
 
 
 
 
 
Supplementary Figure 1. Pulmonary lesions and virus spread in the lungs of mice infected with A/bat/Egypt/381-
OP/2017 (H9N2) and A/mallard/Alberta/17/1991 (H9N2) viruses. For each virus, DBA/2J mice (n = 3) were infected i.n. 
with 106 EID50 of virus and were euthanized at 3 dpi (A–L) or 5 dpi (M–X). Lungs were harvested and fixed in 10% 
neutral-buffered formalin and stained with hematoxylin and eosin (HE), subjected to immunohistochemical staining with 
anti-NP antiserum, and analyzed by histomorphometry. 
 



 

Supplementary Figure 2. Immunohistochemical staining for viral antigen in nasal sections of mice infected with 
A/bat/Egypt/381-OP/2017 (H9N2) and A/mallard/Alberta/17/1991 (H9N2). For each virus, DBA/2J mice (n = 3) were 
infected i.n. with 106 EID50 of virus and euthanized at 3 dpi (A–D) or 5 dpi (E–H). Nasal turbinates were harvested and 
fixed in 10% neutral-buffered formalin. Sections were subjected to immunohistochemical staining with anti-NP antiserum 
and analyzed by histomorphometry. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Supplementary Figure 3. Histologic lesions and viral antigen expression in the lungs (A, D), nasal respiratory epithelium 
(B, E), and sloughed olfactory neuroepithelium (C, F) of ferrets inoculated with influenza A/bat/Egypt/381-OP/2017 
(H9N2) virus. Ferrets (n = 2) were inoculated i.n. with 106 EID50 of A/bat/Egypt/381-OP/2017 (H9N2) virus. At 3 dpi, 
ferret tissues were fixed in 10% neutral-buffered formalin, sectioned, and stained with hematoxylin–eosin (H&E). 
Sections were subjected to immunohistochemical staining with anti–NP antiserum or analyzed by histomorphometry. 
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Supplementary Figure 4. Replication and transmission of A/bat/Egypt/381-OP/2017 (H9N2) and 
A/mallard/Alberta/17/1991 (H9N2) influenza virus in mallard ducks. Viral titers in oropharyngeal (A, B) and cloacal (C, 
D) swabs of mallard ducks infected with A/bat/Egypt/381-OP/2017 (H9N2) and A/mallard/Alberta/17/1991 (H9N2) 
viruses. Virus shedding of both donor and contact ducks was monitored, and swabs were collected at 2, 4, and 6 days post 
inoculation/post contact. In each panel, the dotted line indicates the lower limit of detection of infectious virus by the 
EID50 assay. Source data are provided as a Source Data file. 
 

 

 

 

 

 

 

 

 

 

 

 

 



 

Supplementary Table 1. summary of the array experiment and raw data in MIRAGE format 

 

Glycan # Common Name Structure 

1 Galβ(1-4)GlcNAcβ-ethyl-NH2  

2 Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
3)GalNAc-Thr-NH2  

3 Galβ(1-4)GlcNAcβ(1-6)[Galβ(1-3)]-
GalNAc-Thr-NH2 

 

4 Galβ(1-4)GlcNAcβ(1-3)GalNAc-
Thr-NH2  

5 Galβ(1-4)GlcNAcβ(1-3)[Galβ(1-
4)GlcNAcβ(1-6)]-GalNAc-Thr-NH2 

 

6 Galβ(1-4)GlcNAcβ(1-6)GalNAc-
Thr-NH2  

7 

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

8 

Galβ(1-4)GlcNAcβ(1-2)Man(1-
3)[Galβ(1-4)GlcNAcβ(1-2)Man(1-
6)]-Manβ(1-4)GlcNAcβ(1-4)[Fuc(1-
6)]-GlcNAcβ-Asn-Ser-Thr-NH2  

9 

Galβ(1-4)GlcNAcβ(1-2)Man(1-
3){Galβ(1-4)GlcNAcβ(1-2)[Galβ(1-
4)GlcNAcβ(1-2)]-Man(1-6)}-
Manβ(1-4)GlcNAcβ(1-4)GlcNAcβ-
Asn-Lys-NH2  

10 

Galβ(1-4)GlcNAcβ(1-2)Man(1-
3){Galβ(1-4)GlcNAcβ(1-2)[Galβ(1-
4)GlcNAcβ(1-2)]-Man(1-6)}-
Manβ(1-4)GlcNAcβ(1-4)[Fuc(1-6)]-
GlcNAcβ-(Lys-Val-Ala)Asn-Lys-Thr-
NH2 

 

11 NeuAc(2-3)Galβ(1-4)6-O-sulfo-
GlcNAcβ-propyl-NH2  

12 NeuAc(2-3)Galβ(1-4)[Fuc(1-3)]-6-
O-sulfo-GlcNAcβ-propyl-NH2 

 

13 NeuAc(2-3)6-O-sulfo-Galβ(1-
4)GlcNAcβ-ethyl-NH2  



Glycan # Common Name Structure 

14 NeuAc(2-3)6-O-sulfo-Galβ(1-
4)[Fuc(1-3)]-GlcNAcβ-propyl-NH2 

 

15 NeuAc(2-3)Galβ(1-3)6-O-sulfo-
GlcNAcβ-propyl-NH2  

16 NeuAc(2-3)Galβ(1-4)Glcβ-ethyl-
NH2  

17 NeuAc(2-3)Galβ(1-4)GlcNAcβ-
ethyl-NH2  

18 NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ-ethyl-NH2  

19 
NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ-ethyl-NH2 

 

