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LNP-RNA Research Grade Test Material

https://www.nist.gov/programs-projects/Inp-rna-research-grade-test-material
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Variables Involved in LNP Production

Variables

* Mixing modality

« Flow rate -
° pH

 Concentration
« Aging, etc.

Final size and
structure of LNP

Subraveti, S. N., ..., Prud'homme, R. K. Journal of Visualized Experiments (2024).
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LNP RGTM Production
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Project Objective

* Testing 3 variables on formation and structure
of LNP with RGTM composition:
* Mixing modality
« pH of aqueous buffer — Ionizable lipid and cargo charge
« pH3.5,41,47,53,59
* Aging
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Experimental Approach
Mixing Modalities:

* Multi-Inlet Vortex Mixer (MIVM)
» Stopped Flow Mixer (SFM)

Compare loaded & unloaded LNPs

Analysis:

Dynamic Light Scattering (DLS)
» Size distribution

Thomas Cleveland, cryo-EM image of an LNP/RNA, https://www.nist.gov/image/cryo-em-image-Inprna
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Multi-inlet Vortex Mixer (MIVM) Set Up NIST it
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Mixing Ratio 3:1
Total flow rate 40mL/min

Markwalter, Chester E, and Robert K Prud'homme, Journal of pharmaceutical sciences (2018), Liu et. al., Chemical Engineering Science (2008)
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DLS Analysis Protocol

Raw ACF data from Raynals DLS Particle Size
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https://journals.iucr.org/d/issues/2023/08/00/vo5014/index.html
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MIVM Steady State Flow Study NIST e
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LNP Synthesis and DLS




MIVM: pH-Dependent Empty LNP Size NIST | o
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MIVM Empty LNP Aging, pH 3.5
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MIVM: pH-Dependent polyA LNP Size
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polyA LNP Aging, pH 3.5 NIST | @i

Days After Synthesis Days After Synthesis
12 yemme OL 4°C — 0.0
4.0 <101 4.0
— 50 — 5.0
10 — oo é — 6.0
— 8.0 3 — 8.0
81 —— 17.9 g 81 — 17.9
S
° 61
) g
o
= 4
o 2
]
2 <
01 01
10! 102 10° 10! 102 108
Hydrodynamic Radius (nm) Hydrodynamic Radius (nm)
250 250
—_— - .
£ 200 * £ 200
[ ~
0 e 3~
° e o
N o0 © % 150 °
® 150 [ 0]
o
a- °
— o 16
© (U]
0] N 100
N 100 =
0N Vp)]
50 50 ‘ | ‘ -
0 5 10 15 20 0 5 . 10 15 20
Time (days) Time (days)

7/31/2025



e ————————
Stopped Flow Mixer (SFM) Set Up NIST e

Removed waste

outlet tubing to

«  collect samples

' directly from the
- cell

Cuvette

Optional neutron beam = & =

Cell where
neutron beam
would pass
through

S1:A

Matthews, Theyencheri. (2023). Colloid and Polymer Science. 301. 1-8. 10.1007/s00396-023-05093-2.
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SFM: pH-Dependent Empty LNP Size NIST i
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SFM: Empty LNP Synthesis Aging, pH 3.5 NIST [
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Conclusion

e Similar initial size between MIVM and
stopped-flow

* Empty:
 Aging slower/less significant at 4C
« Significant aging at 25C
* polyA:
 Generally, insignificant aging compared to
empty LNPs

* Differences between pH, but
nonmonotonic
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Future Directions T

Microfluidic Mixing

PolyA-loaded LNPs
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Thank you!
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