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Novavax: Major Player in COVID-19 Vaccine
Development

How a Struggling Company Won $1.6
Billion to Make a Coronavirus Vaccine

%' ' - Novavax just received the Trump administration’s largest vaccine
C ' o ' , contract. In the Maryland company’s 33-year history, it has never

PRESS RELEASE brought a vaccine to market.

NOVAVAX
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Novavax to Receive up to $388 Million Funding from CEPI for COVID-19 Vaccine Development and Manufacturing

BIOTECH AND PHARMA

Novavax soars after U.S. government
awards firm $1.6 billion for
coron avi rus va cci ne d eve Io p me nt e ———

safety trials. Results are expected this month. Andrew Caballero-Reynolds/Agence France-

Presse — Getty Images
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Spike Protein

S cleavage and zoonotic potential of SARS-CoV-2

52 1208

55 RED  SD2 | HR1 o WM
1 1273
NTD so1 | FP CH HR2 CT
S1/52
Receptor binding domain
= 3 (ACEZ)

r . 'ﬁ Furin cleavage site A, .
e Not present in RaTG13, ks "' b2

- _},’fﬁ}?l_ . a bat SARS-like CoV W RORE™
S, isolated in 2013, the
, closest known isolate \ B :
Ly, to SARS-CoV-2 1

Vincent Racaniello: TWiV and Virology at Columbia Northwestern ‘ PROTEOMICS



Model of spike protein & the human ACE?2
receptor (blue) and complex glycans (magenta)
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Spike RBD Denatured
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4 Recent Publication on Individual lon MS (I°MS)

nature‘methods BRIEF COMMUNICATION

https://doi.org/10.1038/541592-020-0764-5

am‘ y t.ml - M) Check for updates
CI‘emIStry & Cite This: Anal. Chem. 2019, 91, 2776-2783 pubs.acs.org/ac . . . . .
Multiplexed mass spectrometry of individual ions

Measurement of Individual lons Sharply Increases the Resolution of Improves measurement of proteoforms and their

Orbitrap Mass Spectra of Proteins complexes

Jared O. Kafader, Rafael D. Melani,” Michael W. Senko,” Alexander A. Makarov,® Neil L. Kelleher,"
and Philip D. Compton*"’

Jared O. Kafader ®', Rafael D. Melani', Kenneth R. Durbin’, Bon Ikwuagwu?, Bryan P. Early’,

Ryan T. Fellers', Steven C. Beu?, Vlad Zabrouskov*, Alexander A. Makarov©3, Joshua T. Maze$,
Deven L. Shinholt?, Ping F. Yip*, Danielle Tullman-Ercek?, Michael W. Senko?, Philip D. Compton®'%
and Neil L. Kelleher @'

A S © American Society for Mass Spectrometry, 2019 . | 4. Am. Soc. Mass Spectrom. (2019) 30:2200 2203 Journal of
DOI: 10.1007/513361-019-02309-0 p ro'te O m e
updates eresearch

SHORT COMMUNICATION P——"—

TORI Plots Enable Accurate Tracking of Individual lon Individual lon Mass Spectrometry Enhances the Sensitivity and
ignals Sequence Coverage of Top-Down Mass Spectrometry

; 0 ; » " Jared O. Kafader, Kenneth R. Durbin, Rafael D. Melani, Benjamin J. Des Soye, Luis F. Schachner,
ared O. Kafader,” Steven C. Beu,” Bryan P. Early,  Rafael D. Melani,” Kenneth R. Durbin,” EMichael W. Senko, Philip D. Compton, and Neil L. Kelleher*

lad Zabrouskov,® Alexander A. Makarov,” Joshua T. Maze,” Deven L. Shinholt,”
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Orbitrap-based Individual lon Mass
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Charge Detection Mass Spectrometry
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Charge Detection Mass Spectrometry
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Orbitrap Single lon Measurements

Increase transient length

Orbitraps are sensitive enough to l

measure single ion events
Increase Resolution
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Charge Detection

Using Only Intensity Using Summation of lon Signal Over Time
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lons Died During Detection Charge DeteCthn

