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Materials and Methods 
Expression and purification of soluble recombinant H5N1 HA protein 
The sequence for influenza A/Texas/37/2024 H5N1 HA was downloaded from Global Initiative 
on Sharing All Influenza Data (GISAID) (74). The ectodomain of HA sequence was subcloned 
into pFastbac-1 expression vector with N-terminal gp67 secreted signal peptide and a C-terminal 
trimerization domain followed by a thrombin site and 6x His-tag. The recombinant baculoviruses 
with HA gene were generated using a Bac-to-Bac baculovirus expression system in Sf9 cells 
(Thermo Fisher Scientific) as described previously (75). The recombinant soluble HA proteins 
were expressed in High Five cells (Thermo Fisher Scientific) with an MOI of 5-10 for each 
recombinant virus. After 72 hours, the soluble HA proteins were harvested from supernatant and 
then further clarified by centrifugation. The soluble HA proteins in clarified supernatant were 
purified by metal-affinity chromatography using Ni-nitrilotriacetic acid (Ni-NTA) resin (Qiagen) 
and buffer-exchanged into Tris-buffered saline (TBS, pH 8.0). The purified HA proteins were 
digested with trypsin in a final ratio of 1:1000 (wt/wt) and then further purified by size exclusion 
chromatography (SEC) using HiLoad 16/90 Superdex 200 column (GE Healthcare). Proteins 
produced in insect cells contain paucimannose N-glycans and lack more complex terminal glycans, 
such as sialylated N-glycans. In contrast, proteins expressed in mammalian cells are more 
complex, featuring different branching and terminal modifications. Glycans, especially those 
located near the receptor-binding site, can create steric hindrance for protein binding to their 
receptors. Whole virus expressed from eggs and MDCK cells exhibit similar binding patterns to 
HA expressed from insect cells (44), although one report shows that soluble HAs expressed with 
sialylated glycans in mammalian cells can exhibit different fine specificities to sialosides on a 
glycan microarray compared to HA expressed in insect cells, but these differences were abrogated 
when the HA glycans were desialylated as would naturally occur on the HA of virions due to the 
influenza neuraminidase (76). We would also expect here that the receptor binding specificity 
would be largely unaffected by expression of the Texas H5 HA in different platforms as there are 
no N-glycans proximal to the receptor binding site as there was in the mammalian study with H2 
and H7 HAs (76). The purified HAs were used for the structure and binding studies.  

Crystallization, data collection, and structure determination for HA and HA-receptor 
analogs complex. 
The purified soluble HA proteins were concentrated to 10 mg/ml for crystallization trials. The 
initial crystallization condition for apo-HA (unliganded HA) was obtained from crystal screening 
on our automated Rigaku CrystalMation system at The Scripps Research Institute using JCSG 
Core Suite (QIAGEN) as precipitant. The crystallization screening was based on the sitting drop 
vapor diffusion method by mixing 0.1 μl of protein with 0.1 μl of the reservoir solution. To 
facilitate the crystallization of WT A/Texas/37/2024 H5N1 HA, we introduced a mutation 
(D240N) based on an H5 structure that we determined previously (77). This mutation is far from 
the receptor binding site. The optimized crystallization conditions were: 0.1 M Hepes, pH 6.7, 
15% PEG6000 for apo-Texas HA; and 0.1M Hepes pH 6.9, 18% PEG6000 for Leu226-Texas HA. 
Crystals were harvested after one week and then soaked in a reservoir solution with 10% (v/v) 
ethylene glycol as cryoprotectant. For HA-receptor analogs complexes, we used LSTa 
(Neu5Acα2-3Galβ1-3GlcNAcβ1-3Galβ1-4Glc), and LSTc (Neu5Acα2-6Galβ1-3GlcNAcβ1-
3Galβ1-4Glc). Apo-crystals were harvested and then soaked with ligands at a final concentration 
of 5 mM in the reservoir solution for 5-20 minutes. The crystals were then stored in liquid nitrogen 
until data collection. Diffraction data for Apo-HA and HA-ligand complexes were collected at 
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synchrotron radiation beamlines specified on the crystal data collection and statistics table S1. 
HKL2000 was used for data processing (78). Initial phases for apo-HA and HA-ligand complexes 
were solved by molecular replacement using Phaser with H5 HA (PDB: 5E30) as a model (79). 
Manual refinement was carried out in Coot and PHENIX (80, 81). For the LSTc complex, only 
one monomer of the HA trimer had interpretable density for all five sugar moieties of LSTc, 
whereas another HA monomer had well-resolved density for three to four monosaccharides, and 
the third monomer of the HA trimers does not have ligand built because of poor ligand density. 
Final refinement statistics for each crystal structure are summarized in table S1.  
 
