography (TLC) using aluminium backed
Merck Silica Gel 60 f54 sheets. TLC plates were visualised with UV ligkh4 nm) and developed
using 5% HSQO, in EtOH, KMnQ, solution, or ceric ammonium molybdate solutionthwheating as
necessary. Column chromatography was performed ediSR Rf silica columns using a
CombiFlasfi Rf purification system (Teledyne Isco) with vat@tJV detection.H, *C and*°F
NMR spectra were recorded using a 500 MHz instrumigme chemical shiftd) of all resonances is
reported in parts per million (ppm) realtive taréebethylsilane 4= 0 ppm), with coupling constants
(J) provided in Hz. All spectra are calibrated toithiesidual solvent peaks: CDQFH J7.26 ppm,
3¢ 677.16 ppm), (CBCO (H 52.05 ppm=>C 529.84 ppm), CBOD (*H 53.31 ppm*C 549.00
ppm) and BO (*H 54.79 ppm°C calibrated by spiking sample with 1% @ID). High-resolution
mass spectrometry (HRMS) was performed on an Agil@80 infinity 6224 TOF LCMS using an
RRHT 2.1x50 mm (1.8m) C18 column (LC: gradient over 5 min with theviloate of 0.5 ml mif,
MS: gas temp. 325°C, drying gas 11 | thimebulizer 45 psig, fragmentor 125 V). Melting mtsi

were obtained using a hot-stage microscope.

4.2. Synthetic Procedures

4.2.1. 1-Deoxy-3,4:6,7-di-O-isopropylidene-1,1,ifkioro-5-D-manno-hept-2-ulofuranog8)
Tetrabutylammonium fluoride (1.00 M in THF, 58.6,m38.6 mmol) was added drop-wise to a
solution of 2,3:5,6-dB-isopropylidene-D-mannonolactong18, 19] (13.8 g, 53.3 mmol) and
TMSCF; (9.46 ml, 9.10 g, 64.0 mmol) in anhydrous THF (D&l at 0°C. The mixture was warmed
to RT, stirred (12 h), diluted with EtOAc (100 nalipd washed with brine (3x100 ml). The organic
phase was dried (MgS}) filtered and concentrated under reduced pressline residue was
purified by recrystallization (EtOAc/cHex) to aftbithe hemiketab (16.6 g, 95%) as colourless
cubes. This single anomer underwent slow mutaostati solution.*H NMR (500 MHz, CDGJ) &
1.32 (3H, s, CH), 1.37 (3H, s, Ch), 1.43 (3H, s, Ch), 1.48 (3H, s, Ch), 4.03 (1H, ABX,J7a6=
6.2,J7a7b= 9.0 Hz, HY), 4.08 (1H, ABX,J7p6= 4.2 Hz, HF), 4.13 (1H, m, H5), 4.15 (1H, m, OH),
4.46 (1H, dddJs 5= 7.3 Hz, H6), 4.71 (1H, dlz 4= 5.9 Hz, H3), 4.88 (1H, dd, 5= 3.7 Hz, H4)*C
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NMR (125.7 MHz, CDG)) 6 24.4, 25.2, 25.4, 26.8 (4C, GH66.3 (C7), 72.9 (C6), 79.8 (C4), 80.4
(C5), 85.2 (C3), 102.0 (gc1.F = 32.6 Hz,CCFs), 109.66, 114.22 (2Q(CHs),), 121.58 (1C, q,6l+

= 284.2 Hz CFs); *F NMR (470.4 MHz, CDG)) 6 —141.48 (CE), HRMS-ESInVz [M + H]* calc'd
for CyaH19F306: 329.1206, found: 329.1212.