20 NeuAc(2-3)GalNAcβ(1-4)GlcNAcβ-
ethyl-NH2  

21 NeuAc(2-3)Galβ(1-3)GlcNAcβ-
ethyl-NH2  

22 NeuAc(2-3)Galβ(1-3)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ-ethyl-NH2  

23 NeuAc(2-3)Galβ(1-3)GlcNAcβ(1-
3)Galβ(1-3)GlcNAcβ-ethyl-NH2  

24 NeuAc(2-3)Galβ(1-3)GalNAcβ(1-
3)Gal(1-4)Galβ(1-4)Glcβ-ethyl-NH2  

25 NeuAc(2-3)Galβ(1-3)GalNAc-Thr-
NH2  

26 NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-3)GalNAc-Thr-NH2  

27 
 NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
3)GalNAc-Thr-NH2 

 

28 

NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-3)GalNAc-
Thr-NH2  

 

29 

 NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-3)GalNAc-Thr-NH2 

 



Glycan # Common Name Structure 

30 

NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
3)GalNAc-Thr-NH2 

 

31 NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-
6)[Galβ(1-3)]-GalNAc-Thr-NH2 

 

32 
NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-6)[Galβ(1-3)]-
GalNAc-Thr-NH2  

33 

NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-6)[Galβ(1-3)]-
GalNAc-Thr-NH2  

 

34 

NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
6)[Galβ(1-3)]-GalNAc-Thr-NH2  

35 

NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-6)[Galβ(1-3)]-
GalNAc-Thr-NH2 

 

36 

NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
6)[NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-3)]-GalNAc-
Thr-NH2 

 

37 

NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-6)[NeuAc(2-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-3)]-
GalNAc-Thr-NH2 

 

38 NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-
3)GalNAc-Thr-NH2  

39 
NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)GalNAc-
Thr-NH2 

 

40 
 NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)GalNAc-Thr-NH2 

 



Glycan # Common Name Structure 

41 

NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
3)GalNAc-Thr-NH2 

 

42 

NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)GalNAc-
Thr-NH2 

 

43 
NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-
3)[NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-
6)]-GalNAc-Thr-NH2  

44 

NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)[NeuAc(2-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-6)]-GalNAc-Thr-NH2  

45 

 NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)[NeuAc(2-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-6)]-GalNAc-
Thr-NH2 

 

46 

NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
3)[NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
6)]-GalNAc-Thr-NH2 

 

47 

NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)[NeuAc(2-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-6)]-GalNAc-Thr-NH2 

 

48 

NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
6)GalNAc-Thr-NH2 

 

49 

NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-6)GalNAc-
Thr-NH2 

 



Glycan # Common Name Structure 

50 

NeuAc(2-3)Galβ(1-3)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-6)[NeuAc(2-
3)Galβ(1-3)GlcNAcβ(1-3)] Galβ(1-
4)GlcNAcβ-ethyl-NH2  

51 

NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-
2)Man(1-3)[NeuAc(2-3)Galβ(1-
4)GlcNAcβ(1-2)Man(1-6)]-Manβ(1-
4)GlcNAcβ(1-4)GlcNAcβ-Asn-NH2  

52 

NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-2)Man(1-
3)[NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-2)Man(1-
6)]-Manβ(1-4)GlcNAcβ(1-
4)GlcNAcβ-Asn-NH2 

 

53 

NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-2)Man(1-
3)[NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-2)Man(1-6)]-Manβ(1-
4)GlcNAcβ(1-4)GlcNAcβ-Asn-NH2 

 

54 

NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-2)Man(1-
3)[NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-2)Man(1-
6)]-Manβ(1-4)GlcNAcβ(1-
4)GlcNAcβ-(Lys-Val-Ala)Asn-Lys-
Thr-NH2 

 

55 

NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-2)Man(1-
3)[NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-2)Manα(1-6)]-Manβ(1-
4)GlcNAcβ(1-4)GlcNAcβ-(Lys-Val-
Ala)Asn-Lys-Thr-NH2 

 

56 

NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
2)Man(1-3)[NeuAc(2-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-2)Manα(1-6)]-Manβ(1-
4)GlcNAcβ(1-4)GlcNAcβ-(Lys-Val-
Ala)Asn-Lys-Thr-NH2 

 



Glycan # Common Name Structure 

57 

NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-2)Man(1-
3)[NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-2)Man(1-6)]-Manβ(1-
4)GlcNAcβ(1-4)[Fucα(1-6)]-
GlcNAcβ-(Lys-Val-Ala)Asn-Lys-Thr-
NH2 

 

58 

NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
2)Man(1-3)[NeuAcα(2-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-2)Manα(1-6)]-Manβ(1-
4)GlcNAcβ(1-4)[Fucα(1-6)]-
GlcNAcβ-(Lys-Val-Ala)Asn-Lys-Thr-
NH2 

 

59 

NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-2)Man(1-
3){NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-2)[NeuAc(2-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-6)Manα(1-6)]}-Manβ(1-
4)GlcNAcβ(1-4)GlcNAcβ-(Lys-Val-
Ala)Asn-Lys-Thr-NH2 

 

60 

NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-2)Man(1-
3){NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-2)[NeuAc(2-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-6)Man(1-6)]}-Manβ(1-
4)GlcNAcβ(1-4)[Fuc(1-6)]-
GlcNAcβ-(Lys-Val-Ala)Asn-Lys-Thr-
NH2 

 

61 Gn/3'SLN/3'SLN-TriN 

 

62 NeuAc(2-3)[GalNAcβ(1-4)]-Galβ(1-
4)GlcNAcβ-ethyl-NH2 

 

63 NeuAc(2-3)[GalNAcβ(1-4)]-Galβ(1-
4)Glcβ-ethyl-NH2 

 

64 Galβ(1-3)GalNAcβ(1-4)[NeuAc(2-
3)]-Galβ(1-4)Glcβ-ethyl-NH2 

 



