Supplementary Table 1. Variation in amide HN chemical shifts with pH for selected oligosaccharides.

Chemical shifts of high- and low-field components of each couplet are given, with their mean in bold
These data were fit to generate the pK , values shown in Table 1.

A. Titration of HA,NN

pH 6.03 5.48 4.94 4.56 4.15 3.79 3.35 284 246 2.06 1.77 1.43
SHMN 8.278 8.279 8.278 8.278 8.278 8.277 8.274 5.268 8.265 8.261 8.261 8.263

§.265 9.265 8.265 3.264 §.265 §.263 8.261 §.2585 3.251 0.245 g9.247 8.2580
ppm 8.272 §.272 8.272 8.271 §.272 8.270 8.268 8.262 §.258 §.295 §.294 8.297
cHMN 8.194 8.195 8124 8194 8.194 8.193 8.191 8.1587 8.184 8.182 g.182 8.184

g.182 8.182 8.181 8.181 8.181 8.180 8.179 g.174 8.172 8.169 8.169 8.171
ppm 8.188 §.189 8.188 §.188 §.188 8187 8.183 8.181 8.178 8.176 8.176 8.178
wHM 7.955 7.956 7.957 7.958 7.963 7.970 7.989 8.026 8.050 8.076 8.087 8.095

7.542 7.943 7.943 7.945 7.549 7057 7976 8.013 8.037 8.083 8.074 §.082
ppm 7.949 7.950 7.950 7.952 7.956 7.964 7.983 8.020 §.044 8.070 §.081 8.089

B. Titration of A4,5-HA,

pH 6.03 4.96 4.46 4.08 3.78 3.43 3.04 2.64 2.19 1.62 1.43
BHM 5.279 §.279 5.278 5.277 5.276 3.273 5.27 §.265 §.261 5.262 §.262
8.265 8.265 8.265 8.264 5.262 8.26 3.256 8.252 8.248 5.248 8.248

8.272 8.272 8.2715 8.2705 8.269 8.2665 5.263 8.2585 8.2545 8.235 8.255

oHM 5.199 g.1599 g.188 8.197 8.195 g.193 5.19 8.186 8.183 g.182 g.182
8.186 8.186 g.185 8.184 g.182 8.18 8.177 8.173 8.17 8.169 8.169
ppm 8.1925 8.1925 8.1915 8.1905 8.1885 8.1865 8.1835 8.1795 8.1765 8.1755 8.1755
toHN g.147 8.148 8.151 8.186 8.164 8.179 g.159 8227 8252 8.266 8272
8.134 8.135 8.138 8.143 8.15 8.166 8.186 8.213 8.239 g.252 8.259
ppm 8.1405 8.1415 8.1445 8.1495 8.157 8.1725 8.1925 8.22 8.2455 8.259 8.2655
vinyllic'H | 5.849 5.854 5.867 5.89 5.922 5.98 6.049 6.125 6.183 6.212 6.224

C. Titration of unlabelled HA,

pH 6.06 5.60 5.21 4.89 451 4.14 3.78 3.48 3.08 2.13 241 2.10 1.76 1.40
BHM 8.279 §.279 §.279 8.279 8.278 8.278 8.275 8.274 8.270 8.265 8.262 §.260 8.260 5.261

§.265 §.266 §.266 §.265 §.265 §.264 §.261 §.260 §.256 8.257 §.249 §.247 §.246 5.245
ppm 8.272 8.273 8.273 8.272 8.272 8.271 8.268 8.267 8.263 8.258 8.256 8.254 8.253 8.255
aHM 8.198 8.199 8.199 8.198 8.199 8.198 8.195 8.193 8.189 8.185 8.182 8.181 8.180 8.181

