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Experimental

General

All commercially available reagents and solvents were used without further purification.
Column chromatography was performed using Merck silica gel 60 (0.040-0.063 mm). High
resolution mass spectra were recorded by direct injection (2 pL of a 2 uM solution in
H,O/MeCN 1:1 and 0.1% formic acid) on a mass spectrometer (Thermo Fisher Exactive HF
Orbitrap) equipped with an electrospray ion source in positive mode. The high resolution mass
spectrometer was calibrated prior to measurements with a calibration mixture (Thermo
Finnigan). 'H and 3C NMR spectra were recorded using a Briiker AV-300 (300/75 MHz), AV-
400 (400/101 MHz) or AV-500 (500/126 MHz). Recorded data was interpreted and analysed
using MestReNova 12 software. Chemical shifts are reported in ppm () in reference to the
residual solvent peak.

The WT Endo-M and N175Q Endo M mutant enzymes were purchased from Tokyo Chemical
Industries Ltd (TCI). WT Endo A was expressed as previously described.! Units of enzyme
activity are defined as follows: one unit of WT Endo M catalyses the release of 1.0 umol of
Fmoc-Asn(GlcNAc)-OH from Fmoc-Asn[(NeuAcGalGlcNAcMan),ManGlcNAc,]-OH per
minute at pH 6.0 at 37 °C; one unit of N175Q Endo M converts 1.0 umol of pNP-GIcNAc to
(NeuAcGalGlcNAcMan),ManGIcNAc-GlcNAc-pNP per minute at 30 °C at pH 7.0. Reverse
phase high performance liquid chromatography (RP-HPLC) was performed on a Dionex P680
HPLC instrument with a Phenomenex Jupiter Sy C18 300A column (5.0 um, 4.6 x 250 mm)
at 40 °C. The column was eluted with a linear gradient of 20-100 % MeCN containing 0.1%
TFA at a flow rate of 1 mL/min for 30 mins. RP-HPLC analysis of glycosylation products was
performed at appropriate reaction time intervals (0 min, 15 min, 30 min, 1 h, 2 h, 4 h and 6 h),
using a 2 pL aliquot of the reaction mixture containing 0.2 % of 48 uL. aqueous trifluoroacetic
acid (TFA) solution. The yield of the reaction was determined by integration of product and

acceptor peaks.
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Synthesis

N'-[3,4,6-tri-O-Acetyl-2-azidoacetamido-2-deoxy-B-D-glucopyranosyl]-/V*-

fluorenylmethoxycarbonyl-L-asparagine (2)

OAc Q
AcO O OH
AcO NE\H
O
(0]

