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GENERAL METHODS

All purchased chemicals were used without further purification. HPLC solvents were purchased
from Fisher Scientific. Details of the commercial substances are listed in the Key Resources
Table. HPLC analysis of the F-MAPA- and AEAB-labeled glycans was performed on a Shimadzu
HPLC CBM-20A system. It contained a UV detector SPD-20AV and a fluorescence detector RF-
20A. Fluorescence at 265 nm excitation (Ex) and 315 nm emission (Em) were used to detect F-
MAPA-labeled glycans and 330 nm excitation (Ex) and 420 nm emission (Em) were used to
detect AEAB-labeled glycans. A 250 x 4.6 mm Zorbax NH2 column was used and the mobile
phases were acetonitrile, water, and 250mM ammonium acetate. The concentration of water
increased from 16% to 40% and the ratio of ammonium acetate from 4% to 50% over 60 min.
An UltrafleXtreme MALDI-TOF/TOF system from Bruker was used for MALDI-TOF MS analysis of
the glycans and their conjugates. 2,5-Dihydroxybenzoic acid (20 mg/ml in ACN:H,0 = 1:1) was
used as the matrix. ESI-MS analysis was performed on an Orbitrap Fusion Lumos from Thermo
Fisher Scientific. *H and *3C NMR spectra were recorded on Varian Mercury 400 MHz. Chemical
shifts are reported in parts per million (ppm) relative to CDCls, MeOD or D,0 as the internal
standard. NMR data are presented as follows: Chemical shift, multiplicity (s = singlet, d =
doublet, t = triplet, dd = doublet of doublet, m = multiplet and/or multiple resonances);
coupling constant are reported in Hertz (Hz). All NMR signals were assigned on the basis of 'H
13C NMR, APT, HSQC, TOCSY and COSY experiments.

QUANTIFICATION AND STATISTICAL ANALYSIS

Data Quantitation for the Array Analysis

The signal intensities were quantified by the GenePix Pro 7 that is associated with the
microarray scanner and processed by Excel (Microsoft). The results are shown as relative
fluorescence units (RFUs) by averaging the background-subtracted fluorescence signals of four
replicate spots with error bars representing the standard deviation among the four values.

DATA AND SOFTWARE AVAILABILITY
All of the glycan microarray datasets related to this work are shown in the Supplemental

Information and are publicly available at the National Center for Functional Glycomics (NCFG)
website: https://ncfg.hms.harvard.edu/ncfg-data

KEY RESOURCES TABLE
REAGENT or RESOURCE SOURCE IDENTIFIER
Antibodies
Recombinant Human DC-SIGN/CD209 Fc Chimera Protein R&D Systems Cat#: 161-DC-050
Alexa488-labelled goat anti-human IgG Life Technologies Cat#: A-11013
Alexa594 anti-human CD15 Antibody BioLegend Cat#: 301917
Rat Anti-Human Cutaneous Lymphocyte Antigen BD Pharmingen Cat#: 555946



Alexa488-labeled goat anti-rat IgM Molecular Probes Cat#: A-21212
Blood Group Lewis a Antibody (7LE) Santa Cruz Biotechnology, Inc.  Cat#: sc-51512
Alexa488-labeled goat anti-mouse 1gG Invitrogen Cat#: A-11001
Lectins, Chemicals, Glycans

AAL Vector Labs Cat#: B-1395

UEA-I Vector Labs Cat#: B-1065

GSL-I b4 Vector Labs Cat#: B-1205

DBA Vector Labs Cat#: B-1035
Biotinylated hydrazide Vector Labs Cat#: SP-1100
Streptavidin-Cyanine 5 Invitrogen Cat#: 434316
Nexterion H NHS functionalized slides Schott AG Cat#: 1070936
3-Aminopropionaldehyde diethylacetal Sigma-Alderich Cat#: A8597-25G
AEAB Cummings lab

di-N-hydroxysuccinimidyl suberate Sigma-Alderich Cat#: S1885

BSA Boval BioSolutions, LLC Cat#: LY-0081
Blood group glycans ELICITYL

LNNnT Cummings lab

Crude egg yolk N-glycans Cummings lab
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Figure S1. Cleavage of LNnT-F-MAPA by NCS to regenerate free reducing LNnT.
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Figure S2. Cleavage of 20-F-MAPA by NCS to regenerate free reducing 20.
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Figure S4. Relative fluorescence sensitivity of F-MAPA, 2-AB and AEAB.