8.185 8.186 8.186 8.185 8.186 8.185 8.182 8.180 8176 8.172 8170 8.168 8.168 8.168
ppm 8.192 8.193 8.193 8.192 8.193 8.192 8.189 8.187 8.183 8.179 8.176 8.175 8.174 8.175
wHM 5.063 5.064 5.064 5.064 5.067 5.071 5.078 5.085 8.106 §.124 8.143 8.157 §.165 8.175

5.049 §.050 §.050 5.051 §.053 5.055 5.064 5.074 §.093 g.111 §.129 g.144 §.154 8.161
ppm 8.056 8.057 8.057 8.058 8.060 8.065 8.071 8.081 8.100 8.118 8.136 8.151 8.161 8.168

D. Titration of '’N-HA,

pH 6.11 3.05 4.42 4.06 3.66 3.26 2.97 2.69 2.32 1.92 1.67 14

BHMN 8.274 8.273 8.272 8.272 8.269 8.266 8.263 8.260 8.256 8.254 8.253 8.252

§.261 8.260 §.289 §.289 §.286 §.263 8.2580 9.247 §.243 8.241 §.240 §.239

ppm 8.268 8.267 8.266 8.266 8.263 8.260 8.257 8.254 8.250 8.248 8.247 8.246
N ppm_| 122.078 | 122.074 122.064 122048 | 122.017 [ 121958 | 121.891 | 121.840 | 121.786 | 121.794 | 121.752 | 121.765

aHMN 8.194 8.193 8.192 8.192 8.189 8.186 8.183 8.180 8.176 8.174 8.174 8.172

§.181 §.180 8.179 g.179 8.176 g.173 8.170 g.167 g.164 g.162 §.161 §.159

ppm 8.188 8.187 8.186 8.186 8.183 8.180 8.177 8.174 8.170 8.168 8.168 8.166
N ppm_ | 122,945 | 122941 122.934 122922 | 122.899 [ 122858 | 122.815 | 122781 | 122.749 | 122.730 | 122.728 | 122.738

w™HM §.089 §.059 §.062 g.067 8.076 g.093 g.114 g.130 g.146 §.159 §.164 §.166

8.046 8.046 8.049 g.054 8.062 8.080 8.100 8.117 8.133 8.146 8.151 8.152

ppm 8.053 8.053 8.056 8.061 8.069 8.087 8.107 8.124 8.140 8.153 8.158 8.159
N ppm | 122.145 | 122136 122.112 122072 | 122.001 | 121867 | 121.718 | 121604 | 121.486 | 121.403 | 121.379 | 121.377

&FHN 8.059 8.059 8.062 8.066 8.073 8.088 8.108 8.125 8.142 8.157 8.163 8.164

5.04B 8.045 5.049 8.053 5.059 8.075 5.095 a.112 8.129 8.144 5.149 8.152

ppm 8.053 8.053 8.096 8.060 6.066 §.082 8.102 8.119 8.136 8.191 8.196 8.198
N ppm_| 122145 | 122.136 122.112 122.08 122.013 | 121.885 | 121.742 | 121.63 1215911 | 121422 | 121.397 | 121.393