HN FmocHN
N3

3,4,6-tri-O-acetyl-2-azidoacetamido-2-deoxy-B-D-glucopyranosyl azide (3) (2.09 g, 5 mmol)
was dissolved in THF (45 mL) and cooled to 0 °C in an ice bath. To the cooled solution, PMes
(5 mL, 1 M in THF, 1 eq) was added dropwise and, after bubbling had subsided, the ice bath
was removed and the reaction was stirred for an additional 5 minutes at room temperature. A
crude '"H NMR spectrum was consistent with formation of the expected 3,4,6-tri-O-acetyl-2-
azidoacetamido-2-deoxy-B-D-glucopyranosyl trimethylphosphinimide (7)%; (300 MHz, THF-
d8): oy (ppm) 9.63 (1H, br s, NH), 5.32 (1H, dd, J,3 10.4 Hz, J;4 9.2 Hz, H3), 4.95 (1H, t, J
9.7 Hz, H4), 4.93 (1H, dd, J, > 8.8 Hz, Ju p 28.9 Hz, H1), 4.17 (1H, dd, J56, 5.2 Hz, Jgery 11.9
Hz, Héa), 4.07 (1H, dd, Js ¢, 2.6 Hz, Joem 11.9 Hz, H6b), 3.81 (1H, d, Jger 15.0 Hz, CHHN3),
3.79-3.68 (1H, m, HS), 3.69-3.48 (2H, m, CHHN3, H2), 2.00, 1.94, 1.90 (3H, s, C(O)CH,),
1.53 (9H, d, Jup 13.0 Hz, N=P(CHs)3). Water (900 pL, 50 mmol, 10 eq) was added to the crude
phosphinimide and the reaction was stirred at room temperature for 2 hours and then reduced
to a dark oil in vacuo. A crude "H NMR spectrum indicated the formation of the anomerically
reduced compound, 3,4,6-tri-O-acetyl-2-azidoacetamido-2-deoxy-p-D-glucopyranosyl amine
(8); (300 MHz, DMSO-d6) 6y (ppm) 8.19 (1H, d, J 9.1 Hz, NH), 5.09 (1H, dd, J,3 10.4 Hz,
J349.4 Hz, H3),4.78 (1H, t,J 9.7 Hz, H4), 4.33-4.16 (1H, m, H1), 4.12 (1H, dd, Jgem 12.1 Hz,
Js60 4.9 Hz, H6a), 3.97 (1H, dd, Jeem 12.2 Hz, Jsg, 2.4 Hz, H6b), 3.76 (2H, s, CH,N3), 3.75-
3.68 (1H, m, HS), 3.65 (1H, dt, Jxuo=/12 10.8 Hz, J,3 10.8 Hz, H2), 2.01, 1,96, 1.91 (3H, s,
C(O)CHj;). The crude glycosyl amine was dissolved in DMSO (2.5 mL). To this solution, N-
Fmoc-aspartic anhydride 93 (1.35 g, 4 mmol, 0.8 eq) was added and the reaction was stirred
overnight at room temperature. The solution was diluted with 2.5 mL of methanol and added
dropwise to a centrifuge tube containing 25 mL of methanol cooled in an ice bath. After 30
minutes, a precipitate had formed which was recovered by centrifugation followed by
decantation. The precipitate was washed with a small amount of ice-cold methanol and dried
in vacuo to afford the desired N'-[3,4,6-tri-O-Acetyl-2-azidoacetamido-2-deoxy-p-D-
glucopyranosyl]-N¢-fluorenylmethoxycarbonyl-L-asparagine (2) of acceptable quality for
SPPS (2.07 g, 2.86 mmol, 72%). This compound could be further recrystallized from ethanol
(100 mL) to afford analytically pure 2 (1.13 g, 1.56 mmol, 39%)) if desired.

[a]p®°€=-4.1 (¢ = 1.0 in DMSO); IR (Neat): v=2103 cm’!, 1741 cm!, 1693 cm™!, 1663 cm’!;
'H NMR (500 MHz, DMSO-d6): 8y (ppm) 12.68 (1H, bs, COOH), 8.70 (1H, d, J, s 9.3 Hz,
N'H), 8.23 (1H, d, Joxu 9.2 Hz, NHC(O)CH,N;), 7.89 (1H, d, J 7.5 Hz, Fmoc-Ar), 7.71 (1H,
dd, J 7.4 Hz, J 3.6 Hz, Fmoc-Ar), 7.56 (1H, d, J 8.5 Hz, N¢H), 7.42 (2H, dt, J 1.1 Hz, J 7.4 Hz,
Fmoc-Ar), 7.33 (2H, tt, J 1.5 Hz, J 7.4 Hz, Fmoc-Ar), 5.24 (1H, t,J 9.6, H1), 5.14 (1H, t, J 9.9,
H3),4.85 (1H, t,J 9.7, H4), 4.39 (1H, ddd, Jxpasn-cu 8.5 HZ, Jasn-crasn-cun 7.2 Hz, Jasn-cAsn-
cun 5.8 Hz, Asn-CH), 4.31-4.16 (4H, m, H6a, Fmoc-CH, Fmoc-CH,), 3.99-3.89 (2H, m, H4,
H6b), 3.86 (1H, ddd, J45 10.1 Hz, Js¢, 4.2 Hz, Js5¢, 2.4 Hz, H5), 3.79 (1H, d, Jeem 15.8 Hz,
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CHHN;), 3.69 (1H, d, Jyem 15.8 Hz, CHHN3), 2.67 (1H, dd, Jyem 16.2 Hz, Jyie 5.7 Hz, Asn-
CHH), 2.49 (1H, dd, Jgem 16.2 Hz, Jyi 7.3 Hz, Asn-CHH), 2.00, 1.97, 1.91 (3H, s, C(O)CHy);
13C-APT (125.8 MHz, DMSO-d6): ¢ (ppm) 173.0 (COOH), 170.1, 169.9, 169.6, 169.4, 167.6
(3xC(0)CHs, NHC(O)CH,N;, NHC(0)-Asn), 155.9 (NHC(O)-Fmoc), 143.87, 143.80, 140.76,
140.74 (Fmoc-Ar)t, 127.7, 127.1, 125.3, 120.2 (Fmoc-Ar), 77.8 (C1), 73.3 (C3), 72.4 (C5),
68.3 (C4), 65.8 (CH,-Fmoc), 61.8 (C6), 52.3 (C2), 50.8 (CH,N5), 50.0 (CH-Asn), 46.6 (CH-
Fmoc), 36.9 (CH,-Asn), 20.6, 20.43, 20.40 (OC(O)CHs;); HRMS (ESI*) Calcd. For
C33H36N6013 (M+H+) 725.2413. Found 725.2409.

