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Chapter 4

Site Selective Binding of Apolipoprotein E in the

Protein Corona of Anionic Liposomes

Protein adsorption to the surface of nanoparticles can change the in vivo fate of
nanoparticles, for example through facilitating or inhibiting interactions with specific
receptors. However, current understanding of the protein corona remains superficial,
typically describing the combined effect of multiple proteins, and lacking the mechanistic
understanding of individual proteins. A key challenge is deciphering the binding sites and
roles of individual proteins within the protein corona of nanoparticles. Herein, we show
the site-selective binding of apolipoprotein E (APOE) to anionic nanoparticles. Using a
photoaffinity-based chemoproteomic approach, we were able to show the repetitive and
reproducible binding of specific proteins in the protein corona of various zwitterionic and
anionic liposomes and lipid nanoparticles (LNPs). Furthermore, using a competition
experiment revealed that APOE binding to anionic liposomes occurs through its heparin
binding domain, while APOE binding to zwitterionic liposomes and LNPs occurs in a non-
heparin competitive manner through its lipid binding domain. These results greatly deepen
our understanding of protein corona binding to nanoparticles towards a molecular level,
and allow for the targeted design of experiments in order to determine the in vivo effect of

single proteins in the nanoparticle protein corona.

This chapter was prepared as a research article: R. Pattipeiluhu, B.I. Florea, K. Dickie, T.H.
Sharp, F. Campbell, A. Kros
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4.1 Introduction

The protein corona of nanoparticles describes the preferential adsorption of proteins from
a biological medium to the surface of a nanoparticle."” Here, the alteration from a
“synthetic identity” to a “biological identity” of nanoparticles is known to significantly
influence the in vivo behavior of nanoparticles,>* for example through promotion of bodily
clearance mechanisms or shielding active targeting ligands.5® Therefore, the interaction of
nanoparticles with cells is, to some extent, believed to be regulated by a protein corona
intermediate. The composition and complexity of the protein corona is dependent on the
characteristics of the nanoparticle, such as chemical composition, size and surface charge
(Figure 1a). Furthermore, the biological media to which the nanoparticle is exposed, as

well as the kinetics of protein binding are believed to influence the protein composition.®*°

These parameters have led researchers to report a large number of protein corona
fingerprints, which has revealed their dynamic complexity, but also contributes to the fact
that our understanding of the protein corona remains superficial and elusive, typically
describing the effect of a combination of proteins, instead of more in-depth understanding
of individual proteins.>""* In addition, commonly applied methods are limited by biased
isolation of large and abundant proteins, interference of endogenously present
nanoparticles (e.g., HDL, LDL, chylomicrons) and insufficient or non-native isolation of
nanoparticle-protein complexes.””™s The resulting protein corona fingerprints generated
are therefore typically long and empirical lists, displaying high similarity despite large
differences in the synthetic identity of the nanoparticles.”*** Furthermore, the majority of
these methods do not allow validation of binding for the discovered hits, hindering the
confirmation and in-depth understanding of key nanoparticle-protein interactions.
Recently, more research has been dedicated towards the development of new methods for
the identification and validation of the protein corona on nanoparticles.’*** We have, to
this end, developed a bifunctional lipid probe (IKSo2, Figure 1b) for a photoaffinity-based
chemoproteomic approach in order to covalently capture, isolate and identify the protein
corona on liposomes in human plasma (Figure 1c).* Utilizing the covalent capture of
adsorbed proteins allowed us to validate the selectivity of protein binding in vitro, crucially

complementing the initial hit from a complex biological system.

Here, we employ this photoaffinity based chemoproteomics method for the identification

of the protein corona on ionizable lipid nanoparticles (LNPs) encapsulating siRNA, which

highly complements key nanoparticle-protein interactions described in literature.

Furthermore, we are able to compare these findings to liposome formulations with distinct

synthetic identities, and consequently pinpoint reproducible and selective binding of
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individual proteins. Specifically, we show that apolipoprotein E (APOE) binds to a variety
of anionic liposomes, but only a subset of zwitterionic neutral lipidic nanoparticles. Using
a competition assay, we reveal that this APOE binding to anionic liposomes occurs site
selectively through its heparin binding domain. Our findings display a unique selectivity of
an individual protein in the protein corona of various nanoparticles, which contributes to
the deeper understanding of nano-bio interactions and will allow for the specific
mechanistic evaluation of these nanoparticles in vivo.