E. Titration of '’N-HA(

pH 6.11 4.98 4.41 4.00 3.60 3.30 2.96 2.57 221 1.84 147
EHN 5275 5275 5274 5272 5.769 5266 5262 5257 5.254 5.254 5.255
5.262 5.262 5.261 5.259 8.256 5.253 5.245 5.244 5.242 8.241 5.242
ppm 8.269 8.269 8.268 8.266 8.263 8.260 8.295 8.291 8.248 8.248 8.249
YN ppm | 122.093 | 122.093 | 122074 | 122.046 | 121.994 | 121.951 | 121.887 | 121.820 | 121.772 | 121.750 | 121.762
oHN B.196 5196 5195 B.193 5.190 5187 5182 B.178 B.176 5175 B175
5.154 5.184 B.183 5.150 5177 5.174 5.170 B.165 5.163 5.162 5.162
ppm 8.190 8.190 8.189 8.157 8.184 8.181 8.176 8.172 8.170 8.169 8.169
N ppm | 122.956 | 122950 | 122941 | 122.920 | 122.884 | 122.855 | 122811 | 122760 | 122741 | 122728 | 122740
woHIN B.045 B.050 5055 B.053 B5.078 5.050 5108 B.127 B.145 B.158 B.167
5.035 5.037 5.042 5.050 5.066 5.078 5.095 B.114 5132 B.145 B.155
ppm 8.042 8.044 8.049 8.057 8.072 8.084 8.102 8.121 8.139 8.152 8.161
YN ppm | 122109 | 122095 | 122066 | 122.009 | 121.908 | 121.824 | 121.699 | 121.569 | 121470 | 121.406 | 121.384
¥HN B.057 B.058 5.052 B.058 8.050 5.092 5.109 B.128 B.144 B.155 B.162
B.044 B.045 B.048 B.054 B.067 B8.078 5.095 B.115 B.131 B.143 B.149
ppm 8.051 8.052 8.055 8.061 8.074 8.085 8.103 8.122 8.138 8.149 8.156
N ppm | 122.000 | 121.989 | 121966 | 121919 | 121.830 | 121.754 | 121.637 | 121510 | 121.405 | 121.339 | 121317
+¥HN 5.057 5.058 5.052 5.065 5.076 5.056 5.103 B.124 5.141 5.153 5.162
5.044 5.045 5.045 5.051 5.063 5.073 5.090 8.110 5127 5.140 B.148
ppm 8.051 8.052 8.095 8.058 8.070 8.080 8.097 8.117 8.134 8.147 8.155
YN ppm | 122.000 | 121.989 | 121966 | 121.928 | 121.844 | 121.773 | 121.661 | 121535 | 121.429 | 121.357 | 121332
F. Titration of GIcNAc
pH 6.10 5.99 4.98 3.99 3.07 2.29 1.41
BHM 5.180 5.180 g.180 5.180 5.180 g.181 5.184
a8.167 g8.167 B8.167 g8 167 g8.167 B.168 8172
ppm 8.174 8.174 8.174 8.174 8.174 8.175 8.178
cH M 5.079 5.079 B8.079 5.079 5.079 5.080 5.082
a.067 5.067 8.067 a.067 5.067 5.053 5.071
ppm 8.073 8.073 8.073 8.073 8.073 8.074 8.077




Supplementary Table 2. Temperature coefficients of amide HN chemical shifts in selected

GlcNAC

H%NN

Hiy

Héy + NaCl

Ad B-HAy

HAGNN

Hig ™

Hég

Hég

HAqn

Héqp

Héwgg + MNaCl

oligosaccharides.

These data were fit to generate the temperature coefficients values shown in Table 4.