4.2.2. 2,5-Di-O-benzoyl-1-deoxy-3,4:6,7-di-O-isqpylidene-1,1,1-trifluoro-D-glycero-D-galacto-
heptitol and 2,5-di-O-benzoyl-1-deoxy-3,4:6,7-digOpropylidene-1,1,1-trifluoro-D-glycero-D-
talo-heptitol(4)

Sodium borohydride (6.62 g, 175 mmol) was addedigowise to a solution of the hemiketal
(9.59 g, 29.2 mmol) in EtOH (100 ml) at 0 °C. Thaction mixture was refluxed at 70°C (12 h),
chilled to 0°C, and quenched by the drop-wise &dldivf sat. NHCI. The EtOH was removed under
reduced pressure and the mixture partitioned betwe® (200 ml) and EtOAc (100 ml). The
organic phase was washed with sat. NakRICID0 ml) and brine (100 ml), dried (Mg@Qfiltered
and concentrated under reduced pressure. Benztoyidsh (17.0 ml, 146 mmol) was added drop-
wise to a solution of the residue, pyridine (9.42 117 mmol) and DMAP (5 mg) in Gi€l, (150
ml) at 0°C and the mixture stirred at RT (16 )N-Diethylethylenediamine (13.3 ml, 95 mmol) was
added and the mixture stirred at RT (1 h). The unxtwas diluted with CyCl, (50 ml), washed
with 1 M HCI (2x200 ml), sat. NaHC{X200 ml) and brine (100 ml). The organic phase drasd
(MgSQy), filtered and concentrated under reduced presdure residue was purified by column
chromatography (PhMe/EtOAc; 1:0-9:1) to affdr{il2.1 g, 80%) as a colourless glass containing a
4:1 mixture of diastereomertH NMR (500 MHz, CDCJ) & 1.39 (3H, s, Ch), 1.39 (3H, s, Cb),
1.50 (3H, s, Ch), 1.53 (3H, s, ChH), 3.98 (1H, ABX,J7a6= 7.2, J7a7p= 8.6 Hz, HY), 4.12 (1H,
ABX, Jip6= 6.0, Hz, H%), 4.26-4.32 (1H, m, H6), 4.61 (1H,45= 6.6,J53= 6.3 Hz, H4), 4.73
(1H, dd,Js .= 4.2 Hz, H3), 5.54 (1H, ddss= 8.0 Hz, H5), 6.15-6.23 (1H, m, H2), 7.38-7.47 (4H
m, Ar), 7.52-7.60 (2H, mAr), 7.95-7.99 (2H, m, Ar), 8.05-8.10 (2H, m, AHC NMR (500 MHz,
CDCl;) 6 25.52, 25.80, 26.18, 26.37 (4CHs), 67.87 (C7), 68.12 (C2), 71.07 (C5), 73.53 (C3),
75.81 (C6), 77.31 (C4), 109.94, 110.54 (XTUCH3)y), 124.71 CF3), 128.44, 128.53, 130.03,
130.37, 133.21, 133.60 (12C, Ar), 164.95, 165.43, 2=0)°F NMR (500 MHz, CDCJ) & -136.64
(CFs), -136.74 (CE), HRMS-ESI m/z [M + Nal]calcd for G7H,9Fs0s: 561.1707, found: 561.1724

4.2.3. 2,5-Di-O-benzoyl-1-deoxy-1,1,1-trifluoro-Brgero-D-galacto-heptito{5b)

