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NIST Mass Spectrometry Data Center
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Mass Spectrometry of Glycoproteins

Analysis methods
A NMR

A Glycan structure

A Segmental dynamics
A Mass Spectrometry

A Released Glycan

A Intact glycopeptides (sitspecific)
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Human Milk Proteins BiologicshAb)
A Lactoferrin A Repatha

A 1gA1, IgA2lgJ A Remicade
A PIGR A Embrel

A Tenascin A 3+ othermAb

Virus Proteins
A Influenza HA + NA
A SarsCoV2 Spike

Plasma Proteins

A Transferrin

A Haptoglobin

A 30+ other serum glycoproteins

Other Relevant Proteins
A Prostate specific antigen
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SiteSpecific Glycosylation
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Visualizing Glycan Distributions

1.

2.

Glycopeptide search using Watanabe et aI
Byonicsoftware
LI I B S

Tandem library creation and
spectral validation via

35000000

create_glycopeptide_lib.exe and _—
MS_Piano.exe. -
GADS creation using make -
gads.exe -

IADTNITTIPQGLPPSLTELHLDGNK

A Chang et al
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Visualizing Glycan Distributions

1. Glycopeptide search using
Byonicsoftware

2. Tandem library creation and 1{1{
spectral validation via ‘g ‘Ey ?»
create glycopeptide lib.exeand |  ....| | | :f

MS_ Piano.exe. ‘
i

3 . GADS Cre atl O n USI n g m ake '[”;;‘;””'5: siznmggszga.n MY I. 1300 I 1.11'3['." } l I * . lI ! } l l : u_lh_
d NIHPLTIGECPK/4 Fle Bio 34 RG L1 2021-09-03 380-2000 120 HS1525 457 42DSeuuon.3D
gads.exe

GycopeptideAbundanceDistribution Spectrum

Material Measurement Laboratory



Data Validation

AHyperscore ( N, Ny o)
AREte_nti()n time hyperscore = log| N, !N, !Z Iy ; 2 Iy ;
AContingent ion trap scan i1 i=1

AOxonium ions

ANumber of instances
AGlycopeptide (Y) ion series
AMS1 XIC

AMS1 Isotopic envelopel
AMS2 purity

APrecursor mass overlap
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XIC Browser

at! XIC Browser — *
Choose raw file Clxicbrowser_20221212\W2AP-CB-Recomb_12_RG_NL_2022-08-15_380-2000_120_HS152535CIT_230min_1ug_Chymo_|_Pos.raw
Cxicbrowser_20221212\W2AP-CB-Recomb_12_RG_NL_2022-08-15_380-2000_120_HS152535CIT_230min_1ug_Chymo_|_Pos.msftsv
Go! min score: D scannum l:l Find

scannum retention_tin calc_mz peptide glycan_nist charge xic . 3
57738 136.833694 | 839454623 | VKEATEGKIQEFLSG... 3 1.68E11 i
52269 127244896 |556.631218 | LLEQPEIQVAHFPF 3 1.40E1C
52556 128.007385 |801.799962 | VKEATEGKIQEFLSG... 3 1.10E11 259 i 22 S
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37267 102.394279 820454298 | TLLKLGNQEPGGQTAL 2 1.83E11
51857 126.549263 |801.759962 | VKEATEGKIQEFLSG... 3 1.10E11 Smacth
50363 139537888 | 605.654005 | FLLEQPEIQVAHFPF 3 1.48E1C 2 =
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Milk Glycoproteins

Tenascin
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Purified proteins

Human milk (NIST SRM 1953)
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IgA1 IgA2 Interlaboratory Studies
N
%
\ ’ > Objectives of the study
144 N131 S .
N205 . .
Q \\'%bb C To build a searchable MS library format of MS1 data 1
340 N327 "‘\ compare relative abundances
N71 I plgR

IgJ C Tq develop aTan_dem MS Library of annotated humar
Lactoferrin ‘4@ milk N-glycopeptides

| | | 1%
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Site -specific Glycosylation Analysis -
GADS of Tenascin
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= . . . 1
g 0 1260 12%30 13(%0 14!?) 15‘20 1660 162‘30 17%0 18*0 19‘20 2060 20%30 21(‘30 22‘40 @ 2460 24‘80 25%0 26*0 27‘20 ’
Qo . . . . .
<(tenascin) EVGWDGLRLNWT/+2+3+4 Class:H|Man=0.000,Hybr|d=0.000,Complex=0.964,Fucose=0.997,Slalyl=0.790|Sequon:1093|F|Ie:TNC_06_urea_L1_2021—08-04_380—2000_
[}
>
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(tenascin) KFDRYRLNYSLPT/+3+4 Class:HiMan=0.703,Hybrid=0.070,Complex=0.043,Fucose=0.000,Sialyl=0.051 Sequon:1018 File:Tenascin_3_urea_NLumos_2020-09-16_alphalyt 120 NM_H:t
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Relative Abundance

Measurement Reproducibility and Variability

GADS of IgAl

IgALl

\ 7

G4H5S
100 30% and IT 35%
G5H5S
144
0 IG5H4S
7 G5H4
G5H3 GAHAS G4H5S2 340
G2H5 G4H3 G4H4|G3H4SG4H5| O G3H6S G4H6 G5':'582 G5H5FS2
0 -ttt T T T 1
1 260 1400 1540 1680 1820 1960 2100 2240 2380 2520
(nist-iga1) AnLTCTLTGLR/42+3+4 Class:HiMan=0.004,Hybrid=0.034, Complex=0.592,Fucose=0.009,Sialyl=0.797 Sequon:144 File:IGHA1 35 NLumes 2020-12-21 380-2000 120 NM HCD30CIT
G4H5S
100
G5HSS Stepped 15 30 40% NCE
IG5H4S
50 G5H4
G5H3 G4H4S G4H5S2
G2H5 G4H3 G2H6 G4H4| G3H4334H5| O G3H6$ G4He | GSEISSZ G5H5FS2
0 T T i E T T i T T T T T >
1 260 1400 1 540 1680 1 820 1 960 21 00 2240 2380 2520
(nist-iga1) AnLTCTLTGLR/+2+3+4 Class:HiMan=0.008,Hybrid=0.032, Complex=0.588,Fucose=0.008,Sialyl=0.793 Sequon: 144 File:IGHA1_34_NlLumos_2020-12-21_380-2000_120_NM_SH153040
100 G4H5S
GS5H5S 40% NCE
IG5H4S
%07 G5H4
GoH3 G4H4S G4H5S2 GSH582
. G2H5 G4H3 G2H6 G4H4| G3H4SG4H5| e G4H6 G5H5FS2 R
1 260 1400 1 540 1 680 1 8|20 1 960 21 I(.'KZl 22|40 2380 25‘20 g