Glycan # Common Name Structure 

65 NeuAc(2-3)Galβ(1-4)[Fuc(1-3)]-
GlcNAcβ-propyl-NH2 

 

66 
NeuAc(2-3)Galβ(1-3)[Fuc(1-4)]-
GlcNAcβ(1-3)Galβ(1-4)[Fuc(1-3)]-
GlcNAcβ-ethyl-NH2 

 

67 
NeuAc(2-3)Galβ(1-4)[Fuc(1-3)]-
GlcNAcβ(1-3)Galβ(1-4)[Fuc(1-3)]-
GlcNAcβ-ethyl-NH2  

68 

NeuAc(2-3)Galβ(1-4)[Fuc(1-3)]-
GlcNAcβ(1-3)Galβ(1-4)[Fuc(1-3)]-
GlcNAcβ(1-3)Galβ(1-4)[Fuc(1-3)]-
GlcNAcβ-ethyl-NH2 

 

69 

NeuAc(2-3)Galβ(1-4)[Fuc(1-3)]-
GlcNAcβ(1-3)Galβ(1-4)[Fuc(1-3)]-
GlcNAcβ(1-3)Galβ(1-4)[Fuc(1-3)]-
GlcNAcβ(1-3)Galβ(1-3)GalNAc-
Thr-NH2 

 

70 

NeuAc(2-3)Galβ(1-4)[Fuc(1-3)]-
GlcNAcβ(1-3)Galβ(1-4)[Fuc(1-3)]-
GlcNAcβ(1-3)Galβ(1-4)[Fuc(1-3)]-
GlcNAcβ(1-3)GalNAc-Thr-NH2 

 

71 

NeuAc(2-3)Galβ(1-4)[Fuc(1-3)]-
GlcNAcβ(1-3)Galβ(1-4)[Fuc(1-3)]-
GlcNAcβ(1-3)Galβ(1-4)[Fuc(1-3)]-
GlcNAcβ(1-3)[NeuAc(2-3)Galβ(1-
4)[Fuc(1-3)]-GlcNAcβ(1-3)Galβ(1-
4)[Fuc(1-3)]-GlcNAcβ(1-3)Galβ(1-
4)[Fuc(1-3)]-GlcNAcβ(1-6)]-
GalNAc-Thr-NH2 

 

72 

NeuAc(2-3)Galβ(1-4)[Fuc(1-3)]-
GlcNAcβ(1-2)Man(1-3)[NeuAc(2-
3)Galβ(1-4)[Fuc(1-3)]-GlcNAcβ(1-
2)Man(1-6)]-Manβ(1-4)GlcNAcβ(1-
4)GlcNAcβ-(Lys-Val-Ala)Asn-(Lys-
Thr)NH2  

73 NeuAc(2-6)Galb(1-4)(6S)GlcNacb-
ethyl-NH2  

74 NeuAc(2-6)Galβ(1-4)6-O-sulfo-
GlcNAcβ-propyl-NH2  

75 NeuAc(2-6)Galβ(1-4)Glcβ-ethyl-
NH2  

76 NeuAc(2-6)Galβ(1-4)GlcNAcβ-
ethyl-NH2  



Glycan # Common Name Structure 

77 NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ-ethyl-NH2  

78 
NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ-ethyl-NH2 

 

79 NeuAc(2-6)GalNAcβ(1-4)GlcNAcβ-
ethyl-NH2  

80 NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-3)GalNAc-Thr-NH2  

81 
 NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
3)GalNAc-Thr-NH2 

 

82 

NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-3)GalNAc-
Thr-NH2  

 

83 

 NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-3)GalNAc-Thr-NH2 

 

84 

NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
3)GalNAc-Thr-NH2 

 

85 NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
6)[Galβ(1-3)]-GalNAc-Thr-NH2 

 

86 
NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-6)[Galβ(1-3)]-
GalNAc-Thr-NH2  

87 

NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-6)[Galβ(1-3)]-
GalNAc-Thr-NH2   

88 

NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
6)[Galβ(1-3)]-GalNAc-Thr-NH2 

 

89 

NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-6)[Galβ(1-3)]-
GalNAc-Thr-NH2 
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90 

NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
6)[NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-3)]-GalNAc-
Thr-NH2 

 

91 

NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-6)[NeuAcα(2-
6)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-3)]-
GalNAc-Thr-NH2 

 

92 NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
3)GalNAc-Thr-NH2  

93 
NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)GalNAc-
Thr-NH2 

 

94 
 NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)GalNAc-Thr-NH2 

 

95 

NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
3)GalNAc-Thr-NH2 

 

96 

NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)GalNAc-
Thr-NH2 

 

97 
NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
3)[NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
6)]-GalNAc-Thr-NH2  

98 

NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)[NeuAc(2-
6)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-6)]-GalNAc-Thr-NH2  

99 

 NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)[NeuAc(2-6)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-6)]-GalNAc-
Thr-NH2 
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100 

NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
3)[NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
6)]-GalNAc-Thr-NH2 

 

101 

NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)[NeuAc(2-
6)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-6)]-GalNAc-Thr-NH2 

102 

NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
6)GalNAc-Thr-NH2 

 

103 

NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-6)GalNAc-
Thr-NH2 

 

104 

NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-6)[NeuAc(2-6)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
3)] Galβ(1-4)GlcNAcβ-ethyl-NH2 

 

105 

NeuAc(2-6)Galβ(1-3)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-6)[NeuAc(2-
6)Galβ(1-3)GlcNAcβ(1-3)] Galβ(1-
4)GlcNAcβ-ethyl-NH2  

106 

Galβ(1-4)GlcNAcβ(1-2)Man(1-
3)[NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
2)Man(1-6)]-Manβ(1-4)GlcNAcβ(1-
4)GlcNAcβ-Asn-NH2 

