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Determination of the effective charge of the gemini cationic lipid and the MSCV-
OPAL plasmid. The composition of the mixed lipid acting as cationic gene vector is
given in terms of its molar fraction (o) of the cationic lipid in the total lipid, while in the
lipoplex, the composition may be expressed by: a) the total lipid to DNA mass ratio,
defined as (mu/mp = (MLt + m%/mp), where mi, m.*, m.% and mp are the masses of the
total mixed lipid, (C16lm)2(C40), DOPE, DSPE-PEG and DNA, respectively, or b) the
effective charge ratio (perf) expressed as the ratio between the charges of positive
(C16lm)2(C40) mixed lipid and negative DNA phosphate groups. All these quantities are
related by the following two equations:
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where n* and n- are the number of moles of positive and negative charges of
(C16lm)2(C40) and DNA respectively; (q;rfﬁL+) and (g p) are the effective charges of
(C16lm)2(C40) and plasmid DNA (pDNA, MSCV-OPAL in our case) per bp; and M.°,
M. and Mp are the molecular weight of the DOPE, (Cislm)2(C40) and MSCV-OPA1
per bp, respectively.

The eletroneutrality ratio of the lipoplex ((mc* + m°) / mp)e is reached for a particular
formulation at which the positive charges of the mixed lipid and those negative of DNA
balance (pefr = 1). Values of pess higher than the electroneutrality ratio are required for
lipoplexes to become a potentially cell transfecting agent as the positively charged
lipoplexes allow them crossing the negatively charged cell membranes.! The
electroneutrality ratio can be accurately determined by measuring the zeta potential () of
lipoplexes as a function of (my/mp) (see Figure 1A). A sign inversion on the charge in
the (&) sigmoidal plots occurs at (m/mp). and this value is related to o through the
equations (1-2) by:
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In general, linear DNAS, such as calf thymus DNA (ctDNA), have its negative charge
totally available for the cationic lipid, i.e., Qiinear o = -2 per base pair. However, plasmid
DNA remains in a supercoiled conformation®’ rendering a much less negative charge
than its nominal one (qggp << —2/bp). The determination of the effective charge of
both, the cationic lipid (q;rfflﬁ)and the pDNA (qgegp) is required then to quantitatively
formulate lipoplexes with different effective charge ratios (perf). For that, the effective
charge of the (Ci6lm)2(C40) (q;’fﬁLJr) was first determined using equation (3) and the
experimental value of (m./mp)s, measured from zeta potential (Figure S2), and assuming
Qiinear 0 = -2/bp. The effective charge of MSCV-OPAL (qgegp) is then obtained with
equation (4) using the effective charge of the (Cielm)2(C4O) (q;’fﬂ“) and the
experimental electroneutrality value (m/mp)s for the (C161m)2(C40)/DOPE/DSPE-PEG
lipoplex containing MSCV-OPAL1 plasmid DNA (Figure 1):
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The effective charge ratio (per) of the lipoplex at o = 0.2 is obtained by substituting
(qz¢+) and the MSCV-OPAL (qg ) in equation (2).
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Scheme S1: Structures of (Cislm)2(C40) gemini cationic lipid, the zwitterionic
phospholipid DOPE and the polyethylene-glycol DSPE-PEG2000 (DSPE-PEG).
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Figure S1. Uptake of (C16lm)2(C40)/DOPE/DSPE-PEG/OPAL lipoplexes labeled with
the fluorescent dye DiR’ (red channel) into MEFs wt after 24 h incubation and at different
concentration. Scale bars are 20 pm.
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Figure S2. Apoptosis after 24h of treatment was measured by flow cytometry through
Annexin V-FITC and PI staining. Representative plots for MEFs wt (pefs = 4) and OPAL-
KO MEFs (pefs = 4) are shown in the left panel. The percentage of alive cells is indicated
in the right panel. The data are presented as the means + the SD from three separate
experiments (* p < 0.05).
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Figure S3. Time evolution of the elongated mitochondria ratio with respect to initial
elongated mitochondria for MEFs wt (left panel) and OPA1-KO MEFs (right panel) after
transfection with (C16lm)2(C40)/DOPE/DSPE-PEG/OPA1 lipoplexes at petf = 2.5 (black
squares) and 4 (red squares). As a control, the mitochondrial phenotype was also imaged
in the absence of treatment (hollow symbols). See Methods section for details. Student’s
t-test was performed to measure the significance of statistical difference between the
different groups and the negative control (in the absence of treatment). p < 0.05 was
considered statistically significant.



FIGURE S4. Confocal fluorescence microscopy images MEFs wt (upper row) and
OPA1-KO MEFs (lower row) at different time intervals in the absence of treatment. The
mitochondrial network was labeled with TMRM (1 uM). Scale bars are 10 um.
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Figure S5. In vivo biodistribution of DiR’-labeled (Cislm)2(C40)/DOPE/DSPE-
PEG/OPAL lipoplexes in CD-1 mice after 4 weeks with treatment via intraperitoneal (IP),
intracardiac (IC) and intramuscular (IM) administration.
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Figure S6. Western blot of Opal and GRP75 protein levels in liver, spleen, heart, muscles
and lung from CD-1 mice after 48 h of transfection with (C1slm)2(C40)/DOPE/DSPE-
PEG/OPAL1 lipoplexes (pert = 4). Different lanes correspond to the groups without
treatment (C) and with treatment via intraperitoneal (IP), intracardiac (IC) and

intramuscular (IM) administration.



