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. 4 FDA approved mRNA vaccines and ~300 ongoing clinical trials globally’

. ~70% of MRNA applications focused on Infectious diseases?

Typical DSP for common modalities

Results

Dynamic binding capacity (DBC), loading column volumes (CV) and cycles per batch
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. Simpler downstream process (DSP) for mMRNA compared to other modalities

. Single chromatography step using oligo dT (ODT) affinity
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POROS Oligo (dT)25: DBC > 3.0 g/L for mRNA constructs < 2500 nt at 2.5 min RT
DBC >2.5 g/L for 3000 - 4300 nt constructs at 4-6 min RT

= Competitor ODT: DBC < ~2 g/L irrespective of mMRNA construct size and RT

Operational flow rates and column sizes

Lower loading CVs and less cycles per batch in mRNA affinity step allow for longer
load step RT and increased DBC without significant impact to process time

Goals

= Assess process development and scale up considerations for ODT products:
Thermo Scientific™ POROS™ Oligo (dT)25 Affinity Resin and competitor

= Process calculations for industry-relevant GMP manufacturing case scenarios

Methodology

Dynamic binding capacity: POROS Oligo (dT)25 data were generated internally for
constructs with 2500 nt and 3000 nt length. Additional POROS and competitor data as
function of residence time (RT) were compiled from references 3 - 5.

Pressure-flow curves: POROS Oligo (dT) 25 were generated using a 7 cm i.d. column
packed to 20 cm bed height and using 0.1 M NaCl as mobile phase. Additional curves were
calculated using Kozeny-Carman equation®.

Operational flow rates: GMP pre-packed column sizes and pressure/flow rate limitations
were based on literature from multiple vendors.

Case scenarios (hypothetical): Microsoft™ Excel™ was used to perform the process
calculations and the results were further analyzed and plotted using JMP™ software.
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POROS Oligo (dT) 25 pressure-flow curves
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RT ranges & available sizes for ODT columns

@ POROS25cm @ POROS20cm @ POROS 15cm & POROS 10cm Competitor ODT

4

6

8

Residence time (min)

10

10

100 1000
Column Volume (mL)

10000

100000

= Linear velocities > 700 cm/h possible for POROS Oligo dT(25) with bed heights < 25 cm

= 1-2 min RT for non-loading steps possible for POROS Oligo dT(25) and competitor

= Larger number of GMP column size options for POROS Oligo dT(25)

= CV sizes >8 L available for POROS to accommodate for higher mMRNA demands

¥ Learn more at thermofisher.com/mRNA-purification

Case scenario assumptions

+ POROS Oligo (dT)25 dimensions: 8-60 cm I.D.,

» Competitor ODT: 4 L and 8 L discrete sizes

Operation parameters

10, 15, 20, 25 cm bed heights

POROS Oligo (dT) 25

Non-loading steps flow rates

Clinical manufacturing process case scenario
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* IVT reaction: 4 L at 5 OR 10 mg/mL mRNA. Diluted to 0.25 mg/mL for affinity purification

* Process goals: <3 cycles, 250% DBC loading, <6 hours processing time

IVT [MRNA] = 5 mg/mL
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% Minimum CV with <6 hr processing time: 14 cm I.D. x 20 cm bed height (3.1 L)
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% Fastest processing time with resin (1.3 hrs): 45 cm L.D. x 10 cm bed height (15.9 L)

IVT [mRNA] = 10 mg/mL
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X Fastest processing time with resin (1.0 hr): 60 cm I.D. x 10 cm bed height (28.3 L)
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Commercial manufacturing process case scenario

* IVT reaction: 20 L at5 or 10 mg/mL mRNA. Diluted to 0.25 mg/mL for affinity purification

* Process goals (5 mg/mL [mMRNA]):
processing time

250% DBC loading, <3 cycles, <competitor ODT

* Process goals (10 mg/mL mRNA): >250% DBC loading, <5 cycles <8 hours processing time
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% Minimum POROS CV with <6.7 hrs processing time:
30 cm I.D. x 20 cm bed height (14.1 L)

% Fastest processing time with POROS resin (1.5 hrs):
60 cm I.D. x 20 cm bed height (56.5 L)
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%  Minimum POROS CV with <8 hrs processing time:
60 cm I.D. x 10 cm bed height (28.3 L)

% Fastest processing time with POROS resin (3.1 hrs):
60 cm I.D. x 20 cm bed height (56.5 L)

=» At IVT [mRNA] 10 mg/mL processing time exceeds 12 hrs with largest competitor ODT

Conclusions

= POROS Oligo (dT) 25 achieves binding capacities >2.5 g mRNA/L resin at RT >5 min without
impacting overall processing time in the affinity capture step.

= Abroad range of column sizes and operating flow rates for non-loading steps further allow
optimization of processing time, resin utilization, and/or cycles per batch.

* In both example case scenarios, comparable processing times to competitor ODT can be
achieved using flexible column dimensions. Further process goals for cycle number, resin
utilization and reduced processing time can also be achieved.
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