3,4,6-tri-O-acetyl-2-azidoacetamido-2-deoxy-p-D-glucopyranosyl azide (3)

OAc
A%QC&H%/M
O
2

1,3,4,6-tetra-O-acetyl-2-chloroacetamido-2-deoxy-f-D-glucopyranose (6) (12.1 mmol, 4.83 g)
was dissolved in DCM (46 mL). TiCly (14.5 mL, 1.0 M in toluene, 1.2 eq) was added and the
reaction was heated at reflux overnight. The reaction mixture was cooled to room temperature
and diluted with DCM. The organic layer was washed successively with saturated NaHCO;
(aq) and brine, and then dried over MgSOj (s), filtered and concentrated. The crude compound
was filtered through a silica plug (1/1 ethyl acetate/pentane) to remove titanium salts to afford
the intermediate 3,4,6-tri-O-acetyl-2-chloroacetamido-2-deoxy-a-D-glucopyranosyl chloride
(S1) (3.88 g, 9.69 mmol) which was used without further purification; "H NMR (300 MHz,
CDCl3): 6y (ppm) 6.96 (1H, d, Jonu 8.5 Hz, NH), 6.23 (1H, d, J,, 3.7 Hz, H1), 5.41 (1H, t, J, 3
= J3,4 9.7 HZ, H3), 5.24 (IH, t, J3,4 = J4,5 9.7 HZ, H4), 4.52 (IH, ddd, J2,3 10.7 HZ, JZ,NH 8.5 HZ,
Ji2 3.7 Hz, H2), 438 — 4.26 (2H, m, H5 + H6a), 4.20 —4.11 (m, 1H, H6b), 4.07 (d, Jeem 14.9
Hz, C(O)CHHCI), 4.01 (d, Jeem 15.0 Hz, OC(O)CHHCI), 2.11, 2.07, 2.06 (s, 3H, C(O)CH,);
BC-APT (75 MHz, CDCl;): ¢ (ppm) 171.1, 170.5, 169.2, 166.6 (C=0), 92.8 (C1), 70.9 (C5),
69.7 (C3), 66.9 (C4), 61.1 (C6), 53.8 (C2), 42.1 (NHCOCH,Cl), 20.63, 20.56, 20.5
(OC(O)CHj;). The crude dichloride was dissolved in dry DMF (20 mL) and NaNj3 (29.1 mmol,
1.89 g, 3 eq) was added. The reaction mixture was heated to 60 °C for 2 h, after which TLC
(1/1 ethyl acetate/pentane) confirmed conversion into a single product. The reaction mixture
was allowed to cool to room temperature before dilution with saturated NaHCOj; (aq). This
mixture was extracted with DCM, and the organic layer was washed further with NaHCOj; (aq).
The organic layer was dried over MgSOy (s), filtered and concentrated. Silica gel column
chromatography (40% => 50% ethyl acetate/pentane) yielded the desired compound 3,4,6-tri-
O-acetyl-2-azidoacetamido-2-deoxy-B-D-glucopyranosyl azide (3) (3.13 g, 7.58 mmol, 63%)
as a pale yellow solid.