Preparation of biotinylated sialosides 
A library of biotinylated sialosides composed of linear and N-linked glycans carrying one to three 
LacNAc repeats were synthesized essentially as previously described (82). As a final enzymatic 
step, linear and N-linked glycans were sialylated using either recombinant human ST6Gal-I to add 
sialic acid in an α2-6 linkage, or rat ST3Gal-III to add sialic acid in an α2-3 linkage. Biotinylation 
of the NH2-terminated linker of the sialosides was achieved with NHS-LCLC-biotin (Thermo 
Scientific, cat no. 21343) and DIPEA (Sigma-Aldrich, cat no. 496219). All biotinylated glycans 
were confirmed by high-resolution mass spectrometry (HRMS) as follows: 3SLN1-L, ESI TOF-
HRMS m/z calculated for C49H84N7O23S, [M + H]+: 1170.5334, found 1170.5379; 3SLN2-L, ESI 
TOF-HRMS m/z calculated for C63H108N8O33S, [M + 2H]2+: 768.3364, found 768.3373; 3SLN3-
L, ESI TOF-HRMS m/z calculated for C77H131N9O43S, [M + 2H]2+: 950.9025, found 950.9019; 
3SLN1-N, ESI TOF-HRMS m/z calculated for C112H181N13O69S, [M - 2H]2-: 1422.5409, found 
1422.5355; 3SLN2-N, ESI TOF-HRMS m/z calculated for C140H226N15O89S, [M - 3H]3-: 
1191.4463, found 1191.4417; 3SLN3-N, ESI TOF-HRMS m/z calculated for C168H273N17O109S, 
[M - 3H]3-: 1435.2037, found 1435.1959; 6SLN1-L, ESI TOF-HRMS m/z calculated for 
C49H84N7O23S, [M + H]+: 1170.5334, found 1170.5367; 6SLN2-L, ESI TOF-HRMS m/z 
calculated for C63H108N8O33S, [M + 2H]2+: 768.3364, found 768.3401; 6SLN3-L, ESI TOF-HRMS 
m/z calculated for C77H131N9O43S, [M + 2H]2+: 950.9025, found 950.9023; 6SLN1-N, ESI TOF-
HRMS m/z calculated for C110H182N12O68S, [M + 2H]2+: 1396.0448, found 1396.0477; 6SLN2-N, 
ESI TOF-HRMS m/z calculated for C138H229N14O88S, [M + 3H]3+: 1174.4538, found 1174.4567; 
6SLN3-N, ESI TOF-HRMS m/z calculated for C166H276N16O108S, [M + 3H]3+: 1418.2117, found 
1418.2285. 
 