° g b 1KS02
g% & ‘ g N\/\/\/\/\/\/\/\i
& 3 -
% % ‘ ,\,g W\N\A/Mro\/\/o p’? —
U e ] 5 g T
: I
Plasma =N
i ;
g;\w % proteins N.
3 #ﬂm&\ Click conjugation Zwitterionic Diazirine
X . handle phosphatidylcholine photocrosslinker
Nanoparticle Protein corona
variants profile

%
h

1. Photocrosslinking LR bound
‘emove unboun

2. Lysis
proteins

- ~ 3. Biotin conjugatlon
4, Avidin puII -down f 2. Trypsmatlon
P 5 LC-MS/MS

Identification and
------------ Quantification

’“

Plasma
incubation

Figure 1. Photoaffinity based chemoproteomic approach for the identification of the liposome
protein corona. (a) Schematic representation of how nanoparticle variation can lead to alteration of
the protein corona profile. (b) Structure and schematic of bifunctional lipid probe IKSoz2, containing
a diazirine photo crosslinker, zwitterionic phosphatidylcholine and azide functionality for click
chemistry conjugation. (¢) Methodology for identification of the liposome protein corona by co-
formulation with IKSoz, followed by incubation, crosslinking, pull-down and LC-MS/MS
identification and quantification. Protein structures were obtained from the protein data bank (PDB)
and their depiction was generated using Illustrate.>

4.2 Results

Our first goal was aimed at expanding the photoaffinity-based chemoproteomic approach
for the identification of the protein corona of LNPs. LNPs are multicomponent systems
typically consisting of an ionizable lipid (e.g., DLin-MC3-DMA),* structural lipid (e.g.,
cholesterol), helper lipid (e.g,, DSPC), PEG lipid and an oligonucleotide payload (e.g.,
mRNA, siRNA).** LNPs have realized the transition of RNA therapeutics to the clinic,
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serving as state-of-the-art carriers for the cytosolic delivery of RNA molecules. In 2018,
Onpattro® was approved as the first RNA interference (RNAi) drug, used for the treatment
of hereditary ATTR amyloidosis by delivering siRNA molecules to liver hepatocytes.*® More
recently, LNPs have been utilized for the delivery of mRNA for the safe and efficient
development of prophylactic vaccines against SARS-CoV-2.272 Currently, there is a large
variety of LNP formulations being studied, composed of typically novel or proprietary
ionizable lipids (ILs).*

In our approach, we studied the Onpattro® formulation, with its siRNA cargo Patisiran®,3°
for two distinct reasons. Firstly, the organization of lipids within this formulation has been
studied in-depth, showing that the surface of this nanoparticle is enriched with 1,2-
distearoyl-sn-glycero-3-phosphocholine  (DSPC) and 1,2-Dimyristoyl-rac-glycero-3-
methoxypolyethylene glycol-2000 (DMG-PEG2000) (Figure 2a).>' In addition, it has been
shown that exchanging DSPC in this formulation with similar analogues keeps this surface
enrichment intact.>* With IKSo2 being a close mimic of DSPC, we hypothesized that this
lipid would be sufficiently enriched at the surface of these LNPs in order to enable
crosslinking of the protein corona. Secondly, the importance of APOE is known in relation
to its in vivo effect, where its presence in plasma is required for the efficient uptake of LNPs
and silencing the target protein in liver hepatocytes through the lipoprotein-receptor
family.334 Together, these findings suggest a crucial role for the binding of APOE to the
LNP surface and thereby serves as a fitting positive control for our identification method.
To this end, we incorporated IKSoz at 5 mol%, exchanging for DSPC, and performed the
assembly using conventional microfluidic procedures. Cryogenic transmission electron
microscopy (cryoTEM), dynamic light scattering (DLS) and {-potential measurements of
LNPs formulated with IKSo2, compared to the native Onpattro® formulation, revealed no
significant changes in nanoparticle morphology, size and surface charge (Figure 2b,c and
Table S1). Following assembly, LNPs were incubated in full human plasma for 1 hour at 37
°C, followed by crosslinking with UV-A light (350 nm, 15 min) to capture the adsorbed
proteins. The mixture was lysed, the proteins were precipitated and biotin was conjugated
to the crosslinked lipid-protein conjugates through copper-catalyzed click chemistry,
followed by pull-down using avidin-agarose beads. Finally, on-bead digestion allowed for
the LC-MS/MS identification and quantification of the proteins. In order to correctly
identify hits from this method, a negative control in which the sample is not irradiated with
UV-A light was employed, allowing for a comparison to the background labeling observed
due to the copper catalyzed click chemistry. The quantified proteins are displayed in a
volcano plot describing the abundance (>1.5-fold) and statistical significance (p < 0.05) of
proteins in the “+UV” sample over the “-UV” control (Figure 2d). Proteins meeting these
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criteria are selected as hits and can be sorted based on relative abundance derived from
their label free quantification within the sample (Figure 2e). From these results, APOE is
positively identified at a relative abundance of ~25%. Furthermore, the protein corona of
Onpattro® is dominated by other apolipoproteins, such as APOA1 and apoB. These findings
highlight the large similarity of this LNP formulation to endogenous nanoparticles such as
low-density lipoprotein (LDL), and support the fact that this LNPs exploits similar
endogenous uptake mechanisms through a protein corona intermediate.
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Figure 2. Application of photoaffinity based chemoproteomic approach for the identification of
the protein corona of LNPs. (a) Schematic representation of the lipid organization in LNPs. Surface
enriched DSPC can be replaced by IKSo2. (b,c) CryoTEM images of native Onpattro and Onpattro
co-formulated with 5 mol% of IKSoz. Scale bars are 100 nm. (d) Volcano plot of identified proteins
of “+UV” and “-UV”. Hits were selected when meeting the criteria for for p-values (p < 0.05) and
enrichment (>1.5-fold) and are displayed in green. (e) Protein abundance of identified hits described
in d. Bar plots and errors bars represent the average (n = 5) and standard deviation.

