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Intact Mass Measurement Approaches for Biotherapeutics
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Glycoproteins as biotherapeutics

Glycosylation is present on >50% of all human proteins
» Role of glycosylation in the cell: Fc effector function, protein structure, more...
>40% approved biotherapeutics are glycosylated
» 1gG-based and Fc-fusion biologics
Glycosylation can affect pharmacological properties of biotherapeutics:
potency, stability, bioavailability, solubility, and immunogenicity.
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Strategies to investigate glycoproteins by MS
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Increasingly complex modalities require adaptive analytical strategies
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Intact Mass Measurement Approaches for Biotherapeutics
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Proton Transfer Charge Reduction (PTCR)
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Proton Transfer Charge Reduction
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PTCR on unresolved charge states

PTCR
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*ASMS 2019: Orbitrap Eclipse with extended mass range (8k) and PTCR
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UNIGLAMS: iversal ntact ycoprotein nalysis by ass pectrometry
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UNIGLAMS Workflow

Spectrum
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UNIGLAMS Workflow
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UNIGLAMS Workflow
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UNIGLAMS workflow

Glycoprotein Desalt & buffer Nano capillary MSto determine m/z
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Ammonium acetate spectrometer acquisition and optimum SID
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Ovalbumin contains a single N-linked glycan yet
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Ovalbumin contains a single N-linked glycan yet has multiple proteoforms
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Utility of PTCR is limited by Eclipse m/z range
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N-Glycan

=  CHO derived cytokine Fc-fusion
protein

=  Two IL-22 cytokines fused with the Fc
portion of an 1gG to prolong half-life

=  Aglycosylated Fc to minimize effector
function (N to G)

=  Heavily glycosylated cytokines
v" 8 N-glycosylation sites
v" > 60 N-Glycans identified

Michelle Irwin Beardsley & IL22Fc dev team

4 N-glycosylation sites on each cytokine (N21, N35, N&4, Ni43)

is close to the
binding interface

is at the
binding interface

N143 is close to the
binding interface

+—————— Increase in sialic acid content

* Heterogeneity of glycoforms
* Incompatible with MS (peak ID)
* Control system and specification consideration

Sialylated
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Drug exposure is the primary driver of in vivo PD response
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Stepping through glycoforms with UNIGLAMS
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Stepping through Spectra on Orbitrap Ascend
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Relative Intensity

IL22F¢_dimer
2xM5, 1xA2GOF
89286.15

90000

95751.14

9822514

[

97772.94

97326.54

96592.84

96172.34

IL22Fc_dimer
3xA282B,2xA252F, 1xA2S2FB, 1xLys
100020.97

& 10047218

100538.91 102685.68

103171.34
104161.43

104785.88

T T T
105000

Modification

1xA2G1F,1xA2G2F, 1xA2S1GOFB, 1xA251G1B, 1xA252B, 1xA252F B, 2xLys
1xA2G2F,1xA251G1F, 1xA2S1G1B, 1xA252B, 1xA252F, 1xA252FB

1XM5, 1xA2G2F, 1xA2S1G 1F, 1xA2528B, 1xA2S2F, 1xA252FB
3xA252B,2xA252F, 1xA252FB, 1xLys
1xA251G1F,3xA251GOFB, 1xA251G1FB, 1xA2S2FB, 2xLys

1xM6, 1xA251G 1B, 1xA2S1G1FB, 1xA252B, 1xA252F, 1xA252F B, 2xLys
1xM5, 1xA2G1F, 1xA2G2F, 1xA251G1F,1xM9,1xA252B, 2xLys

2xA2G1F, 1xA2G2F, 1xA2S1GOF, 1xA251G1F, 1xA2528,2xLys

1xA251G1F,1xA251G1B,1xA2S1G1FB,1xA252B,1xA2S2F,1xA252FB, 1xLys
3xA2S1G1FB,2xA252B,1xA252FB
1xA2GOF,1xA2G1F,1xA2G2F,1xA2S1G1F,1xA2S2F,1xA252FB, 1xLys

1xM5,1xA2GOF, 1xA2G1F, 1XA2G2F, 1xA2S1G1F, 1xA252B, 2xLys
1xA2GOF, 1xA2G1F, 1xA2S1G1F, 1xA252,1xA252B, 1xA252FB, 2xLys
1xA251GOF, 1xA251G1F, 1xM8,1xA252, 1xA252B, 1xA252F, 2xLys
1xM6, 1xA2S1GOF, 1xA251G1F,1xM9, 1xA252F, 1xA252FB, 2xLys

1xA2S1G1F,1xM9,1xA1S1F,1xA252,1xA2S2F,1xA2S2FB, 2xLys

1xM5,1xA2G2F,1xA2S1GOF,1xA2S1G1F,1xM8,1xA2S2F,2xLys
1xA2S1GOF,1xA2S1G1F,1xA251G1,1xA252,1xA252F,1xA2S2FB

1XA2G1F, 1xA2G2F, 1xA2S1G1F, 1xA252B 1xA2S52F 1xA252FB 1xLys

Theoreti

cal
Average Mass
Mass (Da)

98225.10 98224.70
98673.08 98671.96
97771.94 97771.12
100020.97 100022.21
98849.75 98849.30
98740.78 98741.11
96592.80 96593.15
97016.36 97016.61

99294.49
99572.42
97325.50
100472.18
100468.33
101822.03
96172.29
97947.79
98294.62
97775.89
101370.28
98397.63
101088.63

99294.58
99572.79
97325.84
0.00
0.00
0.00
96172.83
97947.43
98293.67
97775.20
0.00
98398.76
0.00