NMR data and Spectra

LNnT-MAPA: 'H NMR (400 MHz, D,0): & 4.60 (d, J = 8.0 Hz, GIcNAc H1), 4.37 (d, J = 8.0 Hz, Gal-2
H1), 4.33 (d, J = 8.0 Hz, Gal-1 H1), 4.12 (d, J = 8.8 Hz, Glc H1), 4.07 (d, J = 3.2 Hz, 1 H), 3.88 (m, 2
H), 3.84 (m, 1 H), 3.77 (m, 2 H), 3.71 (m, 3 H), 3.68 (m, 2 H), 3.65 (m, 3 H), 3.64 (m, 2 H), 3.58
(m, 1 H), 3.57 (m, 1 H), 3.55 (s, 3 H), 3.54 (m, 1 H), 3.52 (m, 1 H), 3.51 (M, 2 H), 3.46 (m, 2 H),
3.07 (m, 1 H), 2.96 (t,J=7.2 Hz, 2 H), 1.95 (s, 3 H), 1.85 (m, 2 H); 3C NMR from HSQC (100 MHz,
D,0): 6 102.9, 102.8,102.7,91.8, 82.1, 78.2, 78.1, 76.4, 75.8, 75.4, 75.0, 74.5, 72.5, 72.1, 70.0,



69.4, 68.5, 68.3, 62.1, 60.9, 60.2, 59.9, 59.7, 55.2, 49.9, 38.2, 25.5, 22.1. ESI HRMS calcd for

C30HssN3NaO21 [M+Na]* 816.3220, found 816.3203.

S0C'S—

') G646 —

Fmoc-3-amino pro

(@)

HJ\/\NHFmOC "H NMR spectrum

I

T
6.0

f1 (ppm)

T
10.0

T
2.5

T
3.0

T
3.5

T
4.0

T
4.5

5.0

T
5.5

T
6.5

T
7.0

T
7.5

T
8.0

T
8.5

T
9.0

T
9.5



Tv've —

86'€h ~
6T LY —

€9°99 —
89'9L
OONRW
cELL

T6'6TT\
96421\
86921 ~
vozzr/

9T THT ~
8 EPT

9C¢'9ST —

v1'10C —

o

C NMR spectrum

13

NHFmoc

H

T
130

T
220 210

T
230

861°G —

(G 85C°L
S estL
O 167°L
L ot
0 01€°L
o 92E'L
S szt
8L
16€°LF
M STH'L
mwm.nx
< 209,
M_ st

w L

H NMR spectrum

1

OCHg3
HN\/\/NHFmoc

Lol ke

i

Fost
Tm.w

Ferr
oz

T80z
oz

Feoz
Fooz

3.5 3.0 2.5 2.0 1.5 1.0

4.0

f1 (ppm)

4.5

7.5 7.0 6.5 6.0 55 5.0

8.0



o] 0 — m o g oM
< [ RG! 0 0O O 0O W N oo 0 n
0 (] ~NO T o .0 .M ] N
wmn T T NN~ W0 o~ o~ [9)) ~
— — — O WO WO T T ™ o
| | N \ N VY | |
OCHj
HNwNHFmOC
APT NMR spectrum
170 160 150 140 130 120 110 100 % 80 70 60 s0 40 20 20
f1 (ppm)
l[ I“L M‘J A4 A b LA
20
- QCHS 0 F30
HN NHFmoc HSQC spectrum
- ~ p L 40
— ' 0 50
| 0 60
— @
F70
I £
reo 2
F90
100
r110
- | ) F120
—— 0
' @é F130
T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 2.5 2.0 15 1.0
f2 (ppm)



