SUPPLEMENTAL NOTE 1- Dopaminergic neuronal differentiation

Cell model genetic characterization. The neuroblastoma SH-SY5Y cell line has
been frequently used for PD study [1,2]. In fact, by considering altogether “SH-SY5Y” and
“Parkinson’s” terms, more than 1,300 publications appear in the PubMed database.
Because cross-contamination of human cell lines with other cell lines is a widely
acknowledged issue [3], we determined the nuclear genetic fingerprint of this cell line

based on 16 short tandem repeats (STRs) and confirmed its identity (Table S1) [4].

CHR 2 2 3 4 5 5 7 8

STR D2S1338 TPOX D3S1358 FGA CSFIPO D5S818 D7S820 D8S1179
SH-SY5Y 17,19 8,11 15,16 232,24 11 12 7,10 15
SH-SY5 8, 11 11 12 7,10

(ATCC)

CHR 11 12 13 16 18 19 21 X

STR THO1 VWA  D13S317 D16S539 D18S51 D19S433 D21S11 AMEL
SH-SY5Y 7,10 14,18 11 8,13 13,16 13,14 31,312 X
SH-SY5 7,10 14,18 11 8,13 X
(ATCC)

Table S1. Nuclear genetic fingerprint of human neuroblastoma SH-SY5Y cell line. CHR,
chromosome; STR, short tandem repeat; ATCC, American type culture collection
(https://www.lgcstandards-atcc.org/?geo_country=es).

Growth conditions can induce changes in the cell line karyotype during long-term
culture [5]. To check the chromosomal stability of our cell lines and, therefore, their
suitability as cell models, a karyotype analysis was carried out. The karyotype of
neuroblastoma SH-SYS5Y cells was 47, XX, +7 (Figure S1A). These cells showed the
same chromosomal modal number and abnormalities than those previously reported [6-
11]. For human neural stem cells (hNSCs), one out of 20 metaphases showed a trisomy
20 but the rest were euploids (Figure S1B). This trisomy is a relatively common and
recurrent chromosomal abnormality [12]. Despite of this, the results suggest that these cell

lines are stable enough from a karyotype point of view to consider them as good cell
models.

A B

SU1CH 1 u) [€CH 8 o i
TR Ml IRIRTRY IRERY
W 0n 08 wi ae an| |00 A AN 3R 2 Be
womow o M o xx e e B

SH-SY5Y hNSCs




Figure S1. Karyotypes. A) Neuroblastoma SH-SY5Y cell line. The chromosomal modal
number and range was 47 and 46-48, respectively. Chromosomal abnormalities were:
ins(1q), +7, ?der(8)(q24), add(9)(q347?), der(22)add(22)(q13). B) Human neural stem cells
(hNSCs). The chromosomal modal number and range was 46 and 46-47, respectively. A
trisomy in chromosome 20 was found in one metaphase.

To characterize their mtDNA genotypes, we sequenced them. hNSCs belong to
mtDNA haplogroup K1a1b1a (GenBank KX350098.1) [13]. Haplogroup K has been
proposed as a protective mtDNA genetic background against PD [14]. The absence of
m.7028C>T transition in SH-SY5Y cells suggested its phylogenetic origin inside mtDNA
genetic background H [15]. The mtDNA sequences of SH-SY5Y cells classified them as
belonging to mtDNA haplogroup H48 (GenBank KX350100.2). It has been proposed that
haplogroup H increases the risk for PD [14]. The mtDNA sequences did not harbor
pathologic mutations [16,17]. Finally, making neuroblastoma SH-SY5Y cell line a more
interesting model for PD, its whole genome has been re-sequenced and most of the genes
belonging to the major PD pathways were intact [18].

Cell differentiation into dopaminergic neuron. Population doubling times of SH-
SY5Y cell line in high glucose (25 mM) DMEM and hNSCs in KnockOut DMEM F-12
(glucose 17.5 mM) are 33.8 h and 45.8 h, respectively.