Water (1 ml) was added to a solution of the kdtg450 mg, 0.836 mmol) in AcOH (4 ml) and the
solution heated at 90°C (2.5 h). The solvent wasoreed under reduced pressure, co-evaporated
with PhMe (2x5 ml) and the residue recrystallizexrf hot MeOH/CHC to give5b (257 mg, 67%)
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as colourless crystaldH NMR (500 MHz, (CR),CO) & 3.59 (1H, ABX, HY), 3.67 (1H, ABX,
H7,), 3.82 (1H, tJ; on= 5.8 Hz, OH), 4.09-4.19 (3H, m, H3, H4, H6), 4@#1, d,Js on= 5.7 Hz,
OH), 4.72 (1H, dJson= 6.3 Hz, OH), 4.81 (1H, dls o= 8.4 Hz, OH), 5.49 (1H, dlss= 7.1 Hz,
H5), 6.10 (1H, q,2k = 7.5 Hz H2), 7.52-7.62 (4H, m, Ar), 7.65-7.70 (IH, Ar), 7.70-7.76 (1H, m,
Ar), 8.10-8.13 (2H, m, Ar), 8.17-8.20 (2H, m, AffC NMR (500 MHz, (CR),CO) 5 64.06 (C7),
69.16, 69.91 (C3, C4), 69.74 (1C, e:-dr3= 30.4 Hz,CCF), 72.00 (C6), 73.49 (C5), 125.28 (1C, q,
Jo.Fr = 281.5 HzCF3), 129.44, 129.64, 130.59, 130.87, 134.20, 13460, Ar) 165.32, 166.96 (2C,
C=0); *F NMR (500 MHz, (CR),CO) & -136.18 (CE), HRMS-ESI m/z [2M + Na] calcd for
C1H21F30s: 939.2269, found: 939.2277

4.2.4. 3,4,6,7-Tetra-O-acetyl-2,5-di-O-benzoyl-bxdel,1,1-trifluoro-D-glycero-D-galacto-heptitol
(6)

Acetic anhydride (0.12 ml, 1.23 mmol) was addedatution of tetraobb (94 mg, 0.21 mmol),
pyridine (0.2 ml, 2.46 mmol) and DMAP (5 mg) in & (5 ml) and the mixture stirred at RT (16
h). Methanol (0.5 ml) was added drop-wise and tlrgure stirred at RT (1 h). The mixture was
diluted with CHCI, (10 ml) and the organic layer washed with 1 M HT3 ml), HO (15 ml), sat.
NaHCG; (15 ml), dried (MgS@), filtered and concentrated under reduced pres3ine residue was
purified by column chromatography (cHex/EtOAc; 1t@H to afford tetracetaté (114 mg, 0.18
mmol, 89%) as a colourless crystalline solid. Gilgstsuitable for X-ray diffraction experiments
were obtained by recrystallization from EtOAc/cHéX. NMR (500 MHz, CDCJ) & 1.93 (3H, s,
CHj3), 1.95 (3H, s, Ch), 2.08 (3H, s, Ch), 2.09 (3H, s, Ch), 4.02 (1H, ddJ7a6=5.2,J7a7b= 12.5
Hz, H7,), 4.29 (1H, ddJ7,6= 3.3 Hz, H¥), 5.12 (1H, dddJs 5= 8.4 Hz, H6), 5.53 (1H, ddp 4= 2.2
Hz, H5), 5.66-5.78 (3H, m, H2, H3, H4), 7.45-7.8H( m, Ar), 7.58-7.65 (2H, m, Ar), 8.02-8.06
(2H, m, Ar), 8.07-8.15 (2H, m, Ar**C NMR (500 MHz, CDGJ) & 20.62, 20.65, 20.65, 20.81
(CHs3), 61.97 (C7), 65.84, 68.03 (C3, C4), 66.86 (q,,&2).25 (C5), 68.39 (C6), 119.48, 121.72,
123.97, 126.22QFs3), 128.74, 12874, 129.99, 130.24, 133.86, 134.13 (12C, Ar), 164555.28
(2C, C=0), 168.94, 169.54, 169.92, 170.52 (4CCHI3); *°F NMR (500 MHz, CDCJ) § -74.12
(CRs), -73.97 (CFR), -73.14 (CR), HRMS-ESI m/z [M + Na] calcd for GgHogF3012: 649.1503,
found: 649.1510

4.2.5. 2,5-Di-O-benzoyl-6,6,6-trifluoro-L-fucofurase(7)
A solution of NalQ (119.1 mg, 0.557 mmol) in 4@ (0.5 ml) was added drop-wise to a solution of
tetraol5b (232mg, 0.51mmol) in MeOH (6 ml) at 0°C and thetonie stirred at this temperature (2

h). Solvent was removed under reduced pressur¢hanesidue co-evaporated with PhMe (2x5 ml)
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before column chromatography (cHex/EtOAc; 1.0-1d )afford the hemiacetal (213 mg, 0.50
mmol, 97%) as a colourless glass. HRMS-ESI m/z [2Ma] calcd for GoH1/F:0;: 875.1745,
found: 875.1752

