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< & Transforming Nanoparticle Analysis:

What Light Scattering Techniques Reveals About LNPs & Liposomes
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Waters | Wyatt Technology



LNP-mediated therapies

® LNPs are a new class of delivery vehicles.

® First US and EU approvals in 2018.

® Multiple drug products in development:

= siRNA

= mRNA

= Cas mRNA+ sgRNA
= DNA

" protein

= gmall molecules

® Quality attributes are evolving.
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® Second-generation targets are more challenging. Many outstanding questions.
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Optimizing LNP formulation is a challenge

lonizable Lipid

“ Neutral Lipid

Cholesterol

PEGylated Lipid

®
®
% Payload

Permutations:

Choice of payload
Choice of lipids

* Neutral

* lonizable

* Cholesterol

 PEGylated
Relative concentration
Total concentration

Woaters:
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Permutations:

Mixing Methods
Speed

]J — TFR
— Scale-up

Hundreds of samples may be generated in early stages.
High-throughput solutions are critical for efficient sample analysis.
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Waters |Wyatt LNP Characterization Solutions

Non-exhaustive

High-Throughput Zeta Potential

Screening Optimization MAQ & Detailed Characterization

Lipid Composition & ratio
Modifications — Lipids and mRNA

Digest

Low level impurities

QDa BioAccord™
Waters LC-Ms  detector MS

Size distribution

DynaPro™ Plate Reader DynaPro ZetaStar™ Intact & Payload concentration
High Thl]?]:tgn'} r?g]? LSISLS Dll;‘ssi?ll;r?‘/eEnl;S Digest Size-based payload distribution
_ _ Encapsulation efficiency
Size/ radius (QC) * Size/radius (QC)
. Morphology
- Aggregation content + Aggregation content - |
Lipid concentration
Freeze-thaw stability » Structure
Aggregation
Structure + Charge/Zeta Potential
Polydispersity (QC) + Polydispersity (QC) Size Exclusion or

Eclipse™ FFF system

©2024 Wyatt Technology, LLC 4



Waters |Wyatt LNP Characterization Solutions Waters:

Non-exhaustive

Zeta Potential
Optimization

High-Throughput

MAQ & Detailed Characterization

Screening

Lipid Composition & ratio

Hundreds of samples

Digest Modifications — Lipids and mRNA

Low level impurities

QDa BioAccord™
Waters LC-Ms  detector MS

Size distribution

DynaPro™ Plate Reader DynaPro ZetaStar™ Intact & Payload concentration
High Thl]cr’]:tgrs r':]l;:],:) LSISLS Dll;lsslt ?llj_r?lleEnl;S Digest Size-based payload distribution
Size/ QC) Encapsulation efficiency

. Sj i » Sizelradius

Size/ radius (QC) Morphology
.« A i « Aggregation content

ggregation content Lipid concentration
Freeze-thaw stability » Structure .
Aggregation

» Structure + Charge/Zeta Potential

Polydispersity (QC) » Polydispersity (QC) Size Exclusion or

Eclipse™ FFF system
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High-throughput LNP formulation screening Waters:
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DynaPro Plate Reader ' g\,“toma;'i” lfrf_”d'y | D
High-throughput DLS/SLS instrument ze and Folydispersity

= Particle concentration Compatible with industry-standard

= Degradation 96, 384, 1536 well plates
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Strength of DLS measurement Waters:

= Fast and sensitive assessment of aggregation
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1 10 100 1000 10000 1 10 100 1000 10000 1 10 100 1000 10000
Radius (nm) Radius (nm) Radius (hm)
Sample appears to be in good Some self association Sample contains larger
shape happened aggregates.

Rapid check on sample quality
Get result in <1min and minimal volume use
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Case Study: Industry-standard plates for HT LNP screening Woaters® | & WAL
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“Development of a high-throughput platform for screening lipid nanoparticles for mRNA delivery”
Collaboration: AstraZeneca & U.Michigan

™ ROvAL SOCIETY
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M) Check for updates Development of a high-throughput platform for
screening lipid nanoparticles for mRNA deliveryt

