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Polymun Scientific Immunbiologische Forschung GmbH

b |

m A PRIVATE COMPANY
Developing and Manufacturing Biopharmaceuticals
and Liposomal Formulations for Human Application

» CEO: Dr. Dietmar Katinger
» Founded: 1992
» Employees: 98

m regularly inspected by the Austrian regulatory authority AGES on behalf of
EMA, last inspection in December 2025

m inspected by FDA in October 2013 / July 2023

® numerous audits by clients (~10 per year) o
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Contract Development & Manufacturing of Biopharmaceuticals
for human application with focus on mammalian cell culture, process development & GMP
production

Contract Development & Manufacturing of LNPs and Liposomal Formulations
LNP & liposomal formulation development for APIs and vaccine antigens & GMP production

Formulation of mRNA and oligonucleotides in liposomes/LNPs
SiRNA, saRNA, miRNA and mRNA formulated up to 300 g API input per batch

Liposomal adjuvants, liposomal vaccines
liposomal formulation of MPLA as well as other TLR4 agonists
in combination with other adjuvants like saponins, CpG,..

Covid-19 mRNA vaccine collaborations with:
- BioNTech/Pfizer

- CureVac

- Imperial College London

- Arcturus Therapeutics

Research Reagents
manufacturing and distribution of HIV antibodies and antigens

Own R&D Projects

funded by revenues from contract development and contract manufacturing
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Core Activities

Contract Development & Manufacturing of Biopharmaceuticals
for human application with focus on mammalian cell culture, process development & GMP
production

Contract Development & Manufacturing of LNPs and Liposomal Formulations
LNP & liposomal formulation development for APIs and vaccine antigens & GMP production

Formulation of mRNA and oligonucleotides in liposomes/LNPs
SiRNA, saRNA, miRNA and mRNA formulated up to 300 g API input per batch

Liposomal adjuvants, liposomal vaccines
liposomal formulation of MPLA as well as other TLR4 agonists
in combination with other adjuvants like saponins, CpG,..

Covid-19 mRNA vaccine collaborations with:
- BioNTech/Pfizer

- CureVac

- Imperial College London

- Arcturus Therapeutics

Research Reagents
manufacturing and distribution of HIV antibodies and antigens

Own R&D Projects

funded-by-revenues from contract development and contract manufacturing g
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THE WALL STREET JOURNAL.

If One Leading Coronavirus Vaccine
Works, Thank This Tiny Firm in Rural
Austria

Pfizer and BioNTech reliance on Polymun’s product shows the fragility of the vaceine supply chain

At a Polyrur |aboratory In Klosterneuburg. Austria. the size distribution of lipic nnopariicles Is measurec. MARYLISE VIGNEAU FOR THE WALL STREET JOURNAL
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MRNA Vaccines — Achievements within < 1 year

— Process set-up, optimization and scale-up

— Production of 10 different vaccines for tox studies

— Production of 5 different vaccines to initiate clinical trials

—  Production of 2 different vaccines for phase 3 (> 40 000 subjects)

— Tech transfer to BioNTech/Pfizer network

— Analytical method validations
—  (multi-center) process validation
— Regulatory support

—  Production of 15 million doses to be used in EUA program
in late 2020 / early 2021

— Continued bulk DP production in 2021

Q
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Production History

200+ GMP productions runs for oligo formulations

® 100+ GMP productions for
- mRNA vaccines (incl. market product)
- Gene editing formulations (MRNA/gRNA)
- mRNA therapeutics (IV and pulmonary application)

® Intermediate batch volume > 500 L
m mRNA input amounts > 50 g / batch
m High reproducibility, High yields

Q
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Components of mRNA LNPs

ﬂ lonizable lipid

R Phospholipid

% PEG-lipid

’ Cholesterol
YN mRNA




Production of mMRNA LNP Vaccines
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Production of mMRNA LNP Vaccines

Acidified buffer
ILiigfe: eg. pH 4.0
E
e mRNA
solution LNPs in
Mixing Dilution bl acidified
mRNA buffer
solution

W Process optimization
W Equipment optimization

W Scale-up; Scale-down
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Development and optimization of a mixing process for the
preparation of lipid nanoparticle drug delivery systems for nucleic

acids using magnetic levitation pumps

Master’s thesis for obtaining the academic degree

Master of Science

in the study programme: Clinical Research

submitted by

Daniel Kumar, B.5c.

