GMP-grade Materials for mMRNA Research

APEXBIO produces various GMP-grade products as raw materials for mMRNA manufacturing process. These products meet industry specifica-
tions and are manufactured in the quality infrastructures. Our qualified equipment, utilities, QC test methods and regulated manufacturing

processes can ensure high consistency from batch-to-batch.

I GMP-grade Products

B8176R EZ Cap™ Reagent AG B7972R  Pseudo-UTP K1087R  Pyrophosphatase, Inorganic (E. coli)

K1083R T7 RNA Polymerase K1095R  Bsa | (RNase-free) K1088R DNase | (RNase-free)

I QC Analysis

Product Portfolio Residual

Name Concentration Purity Bioactivity Endotoxin Exonuclease  Endonuclease RNase Non-specific Nuclease Host Cell Protein  Host Cell DNA

T7 RNA Polymerase 8.0-12.0 mg/ml 295%  2000-3000 KU/ml <10 EU/mg Incubate 50U enzyme & substrate at 37°C for 4 h, substrate degradation <10% <50 ppm <100 pg/mg

Pyrophosphatase,
Inorganic (E. coli) 100 units/mL. 295%  1.8-2.2 KU/ml <100 EU/mg Incubate 0.1U enzyme & substrate at 37°C for 4 h, substrate degradation <10% <50 ppm <100 pg/mg

I Key Features

Infrastructure & Manufacturing

* 25800 ft? facility

» Regular monitoring of temperature, pressure,
humidity and particle count

« Single-pass, HEPA-filtered air system

« Single-use consumables and process flows

« Buffer prep and hold area

« Aseptic bulk aliquoting suite

» Adequate chromatography resins

 0.22 micron-filtered final product

QC & QA

« Stability testing program

* Validated release methods

» Contamination and other current QCs qualified

« Batch history files/batch records

* Defined CQAs and CPPs

» Enhanced change management and batch
disposition process

* Fully traceable document and audit trails

« Calibrated instrumentation with maintenance logs

for critical quality parameters
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Pyrophosphatase, Inorganic (E.coli), as a transcription buffter for increasing mRNA yield HPLC for EZ Cap™ Reagent AG Concentration: 100 mM  Purity: =99 %
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MRNA Custom Synthesis

APEXBIO offers affordable custom synthesis of mMRNA and long RNA (up to multiple kilobases) with a wide array of modification services at
scales ranging from micrograms to milligrams. We provide EZ Cap (Cap 1), ARCA (Cap 0), modified nucleotides incorporation and Poly(A)
tailing for all our standard mRNA transcripts, to increase translation efficiency, reduce host cell immune response and enhance stability.

DNA template is degraded after RNA synthesis with DNase. 5’ triphosphates are removed at the end of the RNA with phosphatase to further

reduce innate immune responses in mammalian cells. Stringent QC and full analysis reports are provided to ensure high quality products.

@ GMP-grade mRNA are available with scale-up and high mRNA capacity (~30 per batch)

Plasmid Prep Purification

Sequence Optimization HPLC

Linearization Silica-gel Membrane
In Vitro Transcription Quality Control
Capping Degrade DNA Template Purity
Poly(A) Tailing Remove 5'triphosphate Bioactivity

Modified Nucleotides

Full Service for mRNA Synthesis

mRNA can be generated from DNA templates provided by
customers or we can provide a full service from the ground up
(using our optimized plasmid). Our expert team offers compre-
hensive guide to sequence composition, capping strategy,

product optimization, and purification options.

Final product: mRNA solution (1 mg/ml), COA, QC report

Tel: +1-832-696-8203 E-mail: sales@apexbt.com

Address: 7505 Fannin Street, Suite 410, Houston, TX 77054, USA

Purification System

RNAs transcribed in vitro may contain various contaminants,
such as salt, NTP, Caps, small molecule substrates, protease,
and uncapped mRNA. Certain RNA sequences even induce high
levels of immunogenicity.

APEXBIO provides purification service to remove the contami-
nants, thus increase the processing efficiency for downstream

applications.

www.apexbt.com

MRNA Research Solutions

» Custom mRNA Synthesis

» Modified Nucleotides

» mMRNA Raw Materials/GMP

» Reporter Gene mRNA

www.apexbt.com



Advantage of mRNA in research

» Minimize the risk of insertional mutagenesis

RNA polymerase

» Able to transfect difficult cells (e.g. non-dividing cells)

» Transient and controlled
Temporal control of expression and can be fully degraded by

physiological metabolic pathways.
Paly(A) Polymerase
» High delivery efficiency

mRNA just needs to pass the plasma membrane to get to the cytoplasm.