After only two days, differentiation protocols in 5 mM galactose increase cell
processes (neurites) number and length (Figure S2). At the end of these protocols, 70-
90 % SH-SY5Y cells and 55-80 % hNSCs were morphologically differentiated.
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Figure S2. Undifferentiated and differentiated neuroblastoma SH-SY5Y cells and hNSCs.
Neurites are indicated (arrowheads) in differentiated cells.



Neurites generation requires cytoskeleton remodeling and the levels of cytoskeletal
related proteins BllI-tubulin (TUBB3), doublecortin (DCX), microtubule-associated protein 2
(MAP2) and nestin (NES) are commonly used as markers for neuronal differentiation
[19,20]. The presence of the glycolytic isoenzyme neuron-specific enolase (NSE) is a late
event in neuronal differentiation [21,22]. Flow cytometry (FC) analysis shows that NES
levels decrease in hNSCs. However, and similar to other report [23], they increase in the
SH-SYSY cell line after our differentiation protocol (Figure S3A). TUBB3 and DCX levels
increase after the differentiation in both neuroblastoma cell line and hNSCs. These results
suggest that SH-SYS5Y cell populations at different stages of differentiation are
represented in the differentiated cultures: undifferentiated cells, partially differentiated
NES+ cells, and neuron-like cells. Western blot (WB) analyses confirm the increase of
TUBBS3 and DCX, and 2 other, neural markers, such as MAP2 and NSE (Figure S3B).
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Figure S3. Markers of neuronal differentiation (TUBB3, DCX, NES, NSE and MAP2)
determined by flow cytometry (A) and Western blot (B). Fl, fluorescence intensity. Dashed
line (100 %) represents the mean value of undifferentiated (U) cells. Bars indicate the
mean and standard deviation values of differentiated (D) cells. -ACTIN was used to
correct for the protein loading. Independent experiments, N = 3 (A) and 2 (B). *, p < 0.05
(versus U cells, Mann-Whitney).

To confirm the dopaminergic phenotype, we determined tyrosine hydroxylase (TH)
levels, which is the rate-limiting enzyme of dopamine synthesis [24], and dopamine
transporter (DAT), the protein involved in the reuptake of extracellular dopamine into
presynaptic neurons [25]. The levels of these two proteins are commonly used as
dopaminergic differentiation markers [1,26-28]. FC analysis showed that the amount of
both proteins increased with differentiation (Figure S4A). The FC results were confirmed
by WB analysis (Figure S4B). Our differentiation protocol also increased the amount of
intracellular dopamine (Figure S4C). Moreover, differentiated cells were electrically active
neurons because they released dopamine after KCl stimulation (Figure S4D).
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Figure S4. Markers of dopaminergic neuronal differentiation (TH, DAT, intracellular
dopamine, and released dopamine) determined by flow cytometry (A), Western blot (B) or
ELISA (C, D). FI, fluorescence intensity. Dashed lines (100 %) represent the mean values
of undifferentiated (U) cells. Bars indicate the mean and standard deviation values of
differentiated (D) cells. B-ACTIN was used to correct for the protein loading. Independent
experiments, N = 3 (A, C, D) and 2 (B). *, p < 0.05 (versus U cells, Mann-Whitney).

To check the specificity of our differentiation protocol, we performed
immunocytochemistry for neuronal (TUBB3) and dopaminergic (TH) markers and
observed that most of the differentiated neurons stained for TH (Figure S5A). Confirming
the specificity of dopaminergic neuronal differentiation, cells did not increase levels of
intracellular acetylcholine or noradrenaline nor responded to KCI stimulation by releasing
more noradrenaline (Figure S5B-D).
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Figure S5. Specificity of dopaminergic neuronal differentiation. A) Representative TUBB3
(green) and TH (red) immunocytochemical images of neuroblastoma SH-SY5Y cells and
hNSCs. U, undifferentiated cells. D, differentiated cells. B) Intracellular acetylcholine levels.
C) Intracellular noradrenaline levels. D) Extracellular noradrenaline levels. Dashed lines
(100 %) represent the mean values of U cells. Bars indicate the mean and standard
deviation values of D cells. Independent experiments, N = 3 (B, C, D). *, p < 0.05 (versus

U cells, Mann-Whitney).

