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Influenza Virus

* 10 proteins

 Hemagglutinin (HA) and
neuraminidase (NA)
transmembrane proteins.

* Diversity of strains arise
through two mechanisms:
point mutations in the viral
genome or reassortment
between two co-circulating
strains. Jung et al., 2020
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Why Glycosylation Matters For Vaccines

...THLNFKYPAL... Sequon motif
..THLNFTYPAL... NXT/S XzP
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Site-Specific Glycosylation

Oxonium ions
Peptide backbone ions
Glycopeptide ions

Material Measurement Laboratory




Visualizing Glycan Distributions

1. Glycopeptide search using

Byonic software 1{

2. Tandem library creation and z{ :
spectral validation via 1{ ‘Ey :f i
create_glycopeptide lib.exe and |
MS_Piano.exe. ‘ 1 1

3. GADS creation using make- A s l I' Al
gads.exe

Glycopeptide Abundance Distribution Spectrum
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Recombinant Proteins

TABLE 1 Recombinant proteins analyzed for site-specific glycosylation

Abbreviation Protein Strain Subtype Vendors Number of sequons Protein mass* (kDa)
HA-CA09 HA A/California/04/2009 H1N1 Creative Biomart 8 63
HA-NC99 HA  A/New Caledonia/20/1999  H1N1 Sino Biological 10 63
HA-JP57 HA A/Japan/305/1957 H2N2 Creative Biomart 8 63
HA-HK14 HA  A/Hong Kong/485197/2014  H3N2 Biovision 13 64
HA-HK97 HA A/Hong Kong/483/1997 H5N1  BioVision, US Biological, Sino Biological 8 64
NA-AZ08 NA A/Arizona/13/2008 H1N1 Sino Biological 9 52
NA-THO4 NA  A/Thailand/1(KAN-1)/2004 H5N1  BioVision, US Biological, Sino Biological 3 49
NA-NLO3 NA  A/Netherlands/219/2003  H7N7 Creative Biomart 11 52

*Unglycosylated
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Review - Variation in glycosylation profile
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Review - Variation in glycosylation profile
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Variation From Different Protease Digestions

Protease Combination Amino Acid Cleavage Sites

Trypsin + Lys-C

Trypsin + Glu-C KRED
o Trypsin + Chymotrypsin KRFWYL
. Chymotrypsin + Glu-C FWYLED
g Chymotrypsin FWYL
Eldﬂﬂ' ' Alpha-lytic TASV
O I
0- RLSTHNVINAEDAPGGPYEIGTSGSCPNITNGNGFFATMAWAVPKL

1
Froteases
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Variation From Different Protease Digestions
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Variation From Different Strains

Protein Strain Subtype
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Conserved Regions Have Conserved Glycosylation Distribution
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Influenza Vaccines

* Contents
e Split virion
* 60 mg HA per dose (15 mg per strain)
* Thimerosal
* Mercury
e Sodium Chloride
e Sodium Phosphate
* Sodium Taurodeoxycholate
e Ovalbumin
* Sucrose.........

e Afluria Quadrivalent
3 Monovalent vaccines from NIBSC
3 Monovalent vaccines from Creative Biomart
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Quadrivalent Vaccine Challenges
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Afluria GADS

o 8223 of the 40 sequons for the four hemagglutinin proteins
identified. 27 are non-overlapping

 Three major GADS classes: high mannose, G4F complex, G5F complex

* No GADS were identified for NA proteins, probably due to a lower
abundance of NA on the virus.
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Afluria GADS

o 8223 of the 40 sequons for the four hemagglutinin proteins
identified. 27 are non-overlapping

 Three major GADS classes: high mannose, G4F complex, G5F complex

* No GADS were identified for NA proteins, probably due to a lower
abundance of NA on the virus.
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Afluria GADS

o 8223 of the 40 sequons for the four hemagglutinin proteins

identified. 27 are non-overlapping

 Three major GADS classes: high mannose, G4F complex, G5F complex
* No GADS were identified for NA proteins, probably due to a lower
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abundaance o on tne Virus.
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Monovalent vaccine GADS

* 90% sequons detected
 Three major GADS classes: high mannose, G4/G5, G4/G5 + high

mannose
* Again, no major GADS identified for NA.
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Conclusions

* Glycosylation profiles between replicates is most similar and between
different proteins is least similar.