Previously, we have reported the protein corona of anionic liposomes, with the lipid

composition of AmBisome®,33

where APOE was found as the most abundant protein of
its protein corona.* The high abundancy of a single protein on two very distinct lipid

surfaces, anionic AmBisome® vs. zwitterionic neutral Onpattro®, raises the question to
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what extent APOE binding is determined by surface charge. Although liposomes and LNPs
both have solvent-exposed lipidic surfaces, they differ significantly in their structural
organization. Liposomes are unilamellar vesicles with an aqueous core in which a bilayer
structure is exposed to the exterior. LNPs, however, are solid core structures that contain
a lipid monolayer enriched with PEGylated lipids on their surface (Figure 2a). Since the
assembly of liposomes with distinct physiochemical properties (e.g., size, rigidity, surface
charge) can be achieved with a higher degree of precision and flexibility over LNPs, we
assessed multiple liposomal formulations in order to probe the repetitive binding of APOE
and other proteins in their protein corona (Figure 3a).

Firstly, we selected a liposomal formulation with a similar behavior to Onpattro®, serving
as a positive control of liposomes exhibiting an APOE dependent uptake mechanism.
Liposomes composed of zwitterionic neutral 1,2-distearoyl-sn-glycero-3-phosphocholine
(DSPC, 60 mol%) and cholesterol (40 mol%) were reported to have a >20-fold reduced
uptake into liver hepatocytes in APOE-deficient mice,”” highlighting the importance of
APOE binding for its in vivo fate. Secondly, we selected an anionic liposome formulation
based on the lipid composition of Mepact® (30PS), composed of anionic 1,2-dioleoyl-sn-
glycero-3-phospho-L-serine (DOPS, 30 mol%) and zwitterionic lipid 1-palmitoyl-2-oleoyl-
glycero-3-phosphocholine (POPC, 70 mol%), used with its active ingredient Mifamurtide
in the clinic for the treatment of high-grade resectable non-metastatic osteosarcoma.?® As
controls of anionic lipid type and surface charge, we also included liposomal formulations
where DOPS was replaced with the anionic lipid 1,2-dioleoyl-sn-glycero-3-phospho-(1-rac-
glycerol) (DOPG, 30PG) or the zwitterionic lipid 1,2-dioleoyl-sn-glycero-3-phosphocholine
(DOPC, 30PC) (Figure 3b). Furthermore, we systematically varied the ratio of anionic and
zwitterionic lipid in these formulations to determine to what extend surface charge density
would affect protein binding (Figure 3a, 10PS, 95PS, 10PG, 50PG, 70PG, 95PG, 95PC). All
liposomal formulations contained 5§ mol% of the photoaffinity probe IKSo2 and were
assembled using standard thin film hydration and extrusion protocols, yielding
monodisperse liposomes with an average size of ~100 nm (PDI < 0.120) (Table S1). All
formulations were processed through our photoaffinity based chemoproteomic workflow
and the criteria for the positive identification of protein hits from their respective volcano
plots was equal to those applied for the determination of the Onpattro® protein corona
(Figures S1-4). From the combination of these identified hits, we constructed a heatmap
displaying the relative abundance of all proteins within their respective protein corona
(Figure Ss). Overall, the obtained protein coronas of these liposomal formulations are
generally dominated by the identification of apolipoproteins (Figure 3c).
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When comparing the anionic liposomes, a more negative {-potential for PG liposomes
(10PG, 30PG, 50PG, 70PG, 95PG), led to a clear a clear increase in total number of proteins
in the protein corona, albeit at an increased amount of identified proteins at low abundance
(< 2%) (Figure 3d, Figure S5). Nevertheless, for 30PS and 95PS, which showed similar
strongly anionic surface potentials, no significant increase in number of proteins in their
respective corona was observed (Figure 3d, Figure S5). These results indicate that protein
corona complexity on anionic liposomes is not only dependent on the surface charge
density, but also on lipid headgroup structure.