4.2.6. 6,6,6-Trifluoro-L-fucose, F3F{t)

Sodium methoxide in MeOH (10d, 25 wt. %) was added to a solution of the berz@g2.14 g,
5.03 mmol) in MeOH (20 ml) and the solution stiredRT (1 h). The solution was neutralized with
Amberlite® IR-120 (H* form) resin, filtered and concentrated under redupressureThe residue
was purified by column chromatography (EtOAc/MeQH)-9:1) to afford 6,6,6-trifluoro-L-fucose
1 (54.0 mg, 0.25 mmol, 92%) as a colourless gi$dMR and*C NMR data were commensurate
with those previously reported.[16] HRMS-ESI m/2M[2+ Na]" calcd for GHgF:Os: 459.0696,
found: 459.0743

4.3. X-ray crystallography
Single crystals 06 were grown using the vapour diffusion method (EtQBexanes). Intensity data
were collected with an Oxford Diffraction SuperNo@&D diffractometer using Cu«K radiation.
The temperature during data collection was maiethiat 200.0(1) K using an Oxford Cryosystems
cooling device. The structure was solved by dimeethods and difference Fourier synthesis.[21]
Thermal ellipsoid plots were generated using theg@am ORTEP-3[22] integrated within the
WINGX][23] suite of programs.

Crystal data fo6; Cs1Hs3F3012, M = 794.83,T = 200.0 K,A = 1.54184, Monoclinic, space
group C2a = 15.9117(3) b = 13.9641(2) ¢ = 20.4533(4A, B = 108.969(2)V = 4297.77(1413, Z
= 4, D,= 1.228 mg M p(Mo-Ka) 0.825 mn, F(000) = 1688, crystal size 0.65 x 0.32 x 0.20°mm
16517 reflections measurelax 77.08° 5919 independent reflections [R(int) = 092 the final R
was 0.0444 [I > &(1)] andwR(F?) was 0.1356 (all data), Absolute Structure Paramét02(7).

4.4. Cell culture and protein purification

4.4.1. Hybridoma culture

T25 culture flasks containing 10 ml SFM + 1% FBS aither L-fucose, 2-deoxy-2-fluoro-L-fucose
or 6,6,6-trifluoro-L-fucose (10 mM) were seededhwiturine hybridoma cells (1xi@ells/ml) and
grown to 90% confluence at 37°C under an atmospbeBE8o CQ. The cultures were centrifuged

(250 x g, 10 min) and the supernatant collectégyéd (0.45.m), and frozen until further use.

10
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4.4.2. 1gG purification

Protein G Sepharose beads (2000f a 50% suspension) were added to hybridomauilt
supernatant (10 ml) and the mixture nutated (4°6). ZI'he beads were collected by centrifugation
(500 x g, 2 min, 4°C), transferred to a spin colufierce, 1 ml) and washed with 2 x 500rBS-T

(50 mM Tris, 150 mM NacCl, 0.1% Triton X-100, pH Y&nd 2 x 50Ql TBS (50 mM Tris, 150 mM
NacCl, pH 7.5). The IgG was eluted from the beadisgu200ul citrate buffer (50 mM citric acid, pH
3.0) and the sample quickly neutralized usinguB3ris buffer (1 M Tris, pH 8). This process was
repeated three more times using the same hybridofh&e and protein G beads. The combined IgG
samples were concentrated and buffer exchangedTB® using a centrifugal filter unit (Amicon,
10K NMWL).