ELISA 
The recombinant purified HAs used in ELISA were concentrated to 3-5 mg/ml. Briefly, extended 
linear and biantennary a2-3 and a2-6 sialosides with biotin tag were incubated in streptavidin-
coated high binding capacity 384-well plates (Pierce) in PBS, pH 7.4 at 4oC for 12 hours. Excess 
glycans were removed by washing with PBS containing 0.05% Tween-20 (PBST). The plates were 
then blocked with 1% bovine serum albumin (BSA) in PBS (BSA/PBS) buffer containing 0.6 μM 
desthiobiotin for 2 hours. After 2 hours, the plates were washed with PBST three times before 
further assay. The HA proteins with His-tag were incubated with anti-His mouse IgG2a primary 
antibody (BioLegend, cat no. 362616) and HRP-conjugated goat anti-mouse IgG (H + L) 
secondary antibody (Invitrogen, cat no. G21040) in a 4:2:1 ratio (w/w/w) in BSA/PBS buffer and 
incubated on ice for 30 min. The HA-antibody complexes were then 3-fold serially diluted and 
transferred to glycan-coated plates and incubated at room temperature for 2 hours. The plates were 
then washed and 3,3´,5,5´ tetramethylbenzidine (TMB, Sigma-Aldrich, cat no. T0440) peroxidase 
substrate added to each well for 15 min at room temperature. The reaction was quenched by adding 
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2 M sulfuric acid and binding detected at 450 nm absorbance using a BioTek Synergy H1 
microplate reader (Agilent). Each HA-glycan analysis in ELISA was performed in duplicate. 
Maackia amurensis agglutinin (MAA) and Sambucus nigra agglutinin (SNA) were used as 
experimental positive controls for binding to a2-3 and a2-6 sialosides, respectively.  
 
Glycan array  
Glycan microarray was generated and used in influenza HA receptor specificity evaluation as 
previously described (82, 83). The His-tagged HAs were incubated with anti-His mouse IgG2a 
primary antibody (BioLegend, cat no. 362616) and HRP-conjugated goat anti-mouse IgG (H + L) 
secondary antibody (Invitrogen, A001) in TBST in a 4:2:1 ratio on ice for 30 min. The HA-
antibody mixtures were transferred to the microarray with six replicates of each glycan and 
incubated at room temperature for 60 min. After 60 min, the slides were washed with PBST twice, 
then water, and dried before scanning by an Innoscan 1100AL microarray scanner (Innopsys).   
 
