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Figure S1 – Dual-fluorescent reporter assay based on green fluorescent protein-reporter (GFP) and 
monomeric red fluorescent protein sensor (mRFP), related to Figure 3. (A) mES transfected with an 
empty plasmid (pDSV3) or with a plasmid containing a complementary sequence to the miR-34b/c 
downstream the CDS for the mRFP sensor (pDSV3-34). (B) mES transfected with an empty vector 
(pDSV2) or containing the wild type 3’UTR for Wnt1 (pDSV2-UTR). Scale bar is 50 µm
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Figure S2 – mES differentiated into mDA neurons, related to Figure 4. Immunostaining (A) 
and relative quantifications (B) for LMX1B in mES at d14 MD expressing miR-34b/c. LMX1B 
(red), DAPI (blue). Scale bar is 100µm
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Figure S3 – Quantification of DNA content, related to figure 5. (A) Quantification of DNA con-

tent in mes-c-myc-A1 cells infected with a Tet-O-FW-mir-34b/c-Ires-GFP or a Lenti-GFP. In (B) 

is shown a representative pictures 48 hours after the infection



Table S1. The oligos used for qPCR are listed in alphabetic order.



Supplemental Experimental Procedures  

Ethics Statement: All procedures involving mice were carried out in strict accordance with national 
and European safety and ethical rules and regulations according to the Council Directive 
2010/63/UE (published on September 22th 2010) regarding the protection of animals used for 
experimental and other scientific purposes, as well national legislations (i.e., Italian Legislative 
Decree N° 116/92 and Italian Legislative Decree N° 388/98). All efforts were made to minimize 
animal suffering and to reduce the number of animals used by applying the 3R principles. 

EpiSC DA differentiation: epiSC were plated in N2B27 medium supplemented with bFGF and 
Activin onto 12-wells plate coated with fibronectin (15 µg/ml in PBS). Once cells reach 60 to 80% 
of confluence the medium was switched to N2B27 medium, without bFGF and Activin (this day is 
referred as day 0 or MD0 in our differentiation protocol). During the first two days of DA neuron 
differentiation, N2B27 was supplemented with 1µM FGF/ERK inhibitor PD0325901 (PD03). On 
MD2 cells were passaged onto a new 12-wells plate previously coated with Poly-L-lysin (15µg/ml 
in PBS)/Laminin (20µg/ml in PBS). SHH (200 ng/ml) and FGF8 (100ng/ml) were added to the 
medium from MD5 to MD9. Control cells were maintained in basal medium N2B27 till the end of 
the in vitro differentiation protocol. 

Immunocytochemistry: cells were washed and fixed with 4% paraformaldehyde (Sigma) in PBS at 
RT for 10 min. Followed by three 5 min PBS-0.3% Triton-X-100 (Sigma). Cells were then blocked 
with 2% BSA (Sigma) and 5% of donkey serum (Biosera) in PBST at RT 30 min. Primary antibody 
were incubated overnight at 4°C. The day after, cells were washed in PBST, incubated 90 min at 
RT with the fluorescence-labelled secondary antibody (1:200; Alexa Fluor®, Invitrogen) and 
counterstained with DAPI (1:1000; Invitrogen). 

RNA samples harvesting and array hybridization: RNA samples were harvested in RNA later 
(Ambion) and extracted with the miRVana miRNA isolation kit (Ambion), following 
manufacturing procedure. RNA was quantified and quality verified using the 2100 Bioanalyzer. 
100ng RNA from each sample were used in Mouse miRNA Microarray (Release 18.0, 8x60K – 
Agilent Technologies, Cat. G4872A-038112), updated to the last version available at the time of the 
miRBase database (v. 18.0). Gene expression profiling was performed using SurePrint mouse 
mRNA microarray technology, (G4852A, Agilent Technologies). Briefly, 200 ng of total RNA was 
retrotranscribed and lablled using the Two-Color Microarray-Based Gene Expression Analysis 
(Agilent Technologies) by following manufacturer’s instructions. 

Microarray data analysis: The microarrays images were segmented and the median intensity of 
each spot was estimated by the software GenePixPro® 6.0 (Axon). 

Microarray data were imported into R software http://cran.r-project.org/ and pre-processed by the 
BioConductor package Limma (Smyth et al., 2005). Linear model followed by t-test was used for 
identifying the differentially expressed genes (P-value < 0.01 after Benjamini and Hochberg 
correction). Gene Ontology (GO) and pathway analysis were performed using DAVID functional 
annotation tool (https://david.ncifcrf.gov) (Huang et al., 2007b) in order to find over-represented 
biological themes. Default DAVID parameters were used. To identify the pathways altered, the 
online tool available from Kanehisa laboratories, KEGG Mapper was used (Kanehisa et al., 2010).  

Putative miRNA-mRNA interaction: For the identification of miRNA responsive elements within 
the 3’UTRs of protein coding genes, we used TargetScan algorithm (Lewis et al., 2005). All 3’UTR 
sequences, from Ensemblev65 trascriptome, were retrieved from Table Browser tool of UCSC 
Genome Browser (https://genome.ucsc.edu/cgi-bin/hgTables). The complete list of specific mmu-
miRNAs, was downloaded from the TargetScan database. Next, the targetscan_60.pl script, 
downloaded from the TargetScan database, was used to search for 8mer and 7mer sites. We filtered 



out exclusively predicted interaction with context+ score ≤  -0.1. Person correlation coefficients 
between miRNAs and putative targets were calculated using MATLAB, in order to select miRNA-
mRNA pairs negatively correlated. Heatmaps were performed by using ggplots library in R. 

