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I. Supplementary Figures and Tables
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Supplementary Figure 1. Enzymatic modular assembly of core 3 O-GalNAc glycans.

Enzyme modules: G stands for galactosylation, S stands for sialylation, N stands for N-acetylhexosaminylation, F
stands for fucosylation. G1: p1-4 galactosylation with Neisseria meningitidis p1-4 galactosyltransferase (NmLgtB)
and donor uridine 5’-diphosphogalactose (UDP-Gal); G2: a.1-3 galactosylation with human GTB and UDP-Gal; G3:
a1-3 galactosylation with bovine a1-3 GalT (Ba3GalT) and UDP-Gal; S1: a2-3 sialylation with Pasteurella multocida
a2-3 sialyltransferase 1 mutant M144D (PmST1-M144D), N. meningitidis CMP-sialic acid synthetase (NmCSS),
cytidine 5'-triphosphate (CTP), and N-acetylneuraminic acid (Neu5Ac); S2: a2-6 sialylation with PmST1-
P34H/M144L, NmCSS, CTP, and Neub5Ac; S3: a2-6 sialylation with Photobacterium damselae o2-6
sialyltransferase (Pd2,6ST), NmCSS, CTP, and Neu5Ac; N1: p1-4 N-acetylgalactosaminylation  with
Campylobacter jejuni B1-4 N-acetylgalatosaminyltransferase (CjCgtA) and UDP-GalNAc; N2: a1-3 N-
acetylgalactosaminylation with Helicobacter mustelae o.1-3 N-acetyl-galactosaminyltransferase (HmBgtA) and
UDP-GalNAc; N4: B1-4 N-acetylgalactosaminylation with b4GalT-Y289L/C342T (b4GalTm) and UDP-GalNAc; F1:
a1-2 fucosylation with H. mustelae a1-2 fucosyltransferase (Hm2FT) and guanosine 5’-diphospho-L-fucose (GDP-
Fuc); F2: a1-3 fucosylation with H. pylori a1-3 fucosyltransferase C-terminal 66 amino acid truncation (Hp3FT) and
GDP-Fuc. Abbreviations: Gal, galactose; Fuc, L-fucose; GIcNAc, N-acetylglucosamine; GalNAc, N-
acetylgalactosamine; Neu5Ac, N-acetylneuraminic acid; SF, Fmoc protected Ser.
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Supplementary Figure 2. Enzymatic modular assembly of core 4 O-GalNAc glycans.

Enzyme modules: G stands for galactosylation, S stands for sialylation, N stands for N-acetylhexosaminylation, F
stands for fucosylation. G1: 31-4 galactosylation with Neisseria meningitidis 31-4 galactosyltransferase (NmLgtB)
and donor uridine 5’-diphosphogalactose (UDP-Gal); G2: a1-3 galactosylation with human GTB and UDP-Gal; G3:
o 1-3 galactosylation with bovine a1-3 GalT (Ba3GalT) and UDP-Gal; S1: a2-3 sialylation with Pasteurella multocida
a2-3 sialyltransferase 1 mutant M144D (PmST1-M144D), N. meningitidis CMP-sialic acid synthetase (NmCSS),
cytidine 5'-triphosphate (CTP), and N-acetylneuraminic acid (Neu5Ac); S3: a2-6 sialylation with Photobacterium
damselae a2-6 sialyltransferase (Pd2,6ST), NmCSS, CTP, and Neu5Ac; N1: B1-4 N-acetylgalactosaminylation
with Campylobacter jejuni p1-4 N-acetylgalatosaminyltransferase (CjCgtA) and UDP-GalNAc; N2: a1-3 N-
acetylgalactosaminylation with Helicobacter mustelae a1-3 N-acetyl-galactosaminyltransferase (HmBgtA) and
UDP-GaINAc; F1: a1-2 fucosylation with H. mustelae a1-2 fucosyliransferase (Hm2FT) and guanosine 5'-
diphospho-L-fucose (GDP-Fuc); F2: a1-3 fucosylation with H. pylori a1-3 fucosyltransferase C-terminal 66 amino
acid truncation (Hp3FT) and GDP-Fuc. SF, Fmoc protected Ser.
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Supplementary Figure 3. Enzymatic modular assembly of core 6 O-GalNAc glycans.

Enzyme modules: G stands for galactosylation, S stands for sialylation, N stands for N-acetylhexosaminylation, F
stands for fucosylation. G1: 31-4 galactosylation with Neisseria meningitidis p1-4 galactosyltransferase (NmLgtB)
and donor uridine 5’-diphosphogalactose (UDP-Gal); G2: a.1-3 galactosylation with human GTB and UDP-Gal; G3:
a1-3 galactosylation with bovine a1-3 GalT (Ba3GalT) and UDP-Gal; S1: a2-3 sialylation with Pasteurella multocida
o2-3 sialyltransferase 1 mutant M144D (PmST1-M144D), N. meningitidis CMP-sialic acid synthetase (NmCSS),
cytidine 5'-triphosphate (CTP), and N-acetylneuraminic acid (Neu5Ac); S3: a2-6 sialylation with Photobacterium
damselae a2-6 sialyltransferase (Pd2,6ST), NmCSS, CTP, and Neu5Ac; N1: B1-4 N-acetylgalactosaminylation
with Campylobacter jejuni p1-4 N-acetylgalatosaminyliransferase (CjCgtA) and UDP-GalNAc; N2: a1-3 N-
acetylgalactosaminylation with Helicobacter mustelae a1-3 N-acetyl-galactosaminyltransferase (HmBgtA) and
UDP-GalNAc; N4: 31-4 N-acetylgalactosaminylation with b4GalT-Y289L/C342T (b4GalTm) and UDP-GalNAc; F1:
a1-2 fucosylation with H. mustelae a.1-2 fucosyltransferase (Hm2FT) and guanosine 5’-diphospho-L-fucose (GDP-

Fuc); F2: a1-3 fucosylation with H. pylori a.1-3 fucosyltransferase C-terminal 66 amino acid truncation (Hp3FT) and
GDP-Fuc. SF, Fmoc protected Ser.
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Supplementary Figure 4. Structures of all O-GalNAc glycans prepared in this study.
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Microarray Results

a. AAL

12
Core 1 Core 2 Core 3 Core 4 Core 6

10 +

8 4

RFU {Thousands)

hhFQNDN#DWON<I‘|—N\DOQDN<I".DOOON<l‘|—rqlﬂwDN?&DDOFqONq‘KDoOmHmmhmH{&: w
mmHNNmmmmmwcrcrNwqmmmmmmmmmmmnnhr\r\%mmmmm @ o 0 0 O Og<dpnT=
o ‘_'n-&.:%_cg

.30 4

") Core 1 Core 2 Core 3 Core 4 Core 6

£

©

825 4

Q

=

=

= 20 4

™

5

15

10

.

] I

0 erererrerersrarersrsrrersrersrersrsrorsrse Mo rarersrersrerersrsrorsr s rerarsrsrsrerersrerrersrerrersrarorsrsrsrorsrsroler s Mool LB
PR TR ARSIRIRIIINIIRANIARIBOEOIEERAERRREEBEIRET S BB 3 & gfzches
~ Hngézg

c. LTL

-‘-87

3 Core 1 Core 2 Core 3 Core 4 Core 6

g7

3

3 .

EE

2s

=

Supplementary Figure S. Binding profile of Fuc-specific lectins towards the O-GalNAc glycan microarray
The x-axis shows the glycans, and the y-axis shows the relative fluorescence (readout by Cy5-streptavidin, 1 pg/mL). PPA =
APGS(GalNAca-)TAPP (100 uM); RPAP = TSAPD(GalNAca-)TRPAP (100 pM); Biotin = biotinylated PEG amine
(0.01mg/mL); hIgG = human IgG (0.1 mg/mL), mIgG = mouse IgG (0.1 mg/mL); M = Marker (0.01 mg/mL Cy3-conjugated
anti-Human IgG + 0.01 mg/mL Alexs647-conjugated anti-Human IgG; NC = printing buffer. n=3 independent replicates.
The individual data points are shown as dots. Data are presented as mean values; error bars represent standard deviation.
Source data are provided as a Source Data file.
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Supplementary Figure 6. Binding profile of Sia-specific lectins towards the O-GalNAc glycan microarray
The x-axis shows the glycans, and the y-axis shows the relative fluorescence (readout by Cy5-streptavidin, 1 pg/mL). PPA =
APGS(GalNAca-)TAPP (100 pM); RPAP = TSAPD(GalNAco-)TRPAP (100 uM); Biotin = biotinylated PEG amine
(0.0lmg/mL); hIgG = human IgG (0.1 mg/mL), mIgG = mouse IgG (0.1 mg/mL); M = Marker (0.01 mg/mL Cy3-conjugated
anti-Human IgG + 0.01 mg/mL Alexs647-conjugated anti-Human IgG; NC = printing buffer. n=3 independent replicates.
The individual data points are shown as dots. Data are presented as mean values; error bars represent standard deviation.
Source data are provided as a Source Data file.
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Supplementary Figure 7. Binding profile of LacNAc-specific lectins and GlcNAc-specific lectin towards the
O-GalNAc glycan microarray

The x-axis shows the glycans, and the y-axis shows the relative fluorescence (readout by Cy5-streptavidin, 1 pg/mL). PPA =
APGS(GalNAco-)TAPP (100 pM); RPAP = TSAPD(GalNAco-)TRPAP (100 uM); Biotin = biotinylated PEG amine
(0.0lmg/mL); hIgG = human IgG (0.1 mg/mL), mIgG = mouse IgG (0.1 mg/mL); M = Marker (0.01 mg/mL Cy3-conjugated
anti-Human IgG + 0.01 mg/mL Alexs647-conjugated anti-Human IgG; NC = printing buffer. n=3 independent replicates.
The individual data points are shown as dots. Data are presented as mean values; error bars represent standard deviation.
Source data are provided as a Source Data file.
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Supplementary Figure 8. Binding profile of GalNAc-specific lectins towards the O-GalNAc glycan
microarray

The x-axis shows the glycans, and the y-axis shows the relative fluorescence (readout by Cy5-streptavidin, 1 pg/mL). PPA =
APGS(GalNAca-)TAPP (100 pM); RPAP = TSAPD(GalNAca-)TRPAP (100 uM); Biotin = biotinylated PEG amine
(0.01mg/mL); hIgG = human IgG (0.1 mg/mL), mIgG = mouse IgG (0.1 mg/mL); M = Marker (0.01 mg/mL Cy3-conjugated
anti-Human IgG + 0.01 mg/mL Alexs647-conjugated anti-Human IgG; NC = printing buffer. n=3 independent replicates.
The individual data points are shown as dots. Data are presented as mean values; error bars represent standard deviation.
Source data are provided as a Source Data file.
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Supplementary Figure 9. Binding profile of anti-glycan antibodies towards the O-GalNAc glycan
microarray

The x-axis shows the glycans, and the y-axis shows the relative fluorescence (readout by goat anti-mouse IgG-Alexa Fluor
647 conjugate, anti-Sheep IgG (H+L) CF™ 633 antibody produced in donkey, 5 ug/mL). PPA = APGS(GalNAca-)TAPP
(100 uM); RPAP = TSAPD(GalNAca-)TRPAP (100 uM); Biotin = biotinylated PEG amine (0.01mg/mL); hIgG = human
IgG (0.1 mg/mL), mIgG = mouse IgG (0.1 mg/mL); M = Marker (0.01 mg/mL Cy3-conjugated anti-Human IgG + 0.01
mg/mL Alexs647-conjugated anti-Human IgG; NC = printing buffer. n=3 independent replicates. The individual data points
are shown as dots. Data are presented as mean values; error bars represent standard deviation. Source data are provided as a

Source Data file.
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Supplementary Figure 10. Binding profile of recombinant HA proteins towards the O-GalNAc glycan
microarray

The x-axis shows the glycans, and the y-axis shows the relative fluorescence (readout by mouse anti-His-tag antibody and
goat anti-mouse IgG antibody with Alexa Fluor 647). PPA = APGS(GalNAca-)TAPP (100 uM); RPAP =
TSAPD(GalNAca-)TRPAP (100 uM); Biotin = biotinylated PEG amine (0.01mg/mL); hIgG = human IgG (0.1 mg/mL),
mlgG = mouse IgG (0.1 mg/mL); M = Marker (0.01 mg/mL Cy3-conjugated anti-Human IgG + 0.01 mg/mL Alexs647-
conjugated anti-Human IgG; NC = printing buffer. n=3 independent replicates. The individual data points are shown as dots.
Data are presented as mean values; error bars represent standard deviation. Source data are provided as a Source Data file.
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Supplementary Figure 11. Binding profile of lectins towards the O-GalNAc glycans (Supplementary Table

4) on the CFG microarray.
Data were obtained from NCFG website (https://ncfg.hms.harvard.edu/ncfg-data/microarray-data/lectin-quality-
assurancequality-control).
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Supplementary Figure 12. Heatmap of IgG bindings on the O-GalNAc glycan microarray in sera from
colorectal cancer patients and healthy control people

PPA = APGS(GalNAca-)TAPP (100 uM); RPAP = TSAPD(GalNAca-)TRPAP (100 pM); Biotin = biotinylated PEG amine
(0.0lmg/mL); NC = printing buffer. n=3 independent replicates. Data are presented as mean values. Source data are provided
as a Source Data file.
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Supplementary Table 1. Glycan microarray information based on MIRAGE.

IClassification

Guidelines

Description of Sample

[Human serum samples from colorectal cancer patients and healthy people were
provided by Georgia Cancer Center at Augusta University. All lectins and
antibodies were purchased as described in Section I1I. Method for microarray
assay.

Sample modifications

INot applicable.

|Assay protocol

Glycan description for defined glycans

Microarray analyses were performed essentially as described Section III. Method
for microarray assay.

IAll glycans were synthesized as described in main text.

Glycan description for undefined glycans

INot applicable.

Glycan modifications

Description of surface

Glycans were linked with Ser.

Nexterion slide H-3D hydrogel coated glass microarray slides.

Manufacturer

|Applied Microarrays Inc (Tempe, AZ, USA)

Custom preparation of surface

INot relevant.

Covalent Immobilization

Description of Arrayer

Glycans were linked with Ser for robotically arraying and the amine group could
covalently be immobilized on NHS ester coated glass slide.

sciFLEXARRAYER S3 spotter (Scienion) with two PDC 80 Piezo Dispense
Capillary, and 16 subarrays were printed on each slide

Dispensing mechanism

Non-contact liquid delivery.

Glycan deposition

Each glycan probe was printed at 1 deposit in 3 replicates.

Printing conditions

|Array layout

Samples were prepared at a concentration of 100 uM in the printing buffer (300
mM phosphate, pH 8.5), printing was performed at room temperature and relative
humidity of 60%.

[Each array slide contained 16 identical subarrays (pads). Each subarray contained
up to 94 unique samples.

Glycan identification and QC

Scanning hardware

Quality control included analyses with plant lectins.

GenePix 4000B Microarray Scanner (Molecular Devices, LLC)

Scanner settings

ILaser channel: wavelength 635 nm or 535 nm
IPMT gain: 600
Scan power:100%

Image analysis software

GnePix Pro (Molecular Devices, LLC)

Data processing

Data presentation

Data interpretation

The gpr files were processed with in-house excel macro to obtain basic descriptive
statistics. No particular normalization method or statistical analysis was used.

The microarray binding results are in Figures 6,7, Supplementary Figures 5-11,
and Supplementary Table 3. Binding results are presented as relative fluorescence
intensity units (RFU) of binding in mean and S.D. The individual data points are
shown as dots.

INo software or algorithms were used to interpret processed data.

Conclusions

Described in Results parts.
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Supplementary Table 2. Glycan binding proteins used in this study.

GBPs Concentration Binding Residues
AAL Vector Lab 0.1ug/mL
UEA-I Vector Lab 20 pg/mL Fucose
LTL Vector Lab 20 pg/mL
MAL-I Vector Lab 10 pg/mL L
Sialic acid

SNA Vector Lab 20 ug/mL
RCA-I Vector Lab 20 pg/mL

LacNAc
ECL Vector Lab 1 pg/mL
GSL-1I EYLabs 10 pg/mL

GlcNAc
STL Vector Lab 20 ug/mL
PNA Vector Lab 20 ug/mL T antigen
Jacalin Vector Lab 20 ug/mL (Gal B1-3GalNAc a-)
SBA Vector Lab 20 pg/mL T )

n antigen
VVL Vector Lab

2 pg/mL (GalNAc o -)
DBA Vector Lab 20 pg/mL
Anti-CD15s antibody BD 20 pg/mL SLeX
STn219 Fisher 1:10 STn antigen
MUCI antibody R&D Systems 1:50 MUC
H3 of A/Brisbane/10/2007 BEI resources 10 pg/mL .
Sialic acid

H1 of A/NewYork/18/2009 BEI resources 10 pg/mL
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Supplementary Table 3. Summary of binding specificity and fine details of tested GBPs towards O-GalNAc

glycans
GBPs Primary Fine details (towards tested O-GalNAc glycans) 0O-GalNAc core
Ligand 1 2 3 4 6
AAL a-Fuc Bind al1-2/3Fuc; exclude A- and B-antigen + o+ 4+ + 4+
UEA-I a-Fuc Specific to al-2Fuc; exclude A- and B-antigen; strongly prefer +  ++ -° ++ ++
B1-6GlcNAc branch b
LTL a-Fuc Strongly prefer a1-3Fuc + + + + 0+
MAL I 3SLN Prefer B1-3Gal/GIcNAc branch Weak binding
SNA 6SLN Specific for 6SLN Weak binding
RCA-I LacNAc  Tolerate modification on B1-3Gal branch when B1-6GlcNAc ++ ++ ++ ++ ++
branch presents LacNAc
ECL LacNAc  Tolerate modification on B1-3Gal branch (excluding o2- + + + + +
6sialylation) when p1-6branch presents LacNAc
GSL-II GlcNAc  Specific for terminal GIcNAc; in core 2 glycans with a free f1- ++ ++ + ++ +
6GIcNAc, a2-6NeuSAc or B1-3GIcNAc on B1-3Gal branch
blocks binding
STL LacNAc  Specific for ligands on B1-6GIcNAc branch; tolerate all - ++ - ++
LDN modifications on ligands excluding 02-6 sialylation and o1-3
fucosylation
PNA T antigen Require free Gal on the Galfl1-3GalNAca unit; tolerate f1- ++ ++ - - -
6GlcNAc branch modifications
Jacalin Tn Any O-GalNAc glycans without modification on C6-OH of the ++ - + - -
antigen initiating GalNAc
SBA GalNAc  Terminal a/B-linked GalNAc excluding Cad/Sd® and A-antigen - - + - -
VVL GalNAc  Terminal o/f-linked GalNAc excluding A-antigen; weak + + + + +
binding to Cad/Sd?*
DBA GalNAc  Strong binding to Cad/Sd?*; weak binding to Tn antigen, A- ++ ++ ++ ++ ++
antigen and LDN
Anti-CD15s SLeX Specific for SLeX -+
H3N2 (A/Brisb- Neu5Ac Bind to nearly all O-glycans with NeuSAca2-3Gal, ++ ++ ++ ++ ++
ane/10/2007) 02-3Gal  modifications on opposing branch could affect binding
HIN1 (A/New 6SLN Specific for 6SLN ++ ++ - + o+
York/18/2009)

aweak to moderate binding, "strong binding, °no binding based on tested O-GalNAc glycans.
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Supplementary Table 4. List of O-glycans from the CFG glycan microarray.

Number Structures

1 GalNAco-Sp8
2 Galp1-3GalNAca-Spl4
3 KDNa2-3GalB1-3GalNAca-Spl4
4 NeuSAca2-3GalB1-3GalNAca-Spl4
5 NeuSAca2-6(GalB1-3)GalNAca-Spl4
6 NeuS5Aca2-6(NeuSAca2-3GalB1-3)GalNAco-Spl4
7 Fucal-2GalB1-3GalNAca-Sp14
8 GlcNAca1-4GalB1-3GalNAc-Spl4
9 GIcNAB1-3GalB1-3GalNAc-Sp14
10 GalB1-4GIcNAcB1-3GalB1-3GalNAca-Spl4
11 GIcNACcB1-6(GalB1-3)GalNAca-Spl4
12 GIcNAcB1-6(NeuSAca2-3GalB1-3)GalNAco-Spl4
13 GalB1-3GIcNAcP1-6(Galp1-3)GalNAc-Sp14
14 GalPB1-4GIcNAcB1-6(GalB1-3)GalNAc-Sp14
15 NeuSAca2-3GalB1-4GlcNAcB1-6(Galf1-3)GalNAco-Spl4
16 NeuS5Aca2-6Galf1-4GlcNAcB1-6(GalB1-3)GalNAco-Spl4
17 Neu5Aca2-3GalB1-4(Fucal-3)GlcNAcB1-6(Galp1-3)GalNAca-Spl4
18 NeuSAca2-3GalB1-4GIcNAcB1-6(NeuSAca2-3GalB1-3)GalNAca-Spl4
19 NeuSAca2-3GalB1-4(Fucal-3)GlcNAcB1-6(NeuSAca2-3GalB1-3)GalNAc-Spl4
20 NeuS5Aca2-3Galp1-4GlcNAcB1-3GalB1-4GlcNAcB1-6(GalB1-3)GalNAco-Spl4
21 Neu5Aca2-6GalB1-4GlcNAcB1-3GalB1-4GlcNAcB1-6(Galp1-3)GalNAca-Spl4
22 GlcNACcB1-3Galp1-4GlcNAcB1-6(GalB1-3)GalNAca-Spl4
23 GIcNAcPB1-3GalB1-4GIcNAcPB1-6(GIcNAcP1-3GalB1-3)GalNAca-Sp14
24 GalB1-4GIcNAcP1-3GalB1-4GlcNAcB1-6(Galp1-3)GalNAca-Spl4
25 GlcNACcB1-3GalNAca-Sp14
26 GalPB1-3GIcNAcB1-3GalNAca-Sp14
27 GalB1-4GIcNAcB1-3GalNAc-Spl14
28 Neu5Aca2-3Gal1-3GIcNAcB1-3GalNAca-Sp14
29 NeuS5Aca2-3Galf1-4GlcNAcB1-3GalNAc-Spl14
30 Neu5Aca2-6Galp1-4GlcNAcB1-3GalNAc-Spl14
31 Fucal-2Galp1-3GIcNAcB1-3GalNAc-Sp14
32 Fucal-2Galp1-4GlcNAcB1-3GalNAca—Spl4
33 GalPB1-4(Fucal-3)GIcNAcB1-3GalNAca—Spl4
34 NeuS5Aca2-3Galp1-4(Fucal-3)GlcNAcB1-3GalNAco—Spl4
35 Fucal-2Gal1-4(Fuca1-3)GlcNAcB1-3GalNAco—Sp14
36 Gala1-3GalB1-3GlcNAcB1-3GalNAc-Spl4
37 Gala1-3GalB1-4GlcNAcB1-3GalNAco—Spl4
38 Galol-3(Fuca1-2)GalB1-3GIcNAcP1-3GalNAc-Spl4
39 Galal-3(Fuca1-2)GalB1-4GlcNAcB1-3GalNAca—Sp14
40 Gala1-3(Fucal-2)GalB1-4(Fucal-3)GIcNAcB1-3GalNAc-Spl4
41 GalNAcal-3(Fucal-2)Galf1-3GlcNAcB1-3GalNAc-Spl4
42 GalNAcal-3(Fucal-2)Galf1-4GlcNAcB1-3GalNAco—Spl4
43 GalNAcal-3(Fucal-2)Galp1-4(Fucal-3)GIcNAcB1-3GalNAc-Spl4
44 GalNAcB1-4(NeuSAca2-3)Galp1-4GlcNAcB1-3GalNAco—Spl4
45 GlcNACcB1-3Galp1-4GlcNAcB1-3GalNAco—Sp14
46 Galp1-4GlcNAcB1-3GalB1-4GlcNAcP1-3GalNAco—Spl4
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47