4.5. Protein mass spectrometry

4.5.1. Trypsin digestion of IgG1

Affinity isolated IgG samples were separated usfBDS-PAGE, fixed and visualized with
Coomassie G-250 according to the protocol of Keingl [24]. Heavy chain bands were excised and
destained in a 50:50 solution of 50 mM M O3 / 100% EtOH for 20 min at r.t. with shaking (750
rpm). Destained samples were washed with 100% Et@elyum-dried for 20 min and rehydrated in
50 mM NHHCO; with 10 mM DTT. Disulfide reduction was carriedtdar 60 min at 56°C with
shaking. The reducing buffer was then removed hedyel bands washed twice in 100% EtOH for
10 min to remove residual DTT. These samples weeettly alkylated with 55 mM iodoacetamide
in 50 mM NHHCG; in the dark for 45 min at r.t. Alkylated samplesres washed twice with 100%
EtOH and vacuum-dried, then rehydrated with 40 mM4MNCO; containing 12 ng (i trypsin
(Promega, Madison WI) and kept at 4°C for 1 h. Bsctypsin solution was removegkl pieces
were covered in 40 mM NHICO; and incubated overnight at 37°C. The supernatamtaming
peptides of interest, were concentrated and desafieng Gg stage tips [25, 26] before analysis by
LC-MS.

4.5.2. Identification of glycopeptides using reeefrphase LC-MS, CID MS-MS and HCD MS-MS
Desalted tryptic peptides were resuspend in Buifef0.1% trifluoroacetic acid, 2% MeCN) and
separated using a two-column chromatography setompposed of a PepMapl00 C18 20mm X
75um trap and a PepMap C18 500 mm xufB analytical columns (Thermo Scientific, San Jose
CA). Samples were concentrated onto the trap colan@ul min™ for 5 min with Buffer A (0.1%
formic acid, 2% MeCN) and infused into an LTQ-Oraj Elite (Thermo Scientific, San Jose CA) at

300 nl mir* via the analytical column using an Dionex Ultima@®0 UPLC (Thermo Scientific). A

11
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90 min gradient was run from 2% Buffer B (0.1% faeracid, 80% MeCN) to 32% B over 51 min,
then from 32% B to 40% B in the next 5 min, theargased to 100% B over 2 min period, held at
100% B for 2.5 min, and then dropped to 0% B foothar 20 min. The LTQ-Orbitrap Elite was
operated in a data-dependent mode automaticalliclswg between MS, CID MS-MS and HCD
MS-MS as previously described.[27]

4.5.3. Identification and annotation of observegcgpeptides

Raw files were processed manually to identify pdassiglycopeptides by examining all scans
containing the diagnostic HexNAc oxonium 20410& ion. All scans containing these ions were
manually inspected and identified as possible gigptides based on the presence of the
deglycosylated peptide ion, corresponding to ptediglycopeptides of th&lus musculudgG1l
heavy chain (uniprot number: P0O1868). Potentiat@hy compositions were determined using the

GlycoMod tool, (http://web.expasy.org/glycomod/idacomposition confirmed by manual MS/MS

assignment. Examples of all identified glycopepidare provided within Figure S1, with
glycopeptides annotated according to Domon andellosand carbohydrate nomenclature of the
Consortium for Functional Glycomics (http://www.fttionalglycomics.org/).[28]

4.5.4. Comparison of glycoforms abundance

Relative fucosylation levels were determined uding ratio of the area under the curve for the
monoisotopic peak of identified deoxyhexose-modifgdycopeptides and unmodified versions of
the same peptide similar to the previously reponethod of Schulz and Aebi for the determination
of glycosylation occupation rates.[29] The areadeurthe curve for the monoisotopic peak were

extracted using Xcalibur v2.2 and are provided initfigures S2—4.
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Highlights

* 6,6,6-Trifluoro-L-fucose (F3Fuc) can be readily synthesised from D-mannose.
* F3Fuciseffective at blocking antibody fucosylation in hybridoma cell lines.

» F3Fucissuperior to other fucose mimics at blocking fucosylation in hybridoma cell
lines.