All these results indicate that neuroblastoma SH-SY5Y cells can differentiate into
dopaminergic neurons in similar ways to NSCs [26,29,30]. Therefore, these
neuroblastoma cells are good models to study dopaminergic neuronal differentiation.



SUPPLEMENTAL NOTE 2- OXPHOS changes along dopaminergic neuronal
differentiation

The peroxisome proliferator-activated receptor gamma (PPARG) has been
associated to mitochondrial biogenesis [31]. mRNA levels for this factor significantly
increased with the differentiation in the analyzed cells (Figure S6A).
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Figure S6. OXPHOS changes during dopaminergic neuronal differentiation. A) PPARG
mMRNA levels. Independent experiments, N = 3. B) Citrate synthase specific activity (CS
sa). N = 3. C) Oxygen consumption. E, L and U code for endogenous, leaking and
uncoupled respiration, respectively. N = 3. D) Complex IV (CIV) sa and quantity
normalized by CS sa. N = 3. E) Representative image of gels for mitochondrial protein
synthesis analysis. Gels showing the loading control and electrophoretic patterns of
mitochondrial translation products are included. M, U and D code for molecular weight
marker, undifferentiated and differentiated cells, respectively. p.MT-ND1-6 and p.MT-ND4L
are Cl mtDNA-encoded subunits; p.MT-CYB is a Clll mtDNA-encoded subunit; p.MT-CO1-
3 are CIV mtDNA-encoded subunits; and p.MT-ATP6,8 are CV mtDNA-encoded subunits.
N = 3 (SH-SY5Y) and 2 (hNSCs). F) Mitochondrial RNA levels. 128 rRNA, ND2 and ND6
MRNAs. N =4 (SH-SY5Y) and 3 (hNSCs). G) mtDNA levels. N = 3. Dashed lines (100 %)
represent the mean values of U cells. Bars indicate the mean and standard deviation
values of D cells, respectively. *, p < 0.05 (versus U cells, Mann-Whitney).

The specific activity of the mitochondrial matrix enzyme citrate synthase (CS) is
usually used as a marker of mitochondrial volume or number. The absence of a significant
difference in CS specific activity between differentiated and undifferentiated hNSCs
suggested that the cell fraction occupied by mitochondria did not change with the cell
differentiation (Figure S6B). On the contrary, differentiated SH-SY5Y cells showed lower
CS specific activity than undifferentiated ones.

Endogenous and uncoupled oxygen consumption per cell increased with
differentiation in the neuroblastoma cell line but it did not change in hNSCs (Figure S6C).
Differentiated SH-SY5Y cells showed significantly lower leaking oxygen consumption than
undifferentiated ones. CIV quantity and specific activity, normalized by CS specific activity,
did not change in hNSCs or SH-SYS5Y cells (Figure S6D). Mitochondrial protein synthesis
in hNSCs and SH-SYS&Y cells increased after differentiation (Figure SGE).

Mitochondrial transcript levels did not change with neuronal differentiation (Figure
S6F). mtDNA amount significantly decreased in hNSCs but did not change in SH-SY5Y
cells (Figure S6G).



