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Bispecific Antibodies (BsAbs): Impact and Challenge

granzyme elease Sy * Proper heterodimerization

- #£°2°°

important for specificity and
functionality

L, JQ Different chain combinations %
QA leads to chain association
Bind to two f
targets! Heavy

IgG-based BsAb chains

« Antibody (mAD)

therapeutics are YA f Increase in heterogeneity and impact higher
structurally S D order structure (HOS)

complex and highly il Small structural changes impact product safety,
dynamic S@arl © AN functionality, and efficacy

Susceptible to PTMs AR Comprehensive characterization of HOS needed
and degradation /-2 for candidate assessment and selection
products ~ 150 kDa, PDB 1IGY

Klein, C. et al. mAbs, 2012, 4(6), 653 — 663.
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Analytical Tools for mAb Characterization

X-ray Diffraction * Atomic-level structures
* Require extensive sample preparation,
Cryo-EM m larger quantity of homogenous material

* Very long data acquisition times

Native

« Primary structure assessment & PTM identification and

localization
LC-MS » Tracks assembly of BsAb constructs

» Loss of higher order structure and protein-protein interactions

Structural Resolution

* Relatively rapid, robust stability and variant
assays
* Low resolution

Sample Preparation/Time

Beck, A. et al. Anal. Chem., 2013, 85, 715 — 736. MUNIVERSITY OF MICHIGAN | 3




lon Mobility-Mass Spectrometry (IM-MS)

nanoESI
Source

T-Wave
lon Guide

High-m/z
Quadrupole

Trap
T-Wave

IMS
T-Wave

Transfer
T-Wave

lon Generation

lon Selection

Waters Synapt G2: Quadrupole-IM-MS instrumentation
lons are created by nano-electrospray ionization

+ - +
8.7 uM mAb in _

\
T
+ TRy

100 - 200 mM aqueous + ";fﬂ.ﬂ —

NH.OAc solution + * +*
-+ - + /
+

L= E®1-1.5kv(>)
+
Tty L+
AL + R +
i + e o
7 + +Bw
‘ & et
i+t *

100+
=
\
4 27+
Ry 0
$+t++ 5400 5600 5800 6000 6200 6400 6600 6800 7000 7200
oA 4& ’»’;«
L7 1; H 1 »
L Native-like

m/z

m@}_g_y_@@g;;

lon Mobility Separation

ToF
Pusher
Detector
\
[
- - |
- | - |
= - |
= - |
- | - |
- | - |
- | - |
- - |
- - |
[ —
. Y,
Reflectron

ToF
lon Mass Analysis

M UNIVERSITY OF MICHIGAN | 4



lon Mobility-Mass Spectrometry (IM-MS)
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lon Mobility-Mass Spectrometry (IM-MS)
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lons are separated by ion mobility (shape, size, and charge)
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lon Mobility-Mass Spectrometry (IM-MS)
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lon Selection

lons are analyzed by a time-of-flight mass spectrometer
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EIDI:IEII:IEIOEIEIEI
PR,
LA T
DDI:II:II:II:II:IEII:I

Flight Time (mass-to-charge dependent)

IM Spectrum

Intensity (%)

¥

AN%“

Drift Time (ms)

MS Spectrum

il
¥ ¥ ¢ ¥,
L <t . =
ﬁﬂ @ ¢

Intensity (%)

Drift Time (ms)

¥t

\

m/z

IM-MS Data

lon Intensity

—

o

Flight Time (m/z)

lon Mobility Separation

-

e

IUUUUUUUUU

Reflectron
ToF

lon Mass Analysis

M UNIVERSITY OF MICHIGAN | 7




lon Mobility-Mass Spectrometry (IM-MS)
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IM-MS Data Collision Cross Sections (CCS):
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Limitations of CCS as structural probes

_ _ 1.0 - -1gG1
| g
mADbs are very dynamic and flexible! > 1gG2
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Limited structural information based on
CCS alone!
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Collision Induced Unfolding (CIlU)
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CIU Data Analysis Workflow
y CIU50 Analysis
CIU Fingerprint RMSD Analysis ! Glycosylated mAb
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* Feature detection quantifies centroid drift times (or CCS) B . 22 254
corresponding to a unique conformation present across multiple Charge State
collision voltages

- Root-mean-squared deviation (RMSD) analysis calculates * Comparisons of CIUS50 values _
global differences between two CIU fingerprints between different samples can provide

insights on protein stability and

« CIU50 analysis models the transition region between features as a susceptibility to gas-phase

logistic function unfolding

« Quantifies midpoint voltage between adjacent features —
termed “CIU50” value

Polasky, D. A, et al. Anal. Chem., 2019, 91, 3147 — 3155, JMI UNIVERSITY OF MICHIGAN | 11




Characterization of a model BsAb

Knob
“Homodimer”

IgG2

lgG2-based, -> one disulfide bond
mutated out

* Knob: T366W
: T366S, L368A, Y407V
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IM-MS of BsAb and parental constructs
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BsAb and parental construct CCS

1.0 - BsAb
:-%' —Knob  CCSs overlap substantially
S 0.8 - Hole » Antibodies are dynamic
= and occupy a wide range
5 0.6 1 of structural forms!
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g 02 molecular weight
S | » Limited HOS information

0.0 s | | | m— based on CCS alone!
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ClIU of BsAb_and parental constructs
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ClU of BsAb and parental constructs
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What is causing these features and transitions to
be different across constructs? How is BsAb
unfolding?

Sequence
variations in
antigen binding
domains?

Stabilization of Fc from
glycosylation?

Average fingerprints for charge state 24+ (n = 3) MUNIVERSITY OF MICHIGAN | 19



Impact of deglycosylation on CIU
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Impact of deglycosylation on CIU transitions
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ClU of Knob and Hole “Halfmers”
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ClIU of BsAb Fab and Fc

~150 kDa - .
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Putting it all together...

« Trends in global conformational stability
consistent across intact, halfmer, and
Fab fragment data
Unmodified Knob component is less
susceptible to unfolding per CIU50-1
analysis

* Fc is globally more stable than individual
Fab components

* Deglycosylation leads to greater
destabilization in the second unfolding
transition per ClU50-2 analysis

 Unmodified Hole component less
susceptible to unfolding
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Conclusions and Future Directions

* |[M-MS combined with CIU permitted us to make
structural connections between BsAb and its parental
homodimer constructs

* Accomplished annotation of unfolding pathways using a
middle level approach as well as patterns in
deglycosylated samples

* Able to probe which component of the BsAb was
unfolding

* Next step: expanding the IM-MS and CIU pipeline to
BsAbs produced using other technologies
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