NeuSAca2-3Galf1-4GlcNAcB1-3Galf1-4GlcNAcB1-3GalNAco—Sp14

48 NeuS5Aca2-6Galpf1-4GlcNAcB1-3Galp1-4GlcNAcB1-3GalNAco—Sp14
49 GlcNACcB1-3Galp1-4GlcNAcB1-3Galp1-4GlcNAcB1-3GalNAco—Sp14
50 GIcNACcB1-6(GleNAcB1-3)GalNAco—Spl4
51 GalB1-4GIcNAcB1-6(Galf1-4GlcNAcB1-3)GalNAc-Spl4
52 GIcNACcB1-3Galp1-4GlcNAcB1-6(GlcNAcB1-3GalB1-4GlcNAcB1-3)GalNAca—Spl4
53 NeuSAca2-3GalB1-4GlcNAcB1-6(NeuSAca2-3GalB1-4GlcNAcB1-3)GalNAco—Spl4
54 Neu5Aca2-6Gal1-4 GlcNAcB1-6(NeuSAca2-6Galp1-4GlcNAcB1-3)GalNAca—Spl4
55 Fuca1-2GalB1-3GlcNAcB1-6(Fucal-2GalB1-3GIcNAcB1-3)GalNAco—Sp14
56 Fucal-2GalP1-4GlcNAcB1-6(Fucal-2Gal1-4GlcNAcB1-3)GalNAc-Spl4
57 Gala1-3(Fucal-2)GalB1-4GIcNAcB1-6(Galal-3(Fucal-2)GalB1-4GlcNAcB1-3)GalNAc-Sp14
58 GalNAcal-3(Fucal-2)GalB1-4GlcNAcB1-6(GalNAcal-3(Fucal-2)Galf1-4GlcNAcB1-3)GalNAc-Sp14
59 GalPB1-4GIcNAcB1-3Galp1-4GlcNAcB1-6(GalB1-4GIcNAcB1-3GalB1-4GIcNAcB1-3)GalNAca—Spl4
60 NeuSAca2-3GalB1-4GlcNAcB1-3GalB1-4GlcNAcB1-6(NeuSAca2-3GalB1-4GlcNAcB1-3Galp1-

4GIcNAcB1-3)GalNAca—Spl4
61 NeuSAca2-6Galpf1-4GlcNAcB1-3Galf1-4GlcNAcB1-6(NeuSAca2-6GalB1-4GlcNAcB1-3Galf1-

4GIcNAcB1-3)GalNAca—Spl4
62 GlcNACcB1-6GalNAco—Spl4
63 GalB1-4GIcNAcP1-6GalNAc-Sp14
64 GalB1-3GlcNAcB1-6GalNAco—Spl4
65 NeuSAca2-3Galf1-3GlcNAcB1-6GalNAco—Spl4
66 NeuSAca2-3GalB1-4GIcNAcB1-6GalNAca—Spl4
67 NeuSAca2-6GalB1-4GIcNAcB1-6GalNAca—Spl4
68 Fuca1-2GalB1-4GlcNAcB1-6GalNAca—Spl4
69 GalB1-3(Fuca1-4)GIcNAcB1-6GalNAca—Spl4
70 GalPB1-4(Fucal-3)GlcNAcB1-6GalNAc-Spl14
71 Gala1-3Galp1-3GIcNAcB1-6GalNAca—Spl4
72 Gala1-3GalB1-4GlcNAcB1-6GalNAco—Spl4
73 Galal-3(Fuca1-2)GalB1-3GIcNAcP1-6GalNAc-Spl4
74 Galal-3(Fuca1-2)GalB1-4GIcNAcB1-6GalNAco—Spl4
75 GalNAcal-3(Fucal-2)GalB1-3GlcNAcB1-6GalNAco—Spl4
76 GalNAca1-3(Fucal-2)GalB1-4GIcNAcPB1-6GalNAc-Spl4
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Supplementary Table 5. Colorectal cancer patients and healthy control people serum specimens used in
this study.

# TNM Stage (S}t:ogsp
co1 ‘slt‘;gﬁzl I
C02 | pTINOMx I
C03 | pT2NOMx I
C04 | pT2NOMx I
C05 | pT2NOMx I
Co6 pT2NOMx 1

C07 | pT3NOMx A
C08 | pT3NOMx A
C09 | pT3NOMx A
C10 | pT3NOMx A
C11 | pT3NOMx A
C12 | pT3NOMx A
C13 | pT3NOMx A
Cl14 | pT3NOMx A
C15 | pT4bNO 1IC
C16 |pT2NlaMx | IIIA
C17 | pT3NlaMx | IIB
C18 | pT3NlaMx | IIIB
C19 | pT3NlaMx | IIIB
C20 |pT3NlaMx | IIIB
C21 | pT3NlaMx | IIIB
C22 | pT3NI1bMx | LB
C23 | pT3N2aMx | IIIB
C24 | pT3N2aMx | IIB
C25 | pT3N2bMx | IIIC
C26 | pT4aN2bMx | IIIC
C27 | pT4aN2bMx | LIIC
C28 | pT3NIcMI | IVA
C29 | pT4bN2bMla | IVA
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I1. Chemical Modular Assembly of cores 14 and 6

General information

ESI-mass spectrometry were performed on an LTQ-Orbitrap Elite mass spectrometer (Thermo Fisher) equipped
with EASY-spray source and nano-LC UltiMate 3000 high-performance liquid chromatography system (Thermo
Fisher). Samples were transmitted into MS with a silica column. LTQ-Orbitrap Elite mass spectrometer was
operated in the data-dependent mode. A full-scan survey MS experiment (m/z range was set according to the
molecular weight of O-glycan; automatic gain control target, 1,000,000 ions; resolution at 400 m/z, 240,000;
maximum ion accumulation time, 200 ms) was acquired by the Orbitrap mass spectrometer. MALDI-TOF MS
analyses were performed on UltrafleXtreme MALDI TOF/TOF Mass Spectrometer (Bruker). Scan range of MS
was set according to the molecular weight of O-glycans, and reflector mode was used for O-glycan analysis. Mass
spectra were obtained in both positive and negative extraction mode with the following voltage settings: ion
source 1 (19.0 kV), ion source 2 (15.9 kV), and lens (9.3 kV). The reflector voltage was set to 20 kV. The laser
was pulsed at 7 Hz and the pulsed ion extraction time was set at 400 ns. The laser power was kept in the range of
40-90%. Anhydrous dichloromethane, TMSOTT, PTSA.H,O0, solid sodium methoxide and FmocOSu was
purchased from Sigma Aldrich. TFA was purchased from Alfa Aesar.'H and *C NMR spectra were recorded on a
Bruker AVANCE 400 (400 MHz) or Bruker AVANCE 600 (600 MHz) spectrometer at 25 °C. All "H Chemical
shifts (in ppm) were assigned according to CDCl; (8= 7.24 ppm) and D,O (5 = 4.79 ppm) and all >C NMR was
calibrated with CDCl; (6 = 77.00 ppm).

Chemical procedures with analytical data for the synthesis of O-GalNAc cores 1-4 and 6
Compound 7:

Ph
Lo
O

go
AcO N NHFmoc
3

0-_~_0Bu
Y

The mixture of thio glycosyl donor 10' (24.6 g, 55.3 mmol) and Fmoc-Ser-O'Bu? (16.4 g, 48.3 mmol) acceptor
was co-evaporated with anhydrous toluene twice (2x30 mL) and dried under high vacuum for a period of 3 h. The
above mixture was dissolved in anhydrous dichloromethane (250 mL). To the above solution, NIS (16.3 g, 72.5
mmol) and TMSOTT (2.2 g, 9.6 mmol) was added successively at room temperature and stirred until completion.
The reaction was quenched with ag. NaHCO; (5 mL) slowly and washed with 400 mL of 1:1 aq.
NaHCO3/NayS,0s. The aq. layer was extracted with dichloromethane (2x150 mL) and finally the combined
organic layers was washed the brine and concentrated. The crude liquid thus obtained was purified by silica gel
flash column chromatography to obtain the a-glycosyl amino acid 7 (20.9 g, 70%). '"H NMR (400 MHz, CDCl5) §
7.81(d,J="7.5Hz, 2H), 7.67 (t, ] = 6.3 Hz, 2H), 7.54 (dd, J = 7.3, 1.7 Hz, 2H), 7.41 (td, ] = 13.3, 7.5 Hz, 7TH),
5.92(d,J=7.7Hz, 1H),5.53 (s, 1H), 531 (dd, J=11.1, 2.9 Hz, 1H), 5.08 (d, ] = 3.0 Hz, 1H), 4.51 — 4.38 (m,
4H), 4.31 —4.21 (m, 2H), 4.15 (dd, ] = 10.6, 2.7 Hz, 1H), 4.06 — 3.93 (m, 3H), 3.83 (s, 1H), 2.20 (s, 3H), 1.56 (s,
9H). *C NMR (101 MHz, CDCI3) § 170.25, 168.61, 155.76, 143.66, 143.61, 141.14, 141.11, 137.30, 128.95,
128.06, 127.60, 127.00, 126.97, 125.95, 125.03, 124.97, 119.88, 100.49, 99.56, 82.91, 77.20, 73.09, 69.65, 69.06,
68.78, 67.12, 62.80, 57.05, 54.82, 46.89, 27.80, 20.81. HRMS calcd for 7 C37H40N4O10 [M + Na]" m/z = 723.2642,
found: 723.2644.
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Compound 11:
Ph
Co

o)

o
Hogm% '?‘HF'S?BCU

w &

To a solution of compound 7 (10 g, 14.2 mmol) in anhydrous methanol (100 mL), solid sodium methoxide was
added until the pH reaches 8.5 at 0 °C and stirred at room temperature until completion. The reaction was
neutralized using Amberlite® IRC120 H acidic resin and filtered over Celite® 545. The solution was
concentrated and purified by silica gel flash column chromatography to obtain compound 11 (8.9 g, 95%) as a
white solid. "H NMR (400 MHz, CDCls) § 7.75 (d, J = 7.5 Hz, 2H), 7.60 (t, J = 7.0 Hz, 2H), 7.47 (dd, ] = 6.6, 3.0
Hz, 2H), 7.38 (dd, J = 12.7, 5.3 Hz, 3H), 7.36 — 7.29 (m, 4H), 5.86 (d, J = 7.8 Hz, 1H), 5.50 (s, 1H), 4.95 (d, ] =
3.1 Hz, 1H), 4.42 (dd, J =10.5, 7.1 Hz, 2H), 4.33 (dd, ] = 10.4, 7.3 Hz, 1H), 4.21 (dd, ] = 8.4, 5.1 Hz, 3H), 4.12 -
4.02 (m, 3H), 3.96 (dd, J =10.7, 2.6 Hz, 1H), 3.90 (d, J = 12.5 Hz, 1H), 3.72 (s, 1H), 3.58 (dd, J = 10.6, 3.4 Hz,
1H), 1.50 (s, 9H). *C NMR (101 MHz, CDCl;) & 168.82, 155.92, 143.86, 143.74, 141.33, 137.32, 129.37, 128.35,
127.82,127.17, 127.14, 126.23, 125.18, 125.07, 120.10, 101.17, 99.88, 83.10, 77.35, 75.37, 69.68, 69.06, 67.22,
63.27, 60.61, 54.99, 47.09, 27.99. HRMS calcd for 11 C3sH3sN4O [M + Na]” m/z = 681.2536, found: 681.2504.

Compound 12:
Ph
o

Aco LOAC
(e}
AcoéN/O Q
AcO N3 NHFmoc
O\/'\H/O‘Bu
12 o

A mixture of glycosyl donor 8* (1.23 g, 2.5 mmol) and glycosyl acceptor 11 (1.5 g, 2.3 mmol) was co-evaporated
with anhydrous toluene (2x5 mL) and dried under high vacuum over 6 h. The mixture was dissolved in anhydrous
dichloromethane (30 mL) and powdered dry 4 A molecular sieves (2 g) was added and stirred for 1 h under argon
atmosphere. The solution was cooled to -78 °C and TMSOTT (50.4 mg, 0.2 mmol) was added slowly using a
micro syringe. The reaction was stirred for 1 h and quenched with 50 pL. of DIPEA. The reaction was allowed to
reach room temperature over 30 min, filtered over Celite® 545 and concentrated. The crude thus obtained was
purified by silica gel flash column chromatography to obtain the disaccharide 12 (1.8 g, 80%). 'H NMR (400
MHz, CDCl3) 6 7.77 (d, J = 7.5 Hz, 2H), 7.63 — 7.57 (m, 2H), 7.52 — 7.47 (m, 2H), 7.40 (t, ] = 7.4 Hz, 2H), 7.33
(dd, J=16.6, 7.5 Hz, 5H), 5.78 (d, J = 7.8 Hz, 1H), 5.50 (s, 1H), 5.34 (d, ] =2.9 Hz, 1H), 5.25 (dd, J = 10.3, 8.0
Hz, 1H), 5.01 — 4.95 (m, 2H), 4.64 (d, J = 7.9 Hz, 1H), 4.45 —4.38 (m, 2H), 4.35 (dd, J = 11.1, 5.1 Hz, 2H), 4.21
(dd, J=13.5,9.9 Hz, 2H), 4.14 — 4.03 (m, 3H), 4.02 — 3.91 (m, 3H), 3.84 — 3.73 (m, 2H), 3.71 (s, 1H), 2.13 (s,
3H), 2.03 (s, 3H), 1.99 (s, 3H), 1.97 (s, 3H), 1.50 (s, 9H). *C NMR (101 MHz, CDCl;) § 170.27, 170.19, 170.11,
169.35, 168.72, 155.82, 143.65, 141.25, 137.51, 128.86, 128.10, 127.82, 127.12, 126.05, 125.07, 125.02, 120.09,
102.38, 100.55, 99.92, 83.04, 75.69, 75.53, 70.93, 70.81, 69.51, 68.97, 68.55, 67.16, 66.90, 63.47, 61.40, 58.70,
54.95,47.03,27.92, 20.65, 20.54. HRMS calcd for 12 C4HssN4O1s [M + H]" m/z = 989.3668, found: 989.3658.

Compound 13:

OAc

AcO AcO [OAc
o}
AcO o2
AcO  AcHN NHFmoc
O\/YO‘BU
13 o
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To a solution of compound 12 (1.5 g, 1.5 mmol) in anhydrous methanol, PTSA.H>O (57.7 mg, 0.3 mmol) was
added and stirred at 30 °C until completion. The reaction was quenched with DIPEA (50 uL), concentrated and
dried under vacuum for 2 h. The crude was dissolved in a mixture of anhydrous dichloromethane (8§ mL), AcOH
(2 mL) and activated Zn (0.9 g, 15.0 mmol) dust was added and stirred until completion. The reaction mixture
was filtered over Celite® 545 and concentrated to dryness and dried over high vacuum for 2 h. The crude was
dissolved in pyridine (5 mL) and acetic anhydride (2 mL) was added slowly over 10 min at 0 °C. The reaction
was allowed to stir at room temperature until completion. The solvent was evaporated and dissolved in EtOAc
(150 mL) and washed with ag. NaHCO; (50 mL), 1N HCI (50 mL), and brine (50 mL). The organic layer was
dried over anhydrous Na,SO4 and concentrated. The crude thus obtained was purified using silica gel flash
column chromatography to obtain protected disaccharide 13 (1 g, 70%). '"H NMR (400 MHz, CDCl;) § 7.76 (d, J
=7.5Hz, 2H), 7.57 (d, ] = 7.4 Hz, 2H), 7.40 (t, ] = 7.4 Hz, 2H), 7.31 (t, ] = 7.4 Hz, 2H), 5.76 (d, ] = 8.8 Hz, 1H),
5.69 (s, 1H), 5.33 (s, 2H), 5.13 — 5.05 (m, 1H), 4.93 (d, ] = 10.8 Hz, 1H), 4.84 (s, 1H), 4.58 — 4.33 (m, 5H), 4.22
(t,J=6.6 Hz, 1H), 4.14 — 4.08 (m, 3H), 4.02 (d, J = 7.3 Hz, 1H), 3.98 — 3.90 (m, 2H), 3.84 (d, ] = 6.0 Hz, 2H),
3.73 (s, 1H), 2.14 (s, 3H), 2.11 (s, 3H), 2.04 (s, 3H), 2.00 (s, 6H), 1.95 (s, 3H), 1.92 (s, 3H), 1.47 (s, 9H). 1*C
NMR (101 MHz, CDCls) 6 170.49, 170.40, 170.35, 170.13, 170.09, 169.68, 169.05, 155.81, 143.65, 141.32,
141.29, 127.87, 127.10, 124.86, 120.11, 100.54, 98.53, 83.13, 77.20, 73.04, 70.86, 70.71, 68.65, 68.57, 67.81,
67.16, 66.72, 62.65, 61.06, 54.82, 48.65, 47.08, 28.00, 23.24, 20.70, 20.66, 20.54. HRMS calcd for 13
CasHeoN2021 [M + Na]" m/z = 1023.3587, found: 1023.3570.

Compound 1 (core 1):