Surface plasmon resonance 
SPR measurements were conducted on a Biacore S200 at room temperature. TBST (TBS with 
0.005% Tween-20) buffer was used as running buffer and to reconstitute all protein and glycan 
molecules. The linear a2-6 tri-LacNAc (6SLN3-L, human receptor analogs) and a2-3 tri-LacNAc 
(3SLN3-L, avian receptor analogs) with biotin tag were immobilized on the chips (Cytiva SA S 
series chips). The immobilized level was targeted to 500 RU (response unit). A blank flow cell 
was treated in parallel without glycan injection. After immobilization, multicycle kinetic 
measurements were conducted on each recombinant hemagglutinin analyte. 5000 nM, 2500 nM, 
1250 nM, 625 nM, 312.5 nM, 156.3 nM, 78.1 nM, 39.1 nM, 19.5 nM, 9.8 nM, 4.9 nM and 0 nM 
analyte were injected at 30 µL/min for 120 s and followed by 240 s dissociation. After each cycle, 
2 steps of 30 s regeneration with pH 2.7 glycine buffer were used to achieve a flat baseline signal. 
Final SPR sensorgrams were collected by reference channel subtraction and zero concentration 
subtraction. Static state affinity was calculated by Biacore evaluation software. The KD values for 
WT-Texas HA against 3SLN3-L and 6SLN3-L were calculated by Biacore S200 evaluation 
software static affinity model.
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Fig. S1. Receptor binding of bovine Texas H5 HA mutants to a2-3 sialylated glycans using 
SPR. Biacore diagrams representing the binding of each mutant to a2-3 tri-LacNAc (3SLN3-L). 
The y-axis shows the response. The response curves for different analyte concentrations are shown 
in different colors. Binding affinities were measured for wild-type and each HA mutant at 2-fold 
dilutions starting from 5 μM. A/goose/Guangdong/1/1996 (GD96_H5N1) HA was used as an 
avian control for binding to a2-3 sialosides. This figure is related to Figs. 1 and 2, figs. S2 and S3. 
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Fig. S2. Receptor binding of bovine Texas H5 HA mutants to a2-6 sialylated glycans by SPR.  
Biacore diagrams of the binding of each mutant to a2-6 tri-LacNAc (6SLN3-L). The y-axis shows 
the response. The response curves for different analyte concentrations are represented in different 
colors. Binding affinities were measured for wild-type and each HA mutant at 2-fold dilutions 
starting from 5 μM. A/California/04/09 (CA04) H1 HA was used as a positive control. This figure 
is related to Figs. 1 and 2, figs. S1 and S3. 
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Fig. S3. Receptor binding specificity of bovine Texas H5 HA mutants by SPR and ELISA. 
Binding of Asp190, Asp225, Ser228, and Lys224/Ser228 mutants to a2-3 and a2-6 sialosides were 
measured by SPR (A) and ELISA (B). The estimated KD for each mutant was calculated by 
Biacore S200 evaluation software static affinity model. The response curves for the SPR assays 
are shown in figs. S1 and S2. The extended linear (left panel, open shapes) and biantennary (right 
panel, solid shapes) a2-3 (blue) and a2-6 sialosides (red) were used in the ELISA. Glycans for 
a2-3 and a2-6 sialosides are represented in Fig. 1. The H5 HA from A/goose/Guangdong/1/1996 
(GD96_H5N1) was used as H5 avian control for binding to a2-3 sialosides. 
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Fig. S4. Receptor binding specificity of bovine Texas H5 HA Leu226 mutant with other 
mutations measured by ELISA. Glycan binding of the Leu226 mutant with Thr193, Lys193, 
Asn227, Gln227, and Ser227 mutations was measured by ELISA with the extended linear (open 
shapes) and biantennary (solid shapes) a2-3 (blue) and a2-6 (red) sialosides. Maackia amurensis 
agglutinin (MAA) and Sambucus nigra agglutinin (SNA) were used as experimental controls for 
binding to a2-3 and a2-6 sialosides throughout the ELISA experiments in this study. LN3-L with 
no sialic acid was used as a control.   
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Fig. S5. Electron density maps of avian and human receptors in the crystal structures of 
bovine Texas H5 HA-ligand complexes. 2Fo-Fc (A) and 2Fo-Fc unbiased omit (B) electron 
density maps for each ligand are contoured at a 1 σ level and represented in black and brown mesh 
with the refined structures superimposed, respectively. LSTa 
(NeuAcα2-3Galβ1-3GlcNAcβ1-3Galβ1-4Glc) from WT Texas HA - LSTa complex (left). 
LSTc (NeuAcα2-6Galβ1-4GlcNAcβ1-3Galβ1-4Glc) from Texas HA Leu226 mutant - LSTc 
complex (right).  
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Fig. S6. Avian receptor analog LSTa contacts a symmetry-related HA in the crystal structure 
with bovine Texas H5 HA. The receptor binding site (RBS) of WT Texas H5 HA is depicted in 
a gold backbone cartoon. LSTa is shown with cyan carbons. An adjacent HA in a symmetry-related 
molecule is represented as a green backbone cartoon. Hydrogen bonds between LSTa Glc-5 and a 
symmetry-related HA are indicated in black dashes. 

Q122

Glc-5



11 

Fig. S7. Frequency of amino acids at HA residues in bovine influenza viruses. Weblogo plot 
were generated by using weblogo3. A total of 900 HA sequences collected and isolated from 
bovine influenza viruses from January 1, 2024 to October 1, 2024 in GISAID were analyzed and 
represented as HA1 and HA2. The red underline indicates residues that comprise the receptor 
binding subdomain. A triangle ( ) indicate mutations that are observed in fewer than 3 strains, 
while a star ( ) denotes mutations detected in more than 10 strains (for a total of 83 and 13 
mutations observed at HA positions 132 and 160, respectively). The Ala to Thr mutation at 
residue 160 leads to a glycosylation site at Asn158. H3 HA numbering is used. The mutations 
are so rare compared to the total sequences analyzed that no mutations show up on the logo plot. 
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Fig. S8. Sequence alignment of HA from human infections with 2.3.4.4b H5N1 influenza 
viruses. A total 7 HA sequences from human infection with bovine and bird H5N1 influenza 
viruses deposited in GISAID this year were analyzed. Sequence variation after alignment with 
A/Texas/37/2024 is shown with a letter if a residue differs from A/Texas/37/2024 and with a dot 
(.) for conserved residues. H3 HA numbering is used.
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A/Colorado/138/2024 ..................................................................................
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Table S1. X-ray data collection and refinement statistics 