96665.13 96665.21
98395.55 98394.69
98288.89 98289.68

Matched
Mass Error
(ppm)

4.0
113
8.3
12.4
4.6
33
3.5
2.6

0.9
37
3.5
0.0
0.0
0.0
5.6
37
9.6
7.1
0.0
11.5
0.0
0.8
8.8
8.1

Sum Relative Fractional
Abund. Abund.
6.19E+07 100.00 7.64
5.75E+07 92.92 7.10
3.45E+07 55.76 4.26
3.11E+07 50.24 3.84
2.79E+07 45.12 3.45
1.80E+07 29.11 2.22
1.80E+07 29.05 2.22
1.73E+07 27.90 2.13
1.72E+07 27.84 213
1.71E+07 27.60 211
1.65E+07 26.57 2.03
1.61E+07 25.96 1.98
1.33E+07 21.47 1.64
1.25E+07 20.24 1.55
1.11E+07 17.91 137
1.10E+07 17.70 135
1.09E+07 17.62 135
1.01E+07 16.38 1.25
9.75E+06 15.75 1.20
8.71E+06 14.06 1.07
7.67E+06 12.39 0.95
7.66E+06 12.37 0.95
7.62E+06 12.30 0.94
7.25E+06 1171 0.89

Score

51.85
46.14
44.91
43.57
43.29
36.55
36.72
37.89

36.96
42.85
43.37
40.41
45.15
40.34
36.31
39.10
28.80
39.86
41.29
4235
30.17
33.53
39.28
34.91

MPPL
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Challenges with lon Isolation

m/z 5600

5589.04

lon Trap Isolation
100 Th

Quadrupole Isolation

~20Th
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UNIGLAMS with Quadrupole isolation

500000 A
400000
. 1.4334056954666667
Z 300000 - 100
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0.0 25 5.0 75 100 1 97T 97771.3742 -0.3742000000...  1[HexNAc(5)Hex(3)Fuc(1)] 2[...
Ti ( ) ” 98400 98400.0667000...  -0.0667000000...  1[HexMNAc(3)Hex(3)Fuc(1)] 1[...
ime {min % 98617 98616.7398000...  0.26019999998... 1[G1F] 2[HexNAc(E)Hex(3)] 2...
98885 98884.8445 0.15549999999...  1[G1F] 2[HexNAc(6)Hex(3)Fu...
100 99197 99196.3891 0.61089999999...  3[G1F] 4{HexNAc(6)Hex(3)Fu...
%
100 +
0 0-
6000 8000 10000 12000 14000 16000
m/z (Th)
% -
S O oy o Ty T
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Separation of four Sialic acid fractions with UNIGLAMS

40000

35000

30000

25000

20000

Intensity
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10000
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93000 98000 103000 108000
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Automating UNIGLAMS

» Determine m/z range by MS1
» Determine optimal PTCR parameters

1e6 Total lon Chromatogram
1.6
1.4
1.2 4
z2
§ 1.0
< 08
0.6 -
— aaa 044
o 1 2 3 4 5 6 e o
> Method Wizard Time (min) 4000 5000 6000 7000 8000
m/z (Th)
» Step by 1 Th, can do 1 or more uScans VI L
TN

» 6 min run time for 1uS @ res 15000 SABDB e



Intact Mass Measurement Approaches for Biotherapeutics
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Direct Mass Technology (DMT)

hature meth‘(‘)"dg a.k.a. CD-MS, single particle MS, individual ion MS

Journal of

préteome nature methods Ay
sresearch

pubs el = Resolving heterogeneous macromolecular

assemblies by Orbitrap-based single-particle

Individual lon Mass Spectrometry Enhances the Sensitivity and
charge detection mass spectrometry

Sequence Coverage of Top-Down Mass Spectrometry

Jared O. Kafader, Kenneth R. Durbin, Rafael D. Melani, Benjamin J. Des Soye, Luis F. Schachner,
Michael W. Senko, Philip D. Compton, and Neil L. Kelleher*®

Tobias P. Wérner'?, Joost Snijder'?, Antonette Bennett?, Mavis Agbandje-McKenna®,
Alexander A, Makarov®™ and Albert J. R, Heck ©12=

GMP Lot TOX Lot

1205 a2 v 1080 CONIOBS i 6362 CDMS Spectrum Type: @ Mass O m/z  Re
A S e A S5 B cro o -
e o 0 R R A0k 5 oo 15000 000 -
K [ 10e7
o iy
® u ©
. oo 8066
»
- - ® s . 2
" o i " £ 60e
i L 50 e - £
.
¢ k ST e —
= . 20 Jurge s 2.0e6 1 = —~ e
S I A SR —_ ; \ WWT " S [ — (=] A ..J JM] .l.;\ =
: [ A1 1 e e T LR T 7 - ullal L =
- s [ S~ S S A 200000 250000 300000 350000

o 200000
S S L L Rt At £y T o s it T |\/|

00000000
28



ThermoFisher

DMT workflow
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Some Applications of DMT
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DMT on the low SA Fraction: a more conservative analysis
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No resolution to the resolution issue
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Summary

Two approaches to improve spatial resolution of heterogeneous biomolecules
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»  Small window isolation followed by charge
reduction.

»  Multiple scan windows may be merged together
after deconvolution to reveal proteoforms
present

» ldeal for glycoproteins and other biomoelcules
with overlapping charge states

DMT
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»  Single particle detection at high resolution

»  No deconvolution needed (so complexity not an
issue)

»  Useful for large molecules or complexes,
membrane proteins and oligomeric structures
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Thank you!
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