Cite this: Kanascaie. 2022, 14, 1480

~orz---

Lili Cui, @ ** Sara Pereira,* Sitvia Sonzini, * Sally van Pelt,* Steven M. Romaneli,”
Lihuan Liang * David Utkoski# Venkata R Krishnamurthy.* Emily Brannigan,*
Christopher Brankin® and Arpan S. Desai*

mANA ipid rancparticles (LNPs) are at the forefront of nucte acd intraceliular defivery, as exemplifed by

the recert emergency approval of two MANA LIP- 19 vaccines. The success of an NP

product largely depends on the

ipicic components, ramely the onl-
sable lpid, PEG lip

= " screening of novel &
ponents and LNP 2

Issues, we herein present an sutomated roughput screening pltiorm 1o select novel lonisable
lipics and corresponding LNPs et g MANA &1 vitro. Thes high-throughput platiorm employs 3

Platform applications:

o Screening novel lipids

o Composition optimisation
o SAR studies

to 384 formulations per
mANA LNP preparation
which ensures a direct head-to-head comparison of hurdreds and even thousands of novel LNPs. Most
impartantly, the robotic proc fuly appbed to the screening of novel LNPs encapsulst
ing MRNA and has idertified 1 el mRNA LNP s those from microfuidics-mixing techno
logy. with  camelation coefficient of 0,875 This high-throughput plstform can facitate to narrow down

LNP prep by
automation

the number of nowel icnzsbie Bpid: 1o be evakiated in vivo. Moreower, this platform has been ntegrated
o 2 fuly-automated workiow for LNP property contral. physcochemical characterizston and biclog
cal evakuation The high-thoughput platform may accelenate proprietary lipid development, mANA LNP 3 DynaPro

lead optimisabon and c: selection to prect l MRNA LNP pment to meet urgent Plate Reader Ill
gobat needs. v

T T I TT T TIYTY™

Introduction

: R &
Nucleic acidbased medicines including antisense oligo- WYATT

nucleotide (ASO), small interfering RNA (SIRNA), microRNA Ml
(miRNA,, messenger RNA (mRNA), selfamplifying RNA
(s3RNA) and DNA have emerged as game changer therapies
with the potential to address previously undruggable targets
and cure diseases. The fint ASO drug, Fomivirsen, was
approved by the Us. Food and Drug Administration (FDA) in
1998 Fourteen years later, the first DNAbased medicine
(Glybera) was approved by the European Medicines Agency
(EMA) In 2018, the first s5RNA drusg (Onpattro) delivered by =
nonwiral vector (lipid nanoparticles, LNPs) was approved by
the FDA? followed by the approval of another SIRNA drug
(Givlaari) in 2019.* These series of successes have cvoked
fierce for and com-
panies to develop nucleic acid drugs.

Among a large panel of nucleic acids, mRNA is in the spot-
light of recent technological innovation due to its great poten-
% tial in preventing and treating disease. A key advantage of
mRNA is its ability to use our own body to trnsicatly make

Encapsulation
(Ribogreen)

1480 | woscalo, 2022, 14, 1480-149) Thisfoumst & ® Tha Royal Secety of Chomiatry 2022

Development of a high-throughput platform for screening lipid nanoparticles for mRNA delivery
Collaboration: AstraZeneca & U.Michigan
https://doi.org/10.1039/D1NR06858)
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Biophysical characterization with DLS and SLS Waters:
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18 0 . i i ; . O Phosphate
: 0 . ; . ; ; ; 0
40 50 60 70 80 90 0 2 4 6 8 10 0 5 0 15 20 25 30 35
Temperature (°C) Concentration (mg/mL) Time (h)
Onset of Aggregation Colloidal stability metrics with Accelerated storage
with Thermal ramp A,(SLS) and kp(DLS) stability assessment

Applicable in candidate screening and formulation development

©2024 Wyatt Technology, LLC 9



Waters |Wyatt LNP Characterization Solutions

Non-exhaustive

N

High-Throughput

Screening

Dozens of samples

DynaPro™ Plate Reader
High Throughput DLS/SLS
Instrument

+ Size/ radius (QC)

» Aggregation content
Freeze-thaw stability .