The rather sparse protein corona obtained for PS-containing liposomes, compared to PG-
containing liposomes, may be a consequence of the biological role of PS, which must
remain exposed. In nature, PS lipids are commonly present in negatively-charged biological
membranes, predominantly in the inner leaflet or the subcellular compartments of healthy
cells, where they function as signaling molecules for downstream processes.*#° However,
PS lipids can be exposed extracellularly by the help of lipid scramblases during biological
processes such as apoptosis.**#* In vivo, PS lipids must be directly engaged by specific
receptors of phagocytic cells (e.g. macrophages) to mediate recognition, without being
masked by proteins bound to the exposed PS.#* Furthermore, the absence of a dense or
complex protein corona supports the in vivo recognition and selective uptake by
macrophages and other phagocytic cells which is reported for the Mepact®

formulation.3®4445

For the weakly anionic (10PS, 10PG) and zwitterionic liposomes (DSPC-Chol, 30PC,
95PC), the number of bound proteins varied widely. For example, 10PG was completely
devoid of positive protein identification, whereas APOA1 was the only identified hit in the
case of 10PS. Furthermore, zwitterionic 30PC also shows a low amount of protein binding
and is similar to our previous protein corona determined on POPC-Cholesterol (50 mol%
POPC, 45% mol% cholesterol, 5 mol% IKSo2).** Nevertheless, 95PC and DSPC-Chol
showed an increase in total numbers of protein binding. Although the antifouling behavior
of zwitterionic neutral nanoparticles and surfaces is a frequently described phenomenon,**
4 in the case of zwitterionic liposomes other membrane characteristics such as rigidity or
solvent exposed hydrophobicity might also play a role in the binding affinity towards
plasma proteins.

From the identified apolipoproteins across all formulations, it is apparent that
apolipoprotein A-1 (APOA1) and APOE showed the most repetitive and reproducible
binding. In the case of DSPC-Chol, we positively identified the binding of APOE, as
expected due to its importance in in vivo fate of these liposomes.?” Nevertheless, the APOE
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binding was not observed for the other zwitterionic liposomes. In the case of anionic
liposomes, positive APOE binding was observed across all strongly anionic formulations
irrespective of headgroup structure (PS or PG), but not for weakly anionic liposomes
(10PS, 10PG). This indicates that the binding of APOE to anionic liposomes has a certain
threshold requirement for surface charge density.

In the case of APOA1, positive binding is observed for all formulations besides DSPC-Chol,
30PC and 10PG. APOAL1 is a 28 kDa protein and a major component of high-density
lipoproteins (HDL), where it plays important roles in promoting cellular cholesterol efflux,
binding lipids, activating lecithin cholesterol acyltransferase, and aiding in the structural
stability of mature HDL that interacts with specific receptors and lipid transfer proteins.*
APOA1 is known to interact with zwitterionic and anionic lipid surfaces through both
headgroup and hydrophobic interactions, due to the multiple structural conformations it
can adopt.5°%* Its primary identified lipid bound structure consists of pseudo-continuous
amphipathic a-helices, forming a toroidal structure (Figure S6, PDB: 1AV1).5 APOA1 has
hydrophobic patches and a large amount of charged residues across its surface to facilitate
the binding to lipidic surfaces. However, APOA1 does not have specific binding domains
for other biomolecules. The high affinity of APOA1 towards lipid surfaces, both anionic and
zwitterionic, explains the high abundance of this protein in the protein corona of multiple
liposomal formulations. However, the large number interaction possibilities of APOA1 with
lipid surfaces makes it difficult to determine why APOA1 is absent in the protein corona of

certain liposomes.