* Homologous sequence regions between different influenza strains
have similar glycosylation distribution compared to non-conserved
regions.

* Most glycans are high-mannose or mono-fucoylated complex in egg-
based quadrivalent vaccines.

* Next steps:
* Digest 2022-2023 vaccines and compare glycan distributions
* Build reference MS2 and GADS libraries

Material Measurement Laboratory




Acknowledgments

chemdata.nist.gov

Steve Stein
Bill Wallace

Meghan Burke
Connie Remoroza

Yi Liu

Yuri Mirokhin
Sergey Sheetlin
Dmitrii Tchekhovskoi
Guanghui Wang
Sara Yang

Material Measurement Laboratory



References

Jung, H. E., & Lee, H. K. (2020). Host protective immune responses against influenza A virus
infection. Viruses, 12(5), 504.

Remoroza, C. A., Burke, M. C., Liu, Y., Mirokhin, Y. A., Tchekhovskoi, D. V., Yang, X., & Stein, S. E. (2021).
Representing and Comparing Site-Specific Glycan Abundance Distributions of Glycoproteins. Journal of Proteome
Research, 20(9), 4475-4486.

https://www.cdc.gov/flu/vaccines-work/effectiveness-studies.htm

Zost, S. J., Parkhouse, K., Gumina, M. E., Kim, K., Perez, S. D., Wilson, P. C., ... & Hensley, S. E. (2017).
Contemporary H3N2 influenza viruses have a glycosylation site that alters binding of antibodies elicited by egg-
adapted vaccine strains. Proceedings of the National Academy of Sciences, 114(47), 12578-12583.

Watanabe, Y., Allen, J. D., Wrapp, D., McLellan, J. S., & Crispin, M. (2020). Site-specific glycan analysis of the
SARS-CoV-2 spike. Science, 369(6501), 330-333.

Chang, D., & Zaia, J. (2019). Why glycosylation matters in building a better flu vaccine. Molecular & Cellular
Proteomics, 18(12), 2348-2358.

Jang, Y. H., & Seong, B. L. (2014). Options and obstacles for designing a universal influenza vaccine. Viruses,
6(8), 3159-3180.

Material Measurement Laboratory



Questions?

zachary.goecker@nist.gov

Material Measurement Laboratory



Supplemental Slides “

Dot Product

M2
: T e e, ok 3, PP, e pesk
Cosine of the angle between spectra e (ks e e M. N o NG,
represented as vectors w )
2 L, L
(ZWW,) R
2 2 s ™
W, = Weighted intensity of library P
Figure 2._@]?:}1:} mprese:ntinﬁznw?lflllijb}ra:y search (:::::2 Llﬁlfor a
W/, = Weighted intensity of unknown T . .

Material Measurement Laboratory



Supplemental Slides

1000
L ® ® L]
Ny . I °.

950 cvc ., e I -
et ® ® o ‘. ......... 8 ....... .
’5 o® . e ]
o L .
v 900 o2 o ¢
£
(S
e
© 850 .
E ® 0 i
E" °
o 800
| 9. [
0 °
= 750

700

0 50 100 150 200 250 300 350 400

Number of Spectral IDs

Material Measurement Laboratory



Supplemental Slides

Glycobiology

* |n viruses

* [mmune evasion
 Host cell attachment

* In mammalian cells
* Protein folding
* Protein stabilization
* Communication
* Function
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Vendor Comparison

Glycan distribution was skewed toward higher mass (sialylated complex) glycans for
vendor 2 and toward lower mass glycans (oligomannose and hybrid) for vendor 1

and vendor 3.
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