RNA extraction and reverse transcription: RNA was extracted from cells and tissues using the TRI-
Reagent (Sigma). RNA was treated with DNAase I (Ambion) to eliminate possible DNA 
contaminations. The yield and the integrity of RNA were determined by spectrophotometric 
measurements and by agarose gel electrophoresis, respectively. 1µg of RNA was reverse 
transcribed using random hexanucleotides as primers (NEB) and 400 units of SuperScript III (Life 
Technologies). RNAaseH was added to remove remaining RNA (2U/µl; Life Technologies). For 
miRNAs expression analysis we used the miRVana miRNA isolation strategy to recover large 
mRNAs and ribosomal RNAs down to 10-mers small RNAs, following the manufacturer 
instructions. 

qPCR: qPCR was performed on 5µl of previously diluted cDNA (1:50) template using Power 
SYBR Green Master mix (Applied Biosystem), in presence of 0.5µM specific oligos (listed in 
Supplementary Table 1). All PCR data were normalized versus hypoxanthine-guanine 
phosphoribosyl transferase (Hprt) or hydroxymethylbilane synthase (Hmbs). The qPCR analysis 
was carried out on triplicate samples for each experiment and processed separately. 

TaqMan MicroRNA Assays: TaqMan MicroRNA Assays (Applied Biosystem) was performed 
accordingly to the manufacture instructions. Briefly, reverse transcription for miRNAs and the 
reference snoRNA-202 was performed using the TaqMan microRNA Assay provided reverse 
transcription primers for each miRNAs. The reverse transcription reaction was carried out with the 
suggested TaqMan MicroRNA Reverse Transcription Kit (Applied Biosystem) using reagents and 
enzymes provided with the kit according to manufacturer’s protocol. qPCR was performed using 
primers and probe provided with the miRNA specific TaqMan microRNA Assay with the 
TaqMan® Universal Master Mix II, no UNG (Applied Biosystem). 

Cloning:  Wnt1-3’UTR was cloned in the pmiR-Report Luciferase miRNA Expression Reporter 
Vector by using the following oligos Fw: CGCTCTCTTCCAGTTCTC;  

Rv: ATAGATATTTTATTCCTCAGAGGAAG flanked by the SpeI and HindIII sites respectively 
for directional cloning. miR target sequence was mutated with the Quickchange site direct 
mutagenesis kit (Agilent) accordingly with manufacture instruction.  

miR-34b/c and miR-148a were cloned into a PCR 2.1 TOPO TA cloning vector (Thermo) by using 
the following oligos flanked by the EcoRI recognition site: 34Fw: 
GGCTTGCGGGAAGAAGGAC; 34Rv: TAGCAGCTAAGGGCTAGCGG; 148aFw: 
TCTTCTTTGCCTTCACTGG; 148aRv: TCAGGTTCTTCACAAAGCC. 

Wild type and mutated Wnt1-3’UTRs were subcloned into pDSV2 at the SpeI and NotI sites. 

The reporter element for miR-34b/c was subclone into pDSV3 at PacI andNdeI sites by using the 
following oligonucleotides: 5’-tatgacaatcagctaattacactgcctggcgcgcccgcaatcagctaactacactgcctttaat-3’ 
and 5’-taaaggcagtgtagttagctgattgcgggcgcgccaggcagtgtaattagctgattgtca –3’ 

mES DA differentiation: Routine mES culture was performed in Glasgow Minimal Essential 
Medium (GMEM, SIGMA) plus 12% FBS (Hyclone) and LIF (300U/ml Millipore). To induce DA 
differentiation mES were plated at low density on gelatin-coated plate in N2B27 medium (day 0). 
Four days after plating cells were passaged on Poly-L-lysin (15µg/ml in PBS)/Laminin (20µg/ml in 
PBS). From the day next until the day 9 SHH (200 ng/ml) and FGF8 (100ng/ml) were added to the 
medium. Cells were cultured until day 14. 



Lentivirus preparation and infection: Lentiviruses were packaged in HEK293T cells as previously 
described (Caiazzo et al., 2011). Briefly, HEK293T cells were cultured in DMEM, supplied with 
10% FBS, 10 U/ml penicillin, streptomycin 10µg/ml, 2mM glutamine, 1mM sodium pyruvate and 
100x non-essential amino acids. 7.5 x 106 HEK293T cells were seeded on 150mm × 25 mm dishes 
and the day after transfected with the ProFection Mammalian Transfection System (Promega) 
according to manufactures instructions. After 48 hours the supernatant was collected and 
ultracentrifugated at 19.400 rpm for 2 hours at 20°C. Viral pellet was resuspended in PBS 
(Euroclone) and stored at -80°C.  Lentiviruses infectivity and the ‘maximum tolerated dose’ were 
empirically determined through subsequent infections on HEK 293T cells with increasing amounts 
of virus. 

Propidium iodide assay: To perform cell cycle analysis mes-c-myc-A1 cells (Colucci-D’Amato et 
al., 1999), infected with Tet-O-FUW-GFP or Tet-O-FUW-miR34b/c-Ires-GFP, were cultured in 
presence of FBS for 24, 36 and 48 hours after lentiviral activation by doxycycline. At the specific 
time points samples were harvested as pellets and fixed for 30min  in ice adding 1 mL of dropwise 
ice-cold 70% ethanol. After centrifugation and wash in PBS, cells were resuspended in 250 µL of 
RnaseA (100 µg/mL, Roche) in PBS and incubated 30min at 37°C. Then propidium iodide (PI; 20 
µg/mL, Sigma-Aldrich) was added 30min before samples processