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Analyzer (CTL, Shaker Heights OH), Symphony A3 Lite (BD), CTL ImmunoSpot®, IVIS Spectrum imaging system (Caliper Life Sciences), Victor3
1420 Multilabel Plate Counter (Perkin Elmer), Q-Exactive Orbitrap MS coupled to a Thermo Vanquish LC, G8 PET/CT scanner (PerkinElmer),
LSR Il flow cytometer (BD Biosciences), NxT Attune flow cytometer (ThermoFisher Scientific), Aurora (Cytek), FLEXMAP 3D (Luminex), LSM 710
(Zeiss), X-Light V3 Spinning Disk (CrestOptics).

Data analysis FlowJo v10, ImmunoSpot®, Living IMAGE Software (Caliper), Imalytics software (version 3.1.1.6, Gemse-IT GmbH), SpectroFlow v2.2 (Cytek),
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Human Immunology Core. HIC RRID: SCR_022380

Reporting on race, ethnicity, or | Primary human monocytes were obtained from anonymous healthy apheresis donors at the University of Pennsylvania

other socially relevant Human Immunology Core. HIC RRID: SCR_022380
groupings
Population characteristics Primary human monocytes were obtained from anonymous healthy apheresis donors at the University of Pennsylvania

Recruitment

Ethics oversight

Human Immunology Core. HIC RRID: SCR_022380

Primary human monocytes were obtained from anonymous healthy apheresis donors at the University of Pennsylvania
Human Immunology Core. HIC RRID: SCR_022380

All primary human monocytes were covered through approval by the University of Pennsylvania Institutional Review Board
(IRB). All de-identified donors signed approved consent forms.

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Sample size

Data exclusions

Replication

Randomization

Blinding

No statistical methods were used to calculate the sample size. Sample size was determined based on previous experience: Alameh MG et al.
Immunity. doi: 10.1016/j.immuni.2021.11.001.

Figure 2. In the LNP W group, one animal displayed an extremely low event count, and that particular animal was excluded from the LLPC
analysis. Figure 3. In cases of misinjection of CD8+ and Thy1.1+ T cells data were excluded.

In this study, 4 to 9 biological replicates were used for statistical comparisons in in vivo experiments. Neutralization assays and ELISA were
performed in duplicate, and all replicates produced consistent results. For in vitro experiments, a minimum of three technical replicates were
included. For both in vivo and in vitro studies, all attempts at replication were successful.

For all experiments, mice were allocated randomly to the control and experiment groups. For ELISA, all samples were randomized to ensure
that no two samples from the same group were placed on the same microtiter plate.

Investigators were blinded to sample groups during data collection by labeling samples with generic numbers, ensuring that group identities
remained unknown.
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>
Q
Y
(e
)
1®)
o
=
o
S
_
(D
©
o
=
>
(@}
w
[
3
3
Q
<




Materials & experimental systems Methods
Involved in the study n/a | Involved in the study

™ Antibodies X[ ] chip-seq
Eukaryotic cell lines |:| IZ Flow cytometry

Palaeontology and archaeology IZ D MRI-based neuroimaging
Animals and other organisms
Clinical data

Dual use research of concern

XXX X0 s
O00XOKXD

Plants

Antibodies

>
Q
—
(e
(D
©
(@)
=
S
<
-
(D
©
O
=
>
(@)
w
[
3
=
Q
A

Antibodies used RBD specific IgG Endpoint ELISA, IgG subtypes and IgA: HRP-conjugated anti-mouse IgG (Polyclonal, Jackson Immunoresearch
#115-035-003), HRP-conjugated anti-mouse IgG1(polyclonal, abcam, AB 98693), HRP-conjugated anti-mouse IgG2a (polyclonal,
abcam, AB98698), HRP-conjugated anti-mouse 1gG2b (polyclonal, abcam, AB98703), HRP-conjugated anti-mouse IgA (polyclonal,
abcam, AB97235).