 

107 

NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
2)Man(1-3)[Galβ(1-4)GlcNAcβ(1-
2)Man(1-6)]-Manβ(1-4)GlcNAcβ(1-
4)GlcNAcβ-Asn-NH2 

 

108 

GlcNAcβ(1-2)Man(1-3)[NeuAc(2-
6)Galβ(1-4)GlcNAcβ(1-2)Man(1-
6)]-Manβ(1-4)GlcNAcβ(1-
4)GlcNAcβ-Asn-NH2 

 



Glycan # Common Name Structure 

109 

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

 

110 

NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-2)Man(1-
3)[NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-2)Man(1-
6)]-Manβ(1-4)GlcNAcβ(1-
4)GlcNAcβ-Asn-NH2 

 

111 

NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-2)Man(1-
3)[NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-2)Man(1-
6)]-Manβ(1-4)GlcNAcβ(1-
4)GlcNAcβ-(Lys-Val-Ala)Asn-Lys-
Thr-NH2 

 

112 

NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-2)Man(1-
3)[NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-2)Man(1-6)]-Manβ(1-
4)GlcNAcβ(1-4)GlcNAcβ-Asn-NH2 

 

113 

NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-2)Man(1-
3)[NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-2)Manα(1-6)]-Manβ(1-
4)GlcNAcβ(1-4)GlcNAcβ-(Lys-Val-
Ala)Asn-Lys-Thr-NH2 

 

114 

NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
2)Man(1-3)[NeuAcα(2-6)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-2)Man(1-6)]-Manβ(1-
4)GlcNAcβ(1-4)GlcNAcβ-(Lys-Val-
Ala)Asn-Lys-Thr-NH2 

 

115 

NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-2)Man(1-
3)[NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-2)Man(1-
6)]-Manβ(1-4)GlcNAcβ(1-4)[Fuc(1-
6)]-GlcNAcβ-(Lys-Val-Ala)Asn-Lys-
Thr-NH2 
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116 

NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-2)Man(1-
3)[NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-2)Man(1-6)]-Manβ(1-
4)GlcNAcβ(1-4)[Fuc(1-6)]-
GlcNAcβ-(Lys-Val-Ala)Asn-Lys-Thr-
NH2 

 

117 

NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
2)Man(1-3)[NeuAcα(2-6)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-2)Man(1-6)]-Manβ(1-
4)GlcNAcβ(1-4)[Fuc(1-6)]-
GlcNAcβ-(Lys-Val-Ala)Asn-Lys-Thr-
NH2 

 

118 

NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-2)Man(1-
3){NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-2)[NeuAc(2-
6)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-6)Man(1-6)]}-Manβ(1-
4)GlcNAcβ(1-4)GlcNAcβ-(Lys-Val-
Ala)Asn-Lys-Thr-NH2 

 

119 

NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-2)Man(1-
3){NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-
3)Galβ(1-4)GlcNAcβ(1-2)[NeuAc(2-
6)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-6)Man(1-6)]}-Manβ(1-
4)GlcNAcβ(1-4)[Fuc(1-6)]-
GlcNAcβ-(Lys-Val-Ala)Asn-Lys-Thr-
NH2 

 

120 LN/6'SLN/6'SLN-TriN 

 

121 6'SLN/LeX/LeX-TriN 
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122 6'SLNLN/LeX/LeX-TriN 

 

 

 
Supplementary Table 2. Glycan Microarray Document based on MIRAGE Guidelines (doi:10.3762/mirage.3). 
 

Classification Guidelines 

1. Sample: Glycan Binding Sample 

Description of Sample 

Recombinant H9N2-like influenza virus isolated from Bats. Sample 
consists of surface H9 & N2 genes recovered within the PR8 reverse 
genetics system (see Kandeil et al. J Virol. 2019 Jan 15; 93(2): 
e01059-18.) 

Recombinant virus samples were grown in MDCK cells and 
harvested from the supernatant by high-speed centrifugation. 
Concentrated virus stock was recovered from the pellet at an HA 
titer of approximately 10,000, and diluted to 2056 HAU in PBS to 
give a working stock for glycan array analysis. 

Sample  modifications  Not relevant. 

Assay protocol Please see method section in the main text. 

2. Glycan Library 

Glycan description for 
defined glycans  

In-house sialoside array, consisting of 122 defined glycans 
(Supplementary Table 1). The synthesis of the contained glycans are 
described in Peng, W., de Vries, R. P. et al. (2017) Recent H3N2 
Viruses Have Evolved Specificity for Extended, Branched Human-
type Receptors, Conferring Potential for Increased Avidity. Cell Host 
Microbe, 21, 23-34. Experimental Section and SI. 

Glycan description for 
undefined glycans  No glycans are undefined. 

Glycan modifications  No modifications after initial synthesis were made. 

 3. Printing Surface; e.g., Microarray Slide 

Description of surface NHS-ester functionalized hydro-polymer 

Manufacturer Schott SlideH (Applied Microarrays 1070936) 

Custom preparation of 
surface  None 



Non-covalent 
Immobilization  

All glycans are terminated with primary amine linker (either natural 
amino acid or chemical linker) 

4. Arrayer (Printer) 

Description of Arrayer MicroGrid II (Digilab) 

Dispensing mechanism Contact microarray pins (SMP3, ArrayIt) 

Glycan deposition 

Manufacturer estimation is 0.7 nl per spot. However, actual delivery 
volume of each printed spot is not determined. 

Each glycan was “pre-spotted” 3 times on Poly-L-Lysine derivatized 
slides (made in-house) before being spotted on SlideH slides. Each 
array contains 6 replicate spots of each individual glycan.   