(nist-iga1) AnLTCTLTGLR/+2+3+4 Class:HiMan=0.008,Hybrid=0.034, Complex=0.610,Fucose=0.010,Sialyl=0.818 Sequon:144 File:IGHA1_05_urea_NLumos_2020-11-20_380-2000_120_NM_HCD40

NIST
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GADS of Lactoferrin (Human Milk) Lactoferrin
100 GAHSFS G4H5F2S H

156 497 642
N156
501 G4H5F2
G4H5F
G5H6
G5H6F2S G5H6F3S
G3H4F G3H4F2 G4H5 G3H4FS G5H6F I Fé4|—ll5F38I G6H7F | G6H7S I
" L s S S s e S I B S Sy L e S B L S S S S S S )

0 14I40 1530 1620 1710 1800 1890 1980 2070 2160 2250 2340 2430 2520 2610 2700

(smMm 1853-nist) LnWTGPPEPIEAAVAR/+2+3+4 Class:HiMan=0.000,Hybrid=0.002,Complex=0.983,Fucose=0.900,Sialyl-0.692 Sequon:156 File:SRM1953 03 urea NL 2021-04-06 HILIC-H SH153040

8 100 G4H5FS
C
o]
€ GAHSF
3 N497
g 50
> G4HSF2 G4H5F2S
kS
o G3H4E GAHS Fr4H5FS2
=, 1 4H4 G3HAF2,| G3HAFS | GSHS ,| GS5HSF | ~ GSH6F |  GSH6FZ )~ "GBH6FS  GS5H6F2S  GS5HEF3S
14|40 1 5|30 1 (i‘20 1 7|1 0 1 SIOO 1 SIQO 1 QISO 20‘70 2 1lﬁﬂ 22|50 23:40 24|30 25|20 2ﬁl1 0 27|00
(sm1953-nist) LFNQTGSCK/+2+3+4 Class:HiMan=0.004,Hybrid=0.007 ,Complex=0.913,Fucose=0.872,Sialyl=0.544 Sequon:497 File:SRM1953_03_urea_NL 2021-04-06_HILIC-H_380-2000_SH153040
G4H5F2S
1007 G4H5FS
N642 GAHSF2 GA4H5FS2
50- G5H6F2S
G5H6F2 GEHBE3
] G4H5F G5H6F3S
0 1440 1530 1620 1710 1800 1890 1980 2070 2160 2250 2340 2430 2520 2610 2700

(smMm1953-nist) GRNGSDCPDKF/3-Consensus(2) Class:HiMan=0.000,Hybrid=0.000,Complex=0.999,Fucose=1.000,Sialyl=0.617 Sequon:642 File:SRM1953-HILIC_02 urea NL_2021-05-17_HS154040CIT
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Human milk ( Interlab )-Application of GADS

100 G4H5FS
G4H5F2s
Query GADS
N156
GAHSE G4H5F2
SRM 1953-NIST
G5H6F>4] GSH6S
GEHE G4H5FS2>6 G5H6F2s GEHBF3S
o G3H4F2 G3H4FS || i 1 l I | | | | G6H7F| L G6H7S2 G6H7FS2
G5H6F
G5H6F3
G4HSF G5H6F2

N156
GAHS5F2 Milk Donor 1-Utrecht U.

GA4H5F4
100_ T T T T G4 _|\5F3 T T T T T T T
1560 1690 1820 1950 2080 2210 2340 2470 2600 2730 2860 2990
= TAGWNVPIGTLRPFLNWTGPPEPIEAAVAR/+3+4+5 Head to Tail MF=875 Dot=893 ~  TAGWNVPIGTLRPFLNWTGPPEPIEAAVAR/4
# Library Score Dot-Prod Rev-Dot PSS-Dot Name Sample

1 hif-donor1-utrech 875 893 269 893 TAGWNVPIGTLRPFLNWTGPPEPIEAAVAR/4 Week 10

2 hlf-donor1-utrecht 870 891 966 891 TAGWNVPIGTLRPFLNWTGPPEPIEAAVAR/+4+5 Week 10

8 hlf-donor1-utrecht 856 876 941 875 TAGWNVPIGTLRPFLNWTGPPEPIEAAVAR/+4 Week 8

4 hif-donor1-utrecht 849 874 240 874 TAGWNVPIGTLRPFLNWTGPPEPIEAAVAR/4-Consensus (27) Week 10

5 hlf-donor1-utrecht 831 859 959 863 TAGWNVPIGTLRPFLNWTGPPEPIEAAVAR/+4+5 Week 12
o 6 hif-donor1-utrecht 824 863 952 849 TAGWNVPIGTLRPFLNWTGPPEPIEAAVAR/+4+5 Week 8

Zhu et al, J. Nutrition 20=E

Utrecht University (PXD014917) NIST MASS SPECTROMETRY DATA CE



| essons learned from Kallikrein

Tt
? Y T T G4H552 2204 7724 T T T T

N G3H4S 15485448 7 . . GAHSFS 2059.7349_ L. G5H5S2b 24078518 G5HES2 2569 5046 G5HES3 2861.0001  GEHEFS3 3007.0580

1470 1540 1810 1630 1750 1820 1850 1950 2030 20 2170 2240 2310 2380 2450 7520 2590 2880 27A0 2800 287 2540 3010 3080
tklkb1-nol 2023-02-10 380-2000 120 H5152535CIT 170min lua TrvolvsC | Pos.msftsv Protein:solP03352IKLKBT HUMAN "Seauon=127 FullName=R.GVNFnYSK.V Protease=trvo/IvsC Protein=snlP03352IKLKBT HUMAN Plasma kallikrein O5=Homo sapiens 0X=9606 GN=KLKB1 PE=1 5V=1 RT 5=73((