[a]p®°€ = -26.4 (¢ = 1.0 in CHCly); IR (Thin film): v = 2114 cm’!, 1747 cm’!, 1671 ecml;
'H NMR (400 MHz, CDCL3): 8y (ppm) 7.01 (1H, d, o 9.0 Hz, NH), 5.39 (1H, t, Jo3 = J3.4
9.6 Hz, H3), 5.12 (1H, t, J3.4 = Ju5 9.7 Hz, H4), 4.95 (1H, d, J,» = 9.2 Hz, H1), 4.29 (1H, dd,
Jgem 12.4 Hz, Js 6, 5.0 Hz, H6a), 4.19 (1H, dd, Jyem 12.4 Hz, Js g, 2.2 Hz, Héb), 4.02 (1H, d,
Jgem 17.1 Hz, NHC(O)CHHN;), 4.01-3.92 (1H, m, H2), 3.96 (1H, d, Jen 16.9 Hz,
NHC(O)CHHN3), 3.89 (1H, ddd, Jys 10.1 Hz, Jsg, 5.0 Hz, Jsg 2.3 Hz, HS), 2.11 (s, 3H,
C(O)CH3), 2.05 (s, 6H, 2x C(O)CH;); 3C-APT NMR (101 MHz, CDCI3): 3¢ 170.8 (C=0),
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169.4 (C=0), 167.7 (C=0), 88.0 (C1), 73.8 (C5), 71.8 (C3), 68.2 (C4), 61.9 (C6), 54.0 (C2),
52.5 (NHC(O)QH2N3), 207, 20.5 (OC(O)QHg), HRMS (ESI+) Calcd. For C14H19N708
(M+Na*) 436.1187. Found 436.1184.

1,3,4,6-tetra-0-acetyl-2-chloroacetamido-2-deoxy-f-D-glucopyranose (6)

OAc
0
Aﬁgoég/ OAc
N

H
O

Cl

1,3,4,6-tetra-O-acetyl-B-D-glucosamine hydrochloride (5)° (5.0 mmol, 1.92 g) was suspended
in DCM (25 mL) and EtzN (10 mmol, 1.4 mL, 2 eq) was added. The resulting clear solution
was cooled in an ice bath and chloroacetic anhydride (7.5 mmol, 1.28 g, 1.5 eq) was added.
After 10 minutes, the ice bath was removed and the reaction mixture was stirred at room
temperature for 3.5 hours. The reaction mixture was then diluted with DCM and the organic
layer was washed twice with a 1 M aqueous solution of HCI. The organic layer was dried over
MgSO,, filtered and concentrated. Silica gel column chromatography (40% —=> 50% ethyl
acetate in pentane)® yielded the desired compound 1,3.4,6-tetra-O-acetyl-2-chloroacetamido-
2-deoxy-B-D-glucopyranose (6) (1.91 g, 4.5 mmol, 90%) as a white solid.

