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Why Glycopeptides at NIST? st * g

NISTMab

* Tandem libraries are growing.
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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.
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Influenza Vaccine

Influenza A (H3N2) Influenza A (H1N1)

e Quadrivalent: 4 strains
e 2 Influenza A strains
e 2 Influenza B strains

* Embryonated chicken eggs

Influenza B (Victoria) Influenza B (Yamagata)

* Inactivated by rupturing membrane
* Adjuvants
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Quality Control of Influenza Vaccines

Investigational New
Drug (IND) application

Academic Preclinical
Research Testing

EDA

Center for Biologics
Evaluation and Research
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Why Glycosylation Matters For Vaccines

...THLNFKYPAL... Sequon motif
..THLNFTYPAL... NXT/S XzP
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Methods |/
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Oxonium ions
Peptide backbone ions
Glycopeptide ions
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Watanabe et al

Methods — Data Processing

T

IADTNITTIPQGLPPSLTELHLDGNK

1. Glycopeptide search using s

Byonic software e ’l Chang et al
2. Tandem library creation and e

spectral validation via s

create_glycopeptide _lib.exe and e E e E

MS_Piano.exe. Y
3. GADS creation using make- Y :}y NIST i{

ga d S . exe TE, G5H3 15015553 f
Glycopeptide Abundance Distribution Spectrum ‘ } I }
— 780 Y1Y15i;2[>H3852311;D MY I. 1300 I 1.11'3['." 550 155! e I'15!! 2DE[! l lzz’?Eu'—

NIHPLTIGECPK/4 File:HA-USBio 34 RG L1 2021-05-03 380-2000 120 HS152535CIT 150min 350na TrvoGluC 7G46 | Pos.csv Val:10.48.4:57.42.0 Seauon:30
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Variation in glycosylation profile - Replicate

Biological Rep icate Technical Replicate
Protein Sequon Average match score Protein Sequon Average match score

39 980 * 2 39 963
170 913+ 60 170 967

Hemagglutinin 181 968 + 16 Hemagglutinin 181 939+40

302 884 + 92 302 946 + 44

500 884 + 27 500 926 + 27

68 9736 68 939+14

Neuraminidase 126 945 +21 Neuraminidase 126 961+24

215 959+11 215 927 + 68

Total 939+ 62 Total 946 + 38
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Variation in glycosylation profile - Lot

Batch Variation Lot Variation

)
\
1
)
!
1

™~ >
W — _ GRS ———) W — _
Protein Sequon Average match score
39 889 + 75 Protein Sequon Average match score
170 843438 68 903 £39
Hemagglutinin 181 942 + 19 Neuraminidase 126 852+ 72
302 909 + 45 215 91048
500 872 +69 Total 891 +57
Total 897 +57
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Variation in glycosylation profile - Proteases
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Variation in glycosylation profile - Vendor

Cumulative Glycopeptide Match Scores

Vendors g
* BioVision
* Sino Biological -
* US Biological ”
’ Vendor 1 - Vendor 2 Vendor 1 - Vendor 3 Vendor 2 - Vendor 3
Strains

* HA (A/Hong Kong/483/1997) H5N1
« NA (A/Thailand/1(KAN-1)/2004) H5N1

Average match score: 638 + 218
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Variation in glycosylation profile — Same Strain
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Average Match Score: 617 + 151
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o ] ! 1 1
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‘erent Strains

Variation in glycosylation profile — Di

Protein Strain Subtype Number of sequons Protein mass* (kDa)
HA A/California/04/2009 HIN1 8 63
NA A/California/04/2009 HIN1 8 52
HA A/Hong Kong/483/1997 H5N1 8 64
HA A/Hong Kong/485197/2014 H3N2 13 64 .
" AlJapan/205/1957 : " Average Match Score:
HA A/New Caledonia/20/1999 HIN1 10 63
/New ¢ 20/ 463 £ 130
NA A/Arizona/13/2008 HIN1 9 52
NA A/Netherlands/219/2003 H7N7 11 52
NA A/Thailand/1(KAN-1)/2004 H5N1 3 49

*Unglycosylated

B/Victoria/705/2018 EVWC-—-ASGRSEVIEGSLPLIGEADCLHEEYGGINESKFYYTGEHARATGNCEIWVET -F
B/Phuket/3073/2013 EVWC--ASGESEVIEGSLPLIGEADCLHEEYGGINESEPYYTGEHAFATGNCEIWVET -F
A/Philippines/2/1982 (H3N2) GYFEI-RTGESSIMRSDAPIGTCSSECITHNGSI PNDEPE-ONVNEITYGACPRYVEQNT
A/Cambodia/e0826360/2020 (H3N2) GYFRI-RSGESSIMESDAPTGRCESECITHNGS I FNDEPF-ONVNRITYGACPRYVEQST
A/Switzerland/NIB88/2013 (H3N2) GYFEI-RSGESSIMESDAPTIGECESECITHNGS I FNDEPF-ONVNEITYGACPRYVEQST
AEHGngKonﬁf4851§7f2DL4(HSNE) GYFEI-RSGESSIMESDAPIGECESECITHNGSI PNDEPEF-ONVNRITYGACPRYVEHST
A/NewCaledonia/20/1999 (H1N1) YAFPALSRGEFGSGIITSNAPMDECDARCOTPOGATHSSLPEF-ONVHEVT IGECPEYVESAK
A/Victoria/2570/2015 (HI1N1) YAFTMERDAGSGIITSDTPVHDONTTICOTPEGATNTSLPEF-ONVHPFITIGECPEYVESTE
A/california/04/2009 (H1N1) YAFAMERNAGSGIITISDTPVHDON T COTPEGATNT SLPEF-ONIHPITIGECPEYVESTE
AfHGngKonﬁf483£199?(HENI} YAYKIVEEGDSTIMESELEYGNCNTECOTPMGATH S SMPE-HNIHPLTIGECPEYVESNE
A/ Japan/305-/1957 (H2NZ2) YEFEISKRGSSGIMETEGTLENCETECOTPLGATNTTIL.PEF-HNVHPLTIGECPEYVESEEK