MRNA & rl--«

» Quick expression levels ;o A
Cap

Protein expression can be detected 6-8 hours after transfection, faster than

. In Vitro Transcription P
DNA or virus-based approaches. nviro franseription Frocess

In Vitro Transcription process

I Capping

Cap 5 UTR protein sequence 3'UTR AAA[AJAIA]A

. . Capping Modified Nucleotides Poly(A) Tailing
mRNA Cap protects the mature mRNA from degradation, promotes ribosome

IVT mRNA Structure
recruitment and protein translation, improves pre-RNA splicing and directs
nuclear export. It also reduces binding to pattern recognition receptors, and

prevent innate immune stimulation.

Cap analog can be incorporated during transcription (co-transcriptional
capping). It stabilizes the transcription efficiency and no need for additional

enzymatic capping step.

mCAP and ARCA are only Cap 0 analogs, since eukaryotic mMRNAs normally

have a Cap 1 structure, Cap 0 structure may evoke immunogenicity and lower

translation stability. So Cap 1 analog such as EZ Cap™ has become a better

alternative for mCAP and ARCA. Cap 0 converts into Cap 1

Transfection
100 ng 300 ng 1ug
EZ Cap™ Features Amount: : i - —

» Generate a natural Cap 1 structure

» Avoid low capping efficiencies (MCAP/ARCA) or high enzyme costs of
EZ Cap™ Firefly mRNA (LNP) HeLa Cell Transfection Efficiency Assay

traditional capping techniques
» Offer a high capping efficiency typically 90-99% with robust yield

» Available in a variety of structures with specific initiation sequences, such as Left: LNP mRNA

(15 pg) injection

Right: naked mRNA
(15 pg) injection
EZ Cap™ Reagent AG and EZ Cap™ Reagent GG

» Robust yields (1- 4 mg/ml)

» Suitable for in vivo experiments, produce more active mRNA with lower toxicity
EZ Cap™ Firefly mRNA in situ injection in tumor

I Poly(A) Tail

Polyadenylation is the addition of approximately 120 adenylate nucleotides Nan-modified mANA
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Chemically-modified mRMA
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(a Poly(A) tail) to the 3' end of pre-mRNA by Poly(A) Polymerase. It is associ-

ated with transcription termination, export of mRNA from the nucleus and

formation of the translation initiation complex. The Poly(A) tail makes mRNA m::'r:;;::f@
. . - e 90
more stable and increases translation efficiency.
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I Modified Nucleotides o

During in vitro transcription, normal nucleotides can be replaced by synthetic
expression
nucleotide analogues such as pseudo-UTP and 5mCTP, the resulting mRNA « b b
+ L6

is called nucleotide-modified. For example, 5-methoxyuridine (5mo-UTP) is

an effective modification to eliminate innate immune stimulation, enhance Chemical modification of uridine modulates mRNA-mediated

proinflammatory and antiviral response in primary human

translation efficiency and reduce interferon induction. macrophages. Mol Ther Nucleic Acids. 2022, 27: 854-869.

What do we offer?

APEXBIO offers gram-scale high-purity mRNA and in vitro transcription platform, including independently manufactured modified nucleotides,
transcriptase, and tailing enzyme. We also provide a wide range of products for mRNA research, such as reagents for synthesis, extraction,
purification, analysis and detection. Our unigue mRNA purification technology can be used to quickly screen a variety of MRNA modifications

to adapt to different target cells and immunogenicity screening.

More products coming soon, please visit our website:

B IVT mRNA Materials and Kits

DNA Template In Vitro Transcription mRNA Capping Poly(A) Tailing

K1032 HyperFusion™ K1409 HyperScribe™ Co-transcription mRNA Synthesis Kit Plus K1053 HyperScribe™ K1069 RNA Clean A8791
High-Fi DNA polymerase (EZ Cap Reagent AG (3' OMe), T7) Poly(A) Tailing Kit and Concentrator Kit D-Lin-MC3-DMA

https://www.apexbt.com/molecular-biology/rna.html for updated information

K1034 2X Taq PCR

Master Mix (with dye In Vitro Transcription Kits
( ve) K1401 HyperScribe™ T7 High B&174 mCAP 2

K1040 dNTP Mixture Yield RNA Synthesis Kit Plus B8175 ARCA

K1404 HyperScribe™ T7 High Yield Cy5 RNA Labeling Kit Plus

™ K1405 HyperScribe™ T7 Biotin 16 RNA Labeling Kit Plus
K1116 2X Fast Tag PCR K1106 T7 Endonuclease | NG 22 Cap ) RERgRmiAC P! 9