» Structure

Polydispersity (QC)

©2024 Wyatt Technology, LLC

Zeta Potential

Optimization

DynaPro ZetaStar™
DLS/SLS/ELS
Instrument

Size/radius (QC)

+ Aggregation content

Structure
Charge/Zeta Potential
Polydispersity (QC)

Digest

Intact &
Digest

MAQ & Detailed Characterization

Size Exclusion or
Eclipse™ FFF system

QDa
detector

Lipid Composition & ratio

Modifications — Lipids and mRNA

Low level impurities

BioAccord™

MS

Size distribution

Payload concentration
Size-based payload distribution
Encapsulation efficiency
Morphology

Lipid concentration

Aggregation




Walk-up or Automated Zeta Potential LNP screening Woaters | € WYATI
-12 10
— 1
-104 8 5.1x108 mL" G
. — 83
T 8 5]  72x10°mL
5 B
g -6 2
9 Q 1x10"0 mL-"
g £ 4
g °
0 O R | R Tor T T e
S1 S2 S3 1 10 100 1000 10000
BWYATT @ Radius (nm)
- Lol ittt Fast and Simple workflow
= Size
DynaPro ZetaStar = Polydispersity ELS in native buffer.

walk-up or automated

DLS/SLS/ELS instrument = Particle concentration

= Colloidal stability

Hands-free automation

©2024 Wyatt Technology, LLC



LNP electric charge is known to control in vivo distribution and ) . \Y
expression of MRNA-LNPs Woaters: | & WyaT

c = DODMA

20 - * KC2

P : pKa=6.15 = MC3

KC2 Zeta
lons 10 pka=6.3 @ DODAP
DIODGMQZeta
] pl = 6.

Stern Layer E‘»?é” z &9 KC2 Zeta pl = 6.61

Zeta Potential (mV)
o

Slipping Plane 3 4 9 10
1 DLin Zeta
DODAP Zeta I'=6.34
-10 p1 =5.39
PRa 25881 MC3Zeta
-20 *
Measured pH
Slirface Palaital = Charge and Zeta-Potential depends on
lonizable lipid choices and pH
N j~_ Zeta Potential = LNP charge may change between
: formulation and in vivo
0
y : COMMUNICATIONS BIOLOGY | (2021) 4:956
Distance from Particle Surface https //doi.org/10.1038/s42003-021-02441-2

©2024 Wyatt Technology, LLC


https://doi.org/10.1038/s42003-021-02441-2
https://doi.org/10.1038/s42003-021-02441-2
https://doi.org/10.1038/s42003-021-02441-2
https://doi.org/10.1038/s42003-021-02441-2
https://doi.org/10.1038/s42003-021-02441-2
https://doi.org/10.1038/s42003-021-02441-2
https://doi.org/10.1038/s42003-021-02441-2

Challenges with traditional ELS technology

w
AV

©2024 Wyatt Technology, LLC

Staffing challenge

Training new staff following
expansion & turnover

Boost lab efficiency

Outdated technology,
multiple platforms required
for obtaining information

5
o
&
=
2

Productivity bottlenecks

Not enough staff, access
to instruments / instrument
downtime, workflow inefficiencies

Sample challenges

Volume limitations, interest
iINn measuring samples in
physiological conditions




DynaPro ZetaStar is a newer generation technology

/ Traditional ELS & \ /

needed improvements:

Better Measurement » E—
Faster Measurement Completely redesigned
Less Sample Hardware

Less Hands-on-time User Interface

\ / \ Workflow /

©2024 Wyatt Technology, LLC



Some changes under the hood: FIDELIS
Robust and more sensitive instrument

/ Conventional PALS \ / FIDELIS \
iect-:-odis scattered Sample Scattered F| ber

: Fiber Light
laser light Electrodes .
W © o Ol 'gd + + + |/ Interferometric
O etector Detect
reference O %‘[ ’ _Laser /\/\/\ (= (=) e . DOpp|er
beam - - = 7 | (& T
N VA" © © Electrophoretic
10-Hz oscillating mirrors
_ _ o LIght
» Mechanical motion, low frequency — low serenee |
SNR, slow measurements, fragile Acousto-opti Scattering
samples degrade
- Free space optics: difficult maintenance, - Solid-state modulator, high frequency —
factory repair high SNR, fast measurements, no degradation

* Fiber-coupled optics — simple maintenance,

\ / \field-replaceable modules /

©2024 Wyatt Technology, LLC




Result: Simpler and Faster data collection Wo’rers | & VWYATT

As little as:
~30 sec Size
and 65uL / Zeta Potential
sample Polydispersity
Particle Concentration