G4H552 7204 7724

(Y1 Liu)

—e

1t

11 T

Metaheterogeneity

1004
G4H55 1313.6770
5
G3H4Sx#-61548.5448 G4H45 1751.6242 1 G4H5FS|h 2055. ’3-45 |
1470 1540 1610 1680 1750 1820 1830 1960 2030 2100 2170 2240 2310 2380 2450 2520 2590 2660 2730 2800 2870 2540 3010 3080
{klkb1nok1_03_RGE_NL_2023-02-10_380-2000_120_HS152535CIT_170min_1lug_Trypsin_|_Pos.msf isv Protein:splP03552IKLKB1_HUMAN "Sequon=308 FullName=K.IYPGVDFGGEELNYTFVK.G Protease=trypsin Protein=sp|P03352IKLKB1_HUMAN Plasma kallikrein 05=Homo sapiens 0X=%606 GN=KLKB1
100 G4H55 1313.6770
G4H552 2204.7724
5
n G3H45h2-3 15485448 G4H4S 1751.6242 . G4HS5FSih 2059.7345 GEHES2 2565.5046
1470 1540 1610 1680 1750 1820 1830 1360 2030 2100 2170 2240 2310 2380 2450 2520 2550 2660 2730 2800 2870 2540 3010 3080

Klkb1-noRG_NL_2023-02-10_380-2000_120_HS152535CIT_170min_lug_AspN_|_Pos msftsv Protein:splP03352/KLKB1_HUMAN “Sequon=453 FullName=0 DVWRIYSGILALS.D Protease=asph Protein=sp|P03952IKLKE1_HUMAN Plasma kalikrein OS=Homa sapiens OX=9606 GN-KLKB1 PE=1 Sy=1RT_

1004

it

G3H45:9 15485448 _

G4H4S 1751.6242

G4H55 19136771

G4H552 2204 7724

G4H5F52 2350.8304

G4H5FS 2055.7345

GBHES2 2565.5046 1G5HES 2 20610001

GBHEFS3 3007.0580

1470 1540 1610

1680

1750

1820

1850

1960

2030 2100 2170 2240 2310 2330 2450

2520 2550 2660 2730 2800 2870 2540 3010 3080

{klkb1no ML_2023-02-10_380-2000_120_HS5152535CIT_170min_Tug_TrypLysC_|_Pos msf tsv Pratein:splP03552IKLKB1_HUMAN "Sequon=454 FullName=K LOAPLnYTEF O Protease=tryp.lysC Protein=splP03552IKLKB1_HUMAN Plasma kallkrein OS=Homo sapiens 0¥=5606 GN=KLKB1 PE=1 5\/=1 RT_S
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Why Glycosylation Matters For Vaccines

X¢Il [KbC! [ X Sequonmotif
XCINFT, t ! [ X b ¢k { - Tt

5

SEASONAL FLU VACCINE EFFECTIVENESS
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- T160 G 50 ~ | g 2 | w
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£ 30 ~ o
OO T T ﬁ 20 =
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Zostet al., 2017 www.cdc.gov
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SARS Ca¥Spike Protein

Top View
RBD “down”

" sts2
l i | S2 |
| $ & ¥ %Q\ &»9"‘ '
Y Ynmo Y RBD HR1CH CD ?
00 0 A0 M o T:H e Ghorernss
NP R o FOICTARICI SRS RBD “down

RBD “up”

Site-specific glycan analysis of the SARS-CoV-2 spike, Volume: 369, Issue: 6501, Pages: 330-333, DOI: (10.1126/science.abb9983)
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11 Sources of Recombinant Spike

- 16-1213
- 16-1213
16-1213
_ 1-1273
= 1-1273
151208
1-1208
1-1208
_ 151208
16-1188
16-1213

HEK293 RAAA
HEK293 RAAA
HEK293 RAAA

HEK293 Expi GSAG
HEK293 Expi GSAG

HEK293 GSAS
CHOEXxpress GSAS

CHOEXpress GSAS
HEK?293 GSAS
HEK RAAA
HEK293 RAAA

T4, 10xHis
F817, A892, A899, T4, 10xHis
A942, K986, K87
His
K986, V987 Rho 1D4
K986, V987 del 6970 & 144, Rho 1D4
N501Y, A570 D,
D614G, P681H, T716
K986, K987 oxHis
F817, A892, A899, del 6970 & 144145, 8xHis
A942 K986, V987 N501Y, A570D,
D614G, P681H
K986, K987 8xHis
K986, K987 His
T4, His+Avi
T4, 10xHis
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ADS Are Reproducible