HO OH oH ©OH
Hoé&oé%
o S OH ACHNO I;lHFgac
S B3 1 \/\g
To the purified compound 13 (0.5 g, 0.5 mmol), a mixture of TFA/Anisole (9:1) (5 mL) was added at 0 °C and
stirred until completion (15 min). The reaction mixture was concentrated below 30 °C and co-evaporated with
toluene (2x5 mL) and dried under high vacuum for 1 h. The crude was dissolved in anhydrous MeOH (5 mL) and
solid NaOMe was added slowly at 0 °C until the pH reached 8.5. The reaction was allowed to stir at room
temperature until completion. The reaction was neutralized using Amberlite® IRC120 H acidic resin and filtered
over Celite® 545. The solution was concentrated and purified by C18 reverse phase flash column chromatography
using H,O and acetonitrile to obtain compound 1 (0.27 g, 78% over two steps) as a white solid. 'H NMR (400
MHz, D,0) 6 7.76 (d, J = 7.3 Hz, 2H), 7.60 (dd, J = 14.3, 7.3 Hz, 2H), 7.36 (dt, J = 15.3, 7.3 Hz, 4H), 4.44 (dd, J
=909,59Hgz, 2H),4.31 (d,J="7.4 Hz, 1H), 4.25 (dd, J=11.0, 3.6 Hz, 1H), 4.10 (d, /= 17.3 Hz, 3H), 3.85 (dt, J
=20.1, 12.7 Hz, 4H), 3.75 — 3.39 (m, 9H), 1.93 (s, 3H). ?C NMR (101 MHz, D,0) § 176.24, 174.53, 157.47,
143.75, 140.86, 127.92, 127.41, 127.37, 124.91, 120.08, 104.62, 97.88, 77.25, 74.73, 72.45, 70.61, 70.53, 68.85,
68.60, 68.49, 66.26, 60.99, 60.78, 56.23, 48.39, 46.76, 22.07. HRMS (m/z): calcd for C3,H4N>O15 [M-H]
691.2429; found [M-H] 691.2433. Compound was characterized by HPLC, Tr =19.859 min.
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To a solution of compound 12 (1.5 g, 1.5 mmol) in anhydrous methanol, PTSA.H,O (57.7 mg, 0.3 mmol) was
added and stirred at 30 °C until completion. The reaction was quenched with DIPEA (50 uL), concentrated and
purified by silica gel flash column chromatography to obtain diol 14 (1.2 g, 90%). '"H NMR (400 MHz, CDCl;) &
7.76 (d, J=17.5 Hz, 2H), 7.61 (d, J=7.4 Hz, 2H), 7.40 (t, /= 7.4 Hz, 2H), 7.31 (t, /= 7.4 Hz, 2H), 5.95 (d, J =
7.9 Hz, 1H), 5.35 (s, 1H), 5.24 (dd, /= 10.3, 8.0 Hz, 1H), 4.98 (dd, /= 10.5, 3.3 Hz, 1H), 4.88 (d, /=3.2 Hz,
1H), 4.58 (d,/=8.0 Hz, 1H), 4.48 — 4.32 (m, 3H), 4.20 (t, /= 6.8 Hz, 1H), 4.13 — 4.00 (m, 4H), 3.93 (dd, J =
24.1,10.8 Hz, 2H), 3.87 — 3.78 (m, 3H), 3.73 (dd, /= 14.2, 7.5 Hz, 1H), 3.60 (dd, /= 10.5, 3.4 Hz, 1H), 2.14 (s,
3H), 2.05 (s, 3H), 1.98 (d, J = 5.8 Hz, 6H), 1.49 (s, 9H). *C NMR (101 MHz, CDCl;) § 170.40, 170.10, 170.05,
169.54, 168.87, 155.86, 143.81, 143.68, 141.33, 127.78, 127.12, 125.16, 120.07, 101.78, 99.67, 83.06, 78.08,
77.20,71.28, 70.61, 70.05, 69.91, 69.03, 68.28, 66.93, 62.66, 61.55, 58.41, 55.02, 47.17, 27.93, 20.62, 20.53.
HRMS calcd for 14 C42H52N4018 [M + Na]* m/z=923.3 175, found: 923.3157.
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A mixture of glycosyl donor 9* (1.1 g, 1.8 mmol) and glycosyl acceptor 14 (1.5 g, 1.6 mmol) was co-evaporated
with anhydrous toluene (2x5 mL) and dried under high vacuum over 6 h. The mixture was dissolved in anhydrous
dichloromethane (30 mL) and powdered dry 4 A molecular sieves (2 g) was added and stirred for 1 h under argon
atmosphere. The solution was cooled to -40 °C and TMSOTT (53.3 mg, 0.2 mmol) was added slowly. The reaction
was allowed to stir for 1 h and quenched with DIPEA (50 pL). The reaction was allowed to reach room
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temperature, filtered over Celite® 545 and concentrated. The crude thus obtained was purified by silica gel flash
column chromatography to obtain the trisaccharide 15 (1.8 g, 82%). 'H NMR (400 MHz, CDCl3) § 7.80 (d, J =
7.5 Hz, 2H), 7.65 (d, /= 7.4 Hz, 2H), 7.50 — 7.31 (m, 4H), 6.19 (d, /= 7.5 Hz, 1H), 5.92 (d, /= 7.3 Hz, 1H), 5.65
(t,J=10.0 Hz, 1H), 5.40 (d, /= 3.3 Hz, 1H), 5.26 (dd, J = 10.5, 7.9 Hz, 1H), 5.12 — 4.94 (m, 3H), 4.91 —4.75 (m,
3H), 4.64 (dd, J=13.6,9.9 Hz, 2H), 4.51 — 4.39 (m, 2H), 4.28 (t, /= 7.1 Hz, 1H), 4.22 — 4.02 (m, 6H), 4.02 —
3.86 (m, 5SH), 3.79 — 3.65 (m, 2H), 3.60 (dd, J=10.5, 3.7 Hz, 1H), 3.36 (q, /= 8.8 Hz, 1H), 2.17 (s, 3H), 2.08 (s,
3H), 2.06 — 1.98 (m, 15H), 1.52 (s, 9H). *C NMR (101 MHz, CDCl3) § 170.50, 170.29, 170.06, 169.97, 169.56,
169.47, 168.59, 155.72, 153.76, 143.82, 143.47, 141.30, 141.22, 127.84, 127.74, 127.19, 127.02, 124.99, 120.10,
101.70, 100.01, 98.15, 95.54, 83.19, 78.00, 77.32, 77.20, 77.00, 76.68, 74.22, 71.51, 71.09, 70.89, 70.61, 69.77,
69.26, 69.01, 68.26, 67.99, 67.08, 66.76, 62.06, 61.23, 60.32, 58.30, 56.86, 54.47, 47.03, 27.87,20.57, 20.56,
20.48. . HRMS calcd for 15 Cs;H79C1sNsO27 [M + Na]” m/z =1384.3222, found: 1384.3201.
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Compound 15 (1 g, 0.7 mmol) was dissolved in a mixture of anhydrous dichloromethane (15 mL), AcOH (5 mL)
and activated Zn (0.72 g, 11.0 mmol) dust was added and stirred at 40 °C until completion (12 h). The reaction
mixture was filtered over Celite® 545 and concentrated to dryness and dried over high vacuum for 2 h. The crude
was dissolved in pyridine (10 mL) and acetic anhydride (5 mL) was added slowly over 10 min at 0 °C. The
reaction was allowed to stir at room temperature until completion. The solvent was evaporated and dissolved in
EtOAc (150 mL) and washed with ag. NaHCOs; (50 mL), IN HCI (50 mL), and brine (50 mL). The organic layer
was dried over anhydrous Na,SO4 and concentrated. The crude thus obtained was purified using silica gel flash
column chromatography to obtain protected trisaccharide 16 (0.8 g, 85%). '"H NMR (600 MHz, CDCl3) § 7.76 (d,
J=17.2 Hz, 2H), 7.60 (d, J=4.9 Hz, 2H), 7.39 (t, J=7.1 Hz, 2H), 7.31 (t, /= 6.7 Hz, 2H), 6.11 (d, /= 6.5 Hz,
1H), 6.00 (d, /= 7.1 Hz, 1H), 5.81 (d, J= 8.4 Hz, 1H), 5.44 (t,J=9.3 Hz, 1H), 5.32 (d, /=2.6 Hz, 1H), 5.24 (s,
1H), 5.06 (dd, J=10.0, 8.2 Hz, 1H), 5.01 — 4.88 (m, 2H), 4.84 — 4.69 (m, 2H), 4.53 (d, /= 7.8 Hz, 1H), 4.47 (s,
2H), 4.36 (d, J=4.2 Hz, 2H), 4.23 (d, J= 6.6 Hz, 2H), 4.12 — 4.00 (m, 3H), 3.93 (s, 2H), 3.88 — 3.78 (m, 3H),
3.62 (dd, J=44.9,9.1 Hz, 3H), 3.43 — 3.35 (m, 1H), 2.13 (s, 3H), 2.09 (s, 3H), 2.03 (s, 3H), 2.02 — 1.97 (m, 12H),
1.94 (d, J=10.7 Hz, 6H), 1.88 (s, 3H), 1.47 (s, 9H). *C NMR (151 MHz, CDCls) § 170.64, 170.46, 170.39,
170.29, 170.23, 170.11, 169.69, 169.48, 169.27, 156.00, 143.67, 141.29, 127.80, 127.14, 124.95, 120.06, 100.65,
100.15, 97.85, 82.90, 77.21, 77.00, 76.79, 73.24, 71.63, 70.81, 70.68, 69.09, 68.79, 68.69, 67.07, 66.70, 61.97,
61.00, 55.58, 54.73, 48.69, 47.05, 28.00, 23.27, 20.74, 20.69, 20.65, 20.62, 20.51. HRMS calcd for 16
CeoH77N3028 [M + Na]" m/z = 1310.4592, found: 1310.4570.
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To the purified compound 16 (0.7 g, 0.5 mmol), a mixture of TFA/Anisole (9:1) (7 mL) was added at 0 °C and
stirred until completion (15 min). The reaction mixture was concentrated below 30 °C and co-evaporated with
toluene (2x5 mL) and dried under high vacuum for 1 h. The crude was dissolved in anhydrous MeOH (5 mL) and
solid NaOMe was added slowly at 0 °C until the pH reached 8.5. The reaction was allowed to stir at room
temperature until completion. The reaction was neutralized using Amberlite® IRC120 H acidic resin and filtered
over Celite® 545. The solution was concentrated and dissolved in a mixture of acetone (6 mL) and H,O (3 mL).
To the vigorously stirring solution, NaHCOs3 (63 mg, 0.75 mmol) and Fmoc-OSu (168 mg, 0.5 mmol) were added
successively and stirred at room temperature until completion. The solution was concentrated and purified by C18
reverse phase flash column chromatography using H»0 and acetonitrile to obtain compound 2 (0.37 g, 77% over
three steps) as a white solid. '"H NMR (600 MHz, D,0) & 7.86 (t, J= 7.7 Hz, 2H), 7.73 — 7.61 (m, 2H), 7.48 (dt, J
=14.7, 7.4 Hz, 2H), 7.45 — 7.36 (m, 2H), 4.77 (d, J=2.9 Hz, 3H), 4.58 (dd, /= 10.7, 5.6 Hz, 1H), 4.49 (d, /= 8.3
Hz, 2H), 4.37 (d, /= 7.8 Hz, 1H), 4.30 — 4.20 (m, 2H), 4.12 (d, /J=9.1 Hz, 2H), 3.91 (dd, /=22.9, 12.6 Hz, 4H),
3.83 —3.70 (m, 5H), 3.57 (dddd, J = 30.7, 25.5, 21.8, 10.6 Hz, 7H), 3.36 (d, J = 3.8 Hz, 2H), 1.97 (s, 6H). "*C
NMR (151 MHz, D;0) & 176.26, 174.57, 174.27, 157.45, 143.88, 140.93, 128.02, 127.52, 125.02, 120.18, 120.13,
104.63, 101.23, 97.89, 76.87, 75.80, 74.82, 73.81, 72.49, 70.57, 69.93, 69.37, 69.03, 68.79, 68.53, 66.31, 60.84,
60.69, 56.13, 55.66, 48.37, 46.90, 22.21, 22.11. HRMS, calcd for C40Hs3N3029 895.3222; found [M-H] 894.3261.
Compound was characterized by HPLC, Tr =15.749 min.
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A mixture of glycosyl donor 9* (1.6 g, 2.6 mmol) and glycosyl acceptor 11 (1.4 g, 2.1 mmol) was co-evaporated
with anhydrous toluene (2x5 mL) and dried under high vacuum over 6 h. The mixture was dissolved in anhydrous
dichloromethane (30 mL) and powdered dry 4 A molecular sieves (2 g) was added and stirred for 1 h under argon
atmosphere. The solution was cooled to -78 °C and TMSOTf (94 mg, 0.4 mmol) was added slowly. The reaction
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was allowed to stir for 1 h and quenched with DIPEA (100 pL). The reaction was allowed to reach room
temperature, filtered over Celite® 545 and concentrated. The crude thus obtained was purified by silica gel flash
column chromatography to obtain the disaccharide 17 (2.1 g, 88%). '"H NMR (400 MHz, CDCl;) § 7.80 (d, J = 7.4
Hz, 2H), 7.62 (dd, J=7.1, 4.2 Hz, 2H), 7.47 (d, J = 6.4 Hz, 2H), 7.41 (t,J = 7.7 Hz, 2H), 7.37 — 7.30 (m, 5H),
5.74 (d, J= 8.0 Hz, 1H), 5.50 (s, 1H), 5.21 (t,J = 9.9 Hz, 1H), 5.02 - 4.91 (m, 3H), 4.70 (d, /= 12.0 Hz, 1H),
4.59 (dd, J=23.4,10.1 Hz, 2H), 4.48 — 4.40 (m, 2H), 4.37 (d, /= 2.2 Hz, 1H), 4.34 — 4.16 (m, 4H), 4.05 — 3.96
(m, 3H), 3.95-3.91 (m, 1H), 3.86 (dd, J=10.7, 3.2 Hz, 1H), 3.74 (s, 1H), 3.59 (dd, /= 18.5, 8.8 Hz, 1H), 3.36
(d, J=8.3 Hz, 1H), 2.01 (s, 3H), 1.98 (d, J = 4.9 Hz, 6H), 1.49 (s, 10H). *C NMR (101 MHz, CDCl;) § 170.42,
170.31, 169.40, 168.63, 155.89, 153.86, 143.75, 143.48, 141.24, 137.57, 128.87, 128.10, 127.89, 127.27, 127.18,
126.05, 125.34, 125.10, 120.28, 101.64, 100.55, 99.51, 95.28, 83.09, 76.34, 75.39, 74.50, 71.67, 71.58, 69.44,
68.99, 68.28, 67.21, 63.46, 61.40, 58.69, 56.09, 54.90, 47.06, 27.94, 20.71, 20.62, 20.59. HRMS calcd for 17
C50H56C13N5018 [M + H]+ m/z = 1120.2764, found: 1120.2750.

Compound 18:
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To a solution of compound 17 (2.0 g, 1.7 mmol) in anhydrous methanol (20 mL), PTSA.H>O (68 mg, 0.3 mmol)
was added and stirred at 30 °C until completion. The reaction was quenched with DIPEA (60 uL), concentrated
and dried under vacuum for 2 h. The crude was dissolved in a mixture of anhydrous dichloromethane (10 mL),
AcOH (5 mL) and activated Zn (1.6 g, 25.5 mmol) dust was added and stirred at 40 °C until completion. The
reaction mixture was filtered over Celite® 545 and concentrated to dryness and dried over high vacuum for 2 h.
The crude was dissolved in pyridine (10 mL) and acetic anhydride (5 mL) was added slowly over 10 min at 0 °C.
The reaction was allowed to stir at RT until completion. The solvent was evaporated and dissolved in EtOAc (150
mL) and washed with aq. NaHCOs3 (50 mL), IN HCI (50 mL), and brine (50 mL). The organic layer was dried
over anhydrous Na,SOj4 and concentrated. The crude thus obtained was purified using silica gel flash column
chromatography to obtain protected disaccharide 18 (1.4 g, 79%). '"H NMR (600 MHz, CDCl;) § 7.73 (d, J=7.2
Hz, 2H), 7.57 (s, 2H), 7.36 (t, J= 7.3 Hz, 2H), 7.28 (t,J= 7.3 Hz, 2H), 6.18 (d, /= 7.7 Hz, 1H), 6.02 (d, /= 5.5
Hz, 1H), 5.85 (d, /= 8.0 Hz, 1H), 5.31 (dd, J=21.6, 6.4 Hz, 2H), 5.00 (t, /= 9.7 Hz, 1H), 4.89 (dd, J=11.6, 5.7
Hz, 2H), 4.48 — 4.41 (m, 1H), 4.37 (d, /= 4.2 Hz, 3H), 4.26 — 4.16 (m, 2H), 4.11 — 4.05 (m, 2H), 4.03 — 3.98 (m,
1H), 3.95 - 3.83 (m, 3H), 3.77 (d, /= 9.0 Hz, 1H), 3.63 (d, /=9.5 Hz, 1H), 3.51 (d, J= 8.8 Hz, 1H), 2.06 (s, 3H),
2.03 (s, 3H), 1.99 — 1.97 (m, 9H), 1.92 (s, 3H), 1.90 (s, 3H), 1.44 (s, 9H). *C NMR (151 MHz, CDCl3) § 171.11,
170.73, 170.62, 170.41, 169.89, 169.23, 168.94, 155.85, 143.63, 141.17, 127.73, 127.02, 124.85, 119.98, 99.25,
98.34, 82.88, 72.88, 71.87, 68.87, 68.55, 68.32, 67.57, 66.95, 62.50, 61.35, 55.31, 54.79, 48.81, 47.01, 27.90,
23.22,23.12,20.60, 20.55, 20.51. HRMS calcd for 18 C4sHgi1N3O29 [M+H]" m/z = 1000.3927, found: 1000.3925.
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To the purified compound 18 (1.0 g, 1.0 mmol), a mixture of TFA/Anisole (9:1) (10 mL) was added at 0 °C and
stirred until completion (15 min). The reaction mixture was concentrated below 30 °C and coevaporated with
toluene (2x5 mL) and dried under high vacuum for 1 h. The crude was dissolved in anhydrous MeOH (5 mL) and
solid NaOMe was added slowly at 0 °C until the pH reached 8.5. The reaction was allowed to stir at room

temperature until completion. The reaction was neutralized using Amberlite® IRC120 H acidic resin and filtered
over Celite® 545. The solution was concentrated and purified by C18 reverse phase flash column chromatography
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using H>O and acetonitrile to obtain compound 3 (0.6 g, 90% over two steps) as a white solid. 'H NMR (400
MHz, D,O) 8 7.31 — 7.12 (m, 4H), 7.08 — 6.89 (m, 4H), 4.65 (s, 1H), 4.38 (d, /= 8.1 Hz, 1H), 4.06 (dd, J = 41.3,
11.9 Hz, 4H), 3.83 — 3.33 (m, 13H), 3.17 (s, 1H), 1.91 (d, J = 7.6 Hz, 6H). >*C NMR (101 MHz, D,0) § 176.18,
174.33, 173.60, 157.18, 143.45, 140.69, 127.66, 127.16, 124.76, 119.85, 102.41, 97.84, 76.84, 75.43, 73.54,
70.42, 69.31, 68.59, 61.04, 60.10, 56.18, 55.49, 48.89, 48.20, 46.55, 22.28, 22.22. HRMS, calcd C34H43N305 for :
733.2694; found [M+Na]" 756.3203.
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Compound was characterized by HPLC, Tr =19.507 min

7777777

Compound 19:
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To a solution of compound 17 (3.0 g, 2.6 mmol) in anhydrous methanol (20 mL), PTSA.H,O (101 mg, 0.5 mmol)
was added and stirred at 30 °C until completion. The reaction was quenched with DIPEA (100 pL), concentrated
and purified by silica gel flash column chromatography to obtain diol 19 (2.3 g, 85%). '"H NMR (400 MHz,
CDCl3) 6 7.76 (d, J= 7.4 Hz, 2H), 7.61 (t,J = 7.9 Hz, 2H), 7.39 (dd, J= 13.8, 6.9 Hz, 2H), 7.31 (dt,J=11.6, 5.9
Hz, 2H), 5.97 (d, /= 8.2 Hz, 1H), 5.32 (d, J = 8.6 Hz, 1H), 5.24 (t,J = 10.0 Hz, 1H), 4.97 — 4.85 (m, 2H), 4.71 (d,
J=11.5Hz, 2H), 4.58 (d, J=12.0 Hz, 1H), 4.49 — 4.40 (m, 2H), 4.35 —4.27 (m, 1H), 4.21 (t,J=7.0 Hz, 1H),
4.10 (t,J=9.0 Hz, 3H), 4.02 (dd, J=11.0, 4.0 Hz, 1H), 3.95 — 3.82 (m, 4H), 3.77 — 3.71 (m, 1H), 3.69 — 3.59 (m,
2H), 3.54 — 3.47 (m, 1H), 3.07 (s, 1H), 2.02 (s, 3H), 2.01 (s, 3H), 2.00 (s, 3H), 1.47 (s, 9H). *C NMR (101 MHz,
CDCls) 6 170.63, 170.33, 169.42, 168.79, 155.88, 154.13, 143.82, 143.52, 141.18, 127.75, 127.14, 125.31,
125.08, 120.09, 100.85, 99.36, 95.23, 82.95, 77.94, 74.46, 71.93, 71.21, 69.91, 68.75, 68.47, 67.00, 62.41, 61.82,
58.47,56.04, 54.93, 47.08, 27.88, 20.55. HRMS calcd for 19 C43Hs,CI3NsO s [M+H]" m/z = 1032.2451, found:
1032.2430.

Compound 20:
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A mixture of glycosyl donor 9* (0.6 g, 1.0 mmol) and glycosyl acceptor 19 (1.0 g, 0.97 mmol) was coevaporated
with anhydrous toluene (2x5 mL) and dried under high vacuum over 6 h. The mixture was dissolved in anhydrous
dichloromethane (20 mL) and powdered dry 4 A molecular sieves (1.5 g) was added and stirred for 1 h under
argon atmosphere. The solution was cooled to -78 °C and TMSOTTf (43 mg, 0.19 mmol) was added slowly. The
reaction was allowed to stir for 1 h and quenched with DIPEA (40 uL). The reaction was allowed to reach room
temperature, filtered over Celite® 545 and concentrated. The crude thus obtained was purified by silica gel flash
column chromatography to obtain the trisaccharide 20 (1.0 g, 70%). '"H NMR (400 MHz, CDCl3) § 7.79 (d, ] =
7.4 Hz, 2H), 7.69 — 7.58 (m, 2H), 7.44 — 7.29 (m, 4H), 6.34 (d, ] = 7.0 Hz, 1H), 5.91 (d, J = 7.0 Hz, 1H), 5.69 (t,J
=9.7 Hz, 1H), 5.32 (s, 1H), 5.22 (d, ] = 8.9 Hz, 1H), 5.18 — 5.10 (m, 1H), 4.99 (ddd, J = 23.7, 14.5, 7.0 Hz, 2H),
492 —-4.78 (m, 3H), 4.73 (d, ] = 12.1 Hz, 1H), 4.64 — 4.54 (m, 2H), 4.51 — 4.40 (m, 2H), 4.35 (dd, J=17.6, 7.1
Hz, 1H), 4.23 (ddd, J =22.3, 19.5, 7.5 Hz, 3H), 4.16 — 4.06 (m, 2H), 4.06 — 3.97 (m, 3H), 3.91 (dd, ] = 30.1, 10.3
Hz, 3H), 3.71 — 3.54 (m, 3H), 3.49 (d, J = 8.9 Hz, 1H), 3.30 (dd, J = 18.6, 9.2 Hz, 1H), 3.23 (dd, J = 17.9, 8.2 Hz,
1H), 2.06 (s, 4H), 2.04 (s, 3H), 2.00 (d, J = 5.0 Hz, 9H), 1.96 (s, 3H), 1.49 (s, 9H). *C NMR (101 MHz, CDCl;) §
170.74, 170.61, 170.56, 170.11, 169.61, 169.35, 155.87, 154.07, 153.76, 143.81, 143.51, 141.28, 127.85, 127.25,
125.18, 125.00, 120.22, 101.14, 97.73, 95.64, 95.44, 83.24, 77.47, 77.35, 77.15, 76.83, 75.02, 74.90, 74.49, 74.20,
71.74,71.39, 70.67, 69.75, 69.18, 68.19, 67.25, 61.99, 61.42, 59.41, 56.95, 56.16, 54.47, 53.50, 47.03, 27.95,
20.68, 20.60. HRMS calcd for 20 CssH7oClgNgO27 [M+H]" m/z = 1493.2498, found: 1493.2463.
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Compound 20 (1 g, 0.67 mmol) was dissolved in a mixture of anhydrous dichloromethane (15 mL), AcOH (5 mL)
and activated Zn (0.7 g, 10.0mmol) dust was added and stirred at 40 °C until completion. The reaction mixture
was filtered over Celite® 545 and concentrated to dryness and dried over high vacuum for 2 h. The crude was
dissolved in pyridine (10 mL) and acetic anhydride (5 mL) was added slowly over 10 min at 0 °C. The reaction
was allowed to stir at room temperature until completion. The solvent was evaporated and dissolved in EtOAc
(150 mL) and washed with aq. NaHCO; (50 mL), 1N HCI (50 mL), and brine (50 mL). The organic layer was
dried over anhydrous Na,SO4 and concentrated. The crude thus obtained was purified using silica gel flash
column chromatography to obtain protected trisaccharide 21 (0.6 g, 76%). '"H NMR (400 MHz, MeOD) & 7.81 (d,
J=17.6 Hz, 2H), 7.74 — 7.65 (m, 2H), 7.41 (t,J=7.1 Hz, 2H), 7.34 (t, J= 7.4 Hz, 2H), 5.49 (dd, J=12.9, 6.8 Hz,
1H), 5.25 (t, J=9.9 Hz, 1H), 5.10 — 4.92 (m, 3H), 4.71 (dd, J = 13.1, 5.8 Hz, 2H), 4.55 — 4.36 (m, 3H), 4.36 —
4.27 (m, 2H), 4.27 — 4.19 (m, 3H), 4.19 — 4.06 (m, 3H), 3.98 — 3.83 (m, 4H), 3.78 (dd, J=17.7, 6.4 Hz, 4H), 3.63
—3.48 (m, 2H), 2.01 (dt, J = 12.2, 5.7 Hz, 24H), 1.90 (d, J = 11.3 Hz, 6H), 1.47 (s, 9H). >*C NMR (101 MHz,
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MeOD) 6 171.86, 171.75, 171.62, 170.81, 170.74, 170.44, 170.38, 169.86, 157.07, 149.85, 148.76, 143.89,
141.26, 137.08, 127.55, 126.95, 124.83, 124.25, 119.76, 101.33, 100.94, 98.37, 82.12, 76.37, 72.68, 71.67, 71.52,
71.37,71.16, 70.28, 69.62, 68.90, 66.91, 66.54, 62.05, 61.44, 55.47, 55.23, 54.20, 47.07, 29.51, 27.10, 22.14,
21.78,19.67, 19.53, 19.40, 19.37, 19.34. HRMS calcd for 21 CeoH7sN4O27 [M+H]" m/z = 1287.4932, found:
1287.4930.

Compound 4 (core 4):

HO Q
Hc&/o

AcHN
Bo6 OH o
a Hoﬁ 2
o
H
SF O AN Ackn | NHFmoc

B 3 ) OWOH

To the purified compound 21 (0.5 g, 0.39 mmol), a mixture of TFA/Anisole (9:1) (5 mL) was added at 0 °C and
stirred until completion (15 min). The reaction mixture was concentrated below 30 °C and coevaporated with
toluene (2x5 mL) and dried under high vacuum for 1 h. The crude was dissolved in anhydrous MeOH (5 mL) and
solid NaOMe was added slowly at 0 oC until the pH reached 8.5. The reaction was allowed to stir at room
temperature until completion. The reaction was neutralized using Amberlite® IRC120 H acidic resin and filtered
over Celite® 545. The solution was concentrated and dissolved in a mixture of acetone (3 mL) and H>O (1.5 mL).
To the vigorously stirring solution, NaHCO3 (49 mg, 0.58 mmol) and FmocOSu (131 mg, 0.39 mmol) were
added successively and stirred at room temperature until completion. The solution was concentrated and purified
by C18 reverse phase flash column chromatography using H>O and acetonitrile to obtain compound 4 (0.33 g,
92% over three steps) as a white solid. "H NMR (600 MHz, D,0) & 8.23 (d, J = 7.0 Hz, 2H), 8.04 (s, 2H), 7.82 (d,
J=7.8 Hz, 2H), 7.79 — 7.71 (m, 2H), 4.66 (d, J = 4.5 Hz, 2H), 4.50 (d, J = 7.8 Hz, 2H), 4.44 (s, 1H), 4.32 — 4.06
(m, 7H), 4.03 —3.91 (m, 4H), 3.85 (t, J = 8.8 Hz, 2H), 3.83 — 3.76 (m, 1H), 3.70 (s, 3H), 2.32 (s, 3H), 2.29 (s,
3H), 2.27 (s, 3H). *C NMR (101 MHz, D,0) & 174.32, 174.11, 173.63, 173.59, 157.23, 143.55, 140.75, 127.82,
127.30, 124.79, 120.00, 102.38, 101.23, 97.77, 75.76, 75.44, 73.78, 73.47, 69.90, 69.37, 69.13, 69.08, 68.73,
66.25, 61.20, 60.66, 60.18, 55.47, 48.09, 46.62, 22.23. HRMS, calcd for C4,HssN4O20: 936.3488; found [M-H]
935.352. HPLC, Tr =15.324 min.
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Compound 22:
OH

HO
AcO Q
© N NHFmoc
3 ,

e} O'Bu
To a solution of compound 7 (2.0 g, 3.0 mmol) in anhydrous methanol (20 mL), PTSA.H,O (115 mg, 0.6 mmol)
was added and stirred at 30 °C until completion. The reaction was quenched with DIPEA (100 uL), concentrated
and purified by silica gel flash column chromatography to obtain diol 22 (1.71 g, 92%). '"H NMR (600 MHz,
CDCl3) 6 7.75 (d, J=17.5 Hz, 2H), 7.61 (d, J = 7.4 Hz, 2H), 7.38 (t,J = 7.4 Hz, 2H), 7.34 — 7.29 (m, 2H), 6.02 (d,
J=28.1Hz, 1H), 5.15 (dd, J=11.0, 2.8 Hz, 1H), 4.90 (d, /= 3.5 Hz, 1H), 4.40 (ddd, /= 8.1, 6.1, 2.7 Hz, 3H),
4.23 -4.18 (m, 2H), 4.16 (dd, J=11.1, 3.0 Hz, 1H), 3.88 (dd, /= 10.7, 3.1 Hz, 2H), 3.80 — 3.73 (m, 3H), 2.15 (s,
3H), 1.48 (s, 9H). >*C NMR (151 MHz, CDCl;) § 169.92, 168.84, 155.92, 143.77, 141.31, 127.69, 127.12, 125.15,
125.10, 119.97, 99.96, 83.15, 70.78, 70.43, 69.80, 68.95, 66.92, 63.24, 57.27, 55.09, 47.13, 27.91, 20.93. HRMS
calcd for 22 C30H36N4O10 [M+H]" m/z = 613.2501, found: 613.2492.