R spectra

A

A

3

HCFHN _~_ NHFmoc iy \iviR spectrum

OCH

JLLUMNL

6T
0T

WG.N
61
Froz
Fooz

4.0 3.5 3.0 2.5 2.0 1.5 1.C

4.5
f1 (ppm)

5.0

5.5

7.5 7.0 6.5 6.0

8.0

oT'pg—

BTLE—

659,
Syl

5809
68 owV
0£'99”

SSBTT
W9'eT
Q_oﬁw
A

12 TPT~
E8EPT

pLLST—

3

HCIHN__~__NHFmoc APT NMR spectrum

OCH

-10

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

230



LNnT-MAPA NMR spectra
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HPLC profiles of Glycan-F-MAPA, and Mass spectra of Glycan-F-MAPA, Glycan-MAPA and
Glycan-AEAB.
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The original binding signals (RFUs) elicited with lectins.

AAL UEA-I GSL-1 b4 DBA
A0 Glycan structure 2L
ID ¥ type Average Std Average Std Average Std Average | Std
RFU Dev RFU Dev RFU Dev RFU Dev
1a | Fucal-2Galp1-4GIcNAC-AEAB H2 | 15926 | 638 | 13025 | 612 1 0 14 1
2a | Fucal-2Galp1-4GIc-AEAB Hs | 17722 | 1230 | 10925 | 481 1 1 14 3
3a | Fuca-2GalpT-3GIcNACRT-3Gal- H1 13508 | 543 6 4 0 1 14 1
4a /ELEC/SS -2Galp1-4GlcNAcp1-3Gal- H2 | 11321 | 499 | 6735 | 307 2 2 40 50
Fuca1-2GalB1-3GIcNAcB1-
52 | Lo A ACAD H1 | 18637 | 553 9 1 1 0 13 1
GalNAca1-3(Fuca1-2)GalB1-
62 | GaioNAGST SO AEAD A2 229 9 2 1 0 1 1439 | 117
GalNAca1-3(Fuca1-2)GalB1-
738 | 4GIcNACB1-3GalB1-4GIc-AEAB A2 3 2 2 ! ! ! 7592 | 408
8a 22':;3(':““1'Z)Ga'm"‘G'c' B5 | 10611 | 266 2 1 12310 | 529 14 4
Gala1-3(Fuca1-2)GalB1-
% | Gl Sael AEAD B1 94 14 2 0 12312 | 498 16 2
Gala1-3(Fuca1-2)GalB1-
108 | Gl S AEAD B2 399 31 2 1 12639 | 683 15 1
Gala1-3(Fuca1-2)GalB1-
12 | 3GIcNACB1-3GalR1-4GIc-AEAB B1 2 ! ’ 10 9519 | 820 7 2
Gala1-3(Fuca1-2)GalB1-
128 | G St hels AEAB B2 244 22 2 0 23760 | 828 22 18
Gala1-3(Fuca1-2)GalB1-
138 | o s AEAS B4 1 1 3 1 9649 | 2740 10 3
Gala1-3(Fuca1-2)GalB1-4(Fucal-
1a | o B5 | 15731 | 1782 2 1 16725 | 2360 10 1
15a | Galp1-4(Fucal-3)GIcNAC-AEAB Lex | 13431 | 641 12 1 1 1 16 3
Galp1-4(Fucal-3)GIcNACR1-
163 | GOmE 1t (Font B OO ALAR Lex | 16030 | 707 26 6 2 2 30 34
Fuca1-2GalB1-4(Fucal-
178 | o A ALAD Ley | 18498 | 907 | 1161 | 103 3 1 14 1
Fuca1-2GalB1-4(Fucal-
183 | o et San A Ley | 15442 | 420 | 12365 | 552 3 1 9 1
Neu5Aca2-3GalB1-4(Fucal-
198 | B Al Slex | 17269 | 884 2 0 1 1 40 43
Neu5Aca2-3GalB1-4(Fucal-
200 | J ear san AEAB Slex | 18846 | 1858 2 0 3 1 9 2
212 | FABT-3(Fucal4)GIeNACR13Gal | 16a | 15304 | 1900 35 6 3 1 10 2
Galp1-3(Fucal4)GIcNACR1-
220 | S e e ARAD Lea | 16011 | 1221 50 10 3 1 9 3
Fuca1-2GalB1-3(Fucal-
22 | ont oA AEAD Leb | 15071 | 1776 2 1 3 1 8 3
24a | Ficd1-2GalR1-4(Fucal-2)Gle- 16950 | 2048 | 8169 | 1466 | -1 1 11 3
255 | Streptavidin Cy5/ A488 Hydrazide 580 403 | 1013 | 444 | 1280 | 464 904 | 396
landing light
1b | Fucal-2Galp1-4GIcNAc-MAPA H2 | 14565 | 878 | 10731 | 269 0 1 1 2
2b | Fucal-2Galg1-4Glc-MAPA H5 | 17484 | 363 | 14333 | 254 0 1 13 2
Fuca1-2GalB1-3GIcNAcB1-3Gal-
3| e H1 7196 | 233 3 1 0 1 12 1
ap | fuoal-2GalpT-4GIeNACR1-3Gal H2 | 21015 | 209 | 15775 | 283 1 1 13 4
Fuca1-2GalB1-3GIcNAcB1-
5 | Lo 4G AADA H1 | 12335 | 206 2 0 1 1 14 2
GalNAca1-3(Fuca1-2)GalB1-
6b | 4GIcNACR1-3Gal-MAPA A2 5 ! 2 ! ! ! o 90
GalNAca1-3(Fuca1-2)GalB1-
0| 4GIcNACB1-3GalB1-4GIc-MAPA A2 3 ! 2 ! ! ! 1204 | 112
Gala1-3(Fuca1-2)GalB1-4Glc-
gb | oot B5 2201 | 152 2 0 9127 | 660 15 1
Gala1-3(Fuca1-2)GalB1-
B | A S MABA B1 4 1 2 0 6686 | 373 16 2