% DYNAMICS Touch

= Flexible walk-up measurements with stand-alone
touch interface

= Simultaneous size and zeta potential

= Adaptive ELS collection mode
— Less user input and knowledge required

— No need to change measurement parameters for
various sample types

— Mitigates the chance of sample degradation

©2024 Wyatt Technology, LLC



Automated Measurements to minimize Hands-on time Woaters” | € VWYATT

Run dozens to
hundreds of samples,

effortlessly

Load autosampler vials or
plates, execute method
and generate reports

©2024 Wyatt Technology, LLC
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b

50nm

Injection 1-3

Injection 4-6

150nm

* The unique combination of the ZetaStar with
an autosampler and pump automates sample
delivery, creating a powerful, reproducible
characterization system

« Adaptive mode utilized for easy method
set-up and optimization

- - Empty, Proc. #1 ——Loaded, Proc. #1 ——Loaded, Proc. #2
180 50nm PS 150nm PS
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Waters |Wyatt LNP Characterization Solutions Waters:

Non-exhaustive

High-Throughput Zeta Potential

: L MAQ & Detailed Characterization
Screening Optimization

Lipid Composition & ratio

Digest Modifications — Lipids and mRNA
Low level impurities
QDa BioAccord™
Waters LC-Ms  detector MS
Size distribution
DynaPro™ Plate Reader DynaPro ZetaStar™ Intact & Payload concentration
High Thlioutghput PLSISLS DLS/SLS/ELS Digest \ Size-based payload distribution
nstrumen Instrument S
Size/ QC) Encapsulation efficiency
e Sj i + Size/radius
Size/ radius (QC) | Morphology
- Aggregation content * Aggregation content Lo o
ipid concentration
Freeze-thaw stability » Structure A )
ggregation
» Structure + Charge/Zeta Potential
Polydispersity (QC) + Polydispersity (QC) Size Exclusion or

Eclipse™ FFF system Few samples

©2024 Wyatt Technology, LLC
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Unprecedented detailed LNP characterization Woaters:

= RNA integrity

= LNP size

= LNP distribution
= LNP number

= Physical stability

Optilab™
differential refractive index
(dRI) detector

= LNP morphology

DAWN™

multi-angle light scattering
(MALS) photometer

= Encapsulation efficiency

= MRNA concentration
= Lipid concentration

Eclipse
Field Flow Fractionation
(FFF) system

Obtain high-resolution LNP size, payload,
and how these payloads are distributed

across the particles within the sample, all

in a single experiment.

©2024 Wyatt Technology, LLC



FFF separation, alternative to SEC

Channel Inlet Sample Injection 4 Channel Outlet

-

Smaller particles

@7 - elutes first
“  Parabolic flow ‘ Large particles
— elutes later
-
o i
) TN, [—— <4 Membrane

,é_ Cross Flow Outlet

= FFF separates based on size: small particles elutes first.
= Gentle separation with tunable resolution.
= Multidetector MALS provide in-depth characterization and quantification.

= FDA recognizes FFF as an orthogonal technique to SEC and AUC.

©2024 Wyatt Technology, LLC

Woaters:

Eclipse™ FFF system

@
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S
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Q
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LNPs

Viral Vectors
Exosomes
Polymers

Proteins & Peptides




Flexible Channel Selection

Fixed Height Channel
= Robust channel for faster assembly

Eclipse

Short Channel
350 pm

= |deal for routine and QC applications

= Temperature regulation module from ambient up
to 50°C (all eclipse channel)

Analytical Short  Rapid nano/microgram separations
Analytical Long  Nano/microgram separations

Dispersion Inlet For aggregation-prone samples

Semi-Prep Milligram separations coupled to a
fraction collector

Mobility EAF4 Separation by size and charge

©2024 Wyatt Technology, LLC



JS\WYATT

TECHNOLOGY

Benefits of Eclipse FFF-System W(]’rers”‘

= Industry-leading Waters Arc HPLC front-
end for maximum accuracy and reliability

= Flexible and convenient channel

FEF Mode selection

KT . = SEC switching option enables
= = automated switching between FFF-
MALS and SEC-MALS

SEC Mode " Intelligent solvent management system
with configurable recycling minimizes
solvent consumption