Printing conditions 

Glycans were diluted to 100 uM in 150 mM sodium phosphate buffer 
pH 8.4, 0.005% Tween-20. 10 ul of each glycan was transferred to a 
384-well microtiter plate and printed at ambient temperature and 
relative humidity of 50-65%. 

 5. Glycan Microarray with “Map” 

Array layout 

Each slide contains 5 replicate arrays, consisting of a 4x2 (8) subarray 
pattern with each subarray containing 12x18 features (not all features 
contain a printed sample).  

Array Layout file = “SAv7.gal” 

Glycan identification and 
quality control 

In-house sialoside array, consisting of 122 defined glycans 
(Supplementary Table 1).  

Quality control was assessed by incubation with plant lectins, AAL, 
ECA and SNA, to monitor fucosylations, de-sialylation and NeuAc-
a(2-6) terminated glycans, respectively. 

 6. Detector and Data Processing 

Scanning hardware Innoscan 1100AL (Innopsys) 

Scanner settings 

Scanning resolution: 10 m / pixel  

Laser channel: 532 

PMT Voltages: Adjusted for each sample to achieve maximum signal 
without saturation of any single spot. 

Scan power: Adjusted for each sample to achieve maximum signal 
without saturation of any single spot. 

Image analysis software Mapix (Innopsys) 

Data processing 
Output .txt files containing calculated data were processed in MS 
Excel to determine the mean signal value of 6 replicate spots with 
highest and lowest signals removed (e.g. average of 4 spots). 

7. Glycan Microarray Data Presentation 



Data presentation 
The microarray binding results are in Figures 1D. Binding results are 
presented as bar graphs with bars representing averaged mean signal 
of each glycan and error bars representing standard deviation.  

 8. Interpretation and Conclusion from Microarray Data 

Data interpretation  No software or algorithms were used to interpret processed data. 

Conclusions  
Glycan binding of the bat-derived H9N2-like virus mimics that of the 
likely avian parent, with strong specificity for “avian” α2-3-linked 
sialoside receptors. 

 

 

 
Supplementary Table 3. Matrix Table 

 

Glycan number ID_REF Bat-H9N2 

1 Galβ(1-4)GlcNAcβ-ethyl-NH2 7.30 

2 Galβ(1-4)GlcNAcβ(1-3)Galβ(1-3)GalNAc-Thr-
NH2 

11.56 

3 Galβ(1-4)GlcNAcβ(1-6)[Galβ(1-3)]-GalNAc-Thr-
NH2 

6.33 

4 Galβ(1-4)GlcNAcβ(1-3)GalNAc-Thr-NH2 -3.47 

5 Galβ(1-4)GlcNAcβ(1-3)[Galβ(1-4)GlcNAcβ(1-6)]-
GalNAc-Thr-NH2 

130.89 

6 Galβ(1-4)GlcNAcβ(1-6)GalNAc-Thr-NH2 114.67 

7 
Galβ(1-4)GlcNAcβ(1-2)Man (1-3)[Galβ(1-
4)GlcNAcβ(1-2)Man(1-6)]-Manβ(1-4)GlcNAcβ(1-
4)GlcNAcβ-Asn-NH2 

7.20 

8 
Galβ(1-4)GlcNAcβ(1-2)Man(1-3)[Galβ(1-
4)GlcNAcβ(1-2)Man(1-6)]-Manβ(1-4)GlcNAcβ(1-
4)[Fuc(1-6)]-GlcNAcβ-Asn-Ser-Thr-NH2 

6.72 

9 

Galβ(1-4)GlcNAcβ(1-2)Man(1-3){Galβ(1-
4)GlcNAcβ(1-2)[Galβ(1-4)GlcNAcβ(1-2)]-Man(1-
6)}-Manβ(1-4)GlcNAcβ(1-4)GlcNAcβ-Asn-Lys-
NH2 

95.85 

10 

Galβ(1-4)GlcNAcβ(1-2)Man(1-3){Galβ(1-
4)GlcNAcβ(1-2)[Galβ(1-4)GlcNAcβ(1-2)]-Man(1-
6)}-Manβ(1-4)GlcNAcβ(1-4)[Fuc(1-6)]-GlcNAcβ-
(Lys-Val-Ala)Asn-Lys-Thr-NH2 