38




Gala1-3(Fuca1-2)GalB1-

10b | 4 CIoNACB1-3Ga MAPA B2 4 1 2 0 7009 385 15 3
Gala1-3(Fuca1-2)GalB1-

1B | 3GIcNACB1-3Galg1-4GIc-MAPA B1 3 ! 3 ! 7463 | 5% 15 3
Gala1-3(Fuca1-2)GalB1-

125 | 4GIcNACB1-3Galg1-4GIc-MAPA B2 2 ! 2 ! 14884 | 617 15 !
Gala1-3(Fuca1-2)GalB1-

130 | 3GaINACE1-3GaLMAPA B4 10 1 5 1 6520 | 2564 13 3
Gala1-3(Fuca1-2)GalB1-4(Fucal-

14b | i MAPA B5 2052 384 63 12 11609 | 3584 13 1

15b | Galg1-4(Fucal-3)GIcNAc-MAPA Lex 15578 | 559 2 1 2 1 16 2
Galp1-4(Fucal-3)GIcNACB1-

16b | 3 Caipt-4(Fucal-3)Glo.MAPA Lex 9509 343 231 17 125 5 12 2
Fuca1-2GalB1-4(Fucal-

170 | 5 GleNAG MAPA Ley 19884 | 819 | 13101 | 625 3 1 22 14
Fuca1-2GalB1-4(Fucal-

180 | 5 GleNACR1 3GaI MAPA Ley 16962 | 337 4574 133 3 1 22 19
Neu5Aca2-3GalB1-4(Fucal-

190 | 5 IoNAG MAPA Slex | 13801 532 2 0 3 0 14 3
Neu5Aca2-3GalB1-4(Fucal-

200 | o) GioNACR1.3Gol-MAPA Slex | 13067 | 1581 2 1 3 1 9 2

21b 3§gk3(F“°“14)G'°NA°B1 3Gal | ea | 12611 | 2190 36 6 3 1 9 3
Galp1-3(Fucal-4)GIcNACR1-

220 | 3C11 4(Fucal 3)GIc MAPA Lea 14012 | 1777 42 9 0 1 9 1
Fuca1-2GalB1-3(Fucal-