©2024 Wyatt Technology, LLC



FFF = High Resolution Size Distribution of LNPs Wo’rersm

&
2
:<
e
o
3]
-

DLS
Fast Screening

Cumulant R, [nm] %PD
Comirnaty™ 38 £1 26 £ 2
Spikevax™ 751 2412

©2024 Wyatt Technology, LLC




High Resolution Size Distribution Analysis of LNPs

DLS
Fast Screening

Cumulant R;, [nm] %PD
Comirnaty™ 38 £1 26 + 2
Spikevax™ 751 2412

©2024 Wyatt Technology, LLC

Radius (nm)

100 ]

FFF-MALS

High-resolution size distribution

Comirnaty ] Comirnaty
S 4o
%’3 3.0 1
=
Spikevax § 2.0 -
& Spikevax
a 1.0 A
T 0.0 T T — T
14 16 18 20 22 24 10 100
Elution time (min) Radius (nm)
R, [nm] D=M, M, cgrna [mg/mL]
Comirnaty 69.6 + 0.3 2.6 +0.1 0.106
Spikevax 85.8+£0.5 5.0+ 0.1 0.086




S VWYATT

Unprecedented detailed LNP characterization Woaters:

= RNA integrity

= LNP size

= LNP distribution
= LNP number

= Physical stability

Optilab™
differential refractive index
(dRI) detector

= LNP morphology

DAWN™

multi-angle light scattering
(MALS) photometer

= Encapsulation efficiency

= MRNA concentration
= Lipid concentration

Eclipse
Field Flow Fractionation
(FFF) system

Obtain high-resolution LNP size, payload,
and how these payloads are distributed

across the particles within the sample, all

in a single experiment.

©2024 Wyatt Technology, LLC



Multi-angle static light scattering (MALS) Woaters:

&
2
:<
e
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-

Multi-Angle Small
Light Scattering \ / p artl Cl es N
scattering volume (R <10 nm)
laser N~ B
Anisotropic scattering

\>, Large
| particles =

detector (R > 10 nm)=

Intensity of scattered light provide information on both size and molecular weight

©2024 Wyatt Technology, LLC




Data in Action
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Woaters:

o 25x108] ~ >t ‘| 2
5 = - 6 m e (%) pa
é’/ 2 0x10-5 - ,/'// ‘\\ I( )scattered X "C % 6)
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% 1.0x10° 2 312 (2>< )
T 05x10
o OX
0% ; ' . ;
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Elution time (min)
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Zeroth-angle intercept % 835x10™° i Slope
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sin’(8/2)
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SEC-MALS: Provide Mw Details Waters:

|
&
S
=<
Q
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1.0x10 o 1.0x10 4 o

g | E 1.0x10 3

— =
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él.ﬂxlﬂﬁ- E i

5 . 5 s

2 ! £ 1040
w0 1000.000 ey mrmrmrmrmyrererereyrermrrrrrere

14.5 15.0 15.5 170 180 190 200
time (min) time (min)

Concentration signal is ambiguous:

_ _ MALS gives the answer
Is the peak homogeneous or polydisperse?

©2024 Wyatt Technology, LLC
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Software is equally important Woaters® | & WyArT

ASTRA™ software LNP Analysis tease out Lipid vs RNA contribution

9 = Total x Nucleic Acid + Lipid |
1.0%10 E
E - - - -
Broaod #ﬁwlon
é i - e HRE R
D
S ¢
= 1.0x1 U? E
RNA contribution
ASTRA 1.0x10° =

T T T T
18.0 19.0 20.0 21.0
time (min)

ASTRA software combines signals from multiple detectors to tease out
the signal contributions from lipid and payload to determine size dependent encapsulation efficiency

©2024 Wyatt Technology, LLC



Meolar Mass (g/meol)

Get all the details in a single experiment

Molar Mass of Lipids and Payload

g
1.0x10

g
1.0x10

7
1.0x10

MM from lipids '
Mass (20.9 pg)

MM from RNA
Mass (2.8 ug)

6
1.0x10 1L —

v T - - - T T - - v v T v v 3 * T

9.0 9.5 10.0 10.5
volume (mL)

Particle Concentration

1.E+13 5

1.E+12 5

1.E+11 5

1.E+10

1.E+09 -

1 E+08 -
10

100
Radius (nm)

Woaters:

=]
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o
3]
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MRNA number
10 1
8 - 3
: s
6 1 : ;
4 }
2 :
: ’
0 - —rr®
10 100
Radius (nm)