Using Only Intensity Using Summation of lon Signal Over Time
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Charge Detection
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Charge Detection
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Individual lon Workflow
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STORI Slope to Charge Calibration
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Deconvolution: 4 Protein Mix

Standard MS
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Deconvolution: Reduced Ab
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Single lon MS: Resolution Gain

N Ensemble ion measurement
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Individual lon MS: Resolution Gain

Pyvruvate Kinase (Tetramer)
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lon Count
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Individual lon MS: Resolution Gain
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Deconvolution: Extreme Proteoform CompIeX|ty
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Deconvolution: Extreme Proteoform Complexity
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Top Down MS: Triosephosphate Isomerase
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Top Down MS: Fragment Matches
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Top Down MS: Fragment Matches
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Top Down MS: Fragment Matches
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Mass Determination: Virus-like Particles

Heterogeneous DNA
and RNA cargo
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Mass Determination: Virus-like Particles

Heterogeneous DNA

and RNA cargo

T= 3 Geometry

Relative Abundance
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Kafader et al., Nat Methods 17, 391-394 (2020)
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Mass Determination: Virus-like Particles
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Virus-like Particles: WT vs MUTANT

MS2537P (mini MS2)

single
mutation

27 nm diameter 17 nm diameter

Dr. Danielle Tullman-Ercek
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Virus-like Particles: WT vs MUTANT

180 Coat Proteins 60 Coat Proteins

27 nm Diameter 17 nm Diameter

10,300 nm3 Volume PAS2T (milnt MS2) 2 600 nm3 Volume
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Virus-like Particles: WT vs MUTANT
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Mass Determination: Virus-like Particles

Heterogeneous DNA
and RNA cargo
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Mass Determination: Virus-like Particles
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Mass Determination: Virus-like Particles
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Improved sample handling for native and
denatured top-down MS

New SampleStream tech:
» Automated Buffer Exchange

» 20-100x Protein Concentration
» Detergent Removal
> nanograms to low micrograms -
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SampledStream Operating Mode 1:
Focusing

Analyte

e~

Analytes retained by MWCO membrane
accumulate above membrane where flows cancel
(concentration)

Sample and Buffer

,.
Sample introduced to one or both |

flows entering upper ports

Buffer and small molecules pass through membrane
to waste port (buffer exchange)
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Samplestream Operating Mode 2:
Elution

To Analysis

|
§

-4_

Elution buffer delivered to waste

port

Proprietary and Confidential

Membrane

Frit
Retained sample band lifted off membrane
and transported out top port to analysis

nnnnnn

Generates elution profile reminiscent of
liquid chromatography
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Normalized Time (min)

2

Comparison of 5SS to LC

Key Point: Equivalent data
from 20x more dilute samples
with over 2x the throughput

e 500 ng Herceptin analyzed via optimized LC
method provided by Genentech (red) and
comparable SampleStream method (black)

e |dentical mass spectrometer and tune file

e LCloading volume: 5 puL

e SS Loading volume: 100 plL

e LCruntime: 6 min

* SSruntime: 2.5 min
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S5 & Native Mass Spectrometry

Key Point: Simple buffer change
enables sensitive native analysis
on the same platform = can
rapidly switch between native
and denaturing modes

e 3.3 pmol loaded for various molecules

e SampleStream module operated with native
buffer

e Total method time: 80 sec
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Sample Preparation in the SS Channel

Key Point: Can perform enzymatic digestions and chemical

transformation inside the channel

Digestion
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The SampleStream ™
Platform

Philip Compton, Ph.D. CEO Philip-Compton@IPTInc.com
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Concluding Remarks

» Orbitrap analyzers are capable of multiplexing |
CDMS analysis ! 1
(S 1 WWJW
New paradigm for MASS Tl T e
spectrometry i IR
» |°MS can quickly produce native mass spectra Frequency (Dar)

(even isotopically resolved up to 466 kDa)

» Orbitrap-based I°’MS has many applications for
proteins in the kDa to MDa range, e.g., COVID-19
vaccine candidates with high glycosylation

» SampleStream for improved sample handling of
Intact proteins
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