<
. .
100 zi G5H3F 1647.6132 B O NIST
z!: GAHSFS 2059.7349 AGCLIGAEHVNNSYE/+2+3+4
50 G3H3F 1241.4545 G5H6FS 2424.8671
G5H6FS2 2715.9625
G2F 552.2167
0 1 1 T 1 11 "I.' 1 AN II.Il II. o ‘g st ||_| R | 1 .
250 500 750 1000 1250 1500 1750 2000 2250 2500 2750 3000 3250 3500
(spike-cube) AGCLIGAEHVNNSYE/+2+3+4 File:SP-C_05 RG_NL 2021-07-13 S-TG1-0 _380-2000 120 HS152535CIT_490min_4uq TrypGIuC | Pos.csv Class:HiMan=0.027,Hybrid=0.000,Complex=0.365
G4H5FS 2059.7349
100+ GA4H3F 14445339 PNNL
AGCLIGAEHVNNSYE/+2+3+4
50 G5H3F 1647.6132 G5H6FS 24248671 DP =910
GF 349.1373 G5H6FS2 2715.9625
. G3H3F 1241.4545 G6H7FS2 3081.0947
L | 1 | | G6H7FS4 3663.2856
0 T L N — T T T % '|"'"='|."';‘" """.'2'!"' et l"r""‘"l' H | 4
250 500 750 1000 1250 1500 1750 2000 2250 2500 2750 3000 3250 3500
(pnnl_cube_byonic) AGCLIGAEHVNNSYE/+2+3+4 File:Stein_CoV2_Sp_TryGIuC_R2_Samwise_02Sept21_WBEH-21-06-07.csv Class:HiMan=0.023,Hybrid=0.000,Complex=0.513,Fucose=0.974,Sialyl=0.4
G4H5FS 2059.7349
100 G4H3F 1444 5339 PNNL
5HEFS 2424.8671 AGCLIGAEHVNNSYECDIPIGAGICASY/+3+4+5
504 DP = 891
GBH6FS2 2715.9625
GF 349.1373 G3H3F 1241.4545 | I G6H7FS3 3372.1902
0 — I : ‘ . ! -.v||| InI Jl. ll _I= [T | ‘ll [ ] A . | ;
250 500 750 1000 1250 1500 1750 2000 2250 2500 2750 3000 3250 3500
(pnnl_cube_byonic) AGCLIGAEHVNNSYECDIPIGAGICASY/+3+4+5 File:Stein_CoV2_Sp_TryChy_Samwise_02Sept21_WBEH-21-06-07.csv Class:HiMan=0.015,Hybrid=0.000,Complex=0.527 ,Fucose=0.87
G4H3F 1444 5339
100+ PNNL
G4HSFS 2059.7349 QTRAGCLIGAEHVNNSYECDIPIGAGICASY/+3+4+5
504 DP = 91 7
G5H6FS 2424 8671
| I G3H3F 12414545 | | | | | G6H7FS2 3081.0947
0 — T T T—* 4 |"~‘II 1""'|'l'.'|" —* * T L T
250 500 750 1000 1250 1500 1750 2000 2250 2500 2750 3000 3250 3500
(pnnl_cube_byonic) QTRAGCLIGAEHVNNSYECDIPIGAGICASY/+3+4+5 File:Stein_CoV2_Sp_Chy Samwise_02Sept21_WBEH-21-06-07.csv Class:HiMan=0.018,Hybrid=0.002,Complex=0.344,Fucose=0.
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Glycosylation Sites Vary in Abundance

1500-

1000-

nSpec

| |
500- | ‘

= T | A o

N17 N61 N74 N122 N149 N165 N234 N282 N331 N343 N603 N616 N657 N709 N717 N801 N1074N1098 N1134N1158 N1173 N1194
Sequon

0_
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Similar Preparations Produce Similar Glycan Prof

A 1004 G4AHSFS 2059.7349 D
: Sequon 122, Source K -
501
G2F 552.2167 ) N )

O ‘- .._I. 1

501
Sequon 122, Source A
1007 . . . GAHSFS 2050.7349 .
450 900 1350 1800 2250 2700
4  TQSLLIVNRATNVVIK/+2+3+4 | Head to Tail MF=979 Dot=981 [*  TQSLLIWNRATNVVIK/+2+3+4
B. 1001 G2H8 17025813 E.
Sequon 234, Source K
50
1 N . | I ‘e |
i ' . [ I

50

1001 S€quon 234, Source A
i . i . . G2H|8 1'[‘.l§-_‘.5l?.13I
270 540 810 1080 1350 1620 1890
4Dl PQGFSALEPLVDLFPIGInITR/~2+3 Head to Tail MF=993 Doi=995 [*DLPQGFSALEPLVDLPIGInITR/~2+3
C 1004 G4H3F 1444 5339
- Sequon 331, Source K
G4AH5FS 2059.7349
50
GF 349.1373 || 1 .Il GE6H7FS2 3081.0947

0 ll' L) LI |'

50
G4H5FS 2059.7349

Sequon 331, Source A

520
RFPnIT/-2+3

1040

G5HI3F 1647.6132

1560
Head to Tail MF=955

2080

2600 3120 3640

Dot=961 ¥ RVAQPTESIVRFPnITNLCPF/~3+4+5

1004 G2H5 1216.4229
Sequon 801, Source K
50 G2H7 1540.5285
o , ' _II. , |.| GSHGES 2424 8671
' L ||' i |'| G5HGFS 24248671
50
G2H7 1540.5285
Sequon 801, Source A
1001 .' . G2H5 1216.4229 . . .
380 760 1140 1520 1900 2280 2660

4 FGGFnFSQILPDPSKPSK/~2+3~4

101Sequon 1098, Source K

50

Head to Tail MF=994 Dot=995 [+ FGGFnFSQILPDPSKPSK/~2+3+4

G3H5 1419.5022

GGB6H7FS 2789.9993

50

100/3€quon 1098, Source A

G4HS5FS 2059.7349 G6H7FS 2789.9993

19.5022

450 900
4 EGVFVSnGTHWFVTQR/+2+3+4

G3HS5 14 i i i
1350 1800 2250 2700
Head to Tail MF=993 Dot=994 ¥ EGVFVSnGTHWFVTQR/+2+3+4
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IS

Source 1

‘i{l'l}

Glycopeptide Abundance Distribution Spectrum

100
GHE 17025812
54
G2HE 13784757
G2H5 1216 4223 |
; . 1 |
510 1040 nm 130 1430 1560 1650 1820 1550 2080 210 2340 2]
100] G5 1215428
G2HT 15405285
H3 1864 634
GIH4AF 1403.5073 Gany 1464 6342
#H ‘ ‘ AarviaeCote 1575 2005 T
GEI—J1-25-L 0 I | I N L lI | N
510 1040 17 150 1430 1850 1630 1820 1950 2040 210 240 270
100 G2H5 12164229
54
GIHE 1581 5551 S
G 1054 3700 I t T2EHE
o T Al | M I P PP . Ak G 2R
510 1040 1nm 130 1430 1560 1630 1820 1550 2080 R 2340 207
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Influenza Virus

A10 proteins

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

ADiversity ofstrains arise
through point mutations or
reassortment.