HA specific IgG Quantitative ELISA: anti-HA (Clone #2F1A7, SinoBiological #11684-MMO03), HRP-conjugated anti-mouse secondary
antibody (Polyclonal, Jackson Immunoresearch, #115-036-071)

FRNT pseudovirus assay: mouse anti-VSV Indiana G (clone 1ESF9, Absolute Antibody, Ab01402-2.0)

Flow cytometry analysis of MBCs/LLPCs in mouse splenocytes and bone marrow: anti-B220 (APC, clone RA3-6B2, Tonbo, 20-0452),
anti-CD138 (BB700, clone 281-2, BD Biosciences, 742124), anti-CD38 (AF700, clone 90, Invitrogen, 56-0381-82), anti-IgD (APC-Cy7,
clone 11-26C.2A, Biolegend, 405716), anti-CD19 (BV785, clone 6D5, Biolegend, 115543), anti-GL7 (AF488, clone GL7, Biolegend,
144608), anti-CD4 (PE-Cy7, clone GK1.5, Biolegend, 100422), anti-CD8a (PE-Cy7, clone 53-6.7, Biolegend, 100722), anti-Ter-119 (PE-
Cy7, clone TER119, Biolegend, 116222), anti-F4/80 (PE-Cy7, clone BMS, Biolegend, 123114).

ELISPOT Assay: anti-IgG1 (biotin, polyclonal, Southern Biotech, 1070-08), anti IgG2a (biotin, polyclonal, Southern Biotech, 1080-08),
anti-IgG2b (biotin, polyclonal, Southern Biotech, 1090-08)

Spike Specific CD4+ and CD8+ T cell studies: Anti-Mouse CD16/CD32 (Fc Block) (BD Biosciences, clone 2.4G2, 553142), Live/dead
fixable aqua (Life Technologies, L34957), anti-CD4 (PerCP/Cy5.5, clone GK1.5, BioLegend, 100434), anti-CD8 (Pacific Blue, clone
53-6.7, BioLegend, 100725), anti-CD3 (APC-Cy7, clone 145-2C11, BD Biosciences, 561042), anti-TNF-a (PE-Cy7, clone MP6-XT22, BD
Biosciences, 557644), and anti-IFN-y (AF700, clone XMG1.2, BD Biosciences, 557998)

Gp100-specific CD8+ T cell studies: Anti-CD3 (PerCP/Cyanine5.5, clone 17A2, Biolegend, #100218), anti-CD3 (APC, clone 145-2C11,
Biolegend, #100312), anti-CD8 (PE/Cyanine7, clone 53-6.7, Biolegend, #100722), anti-CD90.1 (Thy1.1) (FITC, clone OX-7, Biolegend,
#202504), anti-KLRG1 (PE, clone 2F1/KLRG1, Biolegend, #138408), anti-CD127 (IL-7Ra) (APC/Cyanine7, clone A7R34, Biolegend,
#135040), anti-CD27 (APC, clone LG.3A10, Biolegend, #124212), anti-IFN-y (PE, clone XMG1.2, Biolegend, #505808), anti-IFN-y
(Brilliant Violet 421, clone XMG1.2, Biolegend, #505830), anti-TNF-a (Brilliant Violet 711, clone MP6-XT22, Biolegend, #506349).
Infiltration and vivo cellular uptake by DCs, monocytes and macrophages in the dLNs (Sup Fig 13-14): Anti I-A/I-E (BUV805, clone
M5/114.15.2, BD, 748844), anti-CD11b (BV421, clone M1/70, Biolegend, 101236), anti-TCRb (BV510, clone H57-597, Biolegend,
109234), anti-CD317 (BV60S5, clone 927, Biolegend, 127025), anti-Ly6G (BV650, clone 1A8, Biolegend, 127641), anti-CD103 (BV785,
clone 2E7, Biolegend, 121439), anti-Ly6C (PerCP-Cy5.5, clone HK1.4, Invitrogen, 45-5932-82), anti-CD19 (PE-Cy5, clone 6D5,
Biolegend, 115510), anti-CD11c (PE-Cy-7, clone N418, Biolegend, 117318), anti-CD170 (APC, clone S17007L, Biolegend, 155508),
anti-CD326 (AF700, G8.8, Biolegend, 118240), Live/dead (eFluor 780, eBioScience, 115-095-020).