Compound 23:
OAc
AcO O
cO %
TrocHN
HO
A
¢ N NHFmoc
%WUBU
23 5

A mixture of glycosyl donor 9* (0.71 g, 1.1 mmol) and glycosyl acceptor 22 (0.64 g, 1.0 mmol) was coevaporated
with anhydrous toluene (2x5 mL) and dried under high vacuum over 6 h. The mixture was dissolved in anhydrous
dichloromethane (20 mL) and powdered dry 4 A molecular sieves (1.5 g) was added and stirred for 1 h under
argon atmosphere. The solution was cooled to -78 °C and TMSOTTf (44.4 mg, 0.2 mmol) was added slowly. The
reaction was allowed to stir for 1 h and quenched with DIPEA (50 uL). The reaction was allowed to reach room
temperature, filtered over Celite® 545 and concentrated. The crude thus obtained was purified by silica gel flash
column chromatography to obtain the disaccharide 23 (1.0 g, 89%). 'H NMR (600 MHz, CDCl3) § 7.76 (d, J=17.5
Hz, 2H), 7.62 (dd, J=13.1, 7.4 Hz, 2H), 7.39 (td, /= 7.3, 3.6 Hz, 2H), 7.33 (dd, /= 13.7, 6.9 Hz, 2H), 5.89 (d, J
=7.2 Hz, 1H), 5.49 (d,J="7.8 Hz, 1H), 5.39 (t, /=9.8 Hz, 1H), 5.16 (dd, /= 11.0, 2.7 Hz, 1H), 4.97 — 4.87 (m,
2H), 4.70 (dd, J = 23.3, 10.1 Hz, 2H), 4.58 (d, /= 12.1 Hz, 1H), 4.46 — 4.38 (m, 2H), 4.34 — 4.29 (m, 1H), 4.25 (t,
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J=17.3Hz, 1H), 4.14 (d, J= 12.2 Hz, 1H), 4.08 (s, 1H), 4.05 — 3.99 (m, 2H), 3.96 (d, /= 8.4 Hz, 1H), 3.92 (t, J =
5.6 Hz, 1H), 3.90 — 3.85 (m, 1H), 3.74 (d, J= 10.9 Hz, 1H), 3.66 (dd, J=9.8, 5.7 Hz, 1H), 3.61 — 3.56 (m, 1H),
3.25 (dd, J = 18.2, 8.4 Hz, 1H), 2.16 (s, 3H), 2.01 (s, 3H), 1.99 (s, 3H), 1.98 (s, 3H), 1.49 (s, 9H). *C NMR (151
MHz, CDCL3) & 170.76, 170.31, 169.88, 169.46, 168.58, 155.82, 153.92, 143.93, 143.69, 141.23, 141.16, 127.79,
127.25, 125.27, 120.02, 100.21, 98.67, 95.44, 83.20, 74.30, 71.69, 71.06, 70.52, 68.91, 68.68, 68.36, 67.27, 66.69,
61.79, 57.27, 56.26, 54.69, 47.07, 27.93, 20.98, 20.60. HRMS calcd for 23 C4sHssCLNsO1o [M + Na]* m/z =
1096.2377, found: 1096.2356.

Compound 24:
OAc

AcOﬂ
AcO 0

AcHN
AcO

0
AcO
AcHN | THFmee
Ty
2 o

Compound 23 (0.85 g, 0.79 mmol) was dissolved in a mixture of anhydrous dichloromethane (15 mL), AcOH (5
mL) and activated Zn (0.77 g, 11.8 mmol) dust was added and stirred at 40 °C until completion. The reaction
mixture was filtered over Celite® 545 and concentrated to dryness and dried over high vacuum for 2 h. The crude
was dissolved in pyridine (10 mL) and acetic anhydride (5 mL) was added slowly over 10 min at 0 °C. The
reaction was allowed to stir at room temperature until completion. The solvent was evaporated and dissolved in
EtOAc (150 mL) and washed with aq. NaHCO3 (50 mL), 1N HCI (50 mL), and brine (50 mL). The organic layer
was dried over anhydrous Na,SO,4 and concentrated. The crude thus obtained was purified using silica gel flash
column chromatography to obtain protected disaccharide 24 (0.67 g, 85%). '"H NMR (600 MHz, CDCl;) § 7.75 (d,
J=17.5Hz, 2H), 7.61 (t,J=17.5 Hz, 2H), 7.39 (t,J = 7.4 Hz, 2H), 7.31 (dd, J = 13.5, 6.7 Hz, 2H), 6.07 (d, /= 7.5
Hz, 1H), 5.92 (d, /= 7.6 Hz, 1H), 5.72 (d, J= 9.6 Hz, 1H), 5.48 (t,J=9.8 Hz, 1H), 5.29 (d, /=2.9 Hz, 1H), 5.05
(d, J=11.2 Hz, 1H), 4.93 (t, /= 9.5 Hz, 1H), 4.89 — 4.76 (m, 2H), 4.54 (t, /= 8.8 Hz, 1H), 4.45 — 4.41 (m, 1H),
4.38 (d,J=5.9 Hz, 2H), 4.26 — 4.19 (m, 2H), 4.04 (s, 1H), 4.00 (d, /= 12.0 Hz, 1H), 3.95 (d, /= 7.1 Hz, 1H),
3.74 (dd, J=10.1, 5.0 Hz, 2H), 3.63 (d, /= 6.4 Hz, 1H), 3.52 (dd, J=10.4, 7.4 Hz, 1H), 3.42 (d, J= 9.4 Hz, 1H),
2.11 (s, 3H), 1.99 (s, 3H), 1.97 (d, J = 3.1 Hz, 9H), 1.91 (s, 5H), 1.87 (s, 3H), 1.47 (s, 9H). *C NMR (151 MHz,
CDCl3) 6 170.84, 170.64, 170.55, 170.41, 170.23, 170.00, 169.47, 169.01, 155.98, 143.70, 141.26, 127.79,
127.16, 127.14, 125.06, 120.02, 99.70, 98.21, 82.98, 77.21, 77.00, 76.79, 71.64, 71.42, 68.82, 68.62, 68.36, 68.17,
67.67,67.23, 62.00, 55.79, 54.69, 47.53, 47.03, 28.01, 23.22, 20.72, 20.69, 20.63, 20.59. HRMS calcd for 24
CasHe1N3020 [M+H]" m/z = 1022.3927, found: 1000.3897.

Compound 5 (core 6):
OH

HO o

AcHN
HO
0
B6 "o AcHN | NHFmoc

~.OH
% Sk 5 X
To the purified compound 24 (0.5 g, 0.5 mmol), a mixture of TFA/Anisole (9:1) (5 mL) at 0 °C was added and
stirred until completion (15 min). The reaction mixture was concentrated below 30 °C and coevaporated with

toluene (2x5 mL) and dried under high vacuum for 1 h. The crude was dissolved in anhydrous MeOH (5 mL) and
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solid NaOMe was added slowly at 0 °C until the pH reached 8.5. The reaction was allowed to stir at room
temperature until completion. The reaction was neutralized using Amberlite® IRC120 H acidic resin and filtered
over Celite® 545. The solution was concentrated and purified by C18 reverse phase flash column chromatography
using H,O and acetonitrile to obtain compound 5 (0.33 g, 90% over two steps) as a white solid. '"H NMR (600
MHz, D,0) 8 8.19 (s, 2H), 7.99 (s, 2H), 7.85 — 7.63 (m, 4H), 4.98 (s, 3H), 4.62 (s, 1H), 4.37 (s, 1H), 4.26 (s, 1H),
4.24 —3.87 (m, 9H), 3.85 (s, 1H), 3.73 (s, 2H), 2.26 (s, 6H). '*C DEPT 135 NMR (101 MHz, CDCl;) § 127.79,
127.26, 124.98, 124.82, 119.96, 101.20, 97.79, 75.80, 73.36, 69.91, 69.90, 69.31, 69.28, 68.66, 68.50, 68.40,
67.68, 67.63, 66.47, 60.65, 56.11, 55.60, 49.65, 46.65, 22.28, 22.13. HRMS, calcd C34H43N30:5: 733.2694; found
[M-H] 732.2716. HPLC, Tr =18.614 min.
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Compound 6 (Tn-antigen, GalNAca-Ser-Fmoc):
OH

HO
HO 2
AcHN NHFmoc

0] OH

[F*sF G\/E
To a solution of compound 7 (2.0 g, 3.0 mmol) in 20 mL of anhydrous methanol, PTSA.H,O (115 mg, 0.6 mmol)
was added and stirred at 30 °C until completion. The reaction was quenched with DIPEA (100 pL), concentrated
and the crude was used for the next step without purification. To the crude, 20 mL of precooled TFA/Anisole
(9:1) mixture was added at 0 °C and allowed to reach room temperature over 15 min. After confirming the tert-
butyl deprotection on TLC, solvent was evaporated under high vacuum below 30 °C. The crude was co-
evaporated twice with toluene (2 x 5 mL) and dried under high vacuum for 1 hr. The crude solid thus obtained
was dissolved in 20 mL of anhydrous methanol. Solid NaOMe was added slowly and carefully such that the pH
does not exceed 8.5. The reaction was stirred at room temperature and frequently checked for completion on TLC.
After completion, the reaction was neutralized using Amberlite® IRC120 H acidic resin and filtered over Celite®
545. The solution was concentrated and purified by silica gel flash column chromatography to obtain compound 6
(1.19 g, 81% over three steps) as a white solid. '"H NMR (400 MHz, MeOD) & 7.81 (d, J = 7.5 Hz, 2H), 7.71 —
7.66 (m, 2H), 7.40 (t, J=7.4 Hz, 2H), 7.33 (t,J=7.4 Hz, 2H), 4.80 (d, J = 3.2 Hz, 1H), 4.38 (d, /= 6.8 Hz, 2H),
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431 —4.19 (m, 3H), 3.97 — 3.89 (m, 2H), 3.75 (ddt, J = 20.3, 16.8, 5.5 Hz, 6H), 2.01 (s, 3H). *C NMR (101
MHz, MeOD) § 175.57, 172.84, 156.70, 143.91, 141.19, 127.39, 126.79, 124.81, 119.53, 98.27, 71.06, 69.04,
68.90, 68.63, 66.57, 61.40, 56.27, 50.00, 21.51. HRMS, caled Ca6H3oN>O10: 530.1900; found [M+Na]" 553.188.
HPLC, Tr = 23.262 min.
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II1. Enzymatic Modular Assembly to Diversify O-GalNAc Glycans

Materials

Unless otherwise stated, chemicals were purchased and used without further purification. Sugar nucleotides, such
as uridine 5’-diphospho-galactose (UDP-Gal),> guanosine 5’-diphospho-L-fucose (GDP-Fuc),® uridine 5°-
diphosphate-N-acetylglucosamine (UDP-GIcNA),® uridine 5’-diphosphate-N-acetylgalactosamine (UDP-
GalNAc)® were prepared as described previously reported. Enzymes including Neisseria meningitides p1-4
galactosyltransferase (NmLgtB),” human a1-3 galactosyltransferase (GTB),® bovine a1-3 galactosyltransferase
(Ba3GalT),” N. meningitidis CMP-sialic acid synthetase (NmCSS),'® Pasteurella multocida a2-3 sialyltransferase
mutant M144D (PmST1-M144D),"" P. multocida o2-6sialyltransferase with selectively sialylation activity toward
only terminal galactose residue (PmST1- P34H/M144L),'? Photobacterium damsela a2-6 sialyltransferase
(Pd2,6ST)", Campylobacter jejuni p1-4 N-acetylgalactosaminetransferase (CjCgtA),'* Helicobacter mustelae o1 -
3 N-acetylgalactosaminyltransferase (HmBgtA),'* H. pylori B1-3 N-acetylglucosaminyltransferase (HpLgtA),'® H.
mustelae a1-2 fucosyltransferase (Hm2FT),""H. pylori al-3fucosyltransferase C-terminal 66 amnio acid
truncation (Hp3FT),'® bovine B1-4 galactosyltransferase mutant Y289L/C342T (b4GalTm)" and human
ST6GaINAc-IV?® were expressed and purified as previously described or purchased from Sigma.

General HPLC methods

HPLC method for monitoring reactions and purity analysis of final products: An analytical GL Science Inertsil
ODS-4 column (100 A, 5 um, 4.6 mm x 250 mm) was used and the signal was monitored by a UV detector (260
nm) or fluorescent detector (Ex 260nm, E, 310 nm).?' The running solvents are solvent A(H,O with 0.1% TFA)
and solvent B (acetonitrile with 0.1% TFA). The running condition is gradient elution with solvent B% linear
increased from 20% to 40% within 25 mins, with a total flow rate of 1 mL/min.

HPLC method for purifying final products: An analytical GL Science Inertsil ODS-4 column (100 A, 5 um, 4.6
mm % 250 mm) was used for separating small reactions with 3 mg or less products, and a semipreparative Inertsil
ODS-4 column (100 A, 5 um, 10 mm x 250 mm) was used for separating products with over 3 mgs. The method
for using the analytical column is same as above and monitored by a UV detector (260 nm). The method for using
the semipreparative column is similar as that for the analytical column described above, with the only difference
of flow rate at 4 mL/min instead.

Enzyme Modules
G1. B1-4 galactosylation with NmLgtB
UDP-Gal
OH OH
o \ - o
HO OR \ HO OR
AcHN AcHN
UDP

Galp1-4GIcNACOR
Reaction mixtures contain Tris-HCI (100 mM, pH 7.5), an acceptor glycan (10 mM), UDP-Gal (15 mM), MgCl,
(10 mM), and an appropriate amount of NmLgtB. Reactions were incubated at 37 °C overnight and monitored by
HPLC and/or MALDI-TOF MS. After over 95% acceptor was converted, the reaction was quenched,
concentrated and subject for HPLC separation. Product-containing fractions were pooled and lyophilized for
characterization and next step modular assembly.
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G2. a1-3 galactosylation with GTB

UDP-Gal
OH_OH k OH_OH
o - o
Ho&\/OR \v o OR
o o
UDP
Q7 on Q7 oH
wo Ho 1

Reaction mixtures contain Tris-HCI (100 mM, pH 7.5), an acceptor glycan (10 mM), UDP-Gal (15 mM), MgCl,
(10 mM), and an appropriate amount of GTB. Reactions were incubated at 37 °C overnight and monitored by
HPLC and/or MALDI-TOF MS. After over 95% acceptor was converted, the reaction was quenched,
concentrated and subject for HPLC separation. Product-containing fractions were pooled and lyophilized for
characterization and next step modular assembly.

G3. a1-3 galactosylation with Ba3GalT

UDP-Gal

OH
o K OH_OH oH
o O, o
HO&/ y & \ & \ o
HO OR \V o
OH Hgég/on

AcHN
UDP AcHN

Reaction mixtures contain Tris-HCI (100 mM, pH 7.5), an acceptor glycan (10 mM), UDP-Gal (15 mM), MgCl,
(10 mM), and an appropriate amount of a3GalT. Reactions were incubated at 37 °C overnight and monitored by
HPLC and/or MALDI-TOF MS. After over 95% acceptor was converted, the reaction was quenched,
concentrated and subject for HPLC separation. Product-containing fractions were pooled and lyophilized for
characterization and next step modular assembly.

S1. a2-3 sialylation with PmST1-M144D

OH OH

HO, OH HO, OoCMP
RN LRy ~cor 7—? \WCW
HO A b HO
HO _OH o M 0,c HO _OH
HO&%\MOR HOm 0 oé@ wWiOR
OH AcHN

cmp HO OH

Reaction mixtures contain Tris-HCI (100 mM, pH 8.0), an acceptor glycan (10 mM), CTP (15 mM), Neu5A (15
mM), MgCl, (10 mM), and appropriate amount of NmCSS and PmST1-M144D. PmST1-M144D-catalyzed
reactions were incubated at 37 °C for 3 h and monitored by HPLC and/or MALDI-TOF MS. After over 95%
acceptor was converted, the reaction was quenched, concentrated and subject for HPLC separation. Product-
containing fractions were pooled and lyophilized for characterization and next step modular assembly.

S2. 02-6 sialylation with PmST1-P34H/M144L

OH OH

HO, OH NmCSS HO, OCMP
HOm - HOw .
AcHN Q7 ~co: 7—? AcHN Q7 ¢
2+
HO Mg HO
CTP PPi OH

HO _OH HOm»
AcH o °
R HO
HO OR HO
OH PmST1-
P34H/M144L | CMP O,
HO OR
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Reaction mixtures contain Tris-HCI (100 mM, pH 8.0), an acceptor glycan (10 mM), CTP (15 mM), Neu5SAc (15
mM), MgCl, (10 mM), and appropriate amount of NmCSS and PmST1-P34H/M144A. PmST1-P34H/M144L -
catalyzed reactions were incubated at 37 °C for 3 h and monitored by HPLC and/or MALDI-TOF MS. After over
95% acceptor was converted, the reaction was quenched, concentrated and subject for HPLC separation. Product-
containing fractions were pooled and lyophilized for characterization and next step modular assembly.

S3. a2-6 sialylation with Pd2.6ST

OH

HO, OH chss OCMP
HQ 11+ HOm
AcHN 2 coy AcHN OH
HO OH

HO, -0,C
HOw
HOI AciN—La2d P
ACHN o
HO OH HO
0
[o] o
H° ° OR sz 6ST o OR
NHA
OH C OH NHAc

Reaction mixtures contain Tris-HCI (100 mM, pH 8.0), an acceptor glycan (10 mM), CTP (15 mM), NeuSAc (15
mM), MgCl, (10 mM), and appropriate amount of NmCSS and Pd2,6ST. Reactions were incubated at 37 °C for 3
h and monitored by HPLC and/or MALDI-TOF MS. After over 95% acceptor was converted, the reaction was
quenched, concentrated and subject for HPLC separation. Product-containing fractions were pooled and
lyophilized for characterization and next step modular assembly.

S4. 02-6 sialylation with ST6GalNAc-I1V

OH

HO, OH chss ocmP
HO HOm
AcHN Q7 —cor AcHN.
HO
Aok
R° OR  (sT6GalNACV) i éﬁ,on

NHAc
NHAc

Reaction mixtures contain Tris-HCI (100 mM, pH 8.0), an acceptor glycan (10 mM), CTP (15 mM), Neu5SAc (15
mM), MgCl, (10 mM), and appropriate amount of NmCSS and human ST6GalNAc-IV. Reactions were incubated
at 37 °C overnight and monitored by HPLC and/or MALDI-TOF MS. After over 95% acceptor was converted, the
reaction was quenched, concentrated and subject for HPLC separation. Product-containing fractions were pooled
and lyophilized for characterization and next step modular assembly.

N1. p1-4-N-acetylgalatosaminylation with CjCgtA

UDP-GalNAc
OH
HO 0, HO _OH & OH _
HOu O R T HO 0.0
AcHN Q7 ° o \V o o07—~o
H OH AcHN
UDP HO

Reaction mixtures contain Tris-HCI (100 mM, pH 7.5), an acceptor glycan (10 mM), UDP-GalNAc (15 mM),
MgCl; (10 mM), and appropriate amount of CjCgtA. Reactions were incubated at 37 °C overnight and were
monitored by HPLC and/or MALDI-TOF MS. After over 95% acceptor was converted, reactions were quenched,
concentrated before HPLC separation. Product-containing fractions were pooled and lyophilized for
characterization and next step modular assembly.
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N2. a1-3-N-acetylgalatosaminylation with BgtA

UDP-Gal

OH_OH K OH_OH
o > o
HO OR \ o OR

o o

uDP
97 o Q27 oH
OH OH

HO HO

Reaction mixtures contain Tris-HCI (100 mM, pH 7.5), an acceptor glycan (10 mM), UDP-GalNAc (15 mM),
MgCl, (10 mM), and appropriate amount of BgtA. Reactions were incubated at 37 °C overnight and were
monitored by HPLC and/or MALDI-TOF MS. After over 95% acceptor was converted, reactions were quenched,
concentrated before HPLC separation. Product-containing fractions were pooled and lyophilized for

characterization and next step modular assembly.
N3. B1-3-N-acetylglucosamine with HpL.gtA

UDP-GIcNAc
HO _OH &HPLQU\ oH HO OH
0 HO 2 og&/m
HO OR \y HO
oH AcHN OH
uppP

Reaction mixtures contain Tris-HCI (100 mM, pH 7.5), an acceptor glycan (10 mM), UDP-GlcNAc (15 mM),
MgCl, (10 mM), and appropriate amount of HpLgtA. Reactions were incubated at 37 °C overnight and were
monitored by HPLC and/or MALDI-TOF MS. After over 95% acceptor was converted, reactions were quenched,
concentrated before HPLC separation. Product-containing fractions were pooled and lyophilized for
characterization and next step modular assembly.

N4. p1-3-N-acetylgalatosaminylation with b4GalTm

UDP-GalNAc
OH ( OH
HO O - o go:
Hgég/on \v HO OR
AcHN AcHN
uDP

Reaction mixtures contain Tris-HCI (100 mM, pH 7.5), an acceptor glycan (10 mM), UDP-GalNAc (15 mM),
MgCl, (10 mM), and appropriate amount of b4GalTm. Reactions were incubated at 37 °C overnight and were
monitored by HPLC and/or MALDI-TOF MS. After over 95% acceptor was converted, reactions were quenched,
concentrated before HPLC separation. Product-containing fractions were pooled and lyophilized for
characterization and next step modular assembly.

F1. a1-2 fucosylation with Hm2FT

GDP-Fuc

Ho _OH (Hm2FT )
o o
HO OR

GDP

OH
HO

Reaction mixtures contain Tris-HCI (100 mM, pH 7.5), an acceptor glycan (10 mM), GDP-Fuc (15 mM), MgCl,
(10 mM), and appropriate amount of Hm2FT. Reactions were incubated at 37 °C overnight and were monitored

by HPLC and/or MALDI-TOF. After over 95% acceptor was converted, reactions were quenched, concentrated

before HPLC separation. Product-containing fractions were pooled and lyophilized for characterization and next
step modular assembly.
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F2. a1-3 fucosylation with Hp3FT

GDP-Fuc

OH

HO
OH

HO
OH - o o
) o \ HO ) OR
o] OH
HO HO OR NHAc
Q7 ou
OH

oH el GDP
Reaction mixtures contain Tris-HCI (100 mM, pH 7.5), an acceptor glycan (10 mM), GDP-Fuc (15 mM), MgCl,
(10 mM), and appropriate amount of Hp3FT. Reactions were incubated at 37 °C overnight and were monitored by
HPLC and/or MALDI-TOF. After over 95% acceptor was converted, reactions were quenched, concentrated
before HPLC separation. Product-containing fractions were pooled and lyophilized for characterization and next
step modular assembly.

IV. Glycan Microarray Fabrication and Assay

Method for removing Fmoc

O-GalNAc glycans (50 pg) were dissolved in 200 uL. H>O, and 30 uL triethylamine was added to remove the
Fmoc group at room temperature for 4 h. The reactions were then lyophilized, and hexane extraction was applied
to remove free Fmoc.

Method for microarray fabrication

The O-GalNAc microarray was printed according to the guidelines of MIRAGE as summarized in Supplementary
Table 1. O-GalNAc glycans and PPA [PGST(GalNAca-)APP], PPAP [TSAPDT(GalNAca-)RPAP] were
prepared at a concentration of 100 uM in the printing buffer (300 mM phosphate, pH 8.5), and printed on
Nexterion slide H-3D hydrogel coated glass microarray slides (Applied Microarrays Inc), each for 400 pL in
replicates of three. Non-contact printing was performed at room temperature with a humidity of 60% by a
sciFLEXARRAYER S3 spotter (Scienion) with two PDC 80 Piezo Dispense Capillary, and 8 subarrays were
printed on each slide. After overnight dehumidification under room temperature, the slides were washed with
MilliQ water and subsequently blocked with 50 mM ethanolamine in 100 mM Tris buffer (pH 9.0) for 2 hours.
The blocked slides were then washed with MilliQ water twice, dried, and stored desiccated at -20 °C until use.
Print buffer was printed as a negative control. In addition, biotinylated PEG amine (0.01mg/mL), Mouse IgG (0.1
mg/mL) and Human IgG (0.1 mg/mL) were printed in six replicates in print buffer to serve as a positive control.
A marker containing anti-human IgG conjugate with Cy3 (0.01 mg/mL) and anti-human IgG conjugate with
Alexa 647 (0.01 mg/mL) was also printed in triplicates.