ASTRA software deconstruct the data to provide, in a single physiologically relevant experiment:
Particle Concentration, Size-based Payload distribution, Aggregation, mMRNA number, and more

©2024 Wyatt Technology, LLC




S WYAT

TECHNOLOGY

Example: Waters:

Molar Mass of Lipids and Payload Particle Concentration MmRNA number
1.0x10’ : 1.E+13 3 10 -
~ 1.E+12 8
£ 1.0x10 1 T, 1 . 4
2 . MM from lipids T.E+11 ; 6 1 R
2 - Mass (20.9 ]
£ 1 R 1.E+10 - 4] ‘
= 5 MM from RNA i i )
- Mass (2.8 ug) 1.E+09 + 2 1 ?
i ] ] ’
6 i ] y
1.0¢10 L -_—m 1.E+08 . . | . 0 T T — T T T
9.0 95 10.0 105 10 100 10 100
volume (mL) Radius (nm) Radius (nm)
Size range ~5x1010 On average,
40-50nm particles/mL ~5 mMRNA/ particle

©2024 Wyatt Technology, LLC
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Example: Waters:

Molar Mass of Lipids and Payload Particle Concentration MRNA number
1.0x10 3 TE+13 3 10 ;
R 1.E+12 1 8 -
© g . 3 -
£ 1.0x10 1 ]
2 . MM from lipids 1.E+11 3 6 1
é ] Mass (20.9 pg) ] ]
R — 1.E+10 4 4 1
S 1.0x10 3 E ]
= E MM from RNA ]
- Mass (2.8 ug) 1.E+09 - 2 1
6 ] ]
oo +—ro 1.E+08 0
9.0 95 10.0 105 10 10
volume (mL) Radius (n
Size range ~1x109 On average,
80-100nm particles/mL ~8 mMRNA/ particle

©2024 Wyatt Technology, LLC




Cross-verification - Size-based payload Waters- | @

o
3]
-

y B 1185 (2021} 123018

Conters lists available at 5ci irect

Aliquots collected with fraction collector match!

A. C.

Journal of Chromatography B

ELSEVIER journal hamepage: v elsevier comiocalejehromt

LNP-1 LNP-3
) . - ) . 16 4 16.0 -
Enabling online determination of the size-dependent RNA content of lipid
nanoparticle-based RNA formulations 14 - 14.0
Xiujuan Jia ™', Yong Liu”, Angela M. Wagner ", Michelle Chen, Yuejie Zhao", 12 J -, o ~ - 12.0 - = (2] -

Katelyn J. Sm.llh Dan Some Andreas M. Ahend Justin Penmngmn

) ] ) [
* At S, A e and Db, M, Mk 4 0, b, By, 0,054 =R 104 = 1004 [
" el and Spstasty Protscs, Pharmascuuical Scinces, MRL Merch & CD., I, Kerdlwartt, ML ESA L B
e i it o = =
oeor, Anslyrical Research and Developmen, MR Merck & 0., Inc, Kesfworth, B US4 = B8 = 80
<< << :
AxticLs nro smsrRact Z 6 Z so
Keywards The potential of lipid naneparticles (LNFs) a5 nurleic acid delfvery vehicles has been demanstrated in recent
Lipid sanoparticie ‘years, culminating in the emergency use appraval of LNP-based mENA SARS-CaV.2 vacrines in late 2020 The 4 | 4.0
- RNA. o LNP size. partant to the afefficacy and adverse -
gl [ g efects. the firse a facile and mpid analytical method for anline, size-Gependent

RN payload distribation messurement using data foen sl angle gt scatesieg,

Ouine anlysis
e—— follawing separation of the LNEs by sézr-exchusion chramaiography. The

Ty size-based Fractionation af the LNPs with subsequent offline analysis of the fractions. F

with, diffevent PEG-pids andi different lipid compasitions wene tested, Good agreement was obarved between __._. @ . [ ] [ ] o o T ——
the oaline and offline size-based RNA distributions ameng all four LNPs, demonsirating the utility of the anline D T T T . 1 Do T T