Master Mix (with dye) B8178 EZ Cap™ ReagentAG || k1406 HyperScribe™ Co-transcription mRNA Synthesis Kit Plus (ARCA, T7)
K1099 T3 RNA Polymerase (3' OMe)
K1117 2X HyperFusion™ K1407 HyperScribe™ Co-transcription mRNA Synthesis Kit Plus (ARCA,
plus master mix (With dye) K1096 SP6 RNA Polymerase B8177 EZ Cap™ Reagent GG 5mCTP, wUTP, T7)

) L B8179 EZ Cap™ Reagent GG
K1118 HyperFusion™ plus | | K1046 RNase Inhibitor K1408 HyperScribe™ Co-transcription mRNA Synthesis Kit Plus (ARCA,

3’ OM
DNA polymerase ¢ ) 5-moUTP, T7)
K1119 2X HyperFusion™ K1402 HyperScribe™ T7 High Yield Fluorescein RNA Labeling Kit Plus
plus master mix Modified Nucleotides
K1410 HyperScribe™ Co-transcription mRNA Synthesis Kit Plus (EZ Cap

B7972 Pseudo-UTP (y-UTP) B8333 Cy5-UTP Reagent AG (3' OMe), 5SmCTP, yUTP, T7)

B7967 5-Methyl-CTP (5-mCTP) B8330 Cy3-UTP K1411 HyperScribe™ Co-transcription mRNA Synthesis Kit Plus (EZ Cap

B8061 5-Methoxy-UTP (5-moUTP)  B8202 Cy3-dUTP IREEERILAG (& CLUE), SHimstin T

B8049 N1-Methylpseudo-UTP B7951 Aminoallyl-UTP K1403 HyperScribe™ T7 High Yield Cy3 RNA Labeling Kit Plus

B8332 Fluorescein-12-UTP B8162 Cy5-dUTP K1416 HyperScribe™ T3 High Yield RNA Synthesis Kit

K1415 HyperScribe™ SP6 High Yield RNA Synthesis Kit

I Reporter Gene mRNA and Tool Gene mRNA

APEXBIO provides Reporter Gene mRNA with Cap/Poly(A) Tail/modified nucleotides. They can be transfected into mammalian cells as
controls to study the efficiency of transfection and translation in fluorescence microscopy/imaging. We also offer Tool Gene mRNA for gene

editing, with guide RNA for site-specific DNA cleavage.

Cat.No Products Cat.No. Products

R1010 EZ Cap™ Cy5 Firefly Luciferase mRNA (5-moUTP) R1011 EZ Cap™ Cy5 EGFP mRNA (5-moUTP)
R1012 Firefly Luciferase mMRNA (ARCA, 5-moUTP) R1013 EZ Cap™ Firefly Luciferase mRNA (5-moUTP)
R1015 EZ Cap™ Cas9 mRNA (5-moUTP) R1016 EZ Cap™ EGFP mRNA (5-moUTP)

R1017 EZ Cap™ mCherry mRNA (5-mCTP, yUTP) R1018 EZ Cap™ Firefly Luciferase mRNA

R1020 EZ Cap™ EPO mRNA (yUTP) R1021 EZ Cap™ Renilla Luc mRNA

R1022 EZ Cap™ Renilla Luc mRNA (5-moUTP) R1023 EZ Cap™ Human p53 mRNA

R1024 EZ Cap™ Human p53 mRNA (@UTP) R1025 EZ Cap™ Human PTEN mRNA

R1013 EZ Cap™ Firefly Luciferase mRNA (5-moUTP) R1016 EZ Cap™ EGFP mRNA (5-moUTP)
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Chemically modified in-vitro-transcribed mRNA encoding thrombopoietin Intracellular delivery of messenger RNA to macrophages with surfactant-derived
timulates thrombopoiesis in mice. In vivo imaging at different time points after 0.5 lipid nanoparticles. Intracellular delivery of eGFP mRNA to human embryonic kidney
mg/kg luc mRNA-LNPs were administered in mice. Mol Ther Nucleic cells and macrophages with UC18-C16 LNPs. Materials Today Advances. 2022; 16:
Acids.2022;29:657-671. 100295
I Lipid Nanoparticle Formulation
~. A\T. - ~
Naked mRNA is unstable, it has limited permeability to cell D-Lin-MC3-DMA
membranes and requires high does. To effectively deliver mMRNA lonizable
to target cells, drug delivery systems like lipid nanoparticles are lipids ALC-0315
required. Each lipid nanoparticle comprises four different lipids i
to transport and protect the mRNA. Four lipid types are SM-102
available, including ionizable lipids, which are crucial for mMRNA
delivery and transfection efficiency. Phospholipid Cholesterol PEG-lipids
Lipid Coating Service is also available, for more info please contact 1,2-Distearoyl-sn-glycero-3-PC (DSPC) Cholesterol ALC-0159
support@apexbt.com 1,2-Dioleoyl-sn-glycero-3-PE (DOPE)
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