Method for microarray assay

Materials: All biotinylated lectins were purchased from EYLabs (San Mateo, CA) and Vector Lab (Burlingame,
CA), including three Fuc-specific lectins (Aleuria aurantia lectin, AAL; Ulex europaeus agglutinin [, UEA-1;
Lotus Tetragonolobus lectin, LTL, two Sia-specific lectins (Maackia amurensis lectin I, MAL-1; Sambucus nigra
lectin, SNA), two LacNAc-specific lectins (Ricinus communis agglutinin I, RCA-I; Erythrina cristagalli lectin,
ECL), and two GlcNAc-specific lectins (Griffonia simplicifolia lectin 11, GSL-II; Solanum tuberosum lectin,
STL), two T antigen specific lectins (Arachis hypogaea lectin, PNA; Artocarpus integrifolia lectin, Jacalin), three
Tn antigen specific antigen (Soybean agglutinin, SBA; Vicia villosa lectin, VVL; Dolichos biflorus agglutinin,
DBA). Monoclonal mouse anti-human CD15s (sialyl-lewis X) antibody was purchased from BD Biosciences
(Franklin Lakers, NJ). Sheep anti-human MUC-1 antibody was purchased from R&D Systems (Minneapolis,
MN). Mouse anti-human sialyl-Tn antibody (STn219), Cy5-streptavidin, goat anti-mouse IgG-Alexa Fluor 647
conjugate, His6 Alexa Fluor 647 Conjugate were purchased from Thermo Fisher Scientific (Waltham, MA). Anti-
Sheep IgG (H+L) CF™ 633 antibody produced in donkey was purchased from Sigma (St. Louis, MO). Influenza
A viruses recombinant H3 Hemagglutinin (HA) of virus A/Brisbane/10/2007 (H3N2) with His-Tag (FR-61), and
recombinant H1 HA of virus A/New York/18/2009 (HIN1) (NR-19441), were kindly provided by Dr. Xiu-Feng
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Wan from University of Missouri (acquired from BEI resources). The concentration of IgG and IgM of serum
specimens was measured by Human IgG Total ELISA Kit and Human IgM ELISA Kit (Invitrogen).

Human serum specimens (Supplementary Table 5) from colorectal cancer patients and normal people were
provided by Georgia Cancer Center at Augusta University and stored at -80 °C until use. The protocol for serum
specimen preparation was approved by the Institutional Review Board of Augusta University and was performed
in accordance with the Helsinki Declaration. All participants gave written informed consent.

Procedures: Microarray slides were blocked in blocking buffer (50 mM ethanolamine in 50 mM sodium borate,
pH 9.2) for 1 hour and washed with H20 before assay. Slides were fitted with ProPlate 16-well microarray
modules to divide into subarrays, and then rehydrated for 10 min with 100 pL TSMTB Buffer (20 mM Tris-HCI,
pH 7.4, 150 mM NaCl, 2 mM CaCl2, 2 mM MgCl2, 0.05% (v/v) Tween-20, 1% (w/v) BSA) at room temperature.
Next, the buffer was aspirated and 100 TJL of GBPs or serum samples at appropriate concentrations in TSMTB
were added into each subarray, sealed and incubated at room temperature for 1 hour with gentle shaking. Slides
were then washed with TSMT Buffer (20 mM Tris-HCI, pH 7.4, 150 mM NaCl, 2 mM CaCl2, 2 mM MgCl2,
0.05% (v/v) Tween-20) for four times. Next, slides were added with 100 pL fluorescence-labeled secondary
antibody, sealed, and incubated at room temperature for 1 hour with gentle shaking. Finally, slides were washed 4
times with TSMT, TSM (20 mM Tris-HCI, pH 7.4, 150 mM NacCl, 2 mM CaCl2, 2 mM MgCI2), and MilliQ
water, respectively, and dried by brief centrifugation. Slides were scanned with a Genepix 4100A microarray
scanner (Molecular Devices Corp) using 500 or 600 PMT gains and 80% power, and image analyses were carried
out using Genepix Pro 6.1.

Biotin-labelled lectins were detected by Cy5-streptavidin (1 pg/mL). Anti-STn antibody (1:10), anti-MUC-1
antibody (1:50), anti-CD15s antibody (10 png/mL) were detected by corresponding second antibody with
fluorescent label (5 pg/mL). Influenza A Hemagglutinin were detected with 6x-His Tag Monoclonal Antibody
(4E3D10H2/E3), Alexa Fluor 647 (5 pg/mL). Human serum specimens were analyzed in a 1/50 dilution and
detected using Dylight 650 anti-human IgG Fc (Invitrogen) and Dylight 550 anti-human IgM antibodies
(Invitrogen) with a concentration of 5 pg/mlL.
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V. HPLC, Mass Spectrometry, and NMR Data of Enzymatically Assembled Glycans

NeuSAca2-6GalNAca-Ser-Fmoc (25)

ab

<sF

Compound STn was prepared according to general procedure of 02-6 sialylation with Pd2,6ST. After
lyophilization, STn was obtained as white solid (202 mg, 93%). Compound was characterized by HPLC, T =
18.188 min. 'H NMR (600 MHz, D,0) § 7.81 - 7.63 (m, 2H), 7.61 - 7.52 (m, 2H), 7.41 - 7.24 (m, 4H), 4.63 - 4.43
(m, 2H), 4.47 (s, 1H), 4.33 (s, 1H), 4.19 - 4.00 (m, 2H), 3.94 - 3.50 (m, 13H), 2.68 (m, 1H), 2.07 — 2.02 (m, 3H),
2.00 — 1.90(m, 3H), 1.73 (t, J = 12.1 Hz, 1H). HRMS, C37H47N30s, Calcd for: 821.2855; found [M+Na]"
844.265.

Datafile Name:001-1.lcd
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NeuSAca2-6Galp1-3GalNAca-Ser-Fmoc (26)

o

SF
06~ B3

Compound 26 was prepared according to general procedure of a2-6 sialylation with PmST1-P34H/M144L. After
lyophilization, 26 was obtained as white solid. Compound was characterized by HPLC, Tr =16.587 min. '"H NMR
(600 MHz, D,0) 6 7.86 - 7.76 (m, 2H), 7.71 - 7.54 (m, 2H), 7.50 - 7.32 (m, 4H), 4.66 - 4.49 (m, 2H), 4.41 - 4.29
(m, 1H), 4.28 - 4.12 (m, 3H), 4.11 - 4.05 (s, 1H), 3.97 - 3.43 (m, 19H), 2.71 (dd, J=12.5, 4.7 Hz, 1H), 2.08 -
2.02 (m, 3H), 2.00 - 1.90 (m, 3H), 1.71 (t, J= 12.2 Hz, 1H). HRMS, C43Hs7N30,3; Calcd for: 983.3383; found [M-
H] 982.3436.

Datafile Name:102-3.lcd
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NeuSAca2-3Galp1-3GalNAca-Ser-Fmoc (27)

o

SF
o3~ B3

Compound 27 was prepared according to general procedure of 02-3 sialylation with PmST1-M144D. After
lyophilization, 27 was obtained as white solid. Compound was characterized by HPLC, Tr = 16.789min. 'H NMR
(600 MHz, D,0) 6 7.68 - 7.54 (m, 2H), 7.53 - 7.35 (m, 2H), 7.34 - 7.12 (m, 4H), 4.76 - 4.71 (m, 2H), 4.49 - 4.34
(m, 3H), 4.38 (s, 1H), 4.20 - 4.12 (m, 1H), 4.11 - 4.05 (s, 1H), 4.00 (dd, /= 10.5, 3.6 Hz, 1H), 3.92 - 3.42 (m,
17H), 2.69 (dd, J=12.4, 4.4 Hz, 1H), 2.00 - 1.94 (m, 3H), 1.93 - 1.85 (m, 3H), 1.80 (t, /= 11.22 Hz, 1H). HRMS,
C43Hs57N3023, Calced for: 983.3383; found [M-H] 982.3439.

Datafile Name:101-1.lcd
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NeuSAca2-6Galpl1-3(NeuSAca2-6)GalNAca-Ser-Fmoc (28)

ab

%Sk

06~ 33
Compound 28 was prepared according to general procedure of 02-6 sialylation with Pd2,6ST. After
lyophilization, 28 was obtained as white solid. Compound was characterized by HPLC, Tr =13.052 min. '"H NMR
(600 MHz, D,O) 6 7.87 - 7.79 (m, 2H), 7.70 - 7.54 (m, 2H), 7.49 - 7.30 (m, 4H), 4.66 - 4.49 (m, 2H), 4.36 (s, 1H),
4.31-4.23 (m, 2H), 4.21 - 4.08 (m, 2H), 4.04 - 3.97 (m, 1H), 3.93- 3.37 (m, 25H), 2.70 - 2.52 (m, 2H), 2.01 -
1.85 (m, 9H), 1.72 - 1.57 (m, 2H). HRMS, Cs4H74N4O3,, Calcd for: 1274.4337; found [M-H] 1273.433.
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NeuSAca2-3Galp1-3(NeuSAca2-6)GalNAca-Ser-Fmoc (29)
aob

%Sk

a3~ B3
Compound 29 was prepared according to general procedure of a2-6 sialylation with ST6GalNAc-1V. After
lyophilization, 29 was obtained as white solid. Compound was characterized by HPLC, Tr =12.381 min. '"H NMR
(600 MHz, D,O) 6 7.89 - 7.77 (m, 2H), 7.70 - 7.54 (m, 2H), 7.49 - 7.30 (m, 4H), 4.69 - 4.49 (m, 2H), 4.42 - 4.20
(m, 3H), 4.19 - 4.07 (m, 2H), 4.04 - 4.39 (m, 1H), 3.93- 3.73 (m, 11H), 3.71 - 3.37 (m, 14H), 2.71 (dd, J = 12.6,
3.9 Hz, 1H), 2.59 (dd, J=12.3, 4.5 Hz, 1H), 1.98 (s, 3H), 2.01 - 1.96 (m, 6H), 1.93 - 1.85 (m, 3H), 1.77 (t,J =
12.3 Hz, 1H), 1.59 (t, J= 12.2 Hz, 1H). HRMS, Cs4H74N4O3,, Calcd for: 1274.4337; found [M-H] 1273.412.
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NeuSAca2-3(GalNAcB1-4)Galp1-3GalNAca-Ser-Fmoc (30)

o3

SF

Compound 30 was prepared according to general procedure of f1-4-N-acetylgalatosaminylation with CgtA. After
lyophilization, 30 was obtained as white solid. Compound was characterized by HPLC, Tr =15.664 min. '"H NMR
(600 MHz, D,0O) 8 7.98 - 7.86 (m, 2H), 7.77 - 7.63 (m, 2H), 7.57 - 7.39 (m, 4H), 4.67 - 4.61 (m, 1H), 4.53 - 4.41
(m, 1H), 4.40 - 4.31 (m, 2H), 4.28 - 4.18 (m, 1H), 4.16 - 4.03 (m, 3H), 3.97 - 3.59 (m, 24H), 3.54 (d, /= 10.2 Hz,
1H), 3.36 — 3.31 (m, 1H), 2.73 — 2.64 (m, 1H), 2.05 (s, 3H), 2.01 (s, 3H), 1.94 (s, 3H). HRMS, Cs;H70N4Oxs,
Calcd for: 1186.4177; found [M-H] 1185.983.
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NeuSAca2-3(GalNAcB1-4)Galp1-3(NeuSAca2-6)GalNAca-Ser-Fmoc (31)

a6
o

o3~ B3
B4

SF

Compound 31 was prepared according to general procedure of a2-6 sialylation with Pd2,6ST. After
lyophilization, 31 was obtained as white solid. Compound was characterized by HPLC, Tr =11.657 min. '"H NMR
(600 MHz, D,O) 6 7.98 - 7.87 (m, 2H), 7.78 - 7.62 (m, 2H), 7.57 - 7.38 (m, 4H), 4.65 (s, 1H), 4.50 - 4.16 (m, 4H),
4.15-4.03 (m, 3), 3.98 - 3.49 (m, 31H), 3.32 (t, /= 8.7 Hz, 1H), 2.74 -2.61 (m, 2H), 2.05 (s, 3H), 2.04 (s, 3H),
2.01 (s, 3H), 1.94 (s, 3H), 1.76 - 1.62 (m, 2H). HRMS, C¢:Hg7NsOs6, Caled for: 1477.5131; found [M-H]
1476.531.
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Fucal-2Galp1-3GalNAca-Ser-Fmoc (32)

o

SF
B3
a2

Compound 32 was prepared according to general procedure of al-2 fucosylation with Hm2FT. After
lyophilization, 32 was obtained as white solid. Compound was characterized by HPLC, Tr = 17.912 min. 'H
NMR (600 MHz, D,0O) & 7.95 - 7.76 (m, 2H), 7.76 - 7.57 (m, 2H), 7.55 - 7.34 (m, 4H), 5.20 (d, /= 3.9 Hz, 1H),
4.56 - 4.45 (m, 1H), 4.35 - 4.22 (m, 2H), 4.18 - 4.03 (m, 3H), 3.99 - 3.86 (m, 2H), 3.85 - 3.51 (m, 15H), 2.02 -
1.90 (m, 3H), 1.12 (d, J = 6.6 Hz, 3H). HRMS, C33Hs0N2019, Calcd for: 838.3008; found [M-H] 837.791.
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GalNAcal-3(Fucal-2)Galp1-3GalNAca-Ser-Fmoc (33)

%Sk
a3~"p3
a2

Compound 33 was prepared according to general procedure of al-3-N-acetylgalatosaminylation with BgtA. After
lyophilization, 33 was obtained as white solid. Compound was characterized by HPLC, T = 16.614 min. 'H
NMR (600 MHz, D,0O) & 7.89 - 7.81 (m, 2H), 7.72 - 7.57 (m, 2H), 7.49 - 7.34 (m, 4H), 5.20 (d, /= 4.2 Hz, 1H),
5.14 (d,J=3.7 Hz, 1H), 4.70 - 4.63 (m, 1H), 4.62 - 4.58 (m, 1H), 4.57 - 4.50 (m, 1H), 4.32 - 4.25 (m, 2H), 4.24 -
4.15 (m, 4H), 4.12 - 4.09 (m, 1H), 4.02 - 3.84 (m, 5H), 3.83 - 3.47 (m, 14H), 1.99 (s, 3H), 1.96 - 1.88 (m, 3H),
1.09 (d, J = 6.6 Hz, 3H). HRMS, C4sHg3N30.4, Calcd for: 1041.3801; found [M-H] 1040.3857.
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Galal-3(Fucal-2)Galp1-3GalNAca-Ser-Fmoc (34)

%Sk
a3 ~"p3
a2

Compound 34 was prepared according to general procedure of a1-3 galactosylation with GTB. After
lyophilization, 34 was obtained as white solid. Compound was characterized by HPLC, Tr = 16.612 min. 'H
NMR (600 MHz, D>0O) 6 7.89 - 7.81 (m, 2H), 7.72 - 7.57 (m, 2H), 7.49 - 7.34 (m, 4H), 5.20 (d, J= 3.5 Hz, 1H),
5.18 (d,J=4.2 Hz, 1H), 4.70 - 4.51 (m, 4H), 4.31 - 4.15 (m, 5H), 4.12 - 4.09 (m, 1H), 4.01 - 3.79 (m, 8H), 3.78 -
3.47 (m, 11H), 1.96 - 1.88 (m, 3H), 1.08 (d, J= 6.5 Hz, 3H). HRMS, C44HsoN20.4, Calcd for: 1000.3536; found
[M-H] 999.3583.
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GlcNAcB1-3Galp1-3GalNAco-Ser-Fmoc (35)

%Sk
B3~"p3

Compound 35 was prepared according to general procedure of f1-3-N-acetylgalatosaminylation with HpLgtA.
After lyophilization, 35 was obtained as white solid. Compound was characterized by HPLC, Tr = 18.151 min. 'H
NMR (600 MHz, D,0) & 7.98 - 7.90 (m, 2H), 7.79 - 7.67 (m, 2H), 7.56 - 7.41 (m, 4H), 4.42 - 4.30 (m, 3H), 4.29 -
4.21 (m, 2H), 4.18 - 4.10 (m, 3H), 3.96 - 3.41 (m, 17H), 1.99 (s, 3H), 2.04 (s, 3H), 1.95 (s, 3H). HRMS,
C40Hs53N3020, Calcd for: 895.3222; found [M+H]" 896.3262.
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Galp1-4GlcNAcp1-3Galp1-3GalNAca-Ser-Fmoc (36)

%Sk
BAgmB3~"p3

Compound 36 was prepared according to general procedure of f1-4 galactosylation with NmLgtB. After
lyophilization, 36 was obtained as white solid. Compound was characterized by HPLC, Tr =16.779 min. '"H NMR
(600 MHz, D,0O) 8 7.96 - 7.88 (m, 2H), 7.78 - 7.65 (m, 2H), 7.55 - 7.40 (m, 4H), 4.49 (d, /= 7.8 Hz, 1H), 4.33 (s,
1H), 4.31 (s, 1H), 4.29 - 4.22 (m, 1H), 4.21 - 4.09 (m, 4H), 4.02 - 3.48 (m, 25H), 2.01 (s, 3H), 1.95 (s, 3H).
HRMS, C4sHe3N30as, Caled for: 1057.3751; found [M-H] 1056.3818.
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Galp1-4(Fucal-3)GlecNAcp1-3Galp1-3GalNAca-Ser-Fmoc (37)
&Sk
PApmB3~"B3
o3

Compound 37 was prepared according to general procedure of al-3 fucosylation with Hp3FT. After
lyophilization, 37 was obtained as white solid. Compound was characterized by HPLC, Tr =16.215 min. '"H NMR
(600 MHz, D,0O) 6 7.97 - 7.87 (m, 2H), 7.78 - 7.64 (m, 2H), 7.57 - 7.40 (m, 4H), 5.14 (d, /= 4.0 Hz, 1H), 4.69 -
4.60 (m, 2H), 4.48 (d, J=7.9 Hz, 1H), 4.38 - 4.18 (m, 4H), 4.14 (s, 1H), 4.11 (s, 1H), 4.02 - 3.79 (m, 12H), 3.78 -
3.48 (m, 16H), 2.02 (s, 3H), 1.95 (s, 3H), 1.20 (d, J = 6.6 Hz, 3H). HRMS, Cs,H73N3029, Calcd for: 1203.4330;
found [M-H] 1202.4408.

Datafile Name:114-2.lcd
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NeuSAca2-3Galp1-4(Fucal-3)GlcNAcp1-3Galp1-3GalNAca-Ser-Fmoc (38)

o

SF

‘a3CB4 B3~"B3

o3
Compound 38 was prepared according to general procedure of a2-3 sialylation with PmST1-M144D. After
lyophilization, 38 was obtained as white solid. Compound was characterized by HPLC, Tr =15.145 min. '"H NMR
(600 MHz, D,0O) 6 7.91 - 7.82 (m, 2H), 7.74 - 7.59 (m, 2H), 7.49 - 7.33 (m, 4H), 5.07 (d, J=4.1 Hz, 1H), 4.69 -
4.55 (m, 3H), 4.48 (d,J=7.6 Hz, 1H), 4.33 - 4.21 (m, 3H), 4.20 - 4.01 (m, 4H), 3.97- 3.70 (m, 15H), 3.69 - 3.42
(m, 18H), 2.71 (dd, J=12.6, 4.8 Hz, 1H), 1.98 (s, 3H), 1.95 (s, 3H), 1.88 (s, 3H), 1.75 (t,J=12.3 Hz, 1H), 1.12
(d, J= 6.5 Hz, 3H). HRMS, Cs3H9oN4O37, Calcd for: 1494.5284; found [M-H] 1493.520.
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Neu5Aca2-3Galp1-4GlcNAcp1-3Galp1-3GalNAca-Ser-Fmoc (39)

%Sk
‘a3©B4 B3~"p3

Compound 39 was prepared according to general procedure of 02-3 sialylation with PmST1-M144D. After
lyophilization, 39 was obtained as white solid. Compound was characterized by HPLC, Tr = 15.693 min. 'H
NMR (600 MHz, D;0O) & 7.96 - 7.88 (m, 2H), 7.78 - 7.65 (m, 2H), 7.55 - 7.40 (m, 4H), 4.69 (t, /= 8.5 Hz, 1H),
4.63 (s, 1H), 4.57 (d, J= 7.7 Hz, 1H), 4.39 - 4.18 (m, 6H), 4.03 - 3.49 (m, 35H), 2.77 (dd, /= 12.5, 4.62 Hz, 1H),
2.04 (s, 3H), 2.03 (s, 3H), 1.94 (s, 3H), 1.83 (t, /= 12.3 Hz, 1H). HRMS, Cs7HgoN4O33, Calcd for: 1348.4705;
found [M-H] 1347.4560.
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Neu5Aca2-6Galp1-4GlcNAcp1-3Galp1-3GalNAca-Ser-Fmoc (40)

%Sk
‘a6CB4 B3~"p3

Compound 40 was prepared according to general procedure of a2-6 sialylation with PmST1-P34H/M144L. After
lyophilization, 40 was obtained as white solid. Compound was characterized by HPLC, Tr = 15.645 min. 'H
NMR (600 MHz, D;0O) & 7.90 - 7.81 (m, 2H), 7.72 - 7.57 (m, 2H), 7.49 - 7.34 (m, 4H), 4.71 - 4.60 (m, 1H), 4.59 -
4.53 (m, 1H), 4.40 (d, /= 8.0 Hz, 1H), 4.32 - 4.23 (m, 2H), 4.21 - 4.15 (m, 1H), 4.09 (s, 1H), 4.06 (s, 1H), 3.97 (t,
J=9.7Hz, 1H), 3.94 - 3.44 (m, 31H), 2.61 (dd, J = 12.4 Hz, 4.5, 1H), 1.99 (s, 3H), 1.96 (s, 3H), 1.87 (s, 3H),
1.72 (t, J=12.2 Hz, 1H). HRMS, Cs7HsoN4O33, Calcd for: 1348.4705; found [M-H] 1348.279.

Datafile Name:111-1.lcd

15000+

12500+

10000+

7500

5000

25004

[

(=]

S

o

L1
=
w
)
©

Intens. [a.u.]

