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How Structure Affects the Activity

of Lipid Nanoparticles

»

An artistic rendering of lipid nanoparticles, schematically showing the different molecular
arrangements that give the particles their varying properties. These structural features include
multilayered (or "multilamellar") outer shells (blue), crystalline phases (white), hexagonally packed
micelles (multicolored), and disordered cores (at the center). (Credit: Jenny Nuss/Berkeley Lab)

Protective packaging

for pharmaceuticals

Many diseases can be successfully treated
in the simple environment of a cell culture
dish, but to successfully treat real people,
the drug agent has to take a journey
through the infinitely more complex
environment within our bodies and

arrive, intact, inside the affected cells.
This process, called drug delivery, is one of
the most significant barriers in medicine.

Researchers from Berkeley Lab and
Genentech, a member of the Roche Group,
are working together to design more
effective lipid nanoparticles (LNPs)—tiny
spherical pouches made of fatty molecules
(lipids) that encapsulate therapeutic agents
until they dock with cell membranes and
release their contents. The first drug to use
LNPs was approved in 2018, but the

delivery method rose to global prominence
with the Pfizer and Moderna mRNA
COVID vaccines.

LNPs are now being widely explored as a
delivery system for vaccines for other
infectious diseases or therapeutic vaccines
for cancer. The viability of these new
applications will depend on how well the
lipid envelopes fuse with target cells, how
stable the drug-LNP formulations are in
storage, and how stable they are in the
body. All these properties are controlled
by the mixture of molecules used to create
the LNP, and the resulting 3D structure

of the particle.

Lipid nanoparticles

on the fast track

LNPs have four components—ionizable
lipids, helper phospholipids, cholesterol,

Scientific
Achievement

Berkeley Lab and Genentech
scientists related the internal
structures of lipid nanoparticles
to their efficacy at drug delivery,
using a combination of methods
including x-ray scattering at the
Advanced Light Source (ALS).

Significance
and Impact

The work promises to expedite
the development of drug delivery
systems for the treatment of
diseases such as COVID-19

and cancer.

and polyethylene glycol lipids (PEG-
lipids)—and each component has different
forms. They can be combined in different
ratios, leading to an exponential number
of possible formulas.

The Genentech researchers addressed
these challenges by developing a
robot-driven, high-throughput workflow
that can generate hundreds of LNP
formulations in just a few hours.
Additionally, the team incorporated an
accelerated process to study how different
LNP formulations affect gene expression in
their target cells. By combining these
techniques, the group is able to screen
potential LNPs at an unprecedented rate.

At ALS Beamline 12.3.1 (SIBYLS), Berkeley
Lab researchers developed a
high-throughput small-angle x-ray


https://docs.google.com/document/d/1t0lO2EVT91ynVP8LONb4FNLIxt94asy74-pNaVnbaU8/edit?usp=sharing

scattering (SAXS) platform that allowed
the comprehensive mapping of the LNP
formulation space, currently infeasible
using other techniques. In addition, they
developed the necessary analysis tools to
understand the resulting complex signals.
By associating LNP SAXS features with
structures observed using cryo-electron
microscopy (cryo-EM), the researchers
identified critical LNP structural
parameters that can be analyzed directly
from SAXS data.

Linking structure to activity
The results demonstrated how LNP
structure correlates with the activity of its
contents, which for this investigation was
an anti-sense oligonucleotide (ASO).

Oligonucleotides are small snippets of RNA

or DNA that block gene expression and are
a great way to treat diseases caused by
faulty proteins or the over-abundance of a
protein. The scientists discovered that
ASO-carrying LNPs with neatly ordered,
closely packed internal structures led to
better silencing of the faulty gene
compared with LNPs with a more
disordered structure.

The Genentech team meets their Berkeley Lab
collaborators during a visit to the ALS. (Credit:
Kathryn Burnett/Berkeley Lab)
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(a) SAXS data from five LNPs with different compositions. The pink and blue dashed lines indicate
features corresponding to highly ordered hexagonal (H,)) and multilamellar (L) morphologies. The
angstrom values indicate characteristic distances between repeated structures. Pairs of primary
and secondary H, peaks, highlighted with orange dashed lines, are potentially associated with a
crystalline phase. (b) Cryo-EM images of the five LNP formulations show the compartmentalization
of ASO-carrying lipids in the H;, phase (pink brackets), crystalline H, phase (orange box), L, phase
(blue brackets), and disordered phase (purple circles). The insets zoom in on the H,,
compartmentalization. The microscopy was performed at the Cryo-EM Research Center (CEMRC) in
the Department of Biochemistry at the University of Wisconsin-Madison.

The researchers plan to continue using the
SAXS beamline to study small details, like
how a 1% change in ingredient
concentration or using a new machine
during production can affect LNP cellular

activity, as well as big questions, such as
whether LNPs behave differently if they
are carrying other cargo types and how
they interact with different target cells.
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