* - +* . * o= - = * * % =k =

Material Measurement Laboratory



Summary of Variation

Sources of Variation in GADS o Glycosylation of replicates is
e most similar and between
o strains is least similar.
g« * More deviation associated with
% - lower match scores.
ﬁ  “Random” is measured between
. different proteins from different
IR P vendors. (A1AG vs HA)
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Isolation of Adjacent Sequons

e Site-specific glycosylation methods require a single sequon per
peptide. Different proteases are used to maximize isolation.

* Influenza, HIV, Ebola, Herpesvirus, and MERS have adjacent sequons

NXT/S X#P
NNSS, NNTT, NNST, NNTS 9?‘

.PIDETEQGSYNNTSGEQMLIIWGVHHR..
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Isolation of Adjacent Sequons - EThcD

* ETD (Electron Transfer Dissociation)
 HCD (High-Energy Collisional Dissociation)

Dual-Pressure

Ultra-High Field Orbitrap Linear lon Trap
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//' Low Pressure
Cell
W \
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Isolation of Adjacent Sequons - EThcD

* ETD (Electron Transfer Dissociation)
 HCD (High-Energy Collisional Dissociation)

100d GH 365.1407
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Isolation of Adjacent Sequons - Subtilisin

* Bacillus subtilis — extracellular serine endopeptidases

G2H5 1216.4229

HANNSTEQVDTIMEK

G3H3 10853365 G 15715553 Uy 10447

Unbsh g 85162

- %
u N G2H38923172

II | |I | |
1600 1680

ND\D‘VIYTGS“MFZD\ZMM
560 640 720 800 880 960 1040 1120 1200 1280 1360 1440 1520 1760 1920 2000 2080 2160 2240 2320 2400
(za76b bvonic hed cid oads) HANnSTEQVDTIMEK/+2+3 Seauon:27 nSoec:77/88 File:HA-USBio 02 RG NL 2021-10-08 380-2000 120 HS152535CIT 230min_350na 05s TrvoChvmo ZG76 | Pos.csv ProteintrD1LNOOIDTLNOD SINFA "Seauon=27 FulName=Y. N Protease=TC Protein=tdiD1LNODID1LNOO SINFA Val=3.10.5:17.56. \b=877%13% File=HA-USBi
100 G2H51716.4229
Industral Strengeh Floor, Kitchen aperior Fioor Cleaner,
' & Bathroom Cleaner v Noo-Siip Formula
Remove Organ Buikd-o* om EcorFriendly, NonKazardous
¥ Surtaces /' & Non Conosive
ety 50
et o oot ke s e v ot e 20 S
P b B ot e 3 s e
o e Gk et e Sk )
(G3H3 1095.3966
o (G5H3 13015553
r4H3 Tsmp GEHIF 1476132
| | .| | B |
320 400 480 560 640 720 800 880 960 1040 1120 1200 1280 1360 1440 1520 1600 1680 1760 1840 1920 2000 2080 2160 2240 2320 2400
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7 FullName=N.nS TEQVDTIME.K Protease =T Protein=riD 1LNDDID1LNDO_SINFA Val=5 0.4:66.0.34 RT_S=60(11.22)98(0.0):108(0.0):1

DQICIGYHAN ???
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Next Steps: Influenza Vaccines

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

* 67 sequons within all HA and NA proteins

Material Measurement Laboratory
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Influenza Vaccines — Challenges and Solutions
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Afluria GADS

 ~8 of the 40 sequons for the four hemagglutinin proteins identified.

* The GADS are majority high-mannose.

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

 ~8 of the 40 sequons for the four hemagglutinin proteins identified.

* The GADS are majority high-mannose.

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

1004 G5H4F 1303.6661

GEH3F 165476132
54
GEHEF 1571.7185

Wiy SAHIF 1444 5339
MalD™Y1Y1GEH7F 2458 5035
I I I I I I :\<.|:c+s-|»i‘ 233/AIN 1DHow-1 IDG?}i?F 2701.58
2 | 1l _I_____lllll | '_Il_l.lll_l_ll 1 _I ]
1440

1260 1350 1530 1620 1710 1800 1890 1980 2070 2160 2950 2340 2430 2520 2610 2700

Material Measurement Laboratory



Conclusions

* Glycosylation of replicates is most similar and between strains is least
similar.

* Adjacent sequons may be isolated using EThcD fragmentation or non-
specific cleavage using the protease subtilisin.

* Most glycans are high-mannose in egg-based quadrivalent vaccines.

* Next steps:
* Optimize methods for influenza vaccine digestion.
* Build reference MS2 and GADS libraries
* Apply methods to other viral glycoproteins (HIV, Herpesvirus, Ebola...)
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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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EThcD Stepped HCD
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