Jung et al., 2020
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Variation in glycosylation profile

il

1
Replicates Lot/batch Proteases Vendor Intra-Strain Inter-Strain Inter-Protein
Factor

Dot Product
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Variation From Different Protease Digestions

Trypsin + Ly€

Trypsin + GRC KRED
00 Trypsin + Chymotrypsin KRFWYL
. Chymotrypsin + GIC FWYLED
é Chymotrypsin FWYL
Elm Alphalytic TASV

N N Y

0- RLSTHNVINAEDAPGGPYEIGTSGSCPNITNGNGFFATMAWAVPKL

1
Froteases
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Variation From Different Protease Digestions

Trypsin + Ly€

Trypsin + GRC KRED
00 Trypsin + Chymotrypsin KRFWYL
. Chymotrypsin + GIC FWYLED
é Chymotrypsin FWYL
Elm Alphalytic TASV

N N N Y

0- RLSTHNVINAEDAPNGTYEIGTSGSCPNITNGNGFFATMAWAVPKL

1
Froteases
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Variation From Different Protease Digestions

GSHAF 1805 6661

TrypSin + Glu-c DY 110 10GEHAFS 2100.7615
SYNNTNQE

G4H3 1298 4760 gt ™ YTV

0 ' i PE s alls o » -._I '] III|II ifia 0 1 II -.I _-.l [ ] Y

20 330 440 550 660 T 880 “Bd0 1100 1210 1320 1430 1540 1650 1760 1870 1380 2050 2200 2310 2420 2530 2640 2750 2860 2570 3080

tha bipy vamous-dosstions gads) SYnNTHOE 3 Sepuon: 181 nSoec 284284 Fle HA-BioY 28 RG L1 20210303 380-2000 120 HE152636CIT 150min 350na TnoGhC 7540 | Poscav “Sequon=181 FullName=R SYnNTHOE D Protesse=TG Proteiy=til 1LNOMD 1 LNO0 HNFA Val=721,24:30 60,9 RT S=36(48 26030022 2004310 21472 304300 RTdev 5=0 Simedl0 4601 RT d
G4HSFS 20597145

Try p s i n + Lys - c ID-27:32G4HZF 1444 5333 . o
« SYNNTNQEDLLVIWGIHHPNDAAEQTK e e
.Lu‘ i

0 - I
20 330 440 550 (=] 70 880 950 1100 1210 1320 1430 1540 1650 1760 1870 1580
tha_bisv_varous-digestions_gads) SYaNTHOEDLLVLWGIHHPNDAAEGTKd Sequon: 181 nSpees: 216,254 File:HA-BioV_12_RG_NL_2021-05-17_380-2000_120_H5152535CIT_180min_350ng_Tryplys-C_2G62_|_Pos cav “Sequon=181 FullMame=R SYnNTNOQEDLLVLWGIHHPNDAAEQTK L Protease=T Protein=triD1 LMOND 1LN00_SINFA Val=5,46 6:20,77.3 RT_S=B6(46,18);51(43. 36} 57

Chymotrypsin
NN T N Q E D LLV LW Do~ 171-2:2G4HAF 1606.5867

ID4ow =¥ 1¥1-3:352H5 1216 4225 ‘ GEHAFIS 2246 8154
W TG 0T WaGay A3 [ | L. l | BT I . | l_ T j_l_[ | TP PO P s T Y AT RS 0T
2090 2530 2640 2750 2860 2970 3080

0 . PR | | |
220 330 420 550 660 770 880 930 1100 1210 1320 1430 1540 1650 1760 1870 1980 2200 2310 2420
tha_biov_vardous-digestions_gads) nNTNGEDLLVLW/3 Sequon:181 nSpec:233/452 File: HA-BioV_16_RG_NL_2021-05-17_380-2000_120_H5152535CIT_180min_150ng_Chymo_ZGEE_|_Pos.cav “Sequen=181 FullMame=Y nMTHNOEDLLVLW G Protease=C Protein=triD 1LNMO0ID 1LNOO_SINFA Val=4 27 32:26 8410 RT_S=111(52.46). 12402141} 1402, 111420, 00: 144001 RTdev_5=0.5imex

Alpha-lytic

£

IDHow ™Y 1Y1-3:3G3H4F52 2391 8569

1004

' 10How ¥~ Y1711 1l.iEH‘_"2 30 8562 Ty G135
1 [ ] . 'l ] ] 5 .
2050 2200 2310 2420 2530 2640 2750 2860 2570 3080

1004 GAH2F 1444 5338

&n
=

Wiy 20 SOCOEN 1484 510

1004

= IKRSYNNTNQEDLLV
GZH5 1216.4229
ID-14:32G3H3 10953965 N B
0 . o Do YIY1-2 JG2F 5522167 IDom 7Y 1Y1-1JG2H3 8923172 A IO T PRI I P | | T | N (Do Y1Y11230G5HEES2 2715 9625 i g2 e
220 330 220 530 G660 ) ge0 930 100 1210 1320 1430 1540 1650 1760 870 1980 20090 2200 2310 2420 2530 2640 2750 2860 2970 3030
B62 File:HABioV_15_RG_MNL_2021-0917_380-2000_120_HS5152535C1T_180min_350ng_alPWT_2G65_|_Pos.csv “Sequon=181 FullName=T IKRSYnNTNGEDLLY L Protease=T Protein=tdD1LNOMD 1LMO0_SINFA Val=2,67.11:5,81.15 AT_S=58(52, 20):64(37_36): T1016.44). 730,00 75(0.0x RTdev_5=0.3{mec

tha_biov_vanous-digestions_gads) IKRSYnNTNQEDLLV/3 Seguon: 181 nSpec: 520
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Variation From Different Strains

Protein Strain Subtype

500 - HA A/California/04/2009 H1N1
HA A/New Caledonia/20/1999 HIN1

E HA A/Japan/305/1957 H2N2
E HA A/Hong Kong/485197/2014 H3N2
EIJDD i HA A/Hong Kong/483/1997 H5N1
NA A/Arizona/13/2008 HIN1