A. Chemical shifts (ppm) and temperature coefficients at pH 6.0

TIK Hz0 GHN oHN GNH oM H

956 | 4922 | 6209 | G206 123219 | 124.015

2441 | 4760 | 6.dr2 | &0r2 122.847 | 123.705

3504 | 4649 | @001 | 7060 122742 | 123480

ANAT | 09 78 5.0 19.0 214

TIK Hz0 GHN oHN wHN

955 | 4923 | B384 | 832 | 808

2441 | 4761 | 6272 | Gde9 | 7.049

3504 | 4660 | 6492 | G005 | T.E7

ASAT | 09 77 9.1 X

TIK Hz0 GHN oHN wHN

955 | 4921 | 8383 | 834 | 8149

2441 | 4759 | 6271 | adoe | 6056

3504 | 4648 | 6491 | oo | 7004

ANAT | 09 77 8.1 70

TIK Hz0 GHN oHN wHN

955 | 4908 | 8378 | 8313 | 8140

2441 | 4754 | 6271 | &ded | G.050

3504 | 4645 | 6492 | G091 | 7.679

ANAT | 05 74 89 5.8

TIK HzO GHN oHN wHN | vinyliic

955 | 4920 | 8383 | 8325 | 8242 | 5851

2441 | 4764 | G272 | &do3 | a4l | madr

3504 | 4661 | 6492 | G099 | G069 | fode

ANAT | 07 76 5.0 59 0.2

TIK Hz0 GHN oHN wHN vHN GNH oM H wNH

955 | 4923 | 8383 | 837 | 8044 | 8153 122309 | 123231 | 122.374

2441 | 4766 | G273 | 6493 | 7.odl | 80sl 122009 | 122.943 | 122.134

3504 | 4660 | 6491 | G0oe | 709 | 7078 121826 | 122.746 | 121.975

ANAT | 09 77 8.1 70 70 153 194 6.0

TIK Hz0 YHN | 4gHN | wHN FHN | 4gHN wNH

955 | 4918 | 8138 | 8141 | 813 122164 | 122195 | 122.3%

2441 | 4750 | 6.045 | G045 | G045 121847 | 121.973 | 122106

3504 | 4662 | 7006 | 7072 | 7804 121789 | 121.812 | 121.045

ANAT | 07 65 6.7 66 5.0 153 5.2

TIK Hz0 GHN oHN wHN vHN GNH oM H wNH ¥NH

955 | 4920 | 8382 | 8325 | 8147 | &.153 122315 | 123233 | 122338 | 122220

2441 | 4756 | 6271 | 6ie9 | 6042 | 60s2 122.006 | 122.047 | 122.007 | 121.9%

3504 | 4647 | 6492 | G099 | rovd | 7.9 121856 | 122752 | 121.940 | 121.835

ANAT | 09 76 5.0 59 59 5.2 19.2 15.9 5.4

TIK Hz0 GHN oHN wHN vHN wHN GNH oM H wNH ¥NH WNH
955 | 4919 | B382 | 8324 | 8144 | 8154 | 8143 122316 | 123238 | 122335 | 122224 | 122185
2441 | 4765 | G271 | 6491 | 6042 | 6062 | 6042 122101 | 122.953 | 122.007 | 121.996 | 121.954
3504 | 4640 | 6492 | G099 | 7873 | 7083 | 707 121839 | 122754 | 121.937 | 121.638 | 121.797
ANAT | 0B 76 5.0 5.8 5.8 5.8 5.0 193 15.9 5.4 155
TIK Hz0 GHN oHN wHN vHN wHN SHN GNH oM H wNH ¥NH WNH MH
955 | 4920 | 8382 | B3 | 8143 | 8155 | 8145 | 8140 122323 | 123246 | 122340 | 122231 | 122180 | 122180
2441 | 4767 | G271 | 6191 | 6042 | 6053 | 6043 | 605 122.006 | 122.0951 | 122.003 | 121.993 | 121.952 | 121.043
3504 | 4660 | G492 | G099 | 7871 | 7983 | 7.o73 | 7060 121840 | 122758 | 121.937 | 121.641 | 121097 | 121.769
ANAT | 07 76 8.1 59 59 59 59 153 195 6.1 156 5.7 5.7
TIK Hz0 GHN oHN wHN