SUPPLEMENTAL NOTE 3- OXPHOS-related mutant proteins affect OXPHOS function
of neuroblastoma SH-SY5Y cells

The mtDNA is replicated by the mitochondrial DNA polymerase gamma (POLG).
The POLG p.Y955C amino acid change has been associated to progressive external
ophthalmoplegia (PEO) [32]. Cells overexpressing POLG showed higher levels of POLG
MRNA and POLG protein than parental cells. The most abundant POLG mRNA derives
from the transfected gene (Figure S7).
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Figure S7. Overexpression of a mutant mitochondrial DNA polymerase gamma (POLG) in
neuroblastoma SH-SYS5Y cells. A) mRNA levels. Independent experiments, N = 3. B)
cDNA sequence. C) protein levels. B-ACTIN was used to correct for the protein loading.
NT, TWT and TM code for non-transfected cells and transfected with wild-type or mutant
POLG sequences, respectively. Dashed line (100 %) represents the mean value of NT
cells. Bars indicate the mean and standard deviation values of TWT and TM cells. *, p <
0.05 (vs. NT cells, Mann-Whitney). ¥, p < 0.05 (vs. TWT cells, Mann-Whitney).

Mitochondrial mMRNAs are translated in mitochondrial ribosomes. The mitochondrial
ribosomal protein S12 (MRPS12) is a critical component of the ribosomal decoding center
[33]. As there were no pathologic mutations described in this gene, we performed an
ortholog protein alignment to select an amino acid position that, after mutated, could affect
mitochondrial translation. The 72-KPNS-75 amino acids were conserved in 100 % of 197
reference sequences from animals, plants and fungi (GenBank. Accessed in November
23, 2016). The primary amine at the end of the lysine side-chain at position 72, K43 in
Escherichia coli, interacts and restricts the motion of aminoacyl-tRNA binding site (A-site)
nucleotide A1557 in the mitochondrial 12S rRNA, A1492 in E.coli 16S rRNA [34]. Thus, we
generated the mutation MRPS12 p.K72L. This amino acid substitution removed hydrogen
bindings and would be expected to make the assembly of a complex between A1557 with
an A-site tRNA less probable, then originating a hyper-accuracy phenotype [34]. Cells
overexpressing MRPS12 showed higher levels of MRPS12 mRNA and MRPS12 protein
than parental cells. The most abundant MRPS72 mRNA derives from the transfected gene
(Figure S8).
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Figure S8. Overexpression of a mutant mitochondrial ribosomal protein S12 (MRPS12) in
neuroblastoma SH-SY5Y cells. A) mRNA levels. Independent experiments, N = 2. B)
cDNA sequence. C) protein levels. B-ACTIN was used to correct for the protein loading.
NT, TWT and TM code for non-transfected cells and transfected with wild-type or mutant
MRPS12 sequences, respectively. Dashed line (100 %) represents the mean value of NT
cells. Bars indicate the mean and standard deviation values TWT and TM cells. *, p < 0.05
(vs. NT cells, Mann-Whitney).

The Rieske iron sulfur protein (UQCRFS1) is a Clll key component. There are no
pathologic mutations described in this gene. Then, we performed a protein alignment to
select an amino acid position that, after mutated, could affect Clll activity. The 217-
CTHLGC-222 amino acids were conserved in =2 99.6 % of 241 reference sequences from
animals, plants, fungi and protists (GenBank. Accessed in November 22, 2016). The
cysteine at position 222 is part of a disulfide bridge important for the complex activity [35].
Thus, we generated the mutation UQCRFS1 p.C222S. This substitution, C138S in
Rhodobacter capsulatus [36], C134S in Rhodobacter sphaeroides [37] and C164S in
Sacharomyces cerevisiae [38], provokes a reduction in Clll activity. Cells overexpressing
UQCRFS1 showed higher levels of UQCRFS1 mRNA and UQCRFS1 protein than
parental cells. The most abundant UQCRFS7 mRNA sequence derives from the
transfected gene (Figure S9).
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Figure S9. Overexpression of a mutant Rieske iron sulfur protein (UQCRFS1) in
neuroblastoma SH-SY5Y cells. A) mRNA levels. Independent experiments, N = 6. B)
cDNA sequence. C) protein levels. B-ACTIN was used to correct for the protein loading.
NT, TWT and TM code for non-transfected cells and transfected with wild-type or mutant
UQCRFS1 sequences, respectively. Dashed line (100 %) represents the mean value of