NA A/Thailand/1(KAN-1)/2004 H5N1

NA A/Netherlands/219/2003 H7N7

0-

Inter-Strain

100 H2 =
ki H5
99

00 H18

100

I
100 H12

e
100 H16 -

H1
H6

~ Influenza A Group 1

H9
H11

100 Ha i
H14

H3
- Influenza A Group 2

H10

e —
100 H15 -

= B/Yamagata

0.1

Toke B/Victoria } Influenza B
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NGTEVETITNDRIEVINATELV
DTVDTVLEHYNVTVTHSVNLL

MK-TIIALSYILCLVFAQKIPGNONSTRTLCLGHHAV
MKAKLLVLLCTFT—————————— ATYADTICIGYHANNS

MEKATILVVLLYTFA-————————— TANADTLCIGYHANNSTIDTVDTVLEHRNVTWVTHSVNLL
-MEKIVLLLATVS—————————— LVKSDQICIGYHANNSTIEQVDTIMEHNVTVTHAQDIL
--MATIYLILLFT-————————— AVRGDQICIGYHA EKVDTILERNVTWTHAKDIL
T sk ok . . * ok T
ANSSIGEICDSPH-———-— OITLDGENCTLIDALLGDPQCDGFON-EKEWDLFVERS-KAYS
EDSHNGEKLCLLEGI————- APLOLENCSVAGWILGNPECELLISKESWSYIVETPNPENG
EDKHNGEKLCKLRGV————-— APLHLGKCNIAGWILGNPECESLSTASSWSYIVETPSSING
ERTHNGEKLCDLNGV————-— KPLILRDCSVAGWLLGNPMCDEFINVPEWSYIVEKASPAND
EKTHNGELCKLNGI———-—- PPLELGDCSTAGWLLGNPECDRLLSVPEWSYIMEKENPRDG
. * * ok * .

- - - - . - . »

NCYPYDVPDYASLRSLVATSGTLE---FNNE————SFNWTVTQ-NGTESACIRR-SSSS
YPGYFADYEELREQLSSVSSFERFEIFPK-———ESSWHNHTW-TGVSASCSHN-GKSS
YPGDFIDYEELREQLSSVSSFERFEIFPK————TSSWPNHDSNKGVTAACPHA-GAKS
YPGNFNDYEELKHLLSRINHFEKIQIIPK————— SSWSNHDASSGVSSACPYL-GKSS

LCYPGSFNDYEELKHLLSSVKHFEKVKILPK————— DRWTQHTTT-GGSRACAVS—GNPS

* . K . .. * . o . - X

FFSRLNWLTHIINY Tl ————- PAINVTMPNNEQFDKLY IWGVHHPGTDKDQIFLYAQSSGR
FYRNLLWLTGKNGLY————— HNLSKSYVNNKEKEVLVLWGVHHPPNIGNQRALYHTENAY
FYKNLIWLVKKGNSY———-— PKLSKSYINDKGKEVLVLWGIHHPSTSADQQSIYQNADTY

FFRNVVWLIKKNSTf ———-— PTTKRSYNNTNQEDLLVLWG THHPNDAAEQTKLYQNPTTY
FFRNMVWLTKKGSDY————— PVAKGSYNNTS[EEQMLI IWGVHHPNDETEQRTLYQNVGTY

* . . K - . sk k& ..

- - - - - .

IT-VSTKRSQQAVIPNIGSRPRI ————— RDTPSRISTYWTTVKPGDILLINSTENLTAPR
VS-VVSSHYSRRFTPEIAKRPKV-———— RDQEGRINYYWTLLEPGDTIIFEANGNLIAPW
VF-VGSSRYSKKFKPEIAIRPKV-———— RDQEGRMNYYWTLVEPGDKITFEATGNLVVER
IS-VGTSTLNQRLVPEIATRPKV-———— NGQSGRIEFFWTILKPNDAINFESNGNFIAPE
VS-VGTSTLNKRSTPE IATRPKV-———— NGQGGRMEFSWTLLDMWDT INFESTGNLIAPE

- - & * * [ = = *

= - - . = = =

GYFKI—RSGKSSIMRSDHPIGKCKSECITdEEEhPNDKPF—QNVNRITYGACPRYVKHST
YAFALSRGFGSGIITSNAPMDECDAKCQTPOGAINSSLPF-ONVHPVTIGECPKYVRSAK
YAFAMERNAGSGII ISDTPVHDQTPKGAI NTSLPF-QONIHPITIGKCPKYVESTK
YAYKIVKEKGDSTIMEKSELEYGNCNTEKCOQTPMGATINSSMPFF-HNIHPLTIGECPEKYVESNR
YGFKISKRGSSGIMKTEGTLENCETKCOQTPLGAINTTLPF-HNVHPLTIGECPEKYVESEEK

* = . * o+ Kk L * kA 2k
LELATGMRNVPEEQ-———-TRGIFGATAGFIENGWEGMVDGWYGFRHQNSEGRGQAADLKS
LRMVTGLRNIPSIQ-———-SRGLFGATAGFIEGGWTGMVDGWYGYHHONEQGSGYAADQKS
LRLATGLRNIPSIQ————-SRGLFGATAGFIEGGWTGMVDGWYGYHHONEQGSGYAADLKS
LVLATGLRNAPQRERRREKKRGLFGATAGFIEGGWQGMVDGWYGYHHSNEQGSGYAADQES
LVLATGLRNVPQIE————-SRGLFGATAGFIEGGWQGMVDGWYGYHHSNDQGSGYAADKES
T T T hkekkAhhhkhhok Kk Kk Khhkasks T T

- = -

TOAATDOQINGELNRLIGKTNEKFHQIERKEFSEVEGRIQDLEEKYVEDTKIDLWSYNAELLV
TONAINGITNEVNSVIEEKMNTQFTAVGKEFNKLERRMENLNKEVDDGFLDIWTYNAELLV
TONATIDEITNEVNSVIEEMNTQFTAVGEKEFNHLEKRIENLNEKVDDGFLDIWTYNAELLV
TOKATIDGVTNEVNSIIDEMNTQFEAVGREFNNLERRTENLNEKMEDGFLDVWTYNAELLV
TOKAFDGITNEKVNSVIEEKMNTQFEAVGKEFSNLERRLENLNKKMEDGFLDVWTYNAELLV