APOE is a 36 kDa glycoprotein and associated with nearly all lipoproteins in human plasma
(e.g., LDL, HDL, Chylomicrons).>*% One of the key functions of APOE is mediating the
binding of lipoproteins in plasma to specific cell-surface receptors (e.g,, LDLr, LRP),
allowing the internalization of APOE-containing lipoprotein particles. In order to exhibit
this role, APOE has an amphipathic a-helical C-terminal domain critical for the binding to
lipoproteins (Figure 3e).5%9 Binding of lipoproteins promotes a structural change,
facilitated through a flexible hinge domain, to the putative “open state” of APOE (Figure
3e). This lipidated and open state of APOE exposes a LDLr-binding region,’*s containing
a heparan sulfate proteoglycan (HSPG) recognition sequence.® The recognition of cell-
surface HSPGs is required for the binding and uptake of APOE-containing lipoproteins by
transfer to lipoprotein receptors or through HSPG directly.®% Furthermore, an additional
heparin binding-site is present on the “closed state” of APOE, containing a variety of lysine
(Lys-143, Lys-146 and Lys-233) and arginine (Arg-142, Arg-145, and Arg-147) residues.®#% In
this binding-site, Lys-233 is critical for effective heparin binding in the closed state, but also
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overlaps with the C-terminal lipid binding region. Here, we hypothesized that APOE

binding to anionic liposomes might occur through this surface exposed heparin binding
domain.
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and number of identified proteins in the protein corona of all liposomal formulations and Onpattro®.
(e) Different structural conformations of APOE and important binding domains and residues.
Cationic residues on the surface indicated in blue make up the heparin binding domain.® Interaction
of the LDL binding domain (orange) upon binding to lipoproteins leads to the reorganization of the
protein into an “open state” which exposes the LDL receptor binding domain critical for cellular
uptake.%® PDB entry 2L7B is used for APOE closed state,® the open state has been generated using
PyMOL.

In order to validate the binding specificity of APOE and APOA1 to liposomes and LNPs,
and the possible role of specific domains on liposome binding, we performed a competition
assay using a mixture of purified human proteins and potential competitors (Figure 4a).
The protein mixture was composed of APOE and APOA1, and complemented with
abundant plasma proteins that were not identified as positive hits in their protein coronas;
specifically prothrombin (THRB), transferrin (TRFE) and albumin (ALBU). Within this
mixture, the ratio of proteins was chosen to reflect their natural abundance in plasma.”’ In
this assay, liposomes or LNPs of interest containing IKSo2 were added to the mixture,
followed by the addition of a competitor, and incubated at 37 °C for 1 hour. After irradiation
and click chemistry conjugation with a fluorescent dye (Cys-alkyne), the binding of
proteins and potential inhibition by the competitors was determined by in-gel fluorescence
(Figure 4a). In the case of anionic liposome formulations, 30PS and 30PG were selected
and showed very similar competitive binding to APOE. In these cases, the binding of APOE
and APOA1 was validated by its presence in the “+UV” lane and absence in “-UV”, while the
other proteins remained at background levels in both cases (Figure 4b,c). Competition
with heparin (5:1 heparin:APOE, mol:mol) was enough to completely abolish the binding of
APOE to both of these liposomes. Moreover, this competitive binding led to an increase in
APOAI signal, confirming that APOA1 does not bind anionic liposomes through any form
of heparin binding domain. Furthermore, competition with native DSPC-Chol or 30PC
liposomes did not affect APOE or APOA1 binding to these anionic liposomes.