Innate immune cell infiltration to muscle injection site: Anti-CD11c (BV421, clone N418, Biolegend, 117330), anti-CD45 (BV605, clone
30-F11, Biolegend, 103139), anti-I-A/I-E (BV650, clone M5/114.15.2, BD Biosciences, 563415), anti-CD24 (BV711, clone M1/69, BD
Biosciences, 563405), anti-CD11b (APC-Cy7, clone M1/70, BD Biosciences, 557657), anti-Ly6-G (AF700, clone 1A8, BD Biosciences,
561236), anti-CD64 (PE-CF594, clone X54-5/7.1, Biolegend, 139320), anti-F4/80 (PE, clone BMS, Biolegend, 123109), anti- CD16/
CD32 (Fc block) (BD Biosciences, clone 2.4G2, 553142).

Endosomal escape study: anti-EEA1 (polyclonal, ThermoFisher, cat# PA1063A), anti-LAMP1 (polyclonal, ThermoFisher, cat#
PA1654A), Rabbit IgG Isotype Control (Polyclonal, ThermoFisher, cat# 31235), F(ab')2-Goat anti-Rabbit IgG (H+L) (Alexa Fluor 488,
ThermoFisher, cat# A11070).

Validation All antibodies used in this study are commercially available, and all have been validated by the manufacturers and used by other
publications. All antibodies used for flow cytometry were quality control tested by immunofluorescent staining with flow cytometric
analysis.

Primary antibody validation:

HRP-conjugated anti-mouse 1gG (Polyclonal, Jackson Immunoresearch #115-035-003). Validation statements for the species on the
manufacturer’s website: “Based on immunoelectrophoresis and/or ELISA, the antibody reacts with whole molecule mouse IgG. It also
reacts with the light chains of other mouse immunoglobulins. No antibody was detected against non-immunoglobulin serum
proteins. The antibody may cross-react with immunoglobulins from other species.” Reference: Wei SC et al. 2021, Front Immunol.
doi: 10.3389/fimmu.2021.771011.

HRP-conjugated anti-mouse 1gG1(polyclonal, abcam, AB 98693). Validation statements for the species on the manufacturer’s




website: “By immunoelectrophoresis and ELISA this antibody reacts specifically with mouse IgG1. Cross reactivity with
immunoglobulins is less than 2%. No antibody was detected against non-immunoglobulin serum proteins. Less than 1% cross
reactivity to human and rat IgG1 was detected. This antibody may cross react with 1gG1 from other species.” Reference: Han X et al.
2023, Nat Nanotechnol. doi: 10.1038/541565-023-01404-4.

HRP-conjugated anti-mouse 1gG2a (polyclonal, abcam, AB98698). Validation statements for the species on the manufacturer’s
website: “By immunoelectrophoresis and ELISA this antibody reacts specifically with mouse IgG2a. Cross reactivity with
immunoglobulins is less than 2%. No antibody was detected against non-immunoglobulin serum proteins. Less than 1% cross
reactivity to human and rat IgG2a was detected. This antibody may cross react with IgG2a from other species.” Reference: Nardo D
et al. 2022, Biomater Sci. doi: 10.1039/d2bm01289h.

HRP-conjugated anti-mouse 1gG2b (polyclonal, abcam, AB98703). Validation statements for the species on the manufacturer’s
website: “Target species, Mouse. Suitable for ICC, IHC-P, ELISA, WB. Ideal for western blot. Preadsorbed to minimise non-specific
binding and high background staining.” Reference: Nardo D et al. 2022, Biomater Sci. doi: 10.1039/d2bm01283h.