1241.00 

11 NeuAc(2-3)Galβ(1-4)6-O-sulfo-GlcNAcβ-propyl-
NH2 

992.83 

12 NeuAc(2-3)Galβ(1-4)[Fuc(1-3)]-6-O-sulfo-
GlcNAcβ-propyl-NH2 

130.58 

13 NeuAc(2-3)6-O-sulfo-Galβ(1-4)GlcNAcβ-ethyl-
NH2 

367.19 

14 NeuAc(2-3)6-O-sulfo-Galβ(1-4)[Fuc(1-3)]-
GlcNAcβ-propyl-NH2 

318.99 

15 NeuAc(2-3)Galβ(1-3)6-O-sulfo-GlcNAcβ-propyl-
NH2 

374.42 



16 NeuAc(2-3)Galβ(1-4)Glcβ-ethyl-NH2 500.04 
17 NeuAc(2-3)Galβ(1-4)GlcNAcβ-ethyl-NH2 183.74 

18 NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ-ethyl-NH2 

342.86 

19 NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ-ethyl-NH2 

303.69 

20 NeuAc(2-3)GalNAcβ(1-4)GlcNAcβ-ethyl-NH2 2689.49 
21 NeuAc(2-3)Galβ(1-3)GlcNAcβ-ethyl-NH2 467.31 

22 NeuAc(2-3)Galβ(1-3)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ-ethyl-NH2 

134.55 

23 NeuAc(2-3)Galβ(1-3)GlcNAcβ(1-3)Galβ(1-
3)GlcNAcβ-ethyl-NH2 

724.39 

24 NeuAc(2-3)Galβ(1-3)GalNAcβ(1-3)Gal(1-
4)Galβ(1-4)Glcβ-ethyl-NH2 

371.23 

25 NeuAc(2-3)Galβ(1-3)GalNAc-Thr-NH2 28.69 

26 NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
3)GalNAc-Thr-NH2 

359.62 

27  NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-3)GalNAc-Thr-NH2 

343.77 

28 
NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
3)GalNAc-Thr-NH2  

454.82 

29 
 NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-3)GalNAc-Thr-NH2 

547.35 

30 

NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
3)GalNAc-Thr-NH2 

235.27 

31 NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-6)[Galβ(1-3)]-
GalNAc-Thr-NH2 

810.16 

32 NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-6)[Galβ(1-3)]-GalNAc-Thr-NH2 

470.60 

33 
NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-6)[Galβ(1-
3)]-GalNAc-Thr-NH2  

759.87 

34 
NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-6)[Galβ(1-3)]-GalNAc-Thr-NH2 

-0.69 

35 

NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-6)[Galβ(1-
3)]-GalNAc-Thr-NH2 

0.56 

36 

NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-6)[NeuAc(2-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-3)]-GalNAc-Thr-NH2 

240.89 

37 

NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
6)[NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-3)]-GalNAc-Thr-NH2 

969.72 



38 NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-3)GalNAc-Thr-
NH2 

69.98 

39 NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)GalNAc-Thr-NH2 

341.39 

40 
 NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-3)GalNAc-
Thr-NH2 

367.65 

41 
NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)GalNAc-Thr-NH2 

452.39 

42 

NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-3)GalNAc-
Thr-NH2 

253.19 

43 NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-3)[NeuAc(2-
3)Galβ(1-4)GlcNAcβ(1-6)]-GalNAc-Thr-NH2 

964.71 

44 

NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)[NeuAc(2-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-6)]-GalNAc-
Thr-NH2 

779.11 

45 

 NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
3)[NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-6)]-GalNAc-
Thr-NH2 

1372.21 

46 

NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)[NeuAc(2-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-6)]-GalNAc-
Thr-NH2 

2309.45 

47 

NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
3)[NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-6)]-GalNAc-
Thr-NH2 

485.68 

48 
NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-6)GalNAc-Thr-NH2 

706.45 

49 

NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-6)GalNAc-
Thr-NH2 

1004.08 

50 
NeuAc(2-3)Galβ(1-3)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-6)[NeuAc(2-3)Galβ(1-
3)GlcNAcβ(1-3)] Galβ(1-4)GlcNAcβ-ethyl-NH2 

529.00 

51 
NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-2)Man(1-
3)[NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-2)Man(1-
6)]-Manβ(1-4)GlcNAcβ(1-4)GlcNAcβ-Asn-NH2 

396.81 



52 

NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-2)Man(1-3)[NeuAc(2-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-2)Man(1-
6)]-Manβ(1-4)GlcNAcβ(1-4)GlcNAcβ-Asn-NH2 

322.17 

53 

NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-2)Man(1-
3)[NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-2)Man(1-
6)]-Manβ(1-4)GlcNAcβ(1-4)GlcNAcβ-Asn-NH2 

690.57 

54 

NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-2)Man(1-3)[NeuAc(2-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-2)Man(1-
6)]-Manβ(1-4)GlcNAcβ(1-4)GlcNAcβ-(Lys-Val-
Ala)Asn-Lys-Thr-NH2 

1173.69 

55 

NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-2)Man(1-
3)[NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-2)Manα(1-
6)]-Manβ(1-4)GlcNAcβ(1-4)GlcNAcβ-(Lys-Val-
Ala)Asn-Lys-Thr-NH2 

1252.13 

56 

NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-2)Man(1-3)[NeuAc(2-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-2)Manα(1-
6)]-Manβ(1-4)GlcNAcβ(1-4)GlcNAcβ-(Lys-Val-
Ala)Asn-Lys-Thr-NH2 

1430.28 

57 

NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-2)Man(1-
3)[NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-2)Man(1-
6)]-Manβ(1-4)GlcNAcβ(1-4)[Fucα(1-6)]-GlcNAcβ-
(Lys-Val-Ala)Asn-Lys-Thr-NH2 

1286.18 

58 

NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-2)Man(1-3)[NeuAcα(2-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-2)Manα(1-
6)]-Manβ(1-4)GlcNAcβ(1-4)[Fucα(1-6)]-GlcNAcβ-
(Lys-Val-Ala)Asn-Lys-Thr-NH2 

1133.25 

59 

NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-2)Man(1-3){NeuAc(2-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
2)[NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-6)Manα(1-6)]}-Manβ(1-
4)GlcNAcβ(1-4)GlcNAcβ-(Lys-Val-Ala)Asn-Lys-
Thr-NH2 

2214.02 

60 

NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-2)Man(1-3){NeuAc(2-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
2)[NeuAc(2-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-6)Man(1-6)]}-Manβ(1-
4)GlcNAcβ(1-4)[Fuc(1-6)]-GlcNAcβ-(Lys-Val-
Ala)Asn-Lys-Thr-NH2 