230 | 4\ GloNABT-3Gal- MAPA Leb 11558 | 1476 22 39 0 1 7 2

24p | Fucal-2Galp1-4(Fucad-2)Gle- 17507 | 1561 | 11250 | 2077 4 1 9 2
MAPA

25b Negative Control 9 2 1 1 -4 1 8 2

The original binding signals (RFUs) elicited with anti-blood group antibodies.
Probe ol et Blood Human DC-SIGN anti-CD15 anti-SLex/SLe? anti-Le?
ID yean structure type Average Std Average Std Average Std Average | Std
RFU Dev RFU Dev RFU Dev RFU Dev

1a | Fuca1-2Gal@1-4GIcNAC-AEAB H2 20163 | 7232 3 5 5 4 5 3

2a | Fucal-2Galp1-4GIc-AEAB H5 17918 | 751 6 3 6 3 4 3
Fuca1-2GalB1-3GIcNAcB1-3Gal-

33 | AEAB H1 0 26 4 1 5 6 6 3

4a /ELEC/SS -2Galp1-4GlcNACp1-3Gal- H2 3923 | 1985 4 10 260 35 237 29
Fuca1-2GalB1-3GIcNAcB1-

58 | 3GalB1 4GI0AEAB H1 1403 319 7 3 10 6 8 5
GalNAca1-3(Fuca1-2)GalB1-

62 | 4GIcNACB1-3Gal-AEAB A2 0 8 4 ! 15 12 4 !
GalNAca1-3(Fuca1-2)GalB1-

738 | 4GIcNACB1-3GalB1-4GIc-AEAB A2 0 153 5 ! 15 4 / 2
Gala1-3(Fuca1-2)GalB1-4Glc-

8a | ApaB B5 1346 162 4 5 4 2 2 1
Gala1-3(Fuca1-2)GalB1-

9 | 3GIcNACB1-3Gal-AEAB B1 0 13 3 ! 6 3 3 3
Gala1-3(Fuca1-2)GalB1-

108 | 4GIcNACB1-3Gal-AEAB B2 0 18 5 2 4 2 2 2
Gala1-3(Fuca1-2)GalB1-

12 | 3G1cNACB1-3GalR1-4GIc-AEAB B1 0 25 5 2 5 5 2 !
Gala1-3(Fuca1-2)GalB1-

128 | 4GIcNACB1-3GalR1-4GIc-AEAB B2 31 18 4 ! 0 4 ! !
Gala1-3(Fuca1-2)GalB1-

138 | 3GaINACB1-3Gal-AEAB B4 0 28 4 ! 4 3 ! 2
Gala1-3(Fuca1-2)GalB1-4(Fuca1-

13 | e AEAB B5 21224 | 2408 6 2 4 3 1 1

15a | Galg1-4(Fucal-3)GIcNAC-AEAB Lex 191 74 6 1 9 7 1 1
Galp1-4(Fucal-3)GIcNACR1-

168 | 3 Caip1-4(Fucal 3)GIo AEAB Lex | 42192 | 5536 | 26199 | 2149 2 2 1 2
Fuca1-2GalB1-4(Fucal-

178 | 5 GIeNACAEAB Ley 26822 | 3232 7 2 10 6 2 3
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Fuca1-2GalB1-4(Fucal-

182 | 3)GIcNACB1-3Gal-AEAB Ley | 41164 | 2729 4 3 5 5 1 1
Neu5Aca2-3GalB1-4(Fucal-

192 | 3)GIcNAC-AEAB Slex 15 23 3 1 4 5 1 1
Neu5Aca2-3GalB1-4(Fucal-

208 | 3)GIcNACB1-3Gal-AEAB Slex 27 13 5 1 12530 | 1257 8 3

a /ciél/[:; -3(Fucal-4)GIeNABT-3Gak | | | 1080 | 3352 . , 5 1 e | 10
Galp1-3(Fucal-4)GIcNACRT -

228 | 3Gal1-4(Fucal-3)GIc-AEAB Lea | 43218 | 5679 5 2 1 1 25744 | 1059
Fuca1-2GalB1-3(Fucal-