Department for Health Sciences, Medicine and Research

at University for Continuing Education Krems

Advisor: Dr. Andreas Wagner

o
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LNP processing — ongoing activities / optimization

- Comparison: piston pump batch

with MaglLev pump batches

Aqueous
phase

Ethanolic .

phase
\ ) /i

Mixing
module

Flow
sensor

Tubing

MaglLev
Pump

- Variations tested:

|
* Module size (0.5 mm vs. 1.0 mm) E i @ _,,@,_ @
: | s

* Flow rates (low, standard, high)

e Mixing angle (180° vs.90° )
o
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* CQAs

» Particle size & Size distribution (Pdl):

Dynamic Light Scattering (DLS)

* Encapsulation efficiency:

RiboGreen assay
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Baseline Comparison Piston vs. MaglLev

Flowrates of: 40/120 ml/min

180° mixing / 0.5 mm standard module

APl-Lsg. —* @ <— Lipid-Ethanol
LNPs

Piston pump (reference):

Particle size: 66—71 nm
Pdl: 0.11-0.15
Encapsulation efficiency: 97-98%

MagLev pump:

Particle size: 69-70 nm
Pdl: 0.16-0.17

EE: 95-96% (=2% lower)
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Larger module

Flowrates of: 40/120 ml/min

180° mixing / 1 mm module

A
N

Introduction — Methods — Results — Discussion — Conclusion & Outlook

Larger module (1.0 mm): stable,
less backpressure

Particle size : 70-71 nm

EE: 96-97%

Pdl: 0,14-0,15
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Larger module — increased flow rates

- Flowrates of: 80/240 ml/min

- 180° mixing / 1 mm module

AN
N

- Doubling flow rates possible only with
1.0 mm module - enables successful
scale-up

- Particle size: 68-70 nm

- Pdl: 0,15-0,16

- EE: 96-97%
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Flowrates of: 40/120 ml/min

90° mixing / 0.5 mm standard module

|

4.

- Pdl slightly improved 0.13-0.14

Particle size: 68—70 nm
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COMPARISON OF SIZE AND PDI

E Particle size (hnm) & Pdl
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Key Observations:

All batches yielded particle sizes around 70 nm
— high reproducibility

MagLev batches: comparable sizes (~68—-72 nm),
Pdl <0.2

Optimized MagLev settings (low flow / larger
module / 90° angle): Pdl similar to piston pumps
Only weak point: small module + high flow = back
pressure — process not feasible

Takeaway: MaglLev delivers robust and
reproducible sizes and Pdl values, with only

minor differences compared to piston references.

o
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ENCAPSULATION
EFFICIENCY
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Key Observations:

 Piston references: consistently > 97% EE
across all runs

« MagLev batches: Direct comparison (MaglLev
1-2): slightly lower, ~95-96% final product

» Optimized conditions (larger module, reduced
flow, 90° mixing): improved back to 96-98%

» Takeaway: MaglLev pumps achieve high EE
comparable to piston pumps when operated

under optimized conditions.
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Emerging Trends in the LNP space —

Billion USD ($)

Big Pharma’s $9 billion bet
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Polymun Scientific's
Core Competences

Next
Generation
LNPs

Modification of lipid
nanoparticle's surface by
conjugation of targeting

moieties

e.g.. aptamers, Fab-fragments,
peptides, antibodies

leads to active targeting moiety
that binds to specific ligand
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Why is targeting important?