[a]p?’C =+11.9 (¢ = 1.0 in CHCl;); IR (Thin film): v = 1743 cm’!, 1663 cm!; "H NMR (400
MHZ, CDC13) 8H 7.14 (lH, d, J2,NH 9.5 HZ, NH), 5.87 (lH, d, J1,2 8.7 HZ, Hl), 543 (lH, t, J2,3
= J34 10.0 Hz, H3), 5.14 (1H, t, J5.4 = J45 9.6 Hz, H4), 4.41-4.24 (2H, m, H2, H6a), 4.16 (1H,
dd, Jgem 12.5 Hz, Js ¢ 2.0 Hz, H6b), 4.01 (2H, s, NHC(O)CH,CI), 3.95 (1H, ddd, J5 9.9 Hz,
Js6a 4.9 Hz, Js ¢ 2.7 Hz, H5), 2.23-1.98 (m, 12H, 4x C(O)CH,); '*C-APT (101 MHz, CDCL):
Sc 171.1,170.7, 169.44, 169.41, 166.8 (C=0), 92.0 (C1), 72.7 (C5), 72.1 (C3), 68.2 (C4), 61.8
(C6), 53.1 (C2), 42.4 (NHC(O)CH,Cl), 20.9, 20.7, 20.61, 20.58 (OC(O)CHj3); HRMS (ESI")
Calcd. For C;4sH,,CINO;) (M+Na") 446.0824. Found 446.0821.

NY-|2-azidoacetamido-2-deoxy-f-D-glucopyranosyl]-N*-fluorenylmethoxycarbonyl-L-

asparagine (10)
oH Q
HOS O NMOH
o O

HN FmocHN
N3

NY-[3,4,6-tri-O-Acetyl-2-azidoacetamido-2-deoxy-[-D-glucopyranosyl]-N%-
fluorenylmethoxycarbonyl-L-asparagine (2) (0.2 mmol, 150 mg) was suspended in MeOH (8.6
mL) and KCN (0.31 mmol, 1.5 eq) was added. The suspension turned into a clear solution after
which a precipitate started to form. After 24 hours, the precipitate was isolated by filtration to
afford the desired compound N'-[2-azidoacetamido-2-deoxy-f-D-glucopyranosyl]-N®-
fluorenylmethoxycarbonyl-L-asparagine (10) (112 mg, 0.18 mmol, 90%) as a white solid.”

'HNMR (300 MHz, DMSO-d6): 8 8.76 (1H, d, J; x 8.9 Hz, NYH-Asn), 8.24 (1H, d, Jo.ny 7.6
Hz, NHC(O)CH,N;), 7.88 (2H, d, J 7.5 Hz, Fmoc-Ar), 7.69 (2H, d, J 7.2 Hz, Fmoc-Ar), 7.41

S5



(2H, t,J 7.4 Hz, Fmoc-Ar), 7.33 (2H, d, J 7.3 Hz, Fmoc-Ar), 6.50 (1H, d, J 6.7 Hz, N“H), 5.30
(1H, d,J4.2 Hz, 30H), 5.17 (2H, d, J 4.2 Hz, 40H), 4.91 (1H, t, J; xu =/12 8.9 Hz, H1), 4.84-
4.75 (1H, m, 60H), 4.27-4.09 (3H, m, CH-Fmoc, CH,-Fmoc), 3.90 (1H, d, Jeem 15.8 Hz,
NHC(O)CHHN3), 3.88-3.79 (1H, m, H2), 3.72 (1H, d, Jgem 15.7 Hz, NHC(O)CHHN3), 3.69-
3.60 (1H, m, H6a), 3.54-3.37 (3H, m, H2, H3, H6b), 3.17-3.03 (2H, m, H4, HS), 2.49-2.31
(2H, m, CH,-Asn); HRMS (ESI*) Calcd. For C,,H;30Ns0;9 (M+H") 599.2096. Found 599.2093.

Enzymatic glycosylation

N'-|B-D-Mannopyranosyl-(1—>4)-2-acetamido-2-deoxy-B-D-glucopyranosyl-(1—>4)-2-
azidoacetamido-2-deoxy-p-D-glucopyranosyl]-N*-fluorenylmethoxycarbonyl-L-

asparagine (14)