Data collection Apo-Texas H5 Texas H5/LSTa L226-Texas H5/LSTc 

Beamline SSRL12-1 SSRL12-1 NSLSII 17-ID-2 
Wavelength (Å) 0.9795 0.9795 0.9793 
Space group P21 P21 C2 
Unit cell parameters    

  a, b, c (Å) 130.4 72.1 206.9 103.5 74.8 131.1 254.4 214.5 136.0 

  α, β, γ (°) 90 91.7 90 96, 96.2, 90 90, 115.1, 90 

Resolution (Å) a 50.0-2.70 (2.75-2.70) 50.0-2.32 (2.36-2.32) 50.0-2.70 (2.75-2.70) 

Unique reflections a 103,266 (9020) 85,341 (8523) 177,926 (17,078) 
Redundancy a 3.9 (3.8) 6.7 (6.3) 6.8 (6.5) 
Completeness (%) a 98 (98) 99 (99) 100 (100) 
<I/σI> a 8.5 (0.6) 15.7 (0.6) 4.1 (0.8) 
Rsym

b (%) a 19.0 (>100) 14.0 (>100) 28.1 (>100) 
Rpim

b (%) a 10.8 (83.6) 5.9 (78.0) 11.5 (48.0) 
CC1/2

c (%) a 93 (39) 98 (34) 98 (34) 
Refinement statistics   

Resolution (Å) 33.0-2.70 30.5-2.32 45.3-2.70 
Reflections (work) 103,168 85,315 177,888 
Reflections (test) 5237 4299 9028 
Rcryst

d / Rfree
e (%) 21.2/26.7 21.3/25.6 21.6/25.6 

No. of copies in ASU 6 3 9 
No. of atoms 23,751 12,264 36,829 

HA 23,522 11,874 35,697 
Glycans 187 56 525 
Receptor analog  193 342 
Solvent 42 141 265 

Average B-values (Å2) 85 82 53 
HA 84 82 52 
Glycans 106 74 70 
Receptor analog  89 79 
Solvent 60 60 37 

Wilson B-value (Å2) 68 59 42 
RMSD from ideal geometry   

Bond length (Å) 0.003 0.003 0.003 
Bond angle (o) 0.55 0.65 0.58 
Ramachandran statistics (%) f   

Favored 96.0 97.6 96.8 
Outliers 0.2 0.2 0.1 
PDB code 9DIQ 9DIP 9DIO 

Numbers in parentheses refer to the highest resolution shell. 
b Rsym = Σhkl Σi | Ihkl,i - <Ihkl> | / Σhkl Σi Ihkl,i and Rpim = Σhkl (1/(n-1))1/2 Σi | Ihkl,i - <Ihkl> | / Σhkl Σi Ihkl,i, where Ihkl,i is the scaled intensity of the 
ith measurement of reflection h, k, l, <Ihkl> is the average intensity for that reflection, and n is the redundancy. 
c CC1/2 = Pearson correlation coefficient between two random half datasets. 
d Rcryst = Σhkl | Fo - Fc | / Σhkl | Fo | x 100, where Fo and Fc are the observed and calculated structure factors, respectively. 
e Rfree was calculated as for Rcryst, but on a test set comprising 5% or 10% of the data excluded from refinement. 
f From MolProbity (84). 



 
 

 
 

14 

Table S2. List of glycans on glycan array 

Chart# Structure Name 

1  Galβ(1-4)-GlcNAcβ-ethyl-NH2 
 

2  Galβ(1-4)-GlcNAcβ(1-2)-Manα(1-3)-[Galβ(1-4)-GlcNAcβ(1-2)-
Manα(1-6)]-Manβ(1-4)-GlcNAcβ(1-4)-GlcNAcβ-Asn-NH2 

 