NT cells. Bars indicate the mean and standard deviation values of TWT and TM cells. *, p

< 0.05 (vs. NT cells, Mann-Whitney).
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SUPPLEMENTAL NOTE 4- Neuroblastoma SH-SY5Y rho® cell line

We have determined the nuclear genetic fingerprint of neuroblastoma SH-SY5Y
rho® cells and found that match 15 out of 16 markers of the parental rho* cells (Table S1).
They have lost the allele 17 for the D2S1338 marker. However, loss of heterozygosity is a
frequent genetic alteration in cancer cell lines [39]. On the other hand, the rho® cell line,
obtained by treatment of parental rho™ cell line with the DNA intercalating agent ethidium
bromide, was almost tetraploid (chromosomal modal number, 89; range 80-89) (Figure
S10A). This kind of aneuploidy has already been reported for cybrids derived from other

rho? cell lines [40].
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Figure S10. Neuroblastoma SH-SY5Y rho® cells. A) Karyotype. B) Representative pictures
of rho® cells growing in 5 mM galactose. C) Oxygen consumption. OLIGO, FCCP and KCN
code for oligomycin, carbonyl cyanide-4-(trifluoromethoxy)phenylhydrazone, and
potassium cyanide, respectively. Independent experiments, N = 2. D) CIV specific activity
and quantity. N = 3. E) CIV p.MT-CO1 levels. SDHA is an nDNA-encoded ClIl subunit. F)
Mitochondrial protein synthesis. Gels showing the loading control and the electrophoretic
patterns of mitochondrial translation products are included. M, molecular weight marker.
p.MT-ND1-6 and p.MT-ND4L are Cl mtDNA-encoded subunits; p.MT-CYB is a ClI|
mtDNA-encoded subunit; p.MT-CO1-3 are CIV mtDNA-encoded subunits; and p.MT-
ATPG6,8 are CV mtDNA-encoded subunits. N = 2. G) mtDNA-encoded RNA levels (brown
lines). The nDNA-encoded 78S rRNA is represented as blue lines. N = 2. H) mtDNA
amplicon (red arrow). M, molecular weigh marker. H) mtDNA levels. N = 3. Dashed lines
(100 %) represent the mean values of rho” parental cells. Bars indicate the mean and
standard deviation values of rho® cells. *, p < 0.05 (versus rho* parental cells, Mann-
Whitney).

This neuroblastoma SH-SY5Y rho® cell line dies when grown at 5 mM galactose
(Figure S10B), does not consume oxygen nor respond to OXPHOS inhibitors or
uncouplers (Figure S10C), has a residual CIV activity and quantity (Figure S10D), does
not synthesize mtDNA-encoded polypeptides (Figure S10E, F), nor produces RNA from
mMtDNA genes (Figure S10G), and neither has mtDNA, as confirmed by PCR
electrophoresis or gPCR (Figure S10H, 1).
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SUPPLEMENTAL NOTE 5- Effect of prenatal exposure to linezolid on mouse brain

The linezolid (LIN) effect on brain development was tested using C57BL/6J mice.
Vehicle, 5 mg LIN, 70 mg uridine or 5 mg LIN plus 70 mg uridine were daily provided, by

oral gavage, to pregnant mice during embryonic days E8 and E15. |
sacrificed and different parameters were determined in the fetal brai
were no significant differences between groups.

n E16, mothers were

ins (Figure S11). There
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Figure S11. Levels of different brain parameters from mice prenatally exposed to linezolid,
uridine or linezolid plus uridine. Independent experiments, N = 3. A, B) CIV specific activity
and quantity, normalized by CS specific activity. C-E) Levels of dopaminergic neuronal
markers (TH, DAT and dopamine). F-H) mRNA levels of genes required for dopaminergic
neuronal differentiation, normalized by GAPDH mRNA amount. I-K) Levels of different
miRNAs related with dopaminergic neuronal differentiation, normalized by sno202. Points
represent individual samples and horizontal lines indicate mean + standard deviation
values.
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