2885.58 

61 Gn/3'SLN/3'SLN-TriN 569.94 



62 NeuAc(2-3)[GalNAcβ(1-4)]-Galβ(1-4)GlcNAcβ-
ethyl-NH2 

19.48 

63 NeuAc(2-3)[GalNAcβ(1-4)]-Galβ(1-4)Glcβ-ethyl-
NH2 

6.82 

64 Galβ(1-3)GalNAcβ(1-4)[NeuAc(2-3)]-Galβ(1-
4)Glcβ-ethyl-NH2 

-1.07 

65 NeuAc(2-3)Galβ(1-4)[Fuc(1-3)]-GlcNAcβ-
propyl-NH2 

1653.60 

66 NeuAc(2-3)Galβ(1-3)[Fuc(1-4)]-GlcNAcβ(1-
3)Galβ(1-4)[Fuc(1-3)]-GlcNAcβ-ethyl-NH2 

1389.87 

67 NeuAc(2-3)Galβ(1-4)[Fuc(1-3)]-GlcNAcβ(1-
3)Galβ(1-4)[Fuc(1-3)]-GlcNAcβ-ethyl-NH2 

1816.89 

68 
NeuAc(2-3)Galβ(1-4)[Fuc(1-3)]-GlcNAcβ(1-
3)Galβ(1-4)[Fuc(1-3)]-GlcNAcβ(1-3)Galβ(1-
4)[Fuc(1-3)]-GlcNAcβ-ethyl-NH2 

1266.18 

69 

NeuAc(2-3)Galβ(1-4)[Fuc(1-3)]-GlcNAcβ(1-
3)Galβ(1-4)[Fuc(1-3)]-GlcNAcβ(1-3)Galβ(1-
4)[Fuc(1-3)]-GlcNAcβ(1-3)Galβ(1-3)GalNAc-
Thr-NH2 

403.19 

70 
NeuAc(2-3)Galβ(1-4)[Fuc(1-3)]-GlcNAcβ(1-
3)Galβ(1-4)[Fuc(1-3)]-GlcNAcβ(1-3)Galβ(1-
4)[Fuc(1-3)]-GlcNAcβ(1-3)GalNAc-Thr-NH2 

1168.28 

71 

NeuAc(2-3)Galβ(1-4)[Fuc(1-3)]-GlcNAcβ(1-
3)Galβ(1-4)[Fuc(1-3)]-GlcNAcβ(1-3)Galβ(1-
4)[Fuc(1-3)]-GlcNAcβ(1-3)[NeuAc(2-3)Galβ(1-
4)[Fuc(1-3)]-GlcNAcβ(1-3)Galβ(1-4)[Fuc(1-3)]-
GlcNAcβ(1-3)Galβ(1-4)[Fuc(1-3)]-GlcNAcβ(1-6)]-
GalNAc-Thr-NH2 

955.93 

72 

NeuAc(2-3)Galβ(1-4)[Fuc(1-3)]-GlcNAcβ(1-
2)Man(1-3)[NeuAc(2-3)Galβ(1-4)[Fuc(1-3)]-
GlcNAcβ(1-2)Man(1-6)]-Manβ(1-4)GlcNAcβ(1-
4)GlcNAcβ-(Lys-Val-Ala)Asn-(Lys-Thr)NH2 

2763.24 

73 NeuAc(2-6)Galb(1-4)(6S)GlcNacb-ethyl-NH2 3.72 

74 NeuAc(2-6)Galβ(1-4)6-O-sulfo-GlcNAcβ-propyl-
NH2 

6.63 

75 NeuAc(2-6)Galβ(1-4)Glcβ-ethyl-NH2 -20.36 
76 NeuAc(2-6)Galβ(1-4)GlcNAcβ-ethyl-NH2 22.13 

77 NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ-ethyl-NH2 

48.64 

78 NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ-ethyl-NH2 

32.29 

79 NeuAc(2-6)GalNAcβ(1-4)GlcNAcβ-ethyl-NH2 4.24 

80 NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
3)GalNAc-Thr-NH2 

71.90 

81  NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-3)GalNAc-Thr-NH2 

-3.78 

82 
NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
3)GalNAc-Thr-NH2  

19.32 

83 
 NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-3)GalNAc-Thr-NH2 

13.47 



84 

NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
3)GalNAc-Thr-NH2 

-6.04 

85 NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-6)[Galβ(1-3)]-
GalNAc-Thr-NH2 

-57.03 

86 NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-6)[Galβ(1-3)]-GalNAc-Thr-NH2 

6.18 

87 
NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-6)[Galβ(1-
3)]-GalNAc-Thr-NH2  

1.01 

88 
NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-6)[Galβ(1-3)]-GalNAc-Thr-NH2 

41.32 

89 

NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-6)[Galβ(1-
3)]-GalNAc-Thr-NH2 

1.37 

90 

NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-6)[NeuAc(2-6)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-3)]-GalNAc-Thr-NH2 

28.52 

91 

NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
6)[NeuAcα(2-6)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-3)]-GalNAc-Thr-NH2 

61.70 

92 NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-3)GalNAc-Thr-
NH2 

-19.41 

93 NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)GalNAc-Thr-NH2 

7.87 

94 
 NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-3)GalNAc-
Thr-NH2 

4.33 

95 
NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)GalNAc-Thr-NH2 

63.19 

96 

NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-3)GalNAc-
Thr-NH2 

10.48 

97 NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-3)[NeuAc(2-
6)Galβ(1-4)GlcNAcβ(1-6)]-GalNAc-Thr-NH2 

120.81 

98 

NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)[NeuAc(2-6)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-6)]-GalNAc-
Thr-NH2 

25.59 

99 

 NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
3)[NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-6)]-GalNAc-
Thr-NH2 

27.37 



100 

NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)[NeuAc(2-6)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-6)]-GalNAc-
Thr-NH2 

85.51 

101 

NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
3)[NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-6)]-GalNAc-
Thr-NH2 

-1.94 

102 
NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-6)GalNAc-Thr-NH2 

1.52 

103 

NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-6)GalNAc-
Thr-NH2 

-8.07 

104 

NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
6)[NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)] Galβ(1-4)GlcNAcβ-ethyl-NH2 