233 | 4)GIcNACB1-3Gal-AEAB Leb | 20689 | 2748 7 4 4 4 2 1
Fuca1-2GalB1-4(Fuca1-2)Glc-

22 | ptag 34828 | 3431 6 2 2 1 1 ]

255 | Streptavidin Cy5/A488 2194 | 335 35 28 527 155 348 73
Hydrazide landing light

1b | Fucal-2Galp1-4GIcNAC-MAPA H2 6735 | 5844 7 4 3 3 2 1

2b | Fuca1-2Galp1-4Glc-MAPA H5 7532 386 8 2 10 8 5 2
Fuca1-2GalB1-3GIcNAcB1-3Gal-

3| maPA H1 0 30 4 1 5 6 7 4

4b Fuca1-2GalB1-4GIcNAcB1-3Gal- H2 27234 3608 4 ) 3 3 5 ]
MAPA
Fuca1-2GalB1-3GIcNAcB1-

50 | 3Galg1-4Glc-MAPA H1 33 10 5 2 7 4 3 2
GalNAca1-3(Fuca1-2)GalB1-

6b | 4GIcNACB1-3Gal-MAPA A2 0 14 3 1 5 5 1 1
GalNAca1-3(Fuca1-2)GalB1-

0| 4GIcNACB1-3GalB1-4GIc-MAPA A2 0 27 4 1 6 3 1 1
Gala1-3(Fuca1-2)GalB1-4Glc-

80 | maPA B5 0 11 3 1 3 1 1 1
Gala1-3(Fuca1-2)GalB1-

% | 3GIcNACB1-3Gal-MAPA B1 15 18 3 1 8 4 2 2
Gala1-3(Fuca1-2)GalB1-

106 | 4GIcNACB1-3Gal-MAPA B2 15 23 4 1 2 3 2 3
Gala1-3(Fuca1-2)GalB1-

"b | 3GIcNACB1-3Galp1-4GIc-MAPA B1 0 20 4 2 3 1 2 1
Gala1-3(Fuca1-2)GalB1-

125 | 4GIcNACB1-3Galg1-4GIc-MAPA B2 19 7 5 1 0 1 1 1
Gala1-3(Fuca1-2)GalB1-

130 | 3GalNAcB1-3Gal-MAPA B4 0 14 3 1 9 2 2 1
Gala1-3(Fuca1-2)GalB1-4(Fucal-

b | e MAPA B5 18225 | 2637 3 4 70 5 1 0

15b | Galp1-4(Fucal-3)GIcNAC-MAPA Lex | 14087 | 1417 | 2935 | 1684 2 1 1 1
Galp1-4(Fucal-3)GIcNACRT -

180 | 3GalB14(Fuoat-B)GICMAPA Lex | 23756 | 1020 | 17498 | 1060 540 69 1 1
Fuca1-2GalB1-4(Fucal-

170 | eNAG MAPA Ley | 27759 | 1658 5 1 3 4 0 1
Fuca1-2GalB1-4(Fucal-

185 | 3)GIcNACB1-3Gal-MAPA Ley | 29569 | 481 3 3 13 7 1 1
Neu5Aca2-3GalB1-4(Fucal-

19 | 3 eNAG MAPA Slex 0 30 5 1 9520 | 2118 0 1
Neu5Aca2-3GalB1-4(Fucal-

200 | 3)GIcNACB1-3Gal-MAPA Slex 32 20 5 1 10785 | 1049 2 1

21b |\GAaAIE1A-3(Fuca1-4)GIcNAcB1 3Gak | oo | 18008 | 5528 . , 5 1 o | o
Galp1-3(Fucal-4)GIcNACRT -

22b | 3GaIB1-4(Fucal-3)Glc-MAPA Lea | 35680 | 6528 6 2 1 1 36835 | 1787
Fuca1-2GalB1-3(Fucal-

230 | 4)GIcNACB1-3Gal-MAPA Leb | 13930 | 3218 5 1 1 1 2 1
Fuca1-2GalB1-4(Fuca1-2)Glc-

246 | \iaon 20794 | 814 4 1 6 5 1 1

25b Negative Control 0 21 1 1 0 1 1 1
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