958 | 4922 | B3gz | 835 | a4#

2441 | 4760 | 6272 | 6493 | G.040

35.04

AYAT | M2 76 8.1 59

TIK Hz0 GHN oHN wHN

9.9

2441 | 4747 | 6260 | &do0 | 608

3504 | dbar | 6491 | G0n | 7064

ANAT | 03 73 8.7 6.7




A (cont). Chemical shifts (ppm) and temperature coefficients at pH 6.0

TiK H; O BHN aHN wHN
HAG 5150 9.93 4916 - 8.139
2441 4761 8.042
35.04 4.650 7.970
AGAT -10.6 6.7
TiK H; O BHN aHN wHN
HAG 5150 9.93 4908 - 8.138
+ MaCl 24.41 4767 5.035
35.04 4 645 7.965
AGAT -10.5 6.9
B. Chemical shifts (ppm) and temperature coefficients at pH 1.4
T Hz0 GHN oHN FHN oHN
GlehAC 59.95 4.945 8.293 B.207 123.307 [ 124.072
24 41 4792 8.181 B.075 123.047 | 123.772
35.04 4 R0 5.100 7.967 122.846 | 123.550
ARAT | 107 7.7 8.8 184 208
T Hz0 GHN oHN wHN
Hag MM 9.95 4939 8.363 8311 8.214
24 41 4773 8.257 B.178 8.053
35.04 4671 B8.176 B.083 7.998
ARAT | 107 17 9.1 8.6
T Hy0 GHN oHN wHN FHN oHN wHN
Hiy 9.95 4929 8.360 £.301 8.281 122007 | 123035 | 121724
24 41 4772 8.280 8170 8.163 121769 | 122742 | 121381
35.04 4 BGG 5.169 B.075 08.077 1216885 | 122530 | 121.131
ARAT | 05 756 9.0 8.1 168 20.2 237
TH H,0 FHN oHN wHN
Hig +NaCl | 9.98 4920 8.363 £.301 8282
24 .41
35.04 4 &9 8177 B.061 £.081
ASAT | 0.4 74 8.8 8.0
T H,0 FHN oHN wHN | vinyllic
Ad 5-HAL 9.95 4935 8.367 8.308 8383 | G232
24.41 4771 5.256 B.178 8266 | G6.224
35.04 4 670 8180 B.082 8151 £.219
ARAT | 106 75 8.0 8.1 5.2
T H:0 ¥HN vEHN wHN F*HN +EHN wHHN
Hag 9.90 4925 8.278 8.282 8.285 121888 | 121657 | 121776
24.41 4,764 B.155 B.167 8.162 121.243 [ 121.311 | 121.427
35.04 4.BER 8.071 B.073 8.078 121.000 [ 121.068 [ 121.182
ARAT | 107 8.3 8.4 8.3 235 235 237
T H,0 BHN oHN wHN yHN EHN oHN wHN yHN
Hég 9.90 4926 8.360 8.301 8279 | 8276 122002 | 123033 | 121727 | 121680
24 .41 4,763 B.248 8.170 8162 | @156 121765 [ 122741 | 121364 | 121.319
35.04 4.BR3 8.163 B.075 8075 | 8070 121884 [ 12253 | 121139 | 121.076
ARAT | 106 76 9.0 8.1 8.2 6.7 20.0 235 229
T H,0 BHN oHN wHN  [yHN/wHN EHN oHN wHN | yHN/wHN
Hig 9.90 4926 B8.361 f.302 B280 | @275 122000 | 123034 | 121727 | 121657
24 .41 4,770 5.249 f.169 f.161 B.155 121763 [ 122741 | 121366 | 121.327
35.04 4 661 8.163 B.075 8074 | 8063 121579 [ 122529 | 121136 | 121.082
ARAT | 107 I7 9.1 8.2 83 168 20.2 236 229




B (cont). Chemical shifts (ppm) and temperature coefficients at pH 1.4

THk H; O BHN oaHN wHH
Hél gy 9.93

24.41 4777 8.254 a.181 8.159

35.04 4 BER B8.175 5.086 8.073

AGAT 10.4 i4 8.9 8.1

TikC H; O BHHN aHN wHM

Hiun + MaCl 9.98

2441 4.764 8.253 - 8.153
35.04 4 BA4 B8.175 = 8.055

AGAT -10.3 13 8.0

TiK Hz O BHHN oHN wHN

HA 5.1 sht 9.88 . .

2441 4778 - - 8.157

35.04 4 BR7 - - g8.071

AGAT 104 8.1

THK: Hz O BHN aHN wHN
HAG 5.1 50 993 4.915 - - 8.266
+ MaCl 2441 4,761 - - 8.150
35.04 4 652 - - 8.067

ASAT -10.5 £.9