3  NeuAcα(2-3)-Galβ(1-4)-GlcNAcβ-ethyl-NH2  

4  NeuAcα(2-3)-Galβ(1-4)-GlcNAcβ(1-3)-Galβ(1-4)-GlcNAcβ-
ethyl-NH2  

5  NeuAcα(2-3)-Galβ(1-4)-GlcNAcβ(1-3)-Galβ(1-4)-GlcNAcβ(1-3)-
Galβ(1-4)-GlcNAcβ-ethyl-NH2  

6  NeuAcα(2-3)-Galβ(1-3)-GalNAcα-Thr-NH2 

 

7  3’ NeuAc LN Core 1 (1163) 
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8  3’ NeuAc DiLN Core 1 (1528) 

 

9  3’ NeuAc TetraLN Core 1 (2259)  

10   3’ NeuAc PentaLN Core 1 (2624)  

11  NeuAcα(2-3)-Galβ(1-4)-GlcNAcβ(1-6)-[Galβ(1-3)]-GalNAcα-
Thr-NH2 

 

12  NeuAcα(2-3)-Galβ(1-4)-GlcNAcβ(1-3)-Galβ(1-4)-GlcNAcβ(1-6)-
[Galβ(1-3)]-GalNAcα-Thr-NH2 

 

13  3’ NeuAc TriLN Core 2 (1894) 

 

14   3’ NeuAc TetraLN Core 2 (2259) 

 

15  3’ NeuAc PentaLN Core 2 (2624) 
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16  
NeuAcα2-3Galβ1-4GlcNAcβ1-2Manα1-3(NeuAcα2-3Galβ1-
4GlcNAcβ1-2Manα1-6)Manβ1-4GlcNAcβ1-4GlcNAc-AsnGly-
NH2 

 

17  
NeuAcα2-3Galβ1-4GlcNAcβ1-3Galβ1-4GlcNAcβ1-2Manα1-
3(NeuAcα2-3Galβ1-4GlcNAcβ1-3Galβ1-4GlcNAcβ1-2Manα1-
6)Manβ1-4GlcNAcβ1-4GlcNAc-AsnGly-NH2 

 

18  
(NeuAcα2-3Galβ1-4GlcNAcβ1-3Galβ1-4GlcNAcβ1-3Galβ1-
4GlcNAcβ1-2Manα1-6)NeuAcα2-3Galβ1-4GlcNAcβ1-3Galβ1-
4GlcNAcβ1-3Galβ1-4GlcNAcβ1-2Manα1-3Manβ1-4GlcNAcβ1-
4GlcNAc-AsnGly-NH2  

19  
NeuAcα2-3Galβ1-4GlcNAcβ1-2Manα1-3(NeuAcα2-3Galβ1-
4GlcNAcβ1-2Manα1-6)Manβ1-4GlcNAcβ1-4(Fucα1-6)GlcNAc-
AsnGly-NH2 

 

20  
NeuAcα2-3Galβ1-4GlcNAcβ1-3Galβ1-4GlcNAcβ1-2Manα1-
3(NeuAcα2-3Galβ1-4GlcNAcβ1-3Galβ1-4GlcNAcβ1-2Manα1-
6)Manβ1-4GlcNAcβ1-4(Fucα1-6)GlcNAc-AsnGly-NH2 

 

21  
NeuAcα2-3Galβ1-4GlcNAcβ1-3Galβ1-4GlcNAcβ1-3Galβ1-
4GlcNAcβ1-2Manα1-3(NeuAcα2-3Galβ1-4GlcNAcβ1-3Galβ1-
4GlcNAcβ1-3Galβ1-4GlcNAcβ1-2Manα1-6)Manβ1-4GlcNAcβ1-
4GlcNAc-AsnGly-NH2 

 

22  NeuAcα(2-3)-Galβ(1-4)-[Fucα(1-3)]-GlcNAcβ-propyl-NH2 

 

23  NeuAcα(2-3)-Galβ(1-4)-[Fucα(1-3)]-GlcNAcβ(1-3)-Galβ(1-4)-
[Fucα(1-3)]-GlcNAcβ-ethyl-NH2 
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24  
NeuAcα(2-3)-Galβ(1-4)-[Fucα(1-3)]-GlcNAcβ(1-3)-Galβ(1-4)-
[Fucα(1-3)]-GlcNAcβ(1-3)-Galβ(1-4)-[Fucα(1-3)]-GlcNAcβ-ethyl-
NH2 