In the case of zwitterionic 30PC, we did not observe any positive labeling of proteins,
confirming the lack of binding affinity of all selected proteins to these liposomes, in
agreement with our initial experiment in human plasma (Figure 4d). In the case of DSPC-
Chol and Onpattro®, the validation was also in line with our initial screen, showing a
positive binding of APOE in both cases, but a lack of APOA1 binding in the case of DSPC-
Chol (Figure 4e,f). For these formulations, the competition with heparin showed no
decrease in APOE binding. However, the addition of 30PG did lead to competition for
APOE binding in the case of DSPC-Chol. This indicates that APOE binding to anionic
liposomes through its heparin binding domain has a higher affinity than through its lipid
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binding region, likely due to stronger electrostatic interactions of the surface exposed
cationic residues with the anionic lipids compared to hydrophobic driven interaction of the
lipid binding region. Altogether, the high degree of competition between heparin and
anionic liposomes shows that APOE binds to anionic liposomes through its surface
exposed heparin binding domain. Given the critical importance of residue Lys-233 in
heparin binding, which overlaps with the C-terminal lipid binding domain,%%+ this would
likely lead to a “locked closed state” of APOE due to the strong electrostatic interaction
with all the residues (Figure 4g). The binding of APOE to spherical zwitterionic
lipoproteins surfaces is known to occur in a multi-step reversible process in which the
hydrophobic interaction of the lipid binding domain and flexible hinge regions facilitate a
structural change.®*®® Therefore, we assume that APOE binding to DSPC-Chol and
Onpattro® occurs through its lipid binding region, similar to the binding to zwitterionic

lipoproteins, resulting in a non-competitive binding with heparin (Figure 4g).
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Figure 4. Site selective binding of APOE to anionic liposomes. (a) Schematic representation of the
employed competition assay. Protein structures were obtained from the PDB (entries: THRB =
6C2W%, TRFE = 1D3K”°, ALBU = 1E787, APOA1 = 1AV1%, APOE = 2L7B%) and illustrations were
generated using Illustrate.?* (b-f) In-gel fluorescence (Cys) and Coomassie Blue stained SDS-PAGE
gels of competition experiments. APOE appears as two distinct bands on SDS-PAGE, due to the
presence of its glycosylated (36 kDa) and non-glycosylated (34 kDa) form.”> (g) Schematic
representation of the competitive binding of heparin to anionic liposomes 30PG and 30PS, and the
lack thereof in the case of DSPC-Chol and Onpattro. Heparin binding residues are displayed in blue.
Lipid binding region is displayed in green. LDLr binding is displayed in purple.

4.3 Discussion

Using a photoaffinity-based chemoproteomics approach, we have identified and
validated the recurring binding of various proteins on liposomes and LNPs. In particular,
we have been able to validate the positive binding of APOE on Onpattro® LNPs and DSPC-
Chol liposomes, for which their importance has been described in literature. Furthermore,
we have shown to what extent APOE binding is repetitive among zwitterionic and anionic
liposomes. Finally, we were able to use the photoaffinity approach in combination with a
competition assay in order to determine that APOE binds strongly-anionic liposomes
through its heparin binding domain. In addition, binding to zwitterionic liposomes and
LNPs occurs non-competitively with heparin, likely in a similar manner as APOE binding

and structural reorganization to spherical lipoproteins.

While the current understanding of the protein corona is known at a superficial level,
typically describing the effect of a set of proteins, with these results we have gained
important insights into specific protein-nanoparticle interactions. Understanding site-
selective binding of a single protein to LNPs in plasma will allow us to probe the effect on
its fate in vivo. While the effect of APOE in the uptake of liver hepatocytes has been shown
for zwitterionic liposomes such as DSPC-Chol,? of particular interest is understanding to
which extent binding of APOE to anionic liposomes has on its uptake in vivo. Previous work
has shown that anionic nanoparticles are preferentially taken up through scavenger
receptors (e.g., stabilin-1,2) preferentially expressed by cells of the reticuloendothelial
system (RES).3*7>7 However, the intermediate function of APOE is not understood. In
future work, we aim to compare the biodistribution of anionic and zwitterionic liposomes
in wildtype and APOE knockout (apoe’”) mice in order to examine the role of APOE on the
uptake by liver cells.

With the current widespread application of multiple LNP-based therapeutics, such as the
nascent prophylactic vaccines against SARS-CoV-2, we believe that this system can be used

o1



for screening protein coronas on other LNP formulations. The ability to validate specific

protein binding, and gain more insight into their relevant binding domains and resulting

cell uptake pathways will aid our understanding of the nano-bio interface at a much deeper

level, improving the in vivo fate prediction of LNPs and liposomal formulations.
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