HRP-conjugated anti-mouse IgA (polyclonal, abcam, AB97235). Validation statements for the species on the manufacturer’s website:
By immunoelectrophoresis and ELISA this antibody reacts specifically with Mouse IgA. Cross reactivity with other immunoglobulins
and light chains is less than 0.1%. Cross reactivity to mouse IgM, 1gG1, 1gG2a, IgG2b, 1gG2c, 1gG3 and IgE is undetectable. Some
hybridoma clones may express aberrant immunoglobulin-related peptides that are improperly recognized by this antibody.”
Reference: Muranishi K et al. 2023, Vaccines, doi: 10.3390/vaccines12010005.

anti-HA (Clone #2F1A7, SinoBiological #11684-MMO03). Validation statements for the species on the manufacturer’s website:
“Specificity, HIN1 (A/Puerto Rico/8/1934) H, has cross-reactivity in ELISA with HIN1 (A/Puerto Rico/8/1934) HA Protein (Cat# 11684-
VO8H)” Reference: Yu L et al. 2024. Virol Sin. doi: 10.1016/j.virs.2024.01.003.

anti-VSV Indiana G (clone 1E9F9, Absolute Antibody, Ab01402-2.0). Validation statements for the species on the manufacturer’s
website: “Specificity: VSV-Ind glycoprotein (G) protein” Reference: Tam AB et al. 2018, Dev Cell. doi: 10.1016/j.devcel.2018.04.023.

anti-IgG1 (biotin, polyclonal, Southern Biotech, 1070-08). Validation statements for the species on the manufacturer’s website:
“Specificity Reacts with the heavy chain of mouse 1gG1” Reference: Koutsonanos DG et al. 2025, Vaccine. doi: 10.1016/
j.vaccine.2015.01.086.

anti-lgG2a (biotin, polyclonal, Southern Biotech, 1080-08). Validation statements for the species on the manufacturer’s website:
“Specificity: Reacts with the heavy chain of mouse 1gG2a” Reference: Teichmann LL et al. 2013, Immunity. doi: 10.1016/
j.immuni.2012.11.017.

anti-IgG2b (biotin, polyclonal, Southern Biotech, 1090-08). Validation statements for the species on the manufacturer’s website:
“Specificity: Reacts with the heavy chain of mouse 1gG2b” Reference: Hsu HC et al. 2007, J Immunol. doi: 10.4049/
jimmunol.178.8.5357.

anti-EEA1 (polyclonal, ThermoFisher, cat# PA1063A). Validation statements for the species on the manufacturer’s website: “Species
Reactivity Human, Mouse ” Reference: Aung KT et al. 2019, J Physiol Sci. doi: 10.1007/s12576-018-0644-2.

anti-LAMP1 (polyclonal, ThermoFisher, cat# PA1654A). Validation statements for the species on the manufacturer’s website: Species
Reactivity Human. Reference: (mouse and human) Donde A et al. 2019 doi: 10.1080/15548627.2019.1635379.

Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s)

Authentication

Murine DC2.4 cell line was obtained from Millipore Sigma (#SCC142M) the American Type Culture Collection and maintained
in Dulbecco’s modified Eagle’s medium (DMEM, Corning, #10-013-CV) supplemented with 10% fetal bovine serum (Cytivia
Hyclone, #5H30071.03), 100 U ml-1 Penicillin/Streptomycin (Gibco. #15140-122).RPMI complete media [RPMI 1640 (Gibco)
supplemented with 10% Fetal Bovine Serum (Cytivia Hyclone), and 1% Penicillin/Streptomycin (Gibco)].

Human monocyte-derived dendritic cells were generated from a healthy donor apheresis product, provided by the University
of Pennsylvania Human Immunology Core (SCR_022380). Dendritic cells were derived from monocytes using complete RPMI
complete media (Gibco, #22400-089) supplemented with human granulocyte colony stimulating factor (R&D Ssystems,
#215GMO10CF) and human IL-4 (R&D Ssystems, #2041LO10CF). Expi293F cells were obtained from Thermo Fisher Scientific
(#A14527) and maintained in Expi293™ Expression Medium (Thermo Fisher Scientific, #A1435101). Sf9 cells were obtained
from Thermo Fisher Scientific (#12659017) and maintained in Sf-900™ 11l SFM, a serum-free medium (Thermo Fisher
Scientific, #12658019), supplemented with 1x Penicillin-Streptomycin (Capricorn, 100x stock solution). High Five cells were
obtained from Thermo Fisher Scientific (#885502) and maintained in HyClone™ SFX-Insect liquid medium (Cytiva,
#SH30278.LS). 293T cells were obtained from the American Type Culture Collection (ATCC, #CRL-3216) and maintained in
DMEM (Life Technologies, #11995065) supplemented with 10% fetal bovine serum (Hyclone, #SH30071.03). VeroE6-
TMPRSS2 cells were generated in-house, selected once with blasticidin (#R21001), and maintained in DMEM (Life
Technologies, #11995065).