Passive targeting (or non-targeting)
LNP uptake mechanism

Portal vein

Sinusoid

Bile duct

Central vein

Hepatocyte

Hepatic lobule

Sinusoidal lumen
(Entry of LNPs)

Disse space ~ Stellatecell
(Nanoparticle transition ApoE- (Activated in fibrosis)
zone) coated LNP

LDL receptor

Hepatocyte

(Lipid metabolism)
https://doi.org/10.1016/j.omtm.2025.101436
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Active targeting
LNP uptake mechanism
“extrahepatic delivery”

Antibodies &
antibody fragments
Active targeting
Protein adsorption ' ) Peptides
(Biomolecular corona) " Active targeting
Passive targeting \ g (@)
"

DePEGylation ¥ O= , \ Small sugars/
LNP >0 00
o=

vs stable PEGylation ligands
Passive/active targeting Active targeting

M
Helper & O@ f% ‘Y) Aptamers

lonizable cationic lipids ® Active targeting

Passive targeting Perman entIy

charged lipids
Passive targeting

https://ars.els-cdn.com/content/image/1-s2.0-
S0168365924002438-gal _Irg.jpg
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LNP preparation

Acidic buffer
Nucleic acid
Active pharmaceutical ingredient
@
Lipid-EtOH =p- a >
lonizable lipid Cholesterol
Electrostatic ﬁa‘;‘:ﬁ/y
complexation
o~ EtOH

®
[

Phospholipid PEG-lipid Functionalized
Structure Bio-circulation ~ PEG-lipid
Stabilty Conjugation

Targeting moieties:

> Antibodies, antibody fragment, peptides, etc.

Conjugation techniques 0 o

> Maleimide-thiol binding R-SH + | N-R, i N-R,
>  EDC/NHS coupling R-S
.. .. (o} O
b Biotin-avidin
(0]
c(NH N nﬂ' HO N, ] SO ) o H—N
¢ lo & © o5 o | w
*] \ EDC.HCL Y 't \ Sulfo-NHS —={ 9 \ Primary amine 0
. b oH—— . NG > N Noy— |
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Carboxylic acid Amide

(active intermediate) (Intermediate)



The merge of Polymun’s analytical expertise

m How can we prove successful
conjugation?
» Characterization using standard
analytical methods for LNP release testing

» Analytical profiling of tLNPs needed to
prove successful conjugation and efficiency
(and stability!)

» Use of orthogonal methods
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Analytical
profiling

b7, Non-targeted lipid
nanoparticles

CQA and applicable
analytical method
-
Particle size & PDI

« Dynamic light scattering
Lipid identity & content

* HPLC/CAD
RNA content

e HPLC/UVor

* RiboGreen™
Encapsulation efficiency:

o RiboGreen™
pH

» Potentiometric determination
Osmolality

« Freezing-point depression
Visual appearance

« Visual inspection

-

Targeted lipid
nanoparticles

Additional CQAs and

applicable —
analytical methods
Nt-LNP testing supplemented by: <

Targeting moiety specificity:
« Specificity ELISA
* Western blot
Confirmation of coupling (qual.):
o SDS-PAGE & Heukeshoven staining
Confirmation of coupling (quant.):
* SEC-HPLC
o BCA assay of diafiltrate
Total protein content:
o BCA assay of t-LNPs

o
POH MUN
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Standard Quality Control

—  mRNA content and EE% by Ribogreen Assay
— LNP size / size distribution (DLS)

—  mRNA identity and integrity
(Capillary electrophoreses)

— lipid identity and quantity (HPLC-CAD)
— mRNA content and ratio by IPRP HPLC
~ pH

— Osmolality

— Bioburden testing

—  Sterility testing

— Endotoxin testing

— Subvisible particles

— residual ethanol (GC)
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Last step after conjugation: Tangential Flow Filtration of tLNPs