4000
3000
2000

1000

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 500 1000 1500 2000 2500 3000 /
m/z

S56



Neu5Aca2-3(GalNAcp1-4)Galp1-4GleNAcp1-3Galp1-3GalNAca-Ser-Fmoc (41)

%Sk
‘o@%m B3~ B3

4

Compound 41 was prepared according to general procedure of 1-4-N-acetylgalatosaminylation with CgtA. After
lyophilization, 41 was obtained as white solid. Compound was characterized by HPLC, Tr = 14.610 min. 'H
NMR (600 MHz, D,0) & 7.86 - 7.75 (m, 2H), 7.68 - 7.53 (m, 2H), 7.46 - 7.29 (m, 4H), 4.63 (d, J= 8.5 Hz, 1H),
4.62 - 4.57 (m, 2H), 4.54 - 4.50 (m, 1H), 4.48 (d, /= 7.9 Hz, 1H), 4.31 - 4.19 (m, 3H), 4.18 - 4.13 (m, 1H), 4.11 -
4.03 (m, 3H), 3.93 - 3.36 (m, 35H), 3.31 (t, /= 8.8 Hz, 1H), 2.60 (dd, /= 12.8, 4.7 Hz, 1H), 1.96 (s, 3H), 1.95 (s,
3H), 1.94 (s, 3H), 1.86 (s, 3H). HRMS, CgsHo3NsOss, Caled for: 1551.5499; found [M-H] 1550.5361, [M-2H]*
774.7646.
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Gala1-3Galp1-4GleNAcpB1-3Galp1-3GalNAca-Ser-Fmoc (42)

% SE

4

Ca?a OB B3 ~"B3

Compound 42 was prepared according to general procedure of a1-3 galactosylation with a3GalT. After
lyophilization, 42 was obtained as white solid (202 mg, 93%). Compound was characterized by HPLC, Tr =
15.797 min. "H NMR (600 MHz, D,0) & 7.96 - 7.88 (m, 2H), 7.78 - 7.65 (m, 2H), 7.55 - 7.40 (m, 4H), 5.16 (d, J
=3.9 Hz, 1H), 4.57 (d,J=7.8 Hz, 1H), 4.39 - 4.18 (m, 6H), 4.15 (s, 1H), 4.12 (s, 1H), 4.05 - 3.94 (m, 3H), 3.91 -
3.57 (m, 21+5H), 3.53 (t, J=10.3 Hz, 1H), 2.03 (s, 3H), 1.95 (s, 3H). HRMS, Cs;H73N3030, Calcd for:
1219.4279; found [M-H] 1218.4358.
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Fuca1-2GalB1-4GlcNAc[i1-3GalB1-3GalNAca-Ser-Fmoc 43)
i .B3:j

Compound 43 was prepared according to general procedure of al-2 fucosylation with Hm2FT. After
lyophilization, 43 was obtained as white solid. Compound was characterized by HPLC, Tr =15.868 min. '"H NMR
(600 MHz, D;0O) 6 7.93 - 7.82 (m, 2H), 7.74 - 7.59 (m, 2H), 7.53 - 7.36 (m, 4H), 5.32 (d, /= 3.4 Hz, 1H), 4.69 -
4.58 (m, 2H), 4.55 (d, J="7.8 Hz, 1H), 4.37 - 4.18 (m, 5H), 4.14 (s, 1H), 4.11 (s, 1H), 4.02 - 3.94 (m, 1H), 3.93 -
3.42 (m, 26H), 2.04 (s, 3H), 1.94 (s, 3H), 1.24 (d, J = 6.6 Hz, 3H). HRMS, Cs,H73N30,9, Calcd for: 1203.4330;
found [M-H] 1202.4413.
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Fucal-2Galp1-4(Fucal-3)GlcNAcp1-3Galp1-3GalNAca-Ser-Fmoc (44)

a2 |03

% SF

Compound 44 was prepared according to general procedure of al-3 fucosylation with Hp3FT. After
lyophilization, 44 was obtained as white solid. Compound was characterized by HPLC, Tr =15.189 min. '"H NMR
(600 MHz, D,0O) 6 7.97 - 7.87 (m, 2H), 7.78 - 7.61 (m, 2H), 7.55 - 7.37 (m, 4H), 5.28 (d, J= 3.5 Hz, 1H), 5.13 (d,
J=3.5Hz, 1H), 4.52 (d,J= 7.5 Hz, 1H), 4.40 - 429 (m, 3H), 4.28 - 4.18 (m, 2), 4.14 (s, 1H), 4.11 (s, 1H), 4.06 -
3.43 (m, 30H), 2.02 (s, 3H), 2.02 (s, 3H), 1.93 (s, 3H), 1.27 (d, J = 6.6 Hz, 3H), 1.24 (d, /= 6.5 Hz, 3H). HRMS,
CssHg3N3Os3, Caled for: 1349.4909; found [M-H] 1348.510.
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NeuSAca2-3Galp1-3(GlcNAcp1-6)GalNAca-Ser-Fmoc (45)
B6

o

SF
o3 B3

Compound 45 was prepared according to general procedure of a2-3 sialylation with PmST1-M144D. After
lyophilization, 45 was obtained as white solid. Compound was characterized by HPLC, Tr =12.908 min. '"H NMR
(600 MHz, D,0) 6 7.80 - 7.64 (m, 2H), 7.62 - 7.42 (m, 2H), 7.41 - 7.21 (m, 4H), 4.70 (s, 1H), 4.58 -4.43 (m, 2H),
440 (d,J=8.4Hz 1H), 4.36 (m, 1H), 4.28 (s, 1H), 4.18 — 4.08 (m, 2H), 4.06 (s, 1H), 4.00 (dd, J=9.8, 3.3 Hz,
1H), 3.93 - 3.27 (m, 24H), 2.69 (dd, J=11.9, 3.9 Hz, 1H), 1.97 (s, 3H), 1.88 (s, 3H), 1.85 (s, 3H). HRMS,
Cs1H70N4Ozs, Calcd for: 1186.4177; found [M+Na-2H] 1208.168.
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NeuSAca2-3(GalNAcB1-4)Galp1-3(GlcNAcp1-6)GalNAca-Ser-Fmoc (46)
B6

% SF
a3 B3
34

Compound 46 was prepared according to general procedure of f1-4-N-acetylgalatosaminylation with CgtA. After
lyophilization, 46 was obtained as white solid. Compound was characterized by HPLC, Tr =12.060 min. '"H NMR
(600 MHz, D,0O) 6 7.96 - 7.85 (m, 2H), 7.77 — 7.61 (m, 2H), 7.55 - 7.40 (m, 4H), 4.49 (d, /= 8.5 Hz, 1H), 4.43
(m, 1H), 4.38 — 4.28 (m, 2H), 4.26- 4.18 (m, 1H), 4.14 — 4.04 (m, 3H), 4.02 -3.36 (m, 32H), 3.32 (t, /= 8.7 Hz,
1H), 2.68 (dd, 12.3, 4.5, 1H), 2.05 (s, 3H), 2.01 (s, 3H), 1.96 (s, 3H), 1.93 (s, 3H). HRMS, Cs9Hg3N50s3, Calcd
for: 1389.497; found [M-H] 1388.276.
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Neu5Aca2-3(GalNAcP1-4)Galp1-3(Galp1-4GlcNAcp1-6)GalNAco-Ser-Fmoc (47)
B4t PS

o

SF
a3~ B3

B4

Compound 47 was prepared according to general procedure of B1-4 galactosylation with NmLgtB. After
lyophilization, 47 was obtained as white solid. Compound was characterized by HPLC, Tr =10.723 min. '"H NMR
(600 MHz, D,0O) 6 7.94 - 7.82 (m, 2H), 7.77 - 7.61 (m, 2H), 7.54 - 7.35 (m, 4H), 4.70 (d, /= 8.5 Hz, 1H), 4.68 —
4.63 (m, 1H), 4.60 — 4.54 (m, 1H), 4.46 (d, /= 8.0 Hz, 1H), 4.42 (d, /J=7.9 Hz, 1H), 4.38 — 4.28 (m, 3H), 4.23-
4.14 (m, 1H), 4.10 — 4.00 (m, 3H), 3.96 —3.40 (m, 33H), 3.28 (t,J= 8.8 Hz, 1H), 3.16 (dd, 14.7, 7.3, 1H), 2.63
(dd, 12.6, 4.6, 1H), 2.00 (s, 3H), 1.97 (s, 3H), 1.92 (s, 3H), 1.90 (s, 3H), 1.24 (t, /= 7.3 Hz, 1H). HRMS,
CssHo3NsOss, Caled for: 1551.5499; found [M-H] 1550.207.
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NeuSAca2-3(GalNAcB1-4)Galp1-3(NeuSAca2-3Galp1-4GlecNAcp1-6)GalNAca-Ser-Fmoc (48)

Compound 48 was prepared according to general procedure of 02-3 sialylation with PmST1-M144D. After
lyophilization, 48 was obtained as white solid. Compound was characterized by HPLC, Tr =9.379 min. '"H NMR
(600 MHz, D,0O) 6 7.98 - 7.88 (m, 2H), 7.79 — 7.64 (m, 2H), 7.57 - 7.40 (m, 4H), 4.64 (m, 1H), 4.53 — 4.48 (m,
1H), 4.46 (d, /= 7.9 Hz, 1H), 4.43 — 4.33 (m, 2H), 4.26- 4.18 (m, 1H), 4.14 — 4.05 (m, 4H), 3.01 —3.46 (m, 38H),
3.33 (t,J=8.8 Hz, 1H), 3.16 (dd, 14.7, 7.3, 1H), 2.76 (dd, 12.5, 4.6, 1H), 2.68 (m, 1H), 2.04 (m, 6H), 2.01 (s,
3H), 1.96 (s, 3H), 1.94 (s, 3H), 1.83 (t, /= 12.2 Hz, 1H). HRMS, C7H110N6O4s, Calcd for: 1842.6453; found [M-
2H]* 920.3254.
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Neu5Aca2-3(GalNAcpB1-4)Galp1-3[NeuSAca2-3(GalNAcB1-4)Galp1-4GlecNAcB1-6]GalNAca-Ser-Fmoc (49)

Compound 49 was prepared according to general procedure of f1-4-N-acetylgalatosaminylation with CgtA. After
lyophilization, 49 was obtained as white solid. Compound was characterized by HPLC, Tr =8.328 min. '"H NMR
(600 MHz, D,0) 6 7.94 - 7.83 (m, 2H), 7.76 — 7.60 (m, 2H), 7.54 - 7.35 (m, 4H), 4.64 (m, 1H), 4.53 — 4.48 (m,
1H), 4.46 (d, J=7.9 Hz, 1H), 4.43 — 4.33 (m, 2H), 4.26- 4.18 (m, 1H), 4.14 — 4.05 (m, 4H), 3.01 —-3.46 (m, 38H),
3.33 (t,J=8.8 Hz, 1H), 3.16 (dd, 14.7, 7.3, 1H), 2.76 (dd, 12.5, 4.6, 1H), 2.68 (m, 1H), 2.04 (m, 6H), 2.01 (s,
3H), 1.96 (s, 3H), 1.94 (s, 3H), 1.83 (t, J = 12.2 Hz, 1H). HRMS, Cs4H123N70s;, Calcd for: 2045.7246; found [M-
H] 2044.693.
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NeuSAca2-3Galp1-3(Galp1-4GlecNAcP1-6)GalNAca-Ser-Fmoc (50)
4= po

o

SF

o3,~P3
Compound 50 was prepared according to general procedure of B1-4 galactosylation with NmLgtB. After
lyophilization, 50 was obtained as white solid. Compound was characterized by HPLC, Tr =11.331 min. '"H NMR
(600 MHz, D,0O) 6 7.95 - 7.82 (m, 2H), 7.77 - 7.58 (m, 2H), 7.55 - 7.36 (m, 4H), 4.51 (dd, /= 8.4, 4.6 Hz,1H),
446 (m, 1H ), 4.42 -4.34 (m, 2H), 4.22 (m, 1H), 4.15 (s, 1H), 4.11 -4.04 (m, 2H), 4.03 - 3.48 (m, 32H), 2.77 (dd,
J=12.1,4.6 Hz, 1H), 2.05(s, 3H), 1.95 (s, 3H), 1.94 (s, 3H), 1.86 (t,J = 12.5 Hz, 1H). HRMS, Cs7HgoN4O33,
Calcd for: 1348.4705; found [M-H] 1347.475.
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NeuSAca2-3Galpl-3(NeuSAca2-3Galp1-4GlcNAcp1-6)GalNAca-Ser-Fmoc (51)

p6
a3~p4 o oF

o3~"B3
Compound 51 was prepared according to general procedure of 02-3 sialylation with PmST1-M144D. After
lyophilization, 51 was obtained as white solid. Compound was characterized by HPLC, Tr =10.192 min. '"H NMR
(600 MHz, D,O) 8 7.95 - 7.82 (m, 2H), 7.77 - 7.58 (m, 2H), 7.55 - 7.37 (m, 4H), 4.48 (d, J= 7.8 Hz, 1H), 4.46 (d,
J=17.8Hz, 1H), 4.11 (m, 1H), 4.31 (m, 1H), 4.21 (m, 1H), 4.13 -4.04 (m, 2H), 4.03 - 3.44 (m, 39H), 2.76 (dd, J =
12.2,4.6 Hz, 2H), 2.10 - 2.02 (m, 6H), 2.01 - 1.92 (m, 6H), 1.87 (t, J = 12.2 Hz, 2H). HRMS, CsgHo7N5041, Calcd
for: 1639.5659; found [M-2H]* 818.7860.
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NeuSAca2-3Galp1-3[Galpl-4(Fucal-3)GlcNAcp1-6]GalNAca-Ser-Fmoc (52)

o3

paTA\PO
% sF

o3 ~B3
Compound 52 was prepared according to general procedure of a1-3 fucosylation with Hp3FT. After
lyophilization, 52 was obtained as white solid. Compound was characterized by HPLC, Tk =10.031 min. '"H NMR
(600 MHz, D,O) 6 7.95 - 7.82 (m, 2H), 7.77 - 7.58 (m, 2H), 7.53 - 7.37 (m, 4H), 5.09 (d, /= 3.6 Hz, 1H), 4.61 (t,
J=6.2Hz, 1H), 4.51 (d,/=8.0 Hz, 1H ), 4.45 (d, J=7.8 Hz, 1H), 4.39 (s, 1H), 4.35 (m, 1H), 4.30 (m, 1H), 4.21
(m, 1H), 4.14 (d,J=3.1 Hz, 1H ), 4.07 (dd, J=9.6, 3.3 Hz, 2H), 4.02 - 3.54 (m, 35H), 2.76 (dd, J=12.2, 4.6 Hz,
1H), 2.08 - 2.02 (m, 3H), 2.01 - 1.91 (m, 6H), 1.17 (d, J = 6.6 Hz, 3H). HRMS, Cg3H9oN4O37, Calcd for:
1494.5284; found [M-H] 1493.5409, [M-2H]* 746.2663.
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NeuSAca2-6Galp1-3(GlcNAcp1-6)GalNAca-Ser-Fmoc (53)
o

B6
SF

o6, ~"B3
Compound 53 was prepared according to general procedure of a2-6 sialylation with Pd2,6ST. After
lyophilization, 3 was obtained as white solid. Compound was characterized by HPLC, Tr =13.455 min. '"H NMR
(600 MHz, D,0) 6 7.83 - 7.69 (m, 2H), 7.68 - 7.49 (m, 2H), 7.47 - 7.30 (m, 4H), 4.57 (m, 1H), 4.51 (d, J=8.5
Hz, 1H), 4.48 (d, /= 8.4 Hz, 1H), 4.38 (s, 1H), 4.21 (m, 1H), 4.17 (dd, J=10.9, 3.6 Hz, 1H), 4.09 - 4.04 (m, 1H),
3.97-3.37 (m, 26H), 2.70 (dd, J = 12.6, 4.6 Hz, 1H), 2.09 - 2.02 (m, 3H), 1.99 (s, 3H), 1.92 (s, 3H), 1.17 (t,J =
12.7 Hz, 1H). HRMS, Cs;H7oN4O3s, Calcd for: 1186.4177; found [M-H] 1185.994.
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NeuSAca2-6Galp1-3(Galp1-4GlcNAcP1-6)GalNAca-Ser-Fmoc (54)
pats PO

o

SF

06~ B3
Compound 54 was prepared according to general procedure of B1-4 galactosylation with NmLgtB. After
lyophilization, 54 was obtained as white solid. Compound was characterized by HPLC, Tr =11.926 min. '"H NMR
(600 MHz, D,0) 6 7.91 - 7.77 (m, 2H), 7.75 - 7.56 (m, 2H), 7.54 - 7.34 (m, 4H), 4.66 (m, 1H), 4.61 (m, 1H), 4.53
(d, J=8.2 Hz, 1H), 4.41 (s, 1H), 4.38 (d, /= 7.7 Hz, 1H), 4.29 (m, 1H), 4.21 - 4.13 (m, 2H), 4.17 (dd, J = 10.9,
3.6 Hz, 1H), 4.01 — 3.41 (m, 32H), 2.69 (dd, J=12.5, 4.5 Hz, 1H), 2.03 (s, 3H), 1.99 (s, 3H), 1.93 (s, 3H), 1.71 (t,
J=11.7 Hz, 1H). HRMS, Calcd for: 1348.4705; found [M-H] 1348.465.
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NeuSAca2-6Galpl-3(NeuSAca2-6Galp1-4GlcNAcp1-6)GalNAca-Ser-Fmoc (55)

6
a6 B4 B .

a6 ~"B3
Compound 55 was prepared according to general procedure of 02-6 sialylation with Pd2,6ST. After
lyophilization, 55 was obtained as white solid. Compound was characterized by HPLC, Tr =10.175 min. '"H NMR
(600 MHz, D,O) 6 7.97 - 7.87 (m, 2H), 7.79 - 7.62 (m, 2H), 7.58 - 7.40 (m, 4H), 4.68 - 4.61 (m, 2H), 4.56 (d, J =
7.7 Hz, 1H), 4.42 — 4.35 (m, 2H), 4.33 (d, J= 7.7 Hz, 1H), 4.22 (m, 1H), 4.12 (m, 1H), 4.05 - 4.45 (m, 39H), 2.73
(d, J=11.8 Hz, 1H), 2.68 (d, J = 10.8 Hz, 1H), 2.08 - 1.97 (m, 9H), 1.93 (s, 3H), 1.75 (t, /= 12.3 Hz, 1H), 1.67
(t,J=12.2 Hz, 1H). HRMS, CssHo7N504;, Calcd for: 1639.5659; found [M-H] 1638.5747; [M-2H]* 818.7841.
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NeuSAca2-6Galpl-3(NeuSAca2-3Galp1-4GlcNAcp1-6)GalNAca-Ser-Fmoc (56)

03— p4m o

= SF
a6 ~" B3

Compound 56 was prepared according to general procedure of 02-3 sialylation with PmST1-M144D. After
lyophilization, 56 was obtained as white solid. Compound was characterized by HPLC, Tr =10.691 min. '"H NMR
(600 MHz, D,0O) ¢ 7.88 - 7.76 (m, 2H), 7.69 - 7.52 (m, 2H), 7.47 - 7.29 (m, 4H), 4.72 (s, 1H), 4.59 (s, 1H), 4.54
(s, 1H), 4.41 (m, 1H), 4.38 - 4.17 (m, 4H), 4.16 - 3.94 (m, 4H), 3.93 — 3.34 (m, 35H), 2.67 (d, /= 12.2 Hz, 1H),
2.61 (d,J=12.4 Hz, 1H), 1.94 (s, 3H), 1.93 (s, 3H), 1.89 (s, 3H), 1.84 (s, 3H), 1.75 (t,J=13.2 Hz, 1H), 1.59 (t,J
= 9.6 Hz, 1H). HRMS, C¢sHo7N5041, Caled for: 1639.5659; found [M-2H]* 818.7839.

Datafile Name:214-2.lcd
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Neu5Aca2-6Galp1-3[NeuSAca2-3(GalNAc f1-4)Galp1-4GlcNAcB1-6]GalNAca-Ser-Fmoc (57)

4
6
a3 B4 B .

a6 ~"B3
Compound 57 was prepared according to general procedure of f1-4-N-acetylgalatosaminylation with CgtA. After
lyophilization, 57 was obtained as white solid. Compound was characterized by HPLC, Tr =9.586 min. '"H NMR
(600 MHz, D,0O) 6 7.87 (dd, J=22.3, 8.1 Hz, 2H), 7.76 - 7.59 (m, 2H), 7.53 - 7.36 (m, 4H), 4.69 (d, J = 8.4 Hz,
2H), 4.62 (m, 1H), 4.52 (d, J=8.2 Hz, 1H), 4.45 (d, J= 7.9 Hz, 1H), 4.41 (s, 1H), 4.34 - 4.25 (m, 2H), 4.23 -
4.12 (m, 3H), 4.10 (m, 1H), 4.01 (s, 1H), 3.99 — 3.43 (m, 43 H), 2.70 (dd, /= 12.9, 4.6 Hz, 1H), 2.68 (dd, /=
13.2,4.5 Hz, 1H), 2.05 (s, 3H), 2.04 (s, 3H), 2.03 (s, 3H), 2.01 — 1.92 (m, 6H), 1.73 (t, /= 12.5 Hz, 1H). HRMS,
C76H110N¢Ous, Caled for: 1843.6453; found [M-H] 1842.6609, [M-2H]* 920.3250.
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NeuSAca2-6Galp1-3[Galpl-4(Fucal-3)GlcNAcp1-6]GalNAca-Ser-Fmoc (58)

a3

345 6
% SF

06 ~"B3
Compound 58 was prepared according to general procedure of a1-3 fucosylation with Hp3FT. After
lyophilization, 58 was obtained as white solid. Compound was characterized by HPLC, Tk =10.587 min. 'H NMR
(600 MHz, D,0O) 6 7.95 - 7.87 (m, 2H), 7.73 (dd, J = 14.5, 7.3 Hz, 2H), 7.55 - 7.38 (m, 4H), 5.10 (d, /= 3.9 Hz,
1H), 4.69 (t, J=8.7 Hz, 1H), 4.54 (d, /= 8.5 Hz, 1H), 4.41 (s, 1H), 4.38 (d, /= 7.4 Hz, 1H), 4.35 (m, 1H), 4.25
(d, J=7.5 Hz, 2H), 4.20 (m, 1H), 4.06 (m, 1H), 4.03 —3.45 (m, 35 H), 2.71 (dd, J=12.5, 4.6 Hz, 1H), 2.05 (s,
3H), 2.00 (s, 3H), 1.94 (s, 3H), 1.70 (t,J=12.2 Hz, 1H) , 1.18 (d, J = 6.5 Hz, 3H). HRMS, Cs3H9oN4O37, Calcd
for: 1494.5284; found [M-H] 1493.5374, [M-2H]* 746.2651.
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Sanple Name:217

35004

30004

25004

2000

15004

1000

0.0 25 5.0 75 10.0 12.5 15.0 17.5 20.0 225 25.0 275 min

217 #909-934 RT: 7.29-7.47 AV: 12 NL: 8.98E5

T: FTMS - p ESI Full ms [200.00-3000.00]
100 1493.5374

90~ 746.2651

(o) | [0}
o O O‘

Relative Abundance
[6)]
o

w
o

N iy
o o
b e e v Pl

-
o

| ] l L _ HH“HL“\HH | il

R R L R R RN R R R \‘“‘\‘“‘\““\““\‘“‘\““‘\““\““\““ RN R R R R
600 800 1000 1200 1400 1600 1800 2000
m/z

o

S74



NeuSAca2-6Galpl-3[Fucal-2Galp1-4(Fucal-3)GleNAcp1-6]GalNAca-Ser-Fmoc (59)

Compound 59 was prepared according to general procedure of al-2 fucosylation with Hm2FT. After
lyophilization, 59 was obtained as white solid. Compound was characterized by HPLC, Tr =10.034 min. 'H NMR
(600 MHz, D-O) 6 7.93 - 7.80 (m, 2H), 7.76 — 7.57 (dd, J = 14.6, 7.6 Hz, 2H), 7.51 - 7.33 (m, 4H), 5.20 (t, J =
3.4 Hz, 1H), 5.16 (d, J=4.0 Hz, 1H), 5.03 (s, 1H), 4.68 —4.60 (m, 1H), 4.60 — 4.45 (m, 2H), 4.45- 4.24 (m, 4H),
4.22 -3.99 (m, 4H), 3.99 —3.31 (m, 36H), 2.69 (dd, J=12.3, 4.6 Hz, 1H), 2.04 — 1.84 (m, 9H), 1.60 (t,J=12.0
Hz, 1H), 1.18 (dd, J=12.4, 6.3 Hz, 3H), 1.08 (d, /= 6.6 Hz, 3H). HRMS, CgH00N4Os,, Calcd for: 1640.5863;
found [M-2H]* 819.2965.
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Sanple Name:219

mV.
40004
35004
30004
2500
2000
15004

10004

0.0 25 5.0 75 10.0 12.5 15.0 17.5 20.0 225 25.0 275 min

OG219#728 RT: 6.26 AV: 1 NL: 2.34E6
T: FTMS - p ESI Full ms [200.00-3000.00]