Human monocyte-derived dendritic cells were generated from a healthy donor apheresis product provided by the University
of Pennsylvania Human Immunology Core (SCR_022380). Monocytes were differentiated into dendritic cells using RPMI
complete medium supplemented with human granulocyte-macrophage colony-stimulating factor (GM-CSF; R&D Systems,
215-GM-010CF) and human interleukin-4 (IL-4; R&D Systems, 204-IL-010CF). Authentication was based on cellular
morphology, characterized by large, irregularly shaped cells with long dendrite-like projections, a prominent indented
nucleus, and clear cytoplasm.

The authentication of DC2.4 cells was performed by the manufacturer based on characteristic features of dendritic cells
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including cell morphology and the expression of dendritic cell-specific markers and the ability to phagocytose and present
exogenous antigens on both MHC class | and class Il molecules.

Expi293F cells (Cat# A14527, Thermo Fisher Scientific, Waltham, MA, USA):
The authentication of the Expi293F cell line was performed and documented by the manufacturer, based on morphology and
growth characteristics consistent with human HEK293-derived suspension cell lines.

Sf9 cells (Cat# 12659017), Thermo Fisher Scientific, Waltham, MA, USA): The authentication of the Sf9 cell line was
performed and documented by the manufacturer, based on morphology and growth characteristics consistent with
Spodoptera frugiperda-derived PLB-Sf-21-AE insect cell lines.

High Five cells (Cat# B85502), Thermo Fisher Scientific, Waltham, MA, USA): The authentication of the High Five cell line was
performed and documented by the manufacturer, based on morphology (large spherical cells with some granular
appearance) and growth characteristics consistent with Trichoplusia ni-derived BTI-TN-5B1-4 insect cell lines.

293T cells (CRL-3216), ATCC: The authentication of 293 cells was performed by the manufacturer through Short Tandem
Repeat (STR) profiling (D351358: 15,17; THO1: 7,9.3; D21S11: 28,30.2; D18S51: 17,18; Penta_E: 7,15; D55818: 8,9; D13S317:
12,14; D7S820: 11; D165539: 9,13; CSF1PO: 11,12; Penta_D: 9,10; Amelogenin: X; VWA: 16,19; D851179: 12,14; TPOX: 11;
FGA: 23; D19S433: 18.; D251338: 19.

VeroE6-TMPRSS2 cells were generated in-house, authenticated based on characteristic epithelial morphology and expected
growth behavior, including adherent, cobblestone-like appearance and consistent proliferation rate, selected once with
blasticidin (Invitrogen).

Mycoplasma contamination All cell lines were routinely tested and confirmed to be negative for mycoplasma contamination.

Commonly misidentified lines No commonly misidentified cell lines were used in the study.

(See ICLAC register)

Animals and other research organisms

Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research, and Sex and Gender in

Research

Laboratory animals

Wild animals
Reporting on sex
Field-collected samples

Ethics oversight

BALB/c mice aged 8 weeks were purchased from Charles River Laboratories. C57BL/6J (Jackson Laboratory strain #000664) and
Pmel-1 TCR/Thy1.1 transgenic mice Jackson Laboratory strain #005023) on a C57BL/6 background (aged 6—8 weeks) were purchased
from the Jackson Laboratory. Pmel-1 mice were bred and maintained at the University of California, Los Angeles (UCLA). Breeding
vivarium and utilized for experiments when reaching 8 to 12 weeks of age.

No wild animals were used in this study.

Female mice were used in this study.