Ho— OH OH
HO&&O 2 o p
HO HO o ° N

NH

o:g FmocNH~ >COOH

Ns
Method 1: Using WT Endo A

Disaccharide oxazoline (11) (0.3 mg, 0.8 umol) and glycosyl amino acid acceptor (10) (0.15
mg, 0.26 umol) were incubated with WT Endo A (1.0 uL, 20 pg) in sodium phosphate buffer
(84 uL, 100 mM, pH 6.5) containing 20% v/v DMSO (21 pL) at 30 °C. After 4 h, HPLC analysis
revealed that 94 % of the glycosyl amino acid acceptor (10) (tg 14.0 min) had been converted
to the trisaccharide product (14) (tg 12.7 min). The product was purified by RP-HPLC; 'H
NMR (400 MHz, D,0): 6y 7.79 (2H, d, J 7.0 Hz, Fmoc-Ar), 7.59 (2H, d, 7.0 Hz, Fmoc-Ar),
7.37 (2H, at, J 7.8 Hz, Fmoc-Ar), 7.32 (2H, at, 7.0 Hz, Fmoc-Ar), 4.94 (1H, d, Ji,2. 9.4 Hz,
Hla), 4.68 (1H, s, Hlc), 4.51 (1H, s, H1b), 4.22 (2H, m, CH,N3), 4.11-4.22 (3H, m, CH-Asn,
CH,-Fmoc), 3.92 (1H, br s, H2c), 3.30-3.80 (15H, m, H2a, H2b, H3b, H3c, H4a, H4b, H4c,
H5b, H6a, H6b, H6c, H6'a, H6’b, H6’c, CH-Fmoc), 3.06 (2H, m, H3a, H5a), 2.37 (2H, m,
CH»-Asn), 1.91 (3H, s, OC(O)CHs;); HRMS (ESI*) Calcd. For C4;Hs4N;O,o (M+H") 964.3418.
Found 964.3455.

Method 2: Using WT Endo M

Disaccharide oxazoline (11) (0.3 mg, 0.8 pmol) and glycosyl amino acid acceptor (10) (0.15
mg, 0.26 pmol) were incubated with WT Endo M (2.0 pL, 2 mU) in sodium phosphate buffer
(84 uL,100 mM, pH 6.5) containing 20% v/v DMSO (21 uL) at 30 °C. After 4h, HPLC analysis
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revealed that 90% of the glycosyl amino acid acceptor (10) (tg 14.0 min) had been converted
to the trisaccharide product (14) (tg 12.7 min).

Method 3: Using Endo-M-N175Q

Disaccharide oxazoline (11) (0.3 mg, 0.8 pumol) and glycosyl amino acid acceptor (10) (0.15
mg, 0.26 pmol) were incubated with Endo M N175Q (2.0 pL, 2 mU) in sodium phosphate buffer
(84 uL,100 mM, pH 6.5) containing 20% v/v DMSO (21 uL) at 30 °C. After 4h, HPLC analysis
revealed that 6% of the glycosyl amino acid acceptor (10) (tg 14.0 min) had been converted to
the trisaccharide product (14) (tg 12.7 min).

N'-|a-D-Mannopyranosyl-(1—3)-[a-D-mannopyranosyl-(1—6)-]-B-D-mannopyranosyl-
(1>4)-2-acetamido-2-deoxy-B-D-glucopyranosyl-(1—>4)-2-azidoacetamido-2-deoxy-f-D-

glucopyranosyl]-N®-fluorenylmethoxycarbonyl-L-asparagine (15)

Ho\ (o
HO '
HO OH
o) OH OH o
0
Ho&o 2o o H
HO HO N
HO AcHN NH
HC}-)IO | (¢} (¢} FmocNH COOH
OH
Ng

Method 1: Using Endo A

Tetrasaccharide oxazoline (12) (0.6 mg, 0.9 pmol) and glycosyl amino acid acceptor (10) (0.2
mg, 0.3 pmol) were incubated with WT Endo A (1 pL, 20 pg) in sodium phosphate buffer (96
pL, 100 mM, pH 6.5) containing 20% v/v DMSO (24 pL) at 30 °C. After 15 min, HPLC analysis
revealed that 63% of the glycosyl amino acid acceptor (10) (tg 14.0 min) had been converted
to the pentasaccharide product (15) (tg 12.1 min). The product was purified by RP-HPLC and
characterized by HRMS (ESI*) Calcd. For Cs3H74N7030 (MH™) 1288.4475. Found 1288.4489.

