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Supplementary Methods

To enhance the stability of ganglioside-LNPs, some parameters on the preparation were first
optimized. The stability of LNPs in liquid medium can be explained by DLVO theory, which
was postulated by Derjaguin, Landau, Verwey, and Overbeek!. The theory demonstrates the
stabilization of a colloidal system, which involves a combination of the attractive van der
Waals interactions (V) and the repulsive electrostatic Coulomb interactions (Vg)!. Particles
are more stabilized when the total energy of aforementioned interactions is low or negative?.

Vtotal = VA + VR

The magnitude of van der Waals interactions depends on the size, shape, and chemical
composition of colloidal particles, which is characterized by the Hamaker constant (4). In
the case of spherical particles with a radius of a and a separation distance of H, the van der
Waals force can be expressed as follow

v = aA
47 12H

Due to the presence of ionizable cationic lipids, each LNP bears positive charge at low pH,
which leads to the formation of electrostatic double layer that repulses the adjacent particles!.
The electrostatic interaction between two particles is given as

Vr = 2mac,£y@o°exp (—KH)
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where the constants e is elementary charge and k is the Boltzmann constant?. The other terms
a, &€y, o, H, n, z, T are particle size, solvent permittivity, the surface potential, distance
between particles, ion concentration, ion valence, and temperature, respectively?. Two
approaches that increase the value of V;,:,;, which results in an enhanced particle
stabilization, are by increasing the surface potential (¢,) and reducing ion concentration (n)
in the solvent.
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Supplementary Figure 1. Characterization of ganglioside-LNP formulations with varying
mol percentages of ionizable lipid MC3. (a) Particle size was measured using dynamic light
scattering (DLS). The horizontal line at 215 nm indicates the cutoff for sterile-filtration. (b)
PDI was measured using DLS. The horizontal line at 0.2 indicates the cutoff for
polydispersity. (c) mRNA encapsulation efficiencies (EE) of candidate LNPs. The horizontal
line at 80% EE indicates the cutoff for insufficient mRNA encapsulation. (d) In vitro
transfection efficiency of candidate LNPs in HEK293T cells. Bioluminescence data was
quantified as total flux (photons/second) (N=3). As a control, cells were treated with the 5%
dextrose (D5SW) solution. According to the transfection efficiency data, 50% was identified as
the optimal MC3 concentration, which was adapted for all future formulations.



a b c d
( ) 0 ( )250— ( )1.0— (\?)100—
<) 215_ .................................... <
E 5 U U U U __ 200 0.8 §‘ 80— e g..B.o.
= E 2 o O o O
s = 150 _ 0.6+ £ 60
S -10- 7} o i
2 kil o o 5
8— E 04 5 o o0 oo 0.4 £ 40
© _ 1 ]
E -15 © 50 0.2 = — g § 20
pobopgao E
-20 T T T T T T T 0 T T T T T T T 0.0 T T T T T T T 0 T T T T T T T
S° 00 g g g o o S O S S S o s S ¢ g g S g e S 0 g g do S
NS ET NNV DV Q7 N N O D 7 N N OO D 9 AT NS TNV Q7 N
S TN P ® SR N RPN S TN P e
ganglioside content ganglioside content ganglioside content ganglioside content

Supplementary Figure 2. Characterization of ganglioside-LNP formulations with varying
mol percentages of ganglioside spanning 0.016—1.5%. (a) Zeta-potential was measured using
Nano Zetasizer (N=3). (b) Particle size was measured using dynamic light scattering (DLS).
The horizontal line at 215 nm indicates the cutoff for sterile-filtration. (c¢) PDI was measured
using DLS. The horizontal line at 0.2 indicates the cutoff for polydispersity. (d) mRNA
encapsulation efficiencies (EE) of candidate LNPs. The horizontal line at 80% EE indicates
the cutoff for insufficient mRNA encapsulation. Formulations with 0.25% or higher
ganglioside concentration which comply the criteria were re-evaluated at smaller intervals,
while those with 0.125% or lower ganglioside concentration were excluded from further
measurement.
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Supplementary Figure 3. Size measurement of fetal bovine serum (FBS) (N=3).
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Supplementary Figure 4. In vivo transfection of stealth-free LNPs and 0.25% ganglioside-
LNPs. Images of bioluminescence from the harvested organs (lungs, liver, heart, spleen, and
kidneys) 24 hours after intravenous injection of LNPs loaded with fLuc mRNA.
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Supplementary Figure 5. /n vivo transfection of PEG-LNPs. Images of bioluminescence from
the whole body (a) and harvested organs (lungs, liver, heart, spleen, and kidneys) (b), 24 hours
after intravenous injection of PEG-LNPs loaded with fLuc mRNA.
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