No filed-collected samples were used in this study.

The investigators faithfully adhered to the “Guide for the Care and Use of Laboratory Animals” by the Committee on Care of
Laboratory Animal Resources Commission on Life Sciences, National Research Council. Mouse studies were conducted under
protocols approved by the Institutional Animal Care and Use Committees (IACUC) of the University of Pennsylvania, the University of

California, Los Angeles, and Genevant. All animals were housed and cared for according to local, state, and federal policies in an
Association for Assessment and Accreditation of Laboratory Animal Care International (AAALAC)-accredited facility.

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Novel plant genotypes

Authentication

Report on the source of all seed stocks or other plant material used. If applicable, state the seed stock centre and catalogue number. If
plant specimens were collected from the field, describe the collection location, date and sampling procedures.

Describe the methods by which all novel plant genotypes were produced. This includes those generated by transgenic approaches,
gene editing, chemical/radiation-based mutagenesis and hybridization. For transgenic lines, describe the transformation method, the
number of independent lines analyzed and the generation upon which experiments were performed. For gene-edited lines, describe
the editor used, the endogenous sequence targeted for editing, the targeting guide RNA sequence (if applicable) and how the editor
was applied-

Describe-any-atithentication-procedtures foreach seed stock-tised-or-novel-genotype-generated—Describe-any-experiments-used-to
assess the effect of a mutation and, where applicable, how potential secondary effects (e.g. second site T-DNA insertions, mosiacism,
off-target gene editing) were examined.
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Flow Cytometry

Plots
Confirm that:

The axis labels state the marker and fluorochrome used (e.g. CD4-FITC).

|X| The axis scales are clearly visible. Include numbers along axes only for bottom left plot of group (a 'group' is an analysis of identical markers).

All plots are contour plots with outliers or pseudocolor plots.

X, A numerical value for number of cells or percentage (with statistics) is provided.

Methodology

Sample preparation

Instrument

Software

Cell population abundance

Flow cytometry analysis of MBCs/LLPCs in mouse splenocytes and bone marrow: Splenocytes were harvested from spleens
by mechanical disruption between frosted slides and filtered through 63-micron Nitex mesh. Bone marrow was flushed from
femurs and tibia from each mouse using a 23g X %” needle and syringe into FACS buffer (PBS + 2% fetal bovine serum) and
filtered through 63-micron Nitex mesh. Red blood cells were lysed with ACK Lysing buffer (Lonza #10-548E) for 5 minutes on
ice and the reaction was stopped with ten times the volume of PBS. Five million cells were then stained with fixable live dead
aqua (Biolegend Zombie Aqua, 423101 — 1:500 in PBS) for 15 min at RT. Cells were then washed with FACS buffer and stained
with the respective dilutions of antibodies in BD Brilliant Staining Buffer (BD Biosciences, 563794) for 15 min at 4 °C. To
create fluorescently labeled RBD tetramers, recombinant RBD was biotinylated using the EZ-Link Micro Sulfo-NHS-
Biotinylation Kit (ThermoFisher). Streptavidin-conjugated Alexa PE and Alexa Flour 647 (all from Biolegend) were then added
at a 6:1 molar ratio (biotinylated-protein to streptavidin-conjugate). Specifically, after the volume of fluorochrome needed to
achieve a 6:1 molar ratio was determined, the total volume of fluorochrome was split into 10 subaliquots. These subaliquots
were then added, on ice, to the biotinylated protein and mixed by pipetting every 10 minutes (for a total of 10 additions).