100

819.2965

Relative Abundance
N o
T T

w
o

- N
o O
Lol b b

HH \[ “M | T S Ay

o

S75



Galp1-3(Galp1-4GlcNAcp1-6)GalNAca-Ser-Fmoc (60)
pat P

< SF

B3
Compound 60 was prepared according to general procedure of f1-4 galactosylation with NmLgtB. After
lyophilization, 60 was obtained as white solid. Compound was characterized by HPLC, Tk =14.073 min. 'H NMR
(600 MHz, D;0O) 6 7.95 - 7.84 (m, 2H), 7.77 - 7.61 (m, 2H), 7.54 - 7.3 (m, 4H), 4.68 -4.56 (m, 2H), 4.51 (d, J =
8.1 Hz, 1H ), 4.37 (m, 4H), 4.24 (m, 1H), 4.15 (s, 1H), 4.02 - 3.44 (m, 24H), 1.96 (s, 3H), 1.94 (s, 3H). HRMS,
C46He3N3025, Caled for: 1057.3751; found [M-H] 1056.3804.
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Galp1-3(Galal-3Galp1-4GlecNAcp1-6)GalNAca-Ser-Fmoc (61)

o3 4= 6

' *SF
B3

Compound 61 was prepared according to general procedure of al-3 galactosylation with a3GalT. After
lyophilization, 61 was obtained as white solid. Compound was characterized by HPLC, Tr =13.271 min. '"H NMR
(600 MHz, D,0O) 6 7.91 — 7.80 (m, 2H), 7.75 — 7.57 (m, 2H), 7.52 - 7.34 (m, 4H), 5.14 (d, /= 3.9 Hz, 1H), 4.64 —
4.54 (m, 2H), 4.50 (d, /= 8.0 Hz, 1H), 4.44 (d, J= 7.8 Hz, 1H), 4.39 - 4.32 (m, 2H), 4.28 (s, 1H), 4.25 - 4.12 (m,
4H), 4.02 (d,J=3.3 Hz, 1H), 3.96 (d, /= 3.3 Hz, 1H), 3.94 (d, /=3.3 Hz, 1H), 3.93 - 3.89 (m, 2H), 3.88 (d, J =
3.8 Hz, 1H), 3.86 (d, /= 3.8 Hz, 1H), 3.84 —3.63 (m, 21H), 1.95 (s, 3H), 1.94 (s, 3H). HRMS, Cs,H73N3030,
Calcd for: 1219.4279; found [M-H] 1218.4334, [M-2H]* 631.7163
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Galp1-3[Galp1-4(Fucal-3)GleNAcp1-6]GalNAca-Ser-Fmoc (62)
o3
pa PO

% SF

B3
Compound 62 was prepared according to general procedure of a1-3 fucosylation with Hp3FT. After
lyophilization, 62 was obtained as white solid. Compound was characterized by HPLC, Tr =12.594 min. '"H NMR
(600 MHz, D,O) 6 7.96 - 7.85 (m, 2H), 7.78 — 7.67 (m, 2H), 7.55 - 7.39 (m, 4H), 5.10 (d, /= 3.1 Hz, 1H), 4.62
(d,J=5.6 Hz, 1H), 4.52 (d, J= 8.1 Hz, 1H), 4.47 — 4.29 (m, 4H), 4.24 (m, 1H), 4.15 (s, 1H), 4.04 — 3.15 (m, 29
H), 1.97 (s, 3H), 1.94 (s, 3H), 1.17 (d, J= 6.5 Hz, 3H). HRMS, Cs;H73N3049, Calcd for: 1203.433; found [M-H]J
1202.4382.
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Fucal-2Galp1-3(GlcNAcpB1-6)GalNAca-Ser-Fmoc (63)
B6

o

SF
B3
a2

Compound 63 was prepared according to general procedure of a1-2 fucosylation with Hm2FT. After
lyophilization, 63 was obtained as white solid. Compound was characterized by HPLC, Tr =13.589 min. '"H NMR
(600 MHz, D,O) 6 7.85 (d, J= 7.6 Hz, 1H), 7.81 (d, /= 7.4 Hz, 1H), 7.81 (d, /= 7.6 Hz, 1H), 7.81 (d, J= 7.3 Hz,
1H), 7.52 - 7.35 (m, 4H), 5.18 (d, /= 4.2 Hz, 1H), 4.67 — 4.57 (m, 2H), 4.49 (d, /J=8.4 Hz, 1H), 4.45 (d,J=7.6
Hz, 1H), 4.25 (s, 1H), 4.21 (s, 1H), 4.16 — 4.09 (m, 1H), 4.09 — 4.02 (m, 2H), 3.99 — 3.87 (m, 4H), 3.83 (d, J =
12.1 Hz, 1H), 3.80 — 3.33 (m, 16 H), 1.96 (s, 3H), 1.95 (s, 3H), 1.11 (d, J = 6.5 Hz, 3H). HRMS, C46He3N3024,
Calcd for: 1041.3801; found [M-H] 1040.3837.
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Fucal-2Galp1-3(Galp1-4GlecNAcB1-6)GalNAca-Ser-Fmoc (64)
B4t PO

o

SF
B3
a2

Compound 64 was prepared according to general procedure of f1-4 galactosylation with NmLgtB. After
lyophilization, 64 was obtained as white solid. Compound was characterized by HPLC, Tr =12.010 min. '"H NMR
(600 MHz, D,O) 6 7.90 (d, /= 6.9 Hz, 1H), 7.86 (d,/=7.3 Hz, 1H), 7.74 (d, J= 7.5 Hz, 1H), 7.71 (d, /= 7.2 Hz,
1H), 7.52 - 7.35 (m, 4H), 4.60 — 4.53 (m, 2H), 4.51 — 4.46 (m, 1H), 4.42 (d, J= 7.7 Hz, 1H), 4.28 (t, J= 8.3 Hz,
2H), 4.13 (s, 1H), 4.05 (m, 1H), 4.03 — 3.97 (m, 2H), 3.96 — 3.77 (m, 8H), 3.76 — 3.39 (m, 20H), 1.88 (s, 3H),
1.87 (s, 3H), 1.05 (d, J = 6.9 Hz, 3H). HRMS, Cs2H73N3029, Calcd for: 1203.433; found [M-H] 1202.4388.

Datafile Name:233.Ilcd

35004

30004

25004

20004

15007

1000+

5004

L A e e e L s e e L s e B e L s B e e e L s e B T A e o o e e e e e e
0.0 25 5.0 75 10.0 125 15.0 175 20.0 225 25.0 275 min

233 #611-654 RT: 5.03-5.40 AV: 15 NL: 2.56E6
T: FTMS - p ESI Full ms [200.00-3000.00]

100~ 1202.4388

Relative Abundance
N w B (6] [e2] ~ (o] [(e]
o o o o o o o C‘D

-
o

!

1800

o

HERRN R R R Ll R RN R R R RARNRRR ‘A‘“\““ HERRRRARE R LR RARN RN AR
600 800 1000 1200 1400 1600
m/z

S80



Fucal-2Galp1-3[Galp1-4(Fucal-3)GlcNAcp1-6)GalNAca-Ser-Fmoc (65)

a3

pama pé

SF
B3
a2

Compound 65 was prepared according to general procedure of al-3 fucosylation with Hp3FT. After
lyophilization, 65 was obtained as white solid. Compound was characterized by HPLC, Tr =10.555 min. 'H NMR
(600 MHz, D,O) 6 7.80 (d, J= 7.5 Hz, 1H), 7.74 (d, J= 7.3 Hz, 1H), 7.66 (d, /= 7.4 Hz, 1H), 7.71 (d, /= 6.9 Hz,
1H), 7.48 - 7.30 (m, 4H), 5.13 (d, /= 3.8 Hz, 1H), 5.05 (d, /= 3.9 Hz, 1H), 4.59 (m, 1H), 4.56 (d, /= 7.9 Hz,
1H), 4.48 (d, J= 8.3 Hz, 1H), 4.39 (d, /J=7.5 Hz, 1H), 4.33 (m, 1H), 4.21 (s, 1H), 4.56 (d, /= 6.9 Hz, 1H), 4.03
—3.97 (m, 2H), 3.92 - 3.39 (m, 32 H), 1.93 (s, 3H), 1.90 (s, 3H), 1.14 (d, /= 6.5 Hz, 3H), 1.05 (d, /= 6.5 Hz,
3H). HRMS, CssHs3N30s3, Caled for: 1349.4909; found [M-H] 1348.4974, [M-2H]* 696.7485.
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GlcNAcp1-3(NeuSAca2-6)GalNAca-Ser-Fmoc (66)
o6

%Sk
B3

Compound 66 was prepared according to general procedure of a2-6 sialylation with Pd2,6ST. After
lyophilization, 66 was obtained as white solid. Compound was characterized by HPLC, T =15.128 min. 'H NMR
(600 MHz, D,0O) 6 7.91 — 7.75 (m, 2H), 7.73 = 7.51 (m, 2H), 7.51 - 7.31 (m, 4H), 4.59 (d, /= 5.9 Hz, 2H), 4.45
(d, J=8.3 Hz, 1H),4.32 (s, 1H), 4.24 (s, 1H), 4.16 —4.07 (m, 2H), 3.96 — 3.12 (m, 19 H), 2.63 (dd, J=12.4,4.5
Hz, 1H), 2.03 (s, 3H), 1.98 (s, 3H), 1.92 (s, 3H), 1.67 (t, J=12.6 Hz, 1H). HRMS, C45sHsN4O:3, Calcd for:
1024.3648; found [M-H] 1023.323.
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GlcNAcp1-3(NeuSAca2-6)GalNAca-Ser-Fmoc (67)

ab
o8

SF
BApmt B3

Compound 67 was prepared according to general procedure of f1-4 galactosylation with NmLgtB. After
lyophilization, 67 was obtained as white solid. Compound was characterized by HPLC, Tr =13.449 min.

'H NMR (600 MHz, D,0) § 7.76 — 7.72 (m, 2H), 7.67 — 7.52 (m, 2H), 7.47 - 7.26 (m, 4H), 4.71 (d, J = 3.7 Hz,
1H), 4.62 — 4.50 (m, 2H), 4.46 (d, J= 7.5 Hz, 2H), 4.33 (s, 1H), 4.23 - 4.07 (m, 3H), 3.93 — 3.34 (m, 24 H), 2.58
(dd, J=12.4,4.5 Hz, 1H), 2.01 (s, 3H), 1.96 (s, 3H), 1.91 (s, 3H), 1.69 (t, J= 12.3 Hz, 1H). HRMS, Cs51H70N4O2s,
Calcd for: 1186.4177; found [M-H] 1185.485.
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Galp1-4GlcNAcp1-3GalNAca-Ser-Fmoc (68)

o

SF
P B3
Compound 68 was prepared according to general procedure of f1-4 galactosylation with NmLgtB. After
lyophilization, 68 was obtained as white solid. Compound was characterized by HPLC, Tr =17.724 min. '"H NMR
(600 MHz, D,O) 6 7.93 — 7.75 (m, 2H), 7.73 — 7.56 (m, 2H), 7.55 - 7.32 (m, 4H), 4.72 (s, 1H), 4.60 (m, 2H), 4.48
(d, J=7.9 Hz, 2H), 4.29 — 4.09(m, 4H), 3.95 - 3.59 (m, 15H), 3.59 — 3.42(m, 2H), 1.98 (s, 3H), 1.93 (s, 3H).
HRMS, C4Hs3N300, Calcd for: 895.3222; found [M+Na]™ 918.750, [M+K]" 934.754.
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Neu5Aca2-3Galp1-4GlcNAcp1-3GalNAca-Ser-Fmoc (69)

%Sk

0.3 ~\P4pef B3
Compound 69 was prepared according to general procedure of 02-3 sialylation with PmST1-M144D. After
lyophilization, 69 was obtained as white solid. Compound was characterized by HPLC, Tr =15.915 min.
"H NMR (600 MHz, D,0) § 7.97 — 7.85 (m, 2H), 7.77 — 7.61 (m, 2H), 7.56 - 7.37 (m, 4H), 4.70 — 4.62 (m, 1H),
4.60 — 4.44 (m, 2H), 4.33 (s, 2H), 4.21 —4.10 (m, 3H), 4.00 — 3.41 (m, 25H), 2.78 (dd, J=12.2, 4.5 Hz, 1H),
2.04 (s, 3H), 2.00 (s, 3H), 1.94 (s, 3H), 1.86 (t, /= 12.3 Hz, 1H). HRMS, Cs;H70N4O2s, Calcd for: 1186.4177;
found [M-H] 1185.120, [M+Na-2H] 1207.092.

Datafile Name:303__16.Icd
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NeuSAca2-3(GalNAcB1-4)Galp1-4GlecNAcB1-3GalNAca-Ser-Fmoc (70)
o

SF

o3 ~PAge B3
B4

Compound 70 was prepared according to general procedure of f1-4-N-acetylgalatosaminylation with CgtA. After
lyophilization, 70 was obtained as white solid. Compound was characterized by HPLC, Tr =14.682 min. '"H NMR
(600 MHz, D,0) 6 7.94 — 7.81 (m, 2H), 7.73 — 7.56 (m, 2H), 7.53 - 7.33 (m, 4H), 4.75 -4.67 (m, 3H), 4.56 (d, J =
7.9 Hz, 1H), 4.43 (m, 1H), 4.34 —4.23 (m, 2H), 4.19 — 4.06 (m, 4H), 3.97 — 3.33 (m, 30 H), 2.68 (dd, J = 12.5,
3.8 Hz, 1H), 2.02 (s, 3H), 2.00 (s, 3H), 1.97 (s, 3H), 1.92 (s, 3H), 1.75 (t, J = 12.3Hz, 1H). HRMS, CsoHs3N5033,
Calcd for: 1389.497; HRMS, found [M-H] 1388.471.
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Neu5Aca2-6Galp1-4GlcNAcp1-3GalNAca-Ser-Fmoc (71)

%Sk

06 ~\P4pef B3
Compound 71 was prepared according to general procedure of a2-6 sialylation with PmST1-P34H/M144L. After
lyophilization, 71 was obtained as white solid. Compound was characterized by HPLC, Tr =16.081 min. '"H NMR
(600 MHz, D,0) 6 7.98 — 7.85 (m, 2H), 7.79 — 7.62 (m, 2H), 7.56 - 7.35 (m, 4H), 4.67 (s, 1H), 4.56 — 4.40 (m,
3H), 4.33 (s, 1H), 4.24 —4.09 (m, 3H), 4.03 — 3.45 (m, 24H), 2.66 (dd, J=11.4, 3.5 Hz, 1H), 2.02 (s, 3H), 2.01
(s, 3H), 1.94 (s, 3H), 1.70 (t,J = 12.1 Hz, 1H). HRMS, Cs;H70N4O2s, Calcd for: 1186.4177; found [M-H]
1185.320.

Datafile Name:304__17.lcd
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Fucal-2Galp1-4GlecNAcp1-3GalNAca-Ser-Fmoc (72)
=;
Aot 33
o2

Compound 72 was prepared according to general procedure of al-2 fucosylation with Hm2FT. After
lyophilization, 72 was obtained as white solid. Compound was characterized by HPLC, Tr =16.637 min. '"H NMR
(600 MHz, D,O) 6 7.83 — 7.70 (m, 2H), 7.66 — 7.45 (m, 2H), 7.44 - 7.25 (m, 4H), 5.27 (d, J= 3.5 Hz, 1H), 4.65 -
4.44 (m, 4H), 4.31 —4.08 (m, 5H), 3.98 — 3.57 (m, 20 H), 3.46 —3.32 (m, 1H), 1.98 (s, 3H), 1.92 (s, 3H), 1.18 (d,
J=17.4 Hz, 3H). HRMS, C4sHe3N30.4, Caled for: 1041.3801; found [M-H] 1040.348.
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GalNAcal-3(Fucal-2)Galp1-4GlcNAcB1-3GalNAca-Ser-Fmoc (73)
o

SF
3 ~B4pet B3
D(X
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Compound 73 was prepared according to general procedure of al-3-N-acetylgalatosaminylation with BgtA. After
lyophilization, 73 was obtained as white solid. Compound was characterized by HPLC, Tr =16.033 min. '"H NMR
(600 MHz, D,0) 6 7.95 — 7.82 (m, 2H), 7.75 — 7.58 (m, 2H), 7.55 - 7.33 (m, 4H), 5.34 (d, /J=3.6 Hz, 1H), 5.16
(d, J=3.7 Hz, 1H), 4.68 - 4.50 (m, 4H), 4.36 — 4.08 (m, 8 H), 4.04 — 3.57 (m, 23 H), 3.39 (m, 1H), 2.03 (s, 3H),
1.98 (s, 3H), 1.93 (s, 3H), 1.23 (d, J= 6.6 Hz, 3H). HRMS, Cs4H76N40O29, Calcd for: 1244.4595; found [M-H]
1243.428.
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5000+

4000+

30004

20004

1000

5 x104

ul

1243428

Intens. [a

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 500 1000 1500 2000 2500 3000/
m/z

S&9



Galal-3(Fucal-2)Galp1-4GlcNAcB1-3GalNAca-Ser-Fmoc (74)
o

SF

Oa3 B’ 33

o2

Compound 74 was prepared according to general procedure of al-3 galactosylation with GTB. After
lyophilization, 74 was obtained as white solid. Compound was characterized by HPLC, Tr =15.736 min. '"H NMR
(600 MHz, D,0) 6 7.95 — 7.82 (m, 2H), 7.75 — 7.59 (m, 2H), 7.54 - 7.34 (m, 4H), 5.31 (s, 1H), 5.23 (s, 1H), 4.66 -
4.49 (m, 4H), 4.37 — 4.25 (m, 3 H), 4.24 — 4.10 (m, 3 H), 4.06 — 3.57 (m, 23H), 3.43 — 3.30 (m, 3H), 1.99 (s, 3H),
1.93 (s, 3H), 1.22 (d, J = 6.5 Hz, 3H). HRMS, Cs2H73N3029, Calcd for: 1203.4330; found [M-H] 1202.426.

Datafile Name:311.lcd
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Fucal-2Galp1-4(Fucal-3)GlcNAcp1-3GalNAca-Ser-Fmoc (75)

o
SF

i’ B3

a2 |o3

Compound 75 was prepared according to general procedure of al-3 fucosylation with Hp3FT. After
lyophilization, 75 was obtained as white solid. Compound was characterized by HPLC, Tr =15.661 min. '"H NMR
(600 MHz, D,O) 6 7.92 —7.78 (m, 2H), 7.73 — 7.55 (m, 2H), 7.52 - 7.31 (m, 4H), 5.24 (d, J = 3.5 Hz, 1H), 5.07
(d, J=3.2 Hz, 1H), 4.73 (s, 1H), 4.65 - 4.53 (m, 2H), 4.50 (d, /= 13.8 Hz, 1H), 4.31 — 4.06 (m, 5 H), 4.00 — 3.51
(m, 23 H), 3.46 — 3.35 (m, 2H), 1.97 (s, 3H), 1.92 (s, 3H), 1.19 (d, J = 5.4 Hz, 6H). HRMS, Cs,H73N30,s5, Calcd
for: 1187.4381; found [M-H] 1186.427.

Datafile Name:308__09.lcd
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Galo1-3Galp1-4GlecNAcpB1-3GalNAco-Ser-Fmoc (76)

%Sk
o3Pl B3

Compound 76 was prepared according to general procedure of a1-3 galactosylation with a3GalT. After
lyophilization, 76 was obtained as white solid. Compound was characterized by HPLC, Tr =16.394 min. '"H NMR
(600 MHz, D,O) 8 7.72 — 7.62 (m, 2H), 7.62 — 7.41 (m, 2H), 7.40 - 7.15 (m, 4H), 5.13 (d, /=4.3 Hz, 1H), 4.70
(s, 1H), 4.58 —4.36 (m, 4H), 4.23 (s, 1H), 4.21 —4.03 (m, 4H), 3.99 (m, 2H), 3.96 — 3.55 (m, 20H), 1.97 (s, 3H),
1.92 (s, 3H). HRMS, C4sHe3N30,s, Caled for: 1057.3751; found [M+H]" 1058.3836, [M+Na]" 1080.3667.
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Galp1-4(Fucal-3)GleNAcp1-3GalNAca-Ser-Fmoc (77)
o

SF
4 B3

Xx3
Compound 77 was prepared according to general procedure of al-3 fucosylation with Hp3FT. After
lyophilization, 77 was obtained as white solid. Compound was characterized by HPLC, Tr =16.782 min. '"H NMR
(600 MHz, D,O) 6 7.99 — 7.86 (m, 2H), 7.80 — 7.63 (m, 2H), 7.56 - 7.36 (m, 4H), 5.09 (d, J = 3.6 Hz, 1H), 4.57 -
4.36 (m, 3H), 4.34 (s, 2H), 4.21 — 4.09 (m, 3H), 3.97 — 3.40 (m, 22 H), 1.97 (s, 3H), 1.94 (s, 3H), 1.19 (d, /= 6.5
Hz, 3H). HRMS, C4sHe3N3024, Caled for: 1041.3801; found [M-H] 1040.392.

Datafile Name:306__11.lcd
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NeuSAcGalp1-4(Fucal-3)GlcNAcp1-3GalNAca-Ser-Fmoc (78)
o

SF
03 ~\B4pmt B3
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Compound 78 was prepared according to general procedure of a2-3 sialylation with PmST1-M144D. After
lyophilization, 78 was obtained as white solid. Compound was characterized by HPLC, Tr =15.199 min. '"H NMR
(600 MHz, D,O) 6 7.96 — 7.80 (m, 2H), 7.76 — 7.55 (m, 2H), 7.55 - 7.33 (m, 4H), 5.11 (d, /= 3.3 Hz, 1H), 4.73 -
4.60 (m, 2H), 4.60 — 4.48 (m, 2H), 4.31 (s, 1H), 4.27 (s, 1H), 4.21 — 4.09 (m, 3H), 4.03 — 3.41 (m, 28 H), 2.78 (dd,
J=12.7,4.5 Hz, 1H), 2.04 (s, 3H), 1.98 (s, 3H), 1.94 (s, 3H), 1.87 (d, /= 12.3 Hz, 1H), 1.19 (d, /= 6.6 Hz, 3H).
HRMS, Cs7HgoN4Os2Calcd for: 1332.4756; found [M-H] 1331.341.

Datafile Name:307-1.lcd
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GalNAcP1-4GlcNAcp1-3GalNAca-Ser-Fmoc (79)

%Sk
Bt B3

Compound 79 was prepared according to general procedure of 1-4-N-acetylgalatosaminylation with NmLgtBm.
After lyophilization, 79 was obtained as white solid. Compound was characterized by HPLC, Tr =17.575 min. 'H
NMR (600 MHz, D,0) & 7.87 — 7.77 (m, 2H), 7.70 — 7.53 (m, 2H), 7.47 - 7.29 (m, 4H), 4.69 - 4.57 (m, 2H), 4.47
(d, /J=8.4 Hz, 1H),4.34 (s, 1H), 4.27 (s, 1H), 4.18 (s, 1H), 4.14 — 4.01 (m, 2 H), 3.98 — 3.80 (m, 2H), 3.79 — 3.51
(m, 14), 3.38 — 3.26 (m, 2H), 2.03 (s, 3H), 1.91 (s, 3H), 1.86 (s, 3H). HRMS, C4,Hs6sN4O», Calcd for: 936.3488;
found [M-H] 935.3528.
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Galp1-4GlecNAcp1-3(Galp1-4GleNAcpB1-6)GalNAca-Ser-Fmoc (80)
pat P6

% SF

Apd B3
Compound 80 was prepared according to general procedure of f1-4 galactosylation with NmLgtB. After
lyophilization, 80 was obtained as white solid. Compound was characterized by HPLC, Tk =12.556 min. '"H NMR
(600 MHz, D;O) 6 7.88 — 7.74 (m, 2H), 7.69 — 7.50 (m, 2H), 7.48 - 7.31 (m, 4H), 4.70 (s, 1H), 4.57 (d, J=4.6
Hz, 1H), 4.47 (d, J= 8.4 Hz, 3H), 4.39 — 4.31 (s, 2H), 4.24 - 4.09 (m, 3H), 3.98 —3.85 (m, 7 H), 3.81 — 3.47 (m,
23H), 1.98 (s, 3H), 1.93 (s, 6H). HRMS, C42Hs56N4O20, Calcd for: 1260.4544; found [M-H] 1259.462.