Antibody in permeate at ultra-diafiltration after conjugation
500

40

30

Antibody in permeate (mg/ml)
] g
H
t

000

h ? o DF1 DF2 DF3 DF4 DF5 DF6 DF7 DFg DF9 DF10
‘A’ = Antibady in permeate NHS (mg/mi) 462 294 139 076 044 025 013 0.00 0.00 0.00
. y - ' Antibody in permeate maleimide (mgiml)  0.54 037 031 0.16 020 0.16 013 0.00 000 000
Diafiltrationcycle
’ TO remove unbou nd targetlng mOIetIeS m Antibody in permeate NHS (mg/ml) ® Antibody in permeate maleimide (mg/ml)

>  To remove organic residues from LNP preparation

»  Exchange to desired buffer including cryoprotectants Comparison of permeates during ultra-

for frozen storage conditions

/diafiltration of different conjugation strategies

()
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Lipid nanoparticles with targeting antibody moiety (2G12)

non-reducing SDS-PAGE &
Heukeshoven silver staining

250 kD -
150 kD
100kD -

75kD -

50 kD -

37kD~

25kD -
20 kD~

10kD -~

-~

-

- 4=
wo = | 1|2]3]4]s]6]7]s]

reducing SDS-PAGE &

Heukeshoven silver staining

Legend:

1-2G12 control

2 — 2G12 thiol modification
(high excess)

3 —2G12 thiol modification

(normal excess)

~

4 -V coupled

5—UDR low conc.

6—0.2 um low conc.

7 — UDR high conc.

8 —0.2 um high conc. /

non-reducing
heavy chain NBT/BCIP staining

light chain NBT/BCIP staining

non-reducing
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y-chain
250 kD'
150 kD
100 kD —
T5kD -
50 kD
3TkD
25kD
20kD
01 1]2]3]4]5]|6|7]8
reducing

heavy chain NBT/BCIP staining

250kD.
150 kD

100 kD
75K0.

S0KkD-

TkD-

210
i 1]2

reducing
light chain NBT/BCIP staining

J

Coupling of LNP and

targeting moiety successful

Particle sizes around 65 nm,
PDI <0.07

%EE =95 %

Clear upwards shift (antibody
coupled to PEG-MAL) in SDS-
PAGE and Western blot

o
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H
265

4
F: 2612-7873

8004

TIGT2=1892 |

I

4 - 2G12 Dimer- 6,715

N
| J ) L
T T

80 X 10,0 110 120

From top to bottom:

1) not conjugated intermediate volume with antibody spike to show
resolution between LNP and antibody (not-conjugated control)

2) not conjugated intermediate volume (LNP control)

3) not conjugated antibody (2G12) (Antibody control)
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SEC-HPLC with UV detection

3 1-250620_Mastenhesis_SEC #30 UDR coupled (2) Mal UV_VIS_1 WVL214 nm
1 000 - 1.2-250620 Masterthesis SEC #32 UDR coupled NHS UVVIS_1 WYL 214 nm
mAU 3
3
o
o
3500 3
3000
2500 ]
2000 4
1500 4
1000
o
5
500 4 'T
&
o
Q
o9
min
-500 T T T T T T T T T T T T T T £ T T T T T T T T T
3k 400 20 b k0 a8 550 550 B 560 sk 6k 60 640 650 ek 7h 750 740 74 740 8b0 850 540 550 aro

m Blue: conjugated

m Orange: not
conjugated

o
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SEC-HPLC with UV detection

7 1-250620_Masterthesis_SEC #30 UDR coupled (2) Mal UV_VIS_1WVL-214 nm
4 000 32250620 Masterthesis_SEC #32 UDR coupled NHS UV_VIS_1 WL 214 nm
mAU 3
B
I
3500 5.
> Size increase after
3000 4 . .
conjugation
2500 70
60
2000 4
_50
£
1500 - a0
8
530
1000 5
20
10 &
500 4 =
0 3
; W LNP size before conjugation  ® LNP size after conjugation o
T
500 =
380 400 420 4do 450 480 500 520 540 560 580 6.0 620 630 660 680 700 720 740 780 800 820 840 850 879
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Thank you
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