‘methed far LNP-encapsulate RNA in general, and suggesting  means for simplified bioghysical quantitatian af 250 30.0 35.0 40.0 45.0 50.0 55.0
 dasing rebated eritical quality attribute. 30 35 40 45 50 55 . . - - . . .
R (nm) R (nm)
1. Intraduction eneapsulation and in Vo gene silencing activities (15]. Their data
showed cormelation between the cationic polymer/RNA ratio and RNA
Lipid nanopasticle (LNP) is a peomising delivery platform for nucleic  gene-silencing potency, which highlighted the importance of size-based B. D.
aics,fo wxmple mANA of SRNA. in the asea of nfetios disesse compushiond asessment of the LYP R
117, omcology [3-11] and SARS-CoV-2 vaceine [12,13]. LNPs encap- Although semi-preparative fractionation by size with offline fraction LNP-2 LNP-4
sulating RNA (LNP-RNA) are formes through mummur copture and  amalysis provides a viable approach to analysis of size-based composi 16 16
is 14 4 14 4
g e ste-enclusion cheomatography (SEC) & ~ ~
Deep understanding of LNPs at the molecular leve help clucidare gle light scattering (MALS) detector and con 12 | ~~ - 12 |
correlaticn of sracture and in viro/ fn ive performante, and develop  detectors such a5 4 UV photometer and  diffrential refaciometes Y
(@R —_ - —_
and tissue-penetrating SEC-MALS-UV-RI i often used for the characterization of lasge =X 10 o =X 10 4
L3P e reloted o particle . Theough fraction:  molecules or complex macro-enfities such as LNPS. This technique en- -
ation by semi nd subeequent offline size siste 1o obtain size and sample concentration across the SEC § E =) .
of the fractiomated samples by hydsodynamic light scattering (DLS),  peak without the neesd of a reference standarel. For binary conjugates, —~ 8 4 -~ 8 -
Fhang et al. studied the size dependence of LNP composition, RNA  and with the knowladge of the UV extinetion coefficient and dn/de <C <C .
= =
o 1 o A

L‘Dﬂu‘pmdml author at: Merck & Co., Inc., RYSOT-B160, . O, Bax 2000, Rahway, NJ 07065, USA.
merckcom (X Ja)

Reveined 12 August 2021; Reeees i revised frm 77 ciaber 31 Aeveped 29 Oetaber 2021
Available online 1 November 2021
IST00202/0 2021 The Awthors.  Published by Esevier BY. This is an open aceess arice under the CC BY-NCND license

o N b~ O
1

o N &~ O
I

25 30 35 40 45 50 55 25 30 35 40 45 50 55 60
R (nm) R (nm)

"Enabling online determination of the size-dependent RNA
content of lipid nanoparticle-based RNA formulations” LNP-RNA, RNA wt% (online)
Merck & Co. 2021
https://doi.org/10.1016/j.jchromb.2021.123015 Empty LN P, RNA wt% (online)

©2024 Wyatt Technolo



https://doi.org/10.1016/j.jchromb.2021.123015

More details in app note:

= Quantify the amounts of LNPs with a specific size and drug substance content.
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= The mRNA payload is not distributed equally

across the different-sized LNPs.
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Waters |Wyatt LNP Characterization Solutions

Non-exhaustive

High-Throughput Zeta Potential

Screening Optimization MAQ & Detailed Characterization

Lipid Composition & ratio

Digest Modifications — Lipids and mRNA

Low level impurities

QDa BioAccord

Waters LC-Ms  detector MS

Size distribution

DynaPro Plate Reader DynaPro ZetaStar Intact & Payload concentration
High Throughput DLS/SLS DLS/SLS/ELS Digest Size-based payload distribution
Instrument Instrument 9 _ e
_ _ ncapsulation efficiency
Size/ radius (QC) * Size/radius (QC)
. Morphology
+ Aggregation content * Aggregation content N _
Lipid concentration
Freeze-thaw stability » Structure
Aggregation
Structure + Charge/Zeta Potential
Polydispersity (QC) + Polydispersity (QC) Size Exclusion or

Eclipse FFF system
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Multi-detector MALS can provide:
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Woaters: | & W

LNPs ADCs
Hig-Res Size Aggregation
Polydispersity Molar mass
Encapsulation Antibody concentration

Size-based payload Payload concentration
distribution Drug-Antibody Ratio

Stability Stability

Variant analysis
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Polymeric

Hig-Res Size
Polymer concentration
Payload concentration

Conformation

Molecular weight
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