 

25  3’ SLeX TriLN Core 1(2332) 

 

26  3’ SLeX TriLN Core 3(2170) 

 

27  NeuAcα(2-6)-Galβ(1-4)-(6S)GlcNacβ-ethyl-NH2 
 

28  NeuAcα(2-6)-Galβ(1-4)-6-O-sulfo-GlcNAcβ-propyl-NH2 
 

29  NeuAcα(2-6)-Galβ(1-4)-GlcNAcβ-ethyl-NH2  

30  NeuAcα(2-6)-Galβ(1-4)-GlcNAcβ(1-3)-Galβ(1-4)-GlcNAcβ-
ethyl-NH2  

31  NeuAcα(2-6)-Galβ(1-4)-GlcNAcβ(1-3)-Galβ(1-4)-GlcNAcβ(1-3)-
Galβ(1-4)-GlcNAcβ-ethyl-NH2  
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32  6’ NeuAc LN Core 1 (1163)  

33  6’ NeuAc DiLN Core 1 (1528)  

34  6’ NeuAc TriLN Core 1 (1894)  

35  6’ NeuAc TetraLN Core 1 (2259)  

36  NeuAcα(2-6)-Galβ(1-4)-GlcNAcβ(1-6)-[Galβ(1-3)]-GalNAcα-
Thr-NH2 

 

37  NeuAcα(2-6)-Galβ(1-4)-GlcNAcβ(1-3)-Galβ(1-4)-GlcNAcβ(1-6)-
[Galβ(1-3)]-GalNAcα-Thr-NH2 

 

38  6’ NeuAc TriLN Core 2 (1894) 

 

39  6’ NeuAc TetraLN Core 2 (2259) 
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40 6’ NeuAc PentaLN Core 2 (2624) 

41 NeuAcα2-6Galβ1-4GlcNAcβ1-2Manα1-3(NeuAcα2-6Galβ1-
4GlcNAcβ1-2Manα1-6)Manβ1-4GlcNAcβ1-4GlcNAc-AsnGly 

42 
NeuAcα2-6Galβ1-4GlcNAcβ1-3Galβ1-4GlcNAcβ1-2Manα1-
3(NeuAcα2-6Galβ1-4GlcNAcβ1-3Galβ1-4GlcNAcβ1-2Manα1-
6)Manβ1-4GlcNAcβ1-4GlcNAc-AsnGly

43 
NeuAcα2-6Galβ1-4GlcNAcβ1-3Galβ1-4GlcNAcβ1-3Galβ1-
4GlcNAcβ1-2Manα1-3(NeuAcα2-6Galβ1-4GlcNAcβ1-3Galβ1-
4GlcNAcβ1-3Galβ1-4GlcNAcβ1-2Manα1-6)Manβ1-4GlcNAcβ1-
4GlcNAc-AsnGly 

44 
NeuAcα2-6Galβ1-4GlcNAcβ1-2Manα1-3(NeuAcα2-6Galβ1-
4GlcNAcβ1-2Manα1-6)Manβ1-4GlcNAcβ1-4(Fucα1-6)GlcNAc-
AsnGly 

45 
NeuAcα2-6Galβ1-4GlcNAcβ1-3Galβ1-4GlcNAcβ1-2Manα1-
3(NeuAcα2-6Galβ1-4GlcNAcβ1-3Galβ1-4GlcNAcβ1-2Manα1-
6)Manβ1-4GlcNAcβ1-4(Fucα1-6)GlcNAc-AsnGly

46 
NeuAcα2-6Galβ1-4GlcNAcβ1-3Galβ1-4GlcNAcβ1-3Galβ1-
4GlcNAcβ1-2Manα1-3(NeuAcα2-6Galβ1-4GlcNAcβ1-3Galβ1-
4GlcNAcβ1-3Galβ1-4GlcNAcβ1-2Manα1-6)Manβ1-4GlcNAcβ1-
4GlcNAc-AsnGly 
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