*Ek Ao . = sk . = . . . - . sk e .k * . + kEk K

= P - P & s o= o= o o - =

ALENQHTIDLTDSEMNKLFEKTKEKQLRENAEDMGNGCFKIYHKCDNACIGSIENGTDHN
LLENERTLDFHDSNVENLYEEVESQLENNAKEIGNGCFEFYHKCNNECMESVHENGTKDYP
LLENERTLDYHDSNVENLYEEVRSQLENNAKEIGNGCFEFYHKCDNTCMESVHENGTKDYP
LMENERTLDFHDSNVENLYDEVRLQLRDNAKELGNGCFEFYHKCDNECMESVHENGTDYP
LMENERTLDFHDSNVENLYDEVEMQLEDNVEELGNGCFEFYHKCDDECMNSVHENGTKDYP

L + e * * * * o= * sk khk . FhE e K * * e

- »

VYRDEALNNRFQIKGVELK-—-SGYKDWILWI-SFAISCFLLCVALLGFIMWACQKGNIRC
KYSEESKLNREKIDGVELE-—-SMGVYQILATYSTVASSLVLLVSLGATISFWMCSNGSLOC
KYSEEAKLNREEIDGVKLE--STRIYQILATYSTVASSLVLVVSLGAISFWMCSNGSLQC
QYSEEARLNREEISGVEKLE--SMGTYQILSLYSTVASSLALATMVAGLSLWMCSNGSLOC
KYEEESKLNRNETIKGVELS-——-SMGVYQILATYATVAGSLSLATMMAGI SFWMCSNGSLOC

. . * * * - - * . . . . . *

- . * = = - . - - = s om . - - . L
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Conserved Regions Have Conserved Glycosylation Distrib

100 H2 7

98

H1

HE

H17

100 H18

H8

H12

H9

o7 H11

H13

H16 -
100 H4 ~

100 H14

[w3]

100 H10

H7

H15 .

B

100

103

100

~ Influenza A Group 1

~ Influenza A Group 2

= B/Yamagata -
100k= B/ Victoria

0.1

Jang et al., 2014

>~ Influenza B

Dot Product

1000
900
800
700
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Inter-Protein Comparison

oo | | I“ ‘l || | “ ‘ | Influenza Hemagglutinin
o | | | |
0:00% || lII -I Y | I ] III |Il I II || I II I| I_

HighMannose HighMannosebp Hybrid Complex Galactose Sialyl Fucose GicNac4 GicNacs5+

—

~
o
]
x R

nnnnnn

80.00%
—-n NN
V. UU e
0.00%
oo SarsCo\f2 Spike protein
40.00% i p p
30.00% | i
ll
—
LV UV ]
P |I| l|||| ‘"H |I| II ||H| " ||| ‘ ‘ "ﬂl | Mh |
0.00% ] M | : ll I J \.
o o > oF P b 2 ™ 23
&© & & L Pk & & 3 c
2 o0 R & A S & O >
& ,@5\ ¢ IS (6) '0)
Q\‘% &
XY
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Influenza Vaccines

A Contents
A Split virion
A 60 mg HA per dose (15 mg per strain)
A Thimerosal
A Mercury
A Sodium Chloride
A Sodium Phosphate
A SodiumTaurodeoxycholate
A Ovalbumin
A { dzONR2 &4 S XXX

A Afluria Quadrivalent
A 3 Monovalent vaccines from NIBSC
A 3 Monovalent vaccines from CreatiBegomart
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Quadrivalent Vaccine Challenges

MEAIIVLL-—————————— MVVTSNADRICTGITSSNSPHVVKTATQGEVRNVIVIPLTT

MEAIIVLL-—————————— MVVTSNADRICTGITSSNSPHVVKTATQGEVNVI[SVIPLTT

MEAILVV-——~— MLY----TFTTANADTLCIGYHANNSTPTVDTVLERNVIF THSVNLLE
HAVE

MKTIIALSYILCLVFAQKIPGNINSTRTLCLGH [VKT ITNDRIEVI@LVQ

o I - - -F x - - EE *

TPTESHEANLEGTETRGELCPECINCTPLDVALSEPECTGEIPSARVSILH-EVRPVTSG
TPTESYFANLEGTRTRGELCPDCINCTPLDVALGEPMCVGTTPSAFASTLH-EVRPVTSG

DKENGKLCKLR--—--GVAPLHLGKCNIAGWILGNPECESLSTARSWSYIVETSNSONGT
-ZGEICDSP—————H QILDGIDALLGDPQMDGFQN KEWDLFVERSR-ANSN
* * *

CFPIMHD-RTEIRQLPNLLRGYEHVELSTHNVINARDAPGGPYETIGTSGSCERNITHNGNGE
pE—
CFPIMHD-RTEIRQLPNLLRGYEKIRLSTONVIDARKAPGGPYRLGTSGSCRNATEEIGE

CYPGDFINYEELREQLSSVSSFERFEIF————PKTSSWENHDSDNGVTAACPHAG-AKSF
CYPYDVPDYASLRSLVESSGTL———EFK————-:-EV K@SSACIRGS SSSE
'k * =%

FATMAWAVEPRN-——KTIRTNPLTIEVEYICTEGEDQITVWGFHSDNEIQ-MARLYGDSKPOK
FATMAWAVPKDNYKNATNPLTVEVPY ICTEGEDQI TVWGFHSDNKI}-MKSLYGDSNPQK

YENLIWLVEKGKSY————— PKIFNQT) INDKGKEVLVLWGIHHPPTTADQQSLYQNADAYV
FSRLNWLTHLNY ¢ ————- PALNVT ﬂPDmEQFDKLYIWGVHHP STDKDQISLFAQPSGRI
- - +* a = - o 'k d: * * . -

FTSSANGVTTHYVSQIGGFENQTEDGGLPQSGRIVVDYMVQKSGKTGTITYQRGILLPQK
FTSSANGVTTHYVSQIGDFPDQTEDGGLEQSGRIVVDYMMOKPGKTGT IVYQRGVLLPQK