Gp100-specific CD8+ T cell studies: Peripheral blood was obtained from mice through retro-orbital eye bleeds under
anesthesia and collected into 1.5 ml Eppendorf tubes containing 2 ul of 0.5 M EDTA to inhibit coagulation. Blood samples
were subjected to three cycles of red blood cell lysis using 500 uL of ACK lysis buffer each cycle. Samples were resuspended
in FACS buffer (1 x PBS containing 5% FBS and 2 mM EDTA), passed through a 70 um filter to remove debris, counted, and
finally allocated for downstream flow cytometric analyses or functional assays. For Intracellular Cytokine Staining (ICS) and
Flow Cytometry analyses, PBMCs were plated at 1 x 105 cells per well in a 96-well round bottom plate and re-stimulated for
5 hours with the murine gp10025-33 epitope (EGSRNQDWL) peptide at 1 ug/mlin complete RPMI 1640 medium
(supplemented with 10% FBS, 1% penicillin/streptomycin and 55 uM B-mercaptoethanol) at 37 °C in the presence of
brefeldin-A (15 pg/ml). After 5 hours, cells were collected and stained

Infiltration and vivo cellular uptake by DCs, monocytes and macrophages in the dLNs: For DC analysis, draining LNs were
harvested, disrupted with scissors, and then digested in RPMI + 2% FBS + 20mM HEPES + 400U/mL type-1V collagenase for 30
minutes at 37 °C. LNs were then passed through a 21G x 1 syringe (BD 309624) 5 times before being filtered through a 40uM
mesh filter. Staining steps were all performed at 4°C in FACS Buffer (PBS + 2% FBS + 5mM EDTA). Prior to staining, single-cell
suspensions were Fc blocked with anti-mouse CD16/CD32 blocking antibody at 1:1000 (~7.6 pg /mL). Cells were washed and
then incubated for 30 minutes with a cocktail of viability dye and fluorescently labeled antibodies.

Innate immune cell infiltration to muscle injection site: Tissue was minced and subsequently digested using of 10 ml XMedia
[Ham’s F12 Nutruent Mix (Gibco), 10% FBS (Cytivia Hyclone), and 100 units/ml penicillin and 100 mg/ml streptomycin
(Gibco)] containing 100 units/ml collagenase, type IV (Gibco) and 1.1 units/ml dispase Il (Roche) for 30 minutes at 37 °C while
shaking. Supernatant from enzymatic digestion was filtered through a 70 um cell strainer and washed with PBS. Filtering and
PBS wash was repeated, and samples resuspended in 1 ml of XMedia. 3 million cells per sample were used for flow cytometry
staining. Samples were washed with PBS and stained with a LIVE/DEAD Fixable Aqua Dead Cell Stain Kit (Life Technologies) for
10 minutes in the dark at room temperature. Cells were subsequently incubated for 30 minutes at 4 °C with a master mix of
fluorescently labeled anti-mouse monoclonal antibodies.

Symphony A3 Lite (BD), LSR Il flow cytometer (BD Biosciences), NxT Attune flow cytometer (ThermoFisher Scientific), Aurora
(Cytek)

FlowJo analysis software v10

The average MBC abundance ranges between 21.4% and 41.1% of splenocytes. The average LLPC abundance ranges from
7.4% to 22.2% of bone marrow cells.

The average abundance of Spike-specific CD8+ IFN-y+ cells ranges from 1.5% to 3.3%, Spike-specific CD8+ TNF-a+ cells range
from 0.3% to 1.2%, and Spike-specific CD8+ TNF-a+ IFN-y+ cells range from 0.2% to 0.8% within the CD3+CD8+ population.

Within the CD3+CD4+ population, the average abundance of Spike-specific CD4+ IFN-y+ cells ranges from 0.16% to 0.17%,
CD4+ TNF-a+ cells from 0.26% to 0.3%, and CD4+ TNF-a+ IFN-y+ cells from 0.10% to 0.12%.

The average abundance of Gp100-specific CD8+ Thy1.1+ IFN-y+ cells ranges from 73% to 76%, Gp100-specific CD8+ Thy1.1+
TNF-a+ cells range from 22% to 29%, and Gp100-specific CD8+ Thy1.1+ IFN-y+ TNF-a+ cells range from 21% to 28% within
the CD8+ Thy1.1+ T cell population following a prime and bolus immunization regimen.
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The average abundance of Gp100-specific CD8+ Thy1.1+ IFN-y+ cells ranges from 86% to 87%, Gp100-specific CD8+ Thy1.1+
TNF-a+ cells range from 43% to 48%, and Gp100-specific CD8+ Thy1.1+ IFN-y+ TNF-a+ cells range from 27% to 34% within
the CD8+ Thy1.1+ T cell population. Gp100-specific CD8+ Thy1.1+ KLRG1+ CD127- cells range from 7.4% to 10% within the
CD3+CD8+ Thy1.1+ population following extended prime immunization regimen.