Method 2: Using WT Endo M

Tetrasaccharide oxazoline (12) (0.6 mg, 0.9 umol) and glycosyl amino acid acceptor (10) (0.2
mg, 0.3 umol) were incubated with WT Endo M (2 pL, 2mU) in sodium phosphate buffer (96
pL, 100 mM, pH 6.5) containing 20% v/v DMSO (24 uL) at 30 °C. After 30 min, HPLC analysis
revealed that 16% of the glycosyl amino acid acceptor (10) (tg 14.0 min) had been converted
to the pentasaccharide product (15) (tg 12.1 min).
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Method 3: Using Endo-M-N175Q

Tetrasaccharide oxazoline (12) (0.6 mg, 0.9 umol) and glycosyl amino acid acceptor (10) (0.2
mg, 0.3 umol) were incubated with Endo-M-N175Q (2 pL, 2mU) in sodium phosphate buffer
(100 mM, pH 6.5) containing 20% of DMSO at 37 °C. After 30 min, HPLC analysis revealed
that 60% of the glycosyl amino acid acceptor (10) (tg 14.0 min) had been converted to the
pentasaccharide product (15) (tg 12.1 min)

N'-[(NeuAc-Gal-GlcNAc-Man),-Man-GlcNAc-GlcNAz]-V°-fluorenylmethoxycarbonyl-

L-asparagine (16)

HO OH
COzH
OH
HO o o OH
AcHN o 5 o
HO HO HO (0]

OH AcHN

HO

HO 0
HO

Method 1: Using WT Endo M

Complex bi-antennary oxazoline (13) (0.30 mg, 0.15 pumol) and glycosyl amino acid acceptor
(10) (0.2 mg, 0.3 umol) were incubated with WT Endo M (2 pL, 2mU) in sodium phosphate
buffer (16 puL, 100 mM, pH 6.5) containing 20% v/v DMSO (4 pL) at 37 °C. After 30 min, HPLC
analysis revealed that 20% of the glycosyl amino acid acceptor (10) (tg 14.0 min) had been
converted to the undecasaccharide product (16) (tg 10.8). The product was purified by RP-
HPLC and characterized by HRMS (ESI"). Calcd. For C;o3H;54N;106¢ (MH") 2600.9027.
Found 2600.9173.

Method 2: Using Endo M-N175Q

Complex bi-antennary oxazoline (13) (0.30 mg, 0.15 umol) and glycosyl amino acid acceptor
(10) (0.2 mg, 0.3 umol) were incubated with Endo-M-N175Q (2 pL, 2mU) in sodium phosphate
buffer (16 puL, 100 mM, pH 6.5) containing 20% v/v DMSO (4 pL) at 37 °C. After 30 min, HPLC
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analysis revealed that 78% of the glycosyl amino acid acceptor (10) (tg 14.0 min) had been

converted to the undecasaccharide product (16) (tg 10.8).

Time Course Studies

Figure S1. Production of ManGIcNAcGIcNAz-Fmoc-Asn (14):
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Figure S2. Production of Man,ManGIcNAcGlcNAz-Fmoc-Asn (15):
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Figure S3. Production of (NeuAcGalGlcNAcMan),;ManGlecNAcGlcNAz-Fmoc-Asn (16)
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HPLC and ESI-MS analysis of ENGase-catalysed glycosylation reactions
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NMR Spectra

3,4,6-tri-O-acetyl-2-chloroacetamido-2-deoxy-a-D-glucopyranosyl chloride (S1)
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3,4,6-tri-O-acetyl-2-azidoacetamido-2-deoxy-p-D-glucopyranosyl azide (3)
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N'-|2-azidoacetamido-2-deoxy-f-D-glucopyranosyl]-N*-fluorenylmethoxycarbonyl-L-
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