EVG-TSEYSEEFEPETATEPEVR————— DOEGEMNYYWTLVEPGDEITFEATGNLVAFRY
TVS-TERSQQAVIPNIGSEPRIR————— DIPSRISIYWTIVKPGDILLIQEE NLIAPRG
- % * E N

vWCA——SGRSKVIKGSLPLIGEADCLHEKYGGINKSEPYYTGEHRKAIGNCPIW?KT—PL
VWCA-——-SGRSEVIKGSLPLIGEADCLHEEYGG PYYTGEHAFATIGNCEFIWVET-PL
AFTMERDAGSGIIISDTPVHEEEEEPQTPEGH PF-ONVHPITIGECFEYVESTEL
YFEIR- SGKSSIMRSDEPIGKCKSECTTﬁEEﬁPNDKPF QNVNRITYGRCPRY?KQSTL

- +* - = *. - * % -'):'.l' *

FLANGTE YRPPART.LEERGEFFGATAGFLEGGWEGMTAGWHGY TSHGAHGVAVAADT.ESTQ
FLANGTE YRPPART. LEERGEFFGATAGF LEGGWEGMTAGWHGY TSHGAHGVAVAADT.ESTQ
RLATGLENVEPS———IQSRGLEFGATAGEFIEGGWT GMVDGWY GYHHONEQGSGYAADT.ESTQ
FELATGMENVPE-——-EQTRGIFGAIAGF IENGWEGMVDGWY GFRHQNSEGRGQAADTESTQ

=kE X = * = EEFLFEETEFEFEET L TFEF LR H ek - * TEEEXTETEL

EATNEITENLNSLSELEVENLOELSGAMDELHNETLELDEEVDDLEADTISSQOIETLAVLL
EATNEITENLNSLSELEVENLOELSGAMDELHNETLELDEEVDDLRADTISSOIETLAVLIL
NATDEITHNEVNSVIEFMNTQF TAVGEEFNHLEERTIENLNEEVDDGFLDIWTYNAELLVLL
AAIDQINGKLNRLIGKTNEKFHQIEKEFSE?EGRVQDLEKY?EDTKIDLWSYNAELLVAL

*'A---'.l' - -k = - - -*-- '.i.-* * - - *E * *

SNEGIINSEDEHLLATERELEEMLGPSAVEIGNGCEFETEHE LDETAAGSTFDAGEE
SNEGIINSEDEHLLATLERELEEMLGPSAVDIGNGCFETEHE LDETAAGSTFNAGEE
ENERTLDYHDSNVENLYEEVENQLENNAKEIGNGCFEFYHECDNTCMESVENGTYDYPEY
ENQHTIDLTDSEMNKLFEKTKKQLRENAEDMGNGCFKIYHKCDNﬁuIGSI ETYYDHNVY
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Afluria GADS

A 8A 23 of the 40sequondor the four hemagglutinin proteins
identified. 27 are noroverlapping
A Three major GADS classes: high mannose, G4F complex, G5F comy
A No GADS werngentified for NA proteins, probably due to a lower
abundance of NA on the virus.
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Afluria GADS

A 8A 23 of the 40sequondor the four hemagglutinin proteins
identified. 27 are noroverlapping
A Three major GADS classes: high mannose, G4F complex, G5F comy
A No GADS werneentified for NA proteins, probably due to a lower
abundance of NA on the virus.
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Afluria GADS

A 8A 23 of the 40sequondor the four hemagglutinin proteins

identified. 27 are noroverlapping

A Three major GADS classes: high mannose, G4F complex, G5F comy
A No GADS werneentified for NA proteins, probably due to a lower

abundance of NA on the virus.
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Monovalent vaccine GADS

A 90%sequongetected
A Three major GADS classes: high mannose, G4/G5, G4/G5 + high

mannose
A Again, no major GADS identified for NA.
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Open Search for Afluria Vaccine Modifications
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Next Steps

A Three more commercial vaccines were purchased for the 2023
flu season
A Flublokc Recombinant vaccine
A Afluriac Egg based vaccine
A Flucelvax Cell culture based vaccine

Al 2¢ R2Sa 3FteozaeflriaAzy OKIy3aS,
X 0N AY 02 aidNF A
X 0SU6SSY &a2dzNDOSa
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Conclusions

AMilk glycoproteins exhibit diverse GADS between sites, but are
reproducible between labs and MS methods.

ARecombinant Sat€0\,2 spike protein is highly reproducible in
glycosylation distribution between vendor and processing method,
but Is very different in glycan abundance depending on the site.

A

Hemagglutinin replicates are most similar in glycosylation profile and

digests from different proteins are least similar in glycosylation

A

orofile.

Homologous seguence regions between different influenza strains
nave similar glycosylation distribution compared to raonserved

regions.
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Isolation of Adjacerffequons

ASitespecific glycosylation methods require a singgguonper
peptide. Different proteases are used to maximize isolation.

Alnfluenza, HIV, Ebola, Herpesvirus, and MERS have adsacrians

b ¢ K { S
NNSS, NNTT, NNST, NNTS

i

éPl| DETEQMNBISS'GEQML I | WGV
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Isolation of Adjacerffequons Subitilisin

ABacillus subtilig extracellular serine endopeptidases
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Isolation of Adjacerffequons Subitilisin

ABacillus subtilig extracellular serine endopeptidases

A Three more proteases frofacillus subtilisvere obtained
A Esperase

A Savinase
A Neutrase

Neutrase® 0.8 1L
rer @‘
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Dot Product

M2

A w1
Figure 1. Vector representation of a hypothetical three-peak
unknown (U) and library {L} mass spectrum in three-dimensional

Cosine of the angle between spectra o e v

represented as vectors ws )

L W W) =
e -
W, = Weighted intensity of library L

Figure 2. Toint representation of library search resuits (L) for a
hypothetical three-peak unknown (U) spectrum {masses M1, M2,

W= Weighted intensity of unknown =
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Glycobiology

Aln viruses

Almmune evasion
AHost cell attachment

Aln mammalian cells
AProtein folding
AProtein stabilization
ACommunication
AFunction
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