Datafile Name:401.Icd
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Neu5Aca2-3(GalNAcp1-4)Galp1-4GleNAcpB1-3[NeuSAca2-3(GalNAcp1-4)Galp1-4GlcNAcp1-6]GalNAca-
Ser-Fmoc (81)

Compound 81 was prepared according to general procedure of f1-4-N-acetylgalatosaminylation with CgtA. After
lyophilization, 81 was obtained as white solid. Compound was characterized by HPLC, Tr =7.835 min. '"H NMR

(600 MHz, D,0O) 6 7.99 — 7.88 (m, 2H), 7.80 — 7.63 (m, 2H), 7.59 - 7.42 (m, 4H), 4.59 (d, J = 7.6 Hz, 2H), 4.57 -

4.44 (m, 4H), 4.44 — 4.33 (m, 3H), 4.28 - 4.06 (m, 7H), 4.05 — 3.35 (m, 54 H), 2.69 (d, /= 11.8 Hz, 2H), 2.05 (s,

3H), 2.04 (s, 3H), 2.04 (s, 3H), 2.02 (s, 3H), 1.99 (s, 3H), 1.96 (s, 3H), 1.95 (s, 3H). HRMS, Co>H13sN3Os6, Calcd
for: 2248.804; found [M-H] 2248.8014, [M-2H]* 1123.8902.
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Neu5Aca2-6Galp1-4GlcNAcp1-3(NeuSAca2-6Galp1-4GlcNAcp1-6)GalNAca-Ser-Fmoc (82)

B6

o6 ~—p4 .

06 ~P4pud’ B3
Compound 82 was prepared according to general procedure of 02-6 sialylation with Pd2,6ST. After
lyophilization, 82 was obtained as white solid. Compound was characterized by HPLC, Tr =10.092 min. '"H NMR
(600 MHz, D,0O) 6 7.99 — 7.88 (m, 2H), 7.79 — 7.63 (m, 2H), 7.59 - 7.42 (m, 4H), 4.74 — 4.69 (m, 2H), 4.54 (d, J =
7.5 Hz, 2H), 4.48 (d, J=7.5 Hz, 1H), 4.38 (m, 3H), 4.16 (s, 2H), 4.09 — 3.46 (m, 44 H), 2.67 (d, /= 13.0 Hz, 2H),
2.04 (s, 3H), 2.03 (s, 6H), 1.99 (s, 3H), 1.95 (s, 3H), 1.82 — 1.72 (m, 2H). HRMS, C76H110N¢O4¢, Calcd for:
1842.6453; found [M-H] 1841.6353, [M-2H]* 920.3103.
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Fucal-2Galp1-4GlcNAcp1-3(Fucal-2Galp1-4GlcNAcB1-6)GalNAca-Ser-Fmoc (83)

Compound 83 was prepared according to general procedure of al-2 fucosylation with Hm2FT. After
lyophilization, 83 was obtained as white solid. Compound was characterized by HPLC, Tr =11.878 min. '"H NMR
(600 MHz, D,0O) 6 7.97 — 7.88 (m, 2H), 7.81 — 7.65 (m, 2H), 7.57 - 7.40 (m, 4H), 5.35 — 5.26 (m, 2H), 4.62 —
4.53 (m, 3H), 4.51 (d, /= 8.2 Hz, 1H), 4.45 - 4.32 (m, 3H), 4.25 — 4.13 (m, 4H), 4.02 - 3.57 (m, 32 H), 3.50 —
3.37 (m, 2H), 2.78 (d, J=12.5, 4.5 Hz, 2H), 2.02 (s, 3H), 1.97 (s, 3H), 1.96 (s, 3H), 1.23 (d, /= 6.5 Hz, 3H),

1.21 (d, J= 6.6 Hz, 3H). HRMS, CgcHosN4O3s, Caled for: 1552.5703; found [M-H] 1551.372.
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GalNAcal-3(Fucal-2)Galp1-4GlcNAcp1-3[GalNAcal-3(Fucal-2)Galp1-4GlecNAcpB1-6]GalNAca-Ser-Fmoc
(84)

Compound 84 was prepared according to general procedure of al1-3-N-acetylgalatosaminylation with BgtA. After
lyophilization, 84 was obtained as white solid. Compound was characterized by HPLC, Tr =11.803 min. 'H NMR
(600 MHz, D,0) 6 7.97 — 7.84 (m, 2H), 7.79 — 7.60 (m, 2H), 7.55 - 7.37 (m, 4H), 5.36 (d, /= 3.9 Hz, 2H), 5.18
(d, J=3.9 Hz, 2H), 4.65 — 4.54 (m, 3H), 4.49 (d, /= 8.1 Hz, 2H), 4.44 - 4.34 (m, 2H), 4.31 (d, J = 6.9 Hz, 2H),
4.25 (dd, J=10.8, 3.5 Hz, 1H), 4.25 — 4.09 (m, 7H), 4.07 - 3.60 (m, 44 H), 3.49 —3.35 (m, 2H), 2.05 (s, 6H),
2.01 (s, 3H), 1.95 (s, 6H), 1.32 - 1.19 (m, 6H). HRMS, Cs:H2,N¢Oass, Calcd for: 1958.7290; found [M-H]
1957.713.
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Galal-3(Fucal-2)Galp1-4GlcNAcpB1-3[Galal-3(Fucal-2)Galp1-4GlcNAcp1-6]GalNAca-Ser-Fmoc (85)

Compound 85 was prepared according to general procedure of a1-3 galactosylation with GTB. After
lyophilization, 85 was obtained as white solid. Compound was characterized by HPLC, Tr =11.146 min. '"H NMR
(600 MHz, D,0) 6 7.96 — 7.83 (m, 2H), 7.79 — 7.60 (m, 2H), 7.56 - 7.36 (m, 4H), 5.34 (d, /= 3.4 Hz, 2H), 5.25
(d,J=3.7 Hz, 2H), 4.57 — 4.46 (m, 3H), 4.40 — 4.26 (m, 7H), 4.25 - 4.11 (m, 5H), 4.04 - 3.59 (m, 45 H), 3.50 —
3.35 (m, 2H), 2.01 (s, 3H), 1.95 (s, 6H), 1.25 (d, J= 6.8 Hz, 3H), 1.22 (d, /= 7.3 Hz, 3H). HRMS, C78H16N40s4s,
Calcd for: 1876.6759; found [M-H] 1875.759.
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Fucal-2Galp1-4(Fucal-3)GlcNAcp1-3[Fucal-2Galp1-4(Fucal-3)GlcNAcp1-6]GalNAca-Ser-Fmoc (86)

Compound 86 was prepared according to general procedure of a1-3 fucosylation with Hp3FT. After
lyophilization, 86 was obtained as white solid. Compound was characterized by HPLC, Tr =10.425 min. '"H NMR
(600 MHz, D,0) 6 7.96 — 7.85 (m, 2H), 7.80 — 7.62 (m, 2H), 7.56 - 7.39 (m, 4H), 5.27 (d, /= 3.2 Hz, 2H), 5.09
(d, J=3.3 Hz, 2H), 4.56 — 4.50 (m, 2H), 4.43 — 4.32 (m, 3H), 4.24 (d, /= 6.6 Hz, 2H), 4.22 - 4.12 (m, 3H), 4.04 -
3.36 (m, 46 H), 1.99 (s, 3H), 1.96 (s, 6H), 1.33 — 1.17 (m, 12H). HRMS, C73H116N40O46, Calcd for: 1844.6861;
found [M-H] 1843.613.
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Galo1-3Galp1-4GleNAcp1-3(Galal-3GalB1-4GlcNAcp1-6)GalNAca-Ser-Fmoc (87)

Compound 87 was prepared according to general procedure of a1-3 galactosylation with a3GalT. After
lyophilization, 87 was obtained as white solid. Compound was characterized by HPLC, Tk =10.996 min. 'H NMR
(600 MHz, D,0O) 6 7.97 — 7.86 (m, 2H), 7.79 — 7.62 (m, 2H), 7.57 - 7.39 (m, 4H), 5.18 (d, /= 3.9 Hz, 1H), 5.15
(d, /J=4.0 Hz, 1H), 4.74 — 4.67 (m, 2H), 4.58 (d, /= 7.9 Hz, 1H), 4.51 (d, /= 7.6 Hz, 2H), 4.46 (d, J= 7.6 Hz,
1H), 4.34 (s, 2H), 4.25 — 4.10 (m, 6H), 4.03 (d, J=2.9 Hz, 1H), 4.01 — 3.47 (m, 37H), 2.00 (s, 3H), 1.95 (s, 6H).
HRMS, Calcd for: 1584.5601; found [M-H] 1583.514.
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Galp1-4(Fucal-3)GlecNAcp1-3[GalB1-4(Fucal-3)GlcNAcp1-6]GalNAca-Ser-Fmoc (88)

Compound 88 was prepared according to general procedure of a1-3 fucosylation with Hp3FT. After
lyophilization, 88 was obtained as white solid. Compound was characterized by HPLC, Tr =10.394 min. '"H NMR
(600 MHz, D,0) 6 7.96 — 7.84 (m, 2H), 7.78 — 7.58 (m, 2H), 7.57 - 7.36 (m, 4H), 5.14 — 5.06 (m, 2H, 2xFuc-H-
1), F4.58 — 4.45 (m, 3H), 4.44 - 4.28 (m, 3H), 4.18 — 4.09 (m, 2H), 4.05 - 3.45 (m, 36 H), 1.98 (s, 3H), 1.94 (s,
3H), 1.93 (s, 3H), 1.31 — 1.13 (m, 6H, 2% Fuc-CHj;). HRMS, CssHosN4Oss, Caled for: 1552.5703; found [M+H]"
1553.5776, [M+Na]" 1575.5573.
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Neu5Aca2-3Galp1-4(Fucal-3)GlcNAcB1-3[NeuSAca2-3Galp1-4(Fucal-3)GlecNAcB1-6]GalNAca-Ser-Fmoc
(89)

Compound 89 was prepared according to general procedure of a2-3 sialylation with PmST1-M144D. After
lyophilization, 89 was obtained as white solid. Compound was characterized by HPLC, Tr =8.518 min. NMR
(600 MHz, D;0) 6 8.01 — 7.87 (m, 2H), 7.80 — 7.62 (m, 2H), 7.59 - 7.38 (m, 4H), 5.13 — 5.08 (m, 2H, 2xFuc-H-
1), 4.61 —4.47 (m, 4H), 4.43 (d, J= 7.8 Hz, 1H), 4.41 - 4.31 (m, 2H), 4.20 — 4.06 (m, 4H), 4.05 - 3.47 (m, 51 H),
2.78 (d, J=12.5,4.5 Hz, 2H, 2xNeu5Ac H), 2.05 (s, 3H), 2.04 (s, 3H), 1.98 (s, 3H), 1.96 (s, 3H),1.94 (s, 3H),
1.84 (t,J=12.3 Hz, 2H), 1.21 (d,J=5.7 Hz, 3H), 1.17 (d,J= 6.1 Hz, 3H). HRMS, CgsH130NsOs4, Calcd for:
2134.7611; found [M+Na]" 2158.663.
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Galp1-4GlcNAcp1-6GalNAca-Ser-Fmoc (90)

p4== 6
%SF

Compound 90 was prepared according to general procedure of B1-4 galactosylation with NmLgtB. After
lyophilization, 90 was obtained as white solid. Compound was characterized by HPLC, Tr =17.904 min. '"H NMR
(600 MHz, D,O) 6 7.93 — 7.82 (m, 2H), 7.76 — 7.59 (m, 2H), 7.54 - 7.36 (m, 4H), 4.65 —4.57 (m, 1H), 4.51 (d, /=
8.2 Hz, 1H), 4.38 (d, /= 7.8 Hz, 1H), 4.32 (s, 1H), 4.30 (s, 1H), 4.10 - 3.49 (m, 21 H), 1.95 (s, 3H), 1.94 (s, 3H).
HRMS, C40Hs3N3020, Calcd for: 895.3222; found [M+H]" 896.3263.
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Neu5Aca2-3Galp1-4GlcNAcp1-6GalNAca-Ser-Fmoc (91)

o3 — 4 po

' % sF

Compound 91 was prepared according to general procedure of a2-3 sialylation with PmST1-M144D. After
lyophilization, 91 was obtained as white solid. Compound was characterized by HPLC, Tr =15.103 min. '"H NMR
(600 MHz, D,0O) 6 7.95 — 7.85 (m, 2H), 7.76 — 7.60 (m, 2H), 7.54 - 7.38 (m, 4H), 4.71 (m, 1H), 4.62 (m, 1H),
4.50 (d,J=8.2 Hz, 1H), 4.44 (d, J= 7.8 Hz, 1H), 4.33 (m, 2H), 4.17 — 3.86 (m, 10H), 3.84 — 3.47 (m, 17H), 2.77
(dd, J=12.5,4.6 Hz, 1H), 2.04 (s, 3H), 1.95 (s, 3H), 1.94 (s, 3H), 1.84 (t, J= 12.2 Hz, 1H). HRMS, Cs51H70N4O2s,
Calcd for: 1186.4177; found [M-H] 1185.306.
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NeuSAca2-3(GalNAcB1-4)Galp1-4GlecNAcB1-6GalNAca-Ser-Fmoc (92)

B4
4 6

a3~B oo
Compound 92 was prepared according to general procedure of f1-4-N-acetylgalatosaminylation with CgtA. After
lyophilization, 92 was obtained as white solid. Compound was characterized by HPLC, Tr =13.680 min. '"H NMR
(600 MHz, D,0O) 6 7.97 — 7.86 (m, 2H), 7.77 — 7.62 (m, 2H), 7.55 - 7.39 (m, 4H), 4.72 (d, J= 8.5 Hz, 2H), 4.66
(m, 1H), 4.50 (d, /= 8.2 Hz, 1H), 4.50 (d, J = 8.3 Hz, 1H), 4.35 (m, 2H), 4.17 — 4.10 (m, 2H), 4.09 — 3.48 (m,
32H), 3.37 (t,J = 8.64 Hz, 1H), 2.04 (s, 3H), 1.02 (s, 3H), 1.95 (s, 3H), 1.94 (s, 3H). HRMS, CsoHs3N5033, Caled
for: 1389.479; found [M-H] 1388.472.
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Neu5Aca2-6Galp1-4GlcNAcp1-6GalNAca-Ser-Fmoc (93)

06— p4E po

' % sF

Compound 93 was prepared according to general procedure of a2-6 sialylation with Pd2,6ST. After
lyophilization, 93 was obtained as white solid. Compound was characterized by HPLC, Tr =14.753 min. '"H NMR
(600 MHz, D,0O) 6 7.94 — 7.85 (m, 2H), 7.77 — 7.60 (m, 2H), 7.54 - 7.38 (m, 4H), 4.71 (m, 1H), 4.62 (m, 1H),
4.55(d,J="7.8 Hz, 1H), 4.41 — 4.29 (m, 3H), 4.10 — 3.46 (m, 27H), 2.67 (dd, J = 12.5, 4.6 Hz, 1H), 2.03 (s, 3H),
1.99 (s, 3H), 1.94 (s, 3H), 1.78 (t, /= 12.2 Hz, 1H). HRMS, Cs;H70N4O5s, Calcd for: 1186.4177; found [M-H]
1185.396.
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Fucal-2Galp1-4GlecNAcp1-6GalNAca-Ser-Fmoc (94)

o2
pat PO

o

SF
Compound 94 was prepared according to general procedure of al-2 fucosylation with Hm2FT. After
lyophilization, 94 was obtained as white solid. Compound was characterized by HPLC, Tr =17.252 min. '"H NMR
(600 MHz, D,0) 6 7.94 — 7.84 (m, 2H), 7.76 — 7.60 (m, 2H), 7.53 -7.38 (m, 4H), 5.29 (d, J= 3.3 Hz, 1H), 4.74 —
4.67 (m, 1H), 4.59 (s, 1H), 4.51 (d, /= 8.3 Hz, 2H), 4.43 (d, /= 7.6 Hz, 1H), 4.33 (d, /= 15.6 Hz, 2H), 4.17 (d, J
=8.0 Hz, 1H), 4.07 (d, /= 12.0 Hz, 1H), 3.99 — 3.59 (m, 19H), 3.42 (s, 2H), 1.96 (s, 3H), 1.95 (s, 3H), 1.21 (d, J
= 6.9 Hz, 3H). HRMS, C4sH¢3N30.4, Caled for: 1041.3801; found [M-H] 1040.357.
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GalNAcal-3(Fucal-2)Galp1-4GlcNAcB1-6GalNAca-Ser-Fmoc (95)

a3~p4

B6
< sF

Compound 95 was prepared according to general procedure of a1-3-N-acetylgalatosaminylation with BgtA. After

lyophilization, 95 was obtained as white solid. Compound was characterized by HPLC, Tr =16.753 min. '"H NMR

(600 MHz, D,0) 6 7.93 — 7.82 (m, 2H), 7.76 — 7.57 (m, 2H), 7.53 — 7.37 (m, 4H), 5.36 (d, /= 3.9 Hz, 1H), 5.19

(d,/=3.9Hz 1H),4.71 (dd, J=10.3, 5.4 Hz, 1H), 4.59 (s, 1H), 4.55 — 4.49 (m, 2H), 4.36 — 4.28 (m, 3H), 4.26

(d, J=3.7Hz, 1H), 4.25 - 4.21 (m, 2H), 4.11 — 3.60 (m, 25H), 3.43 (s, 1H), 2.05 (s, 3H), 1.96 (s, 3H), 1.94 (s,

3H), 1.24 (d, J = 6.8 Hz, 3H). HRMS, Cs4H76N4O29, Calcd for: 1244.4595; found [M-H] 1243.431.
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Galol-3(Fucal-2)Galp1-4GlcNAcp1-6GalNAca-Ser-Fmoc (96)

a2
B6
a3 ~p4 oo
Compound 96 was prepared according to general procedure of a1-3 galactosylation with GTB. After
lyophilization, 96 was obtained as white solid. Compound was characterized by HPLC, Tr =15.376 min. '"H NMR
(600 MHz, D,0) 6 7.94 — 7.85 (m, 2H), 7.78 — 7.60 (m, 2H), 7.55 - 7.38 (m, 4H), 5.33 (d, /=3.2 Hz, 1H), 5.26
(d,/J=2.8 Hz, 1H), 4.73 (s, 1H), 4.59 (s, 1H), 4.54 (d, J= 7.9 Hz, 1H), 4.51 (d, J = 8.4 Hz, 1H), 4.33 (s, 2H), 4.29
(s, 2H), 4.21 (t, J= 6.3 Hz, 1H), 4.07 (d, J=11.5 Hz, 1H), 3.99 (s, 2H), 3.96 — 3.87 (m, 6H), 3.85 — 3.60 (m,
17H), 3.40 (s, 1H), 1.96 (s, 3H), 1.95 (s, 3H), 1.22 (d, J = 6.9 Hz, 3H). HRMS, Cs,H73N30y9, Calcd for: 1203.433,
found [M-H] 1202.420.
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Fucal-2Galp1-4(Fucal-3)GlcNAcp1-6GalNAca-Ser-Fmoc (97)

a2 |03
pat PO

o

SF
Compound 97 was prepared according to general procedure of a1-3 fucosylation with Hp3FT. After
lyophilization, 97 was obtained as white solid. Compound was characterized by HPLC, Tr =14.510 min. '"H NMR
(600 MHz, D,0) 6 7.94 — 7.79 (m, 2H), 7.75 — 7.58 (m, 2H), 7.53 — 7.36 (m, 4H), 5.26 (d, /= 3.4 Hz, 1H), 5.09
(d,J=3.6 Hz, 1H), 4.68 (s, 1H), 4.53 (d, /= 8.2 Hz, 1H), 4.41 (d, /= 7.7 Hz, 1H), 4.31 (m, 2H), 4.24 — 4.16 (m,
1H), 4.07 (d, /= 11.7 Hz, 1H), 4.02 — 3.59 (m, 24H), 3.59 — 3.34 (m, 3H), 1.99 (s, 3H), 1.95 (s, 3H), 1.24 (t,J =
7.7 Hz, 6H). HRMS, Cs;H73N305s, Calcd for: 1187.4381; found [M-H] 1187.346.
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Galo1-3Galp1-4GlecNAcp1-6GalNAco-Ser-Fmoc (98)

OO0 ps
*SF

Compound 98 was prepared according to general procedure of a1-3 galactosylation with a3GalT. After
lyophilization, 98 was obtained as white solid. Compound was characterized by HPLC, Tr =16.891 min. '"H NMR
(600 MHz, D,O) 6 7.85 —7.74 (m, 2H), 7.70 — 7.51 (m, 2H), 7.48 - 7.30 (m, 4H), 5.14 (d, J=3.9 Hz, 1H), 4.50
(d, J=8.2 Hz, 2H), 4.45 (d, J= 7.8 Hz, 1H), 4.33 (s, 1H), 4.20 (d, /= 6.4 Hz, 1H), 4.18 (d, /= 7.6 Hz, 2H), 4.10
—4.01 (m, 2H), 3.96 (d, /J=3.3 Hz, 1H), 3.94 (d, /= 3.3 Hz, 1H), 3.94 — 3.84 (m, 4H), 3.83 3.62 (m, 17H), 1.95
(s, 3H), 1.94 (s, 3H). HRMS, C46He3N302s, Caled for: 1057.3751; found [M+H]" 1058.3741.
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Galp1-4(Fucal-3)GleNAcp1-6GalNAca-Ser-Fmoc (99)

o3
B4t PO

o

SF
Compound 99 was prepared according to general procedure of a1-3 fucosylation with Hp3FT. After
lyophilization, 99 was obtained as white solid. Compound was characterized by HPLC, Tr =15.232 min. '"H NMR
(600 MHz, D,0) 6 7.95 — 7.85 (m, 2H), 7.78 — 7.60 (m, 2H), 7.56 - 7.38 (m, 4H), 5.09 (d, /=3.2 Hz, 1H), 4.64
(m, 1H), 4.53 (d, J=8.0 Hz, 1H), 4.38 (d, /= 7.5 Hz, 1H), 4.33 (m, 2H), 4.10 — 3.46 (m, 28 H), 3.37 (t,J = 8.64
Hz, 1H), 1.96 (s, 3H), 1.94 (s, 3H), 1.18 (d, J = 6.5 Hz, 1H). HRMS, C4cHg3N3024, Calcd for: 1041.3801; found
[M-H] 1040.3856.
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NeuSAca2-3Galpl-4(Fucal-3)GlcNAcf1-6GalNAca-Ser-Fmoc (100)

o3
B6
a3~p4 .
Compound 100 was prepared according to general procedure of a2-3 sialylation with PmST1-M144D. After
lyophilization, 100 was obtained as white solid. Compound was characterized by HPLC, Tr =13.724 min. 'H
NMR (600 MHz, D;0O) & 7.96 — 7.87 (m, 2H), 7.78 — 7.63 (m, 2H), 7.56 - 7.40 (m, 4H), 5.09 (d, /= 3.6 Hz, 1H),
4.65 (s, 1H), 4.52 (d, J= 8.3 Hz, 2H), 4.43 (d, /= 7.7 Hz, 1H), 4.36 (s, 1H), 4.31 (s, 1H), 4.08 (s, 2H), 3.99 — 3.48
(m, 31H), 2.78 (dd, J=12.4, 4.6 Hz, 1H), 2.05 (s, 3H), 1.96 (s, 3H), 1.82 (t,/J=12.2 Hz, 1H), 1.17 (d, /= 6.5 Hz,
3H). HRMS, Cs7HgoN4Os,, Calced for: 1332.4756; found [M-H] 1331.486.
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GalNAcP1-4GlcNAcp1-6GalNAca-Ser-Fmoc (101)
B6
M s
Compound 101 was prepared according to general procedure of f1-4-N-acetylgalatosaminylation with
NmLgtBm. After lyophilization, 101 was obtained as white solid. Compound was characterized by HPLC, Tr
=16.843 min. '"H NMR (600 MHz, D,0) & 7.91 — 7.73 (m, 2H), 7.72 — 7.57 (m, 2H), 7.49 — 7.31 (m, 4H), 4.66 (s,
1H), 4.58 (d, /= 6.0 Hz, 1H), 4.46 — 4.35 (m, 2H), 4.30 (s, 1H), 4.24 (s, 1H), 4.01 (d, /= 12.1 Hz, 1H), 3.93 -
3.80 (m, 5H), 3.80 — 3.54 (m, 12H), 3.54 — 3.40 (m, 2H), 3.35 (s, 1H), 3.20 (s, 1H), 2.01 (s, 3H), 1.95 (s, 3H),
1.89 (S, 3H). HRMS, C42H56N4020, Calcd fOl‘Z 936.3488, fOU.Ild [M—H]' 935.362.
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VI. NMR Spectra
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