The average absolute number (x10%) in the LN of total DCs ranges from 2.6 to 5.0, dermal DCs range from 0.4 to 1.17, cDC1
cells range from 0.1 to 0.5, cDC2 cells range from 0.5 to 1.7, pDCs range from 0.8 to 2.6, inflammatory monocytes range from
0.3 to 3.2, and macrophages range from 1.6 to 3.2.

The average abundance of EGFP+ Dil+ dermal DCs ranges from 2.5% to 5.4%, EGFP+ Dil+ cDC1s from 5.9% to 13.6%, EGFP+
Dil+ cDC2s from 8.5% to 16.1%, EGFP+ Dil+ pDCs from 0.3% to 1.3%, EGFP+ Dil+ inflammatory monocytes from 0.1% to 0.3%,
and EGFP+ Dil+ macrophages from 0.2% to 0.6%.

The average abundance in the injection site muscle of neutrophils ranges from 1.9% to 19.4%, DCs from 0.8% to 6.5%,
macrophages from 0.1% to 2.8%, and monocytes from 0.4% to 5.6% within the CD45+ cell population.

>
Q
—
(e
(D
©
(@)
=
S
<
-
(D
©
O
=
>
(@)
w
[
3
=
Q
<

Gating strategy Flow Cytometric Gating Strategy for the Investigation of MBC: (IgD-Dump[CD4,CD8a,Ter-119, F4/80]-CD19+B220+CD38+GL7
-RBD-AF647+/RBD-PE+), Antigen-specific LLPCs (IgD-Dump[CD4, CD8a, Ter-119, F4/80]-B220-CD138+RBD-AF647+/RBD-PE+)

Flow Cytometric Gating Strategy for the Investigation of spike-specific CD4+ and CD8+ T cell responses: Singlets cells were
first selected (FSC-H x FSC-A), then live cells (LD-), lymphocytes were selected based on size and granularity (FSC x SSC), and
the cytokine production was evaluated inside the CD3+CD4+ and CD3+CD8+ populations.

Flow cytometric gating strategy for the investigation of gp100-specific CD8+ T cell responses: Singlets cells were first selected
(FSC-H x FSC-A), then live cells (LD-), and the cytokine production (TNFa+ and/or IFNg+) was evaluated in the T cells CD8+
Thyl.1+. Singlets cells were first selected (FSC-H x FSC-A/ SSC-H x SSC-A), then live cells (LD-), and cytotoxic profile was
evaluated in CD3+CD8+ Thy1.1+ cells based on KLRG1 and CD127 markers expression.

Flow cytometric gating strategy for assessing the cellular populations and mRNA-LNP uptake in dLNs: Single cells were
selected based on size and granularity (FSC x SSC), then live cells (LD-), and then DCs subsets were defined: cDC1s (CD11b
+MHCII+EpCAM-CD103+), cDC2s (CD11b+MHCII+EpCAM-CD11b+) and pDCs (CD11b-PDCA1+). From CD11b+ cells,
Monocytes subset (Ly-6G- SiglecF- Ly6C+) and Macrofages subset (Ly-6G- SiglecF- Ly6C-) were also defined.

Flow cytometric gating strategy for assessing innate cell populations in injection site muscle of immunized mice: Single cells
were selected based on size and granularity (FSC x SSC), then live cells (LD-) and in Leykocytes (CD45+) subset, innate cells
were defined as neutrophils (Ly6G+), Macrophages (Ly6G-CD11b+SSChiCD64+), Dendritics cells (Ly6G-CD11c+MHC+CD24+)
and Monocytes (Ly6G-CD11b+MHC-F4/80+)

|X| Tick this box to confirm that a figure exemplifying the gating strategy is provided in the Supplementary Information.