141.73 

105 
NeuAc(2-6)Galβ(1-3)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-6)[NeuAc(2-6)Galβ(1-
3)GlcNAcβ(1-3)] Galβ(1-4)GlcNAcβ-ethyl-NH2 

32.22 

106 
Galβ(1-4)GlcNAcβ(1-2)Man(1-3)[NeuAc(2-
6)Galβ(1-4)GlcNAcβ(1-2)Man(1-6)]-Manβ(1-
4)GlcNAcβ(1-4)GlcNAcβ-Asn-NH2 

-1.61 

107 
NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-2)Man(1-
3)[Galβ(1-4)GlcNAcβ(1-2)Man(1-6)]-Manβ(1-
4)GlcNAcβ(1-4)GlcNAcβ-Asn-NH2 

-5.71 

108 
GlcNAcβ(1-2)Man(1-3)[NeuAc(2-6)Galβ(1-
4)GlcNAcβ(1-2)Man(1-6)]-Manβ(1-4)GlcNAcβ(1-
4)GlcNAcβ-Asn-NH2 

-13.17 

109 
NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-2)Man(1-
3)[NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-2)Manα(1-
6)]-Manβ(1-4)GlcNAcβ(1-4)GlcNAcβ-Asn-NH2 

63.15 

110 

NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-2)Man(1-3)[NeuAc(2-6)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-2)Man(1-
6)]-Manβ(1-4)GlcNAcβ(1-4)GlcNAcβ-Asn-NH2 

159.51 

111 

NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-2)Man(1-3)[NeuAc(2-6)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-2)Man(1-
6)]-Manβ(1-4)GlcNAcβ(1-4)GlcNAcβ-(Lys-Val-
Ala)Asn-Lys-Thr-NH2 

100.41 

112 

NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-2)Man(1-
3)[NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-2)Man(1-
6)]-Manβ(1-4)GlcNAcβ(1-4)GlcNAcβ-Asn-NH2 

160.01 



113 

NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-2)Man(1-
3)[NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-2)Manα(1-
6)]-Manβ(1-4)GlcNAcβ(1-4)GlcNAcβ-(Lys-Val-
Ala)Asn-Lys-Thr-NH2 

180.76 

114 

NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-2)Man(1-3)[NeuAcα(2-6)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-2)Man(1-
6)]-Manβ(1-4)GlcNAcβ(1-4)GlcNAcβ-(Lys-Val-
Ala)Asn-Lys-Thr-NH2 

228.49 

115 

NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-2)Man(1-3)[NeuAc(2-6)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-2)Man(1-
6)]-Manβ(1-4)GlcNAcβ(1-4)[Fuc(1-6)]-GlcNAcβ-
(Lys-Val-Ala)Asn-Lys-Thr-NH2 

30.41 

116 

NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-2)Man(1-
3)[NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-2)Man(1-
6)]-Manβ(1-4)GlcNAcβ(1-4)[Fuc(1-6)]-GlcNAcβ-
(Lys-Val-Ala)Asn-Lys-Thr-NH2 

-1.01 

117 

NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-2)Man(1-3)[NeuAcα(2-6)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-2)Man(1-
6)]-Manβ(1-4)GlcNAcβ(1-4)[Fuc(1-6)]-GlcNAcβ-
(Lys-Val-Ala)Asn-Lys-Thr-NH2 

226.62 

118 

NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-2)Man(1-3){NeuAc(2-6)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
2)[NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-6)Man(1-6)]}-Manβ(1-
4)GlcNAcβ(1-4)GlcNAcβ-(Lys-Val-Ala)Asn-Lys-
Thr-NH2 

29.01 

119 

NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-2)Man(1-3){NeuAc(2-6)Galβ(1-
4)GlcNAcβ(1-3)Galβ(1-4)GlcNAcβ(1-
2)[NeuAc(2-6)Galβ(1-4)GlcNAcβ(1-3)Galβ(1-
4)GlcNAcβ(1-6)Man(1-6)]}-Manβ(1-
4)GlcNAcβ(1-4)[Fuc(1-6)]-GlcNAcβ-(Lys-Val-
Ala)Asn-Lys-Thr-NH2 

151.59 

120 LN/6'SLN/6'SLN-TriN 19.34 
121 6'SLN/LeX/LeX-TriN -26.77 
122 6'SLNLN/LeX/LeX-TriN 55.66 

 

 

 

 
 



Supplementary Table 4. Seroconversion in ferrets 

Virus Contact Group ID# Seroconversion (HI)  

A/bat/Egypt/381OP/2017 (H9N2) Donor 2304 160 

 Donor 2306 160 

 Donor 2303 160 

 Direct Contact 2305 160 

 Direct Contact 2300 160 

 Direct Contact 2299 160 

 Aerosol Contact 2298 160 

 Aerosol Contact 2297 80 

 Aerosol Contact 2296 80 

    
A/mallard/ALB/17/1991 (H9N2) Donor 2290 10 

 Donor 2289 <10 

 Donor 2295 20 

 Direct Contact 2287 <10 

 Direct Contact 2286 <10 

 Direct Contact 2285 <10 

 Aerosol Contact 2294 <10 

 Aerosol Contact 2293 <10 

 Aerosol Contact 2288 <10 
 

 

Table S5. Seroconversion in mallard ducks 

  
Duck 
code Seroconversion (HI) 14dpi Seroconversion (HI) 21dpi 

A/mallard/ALB/17/1991  

Donor 
1 40 40 
2 10 10 
3 20 20 

Contact 
4 40 80 
5 20 10 
6 20 10 

 
 

 
  

A/bat/Egypt/381-OP/2017 

Donor 
7 <10 <10 
8 <10 <10 
9 <10 <10 

Contact 
10 <10 <10 
11 <10 <10 
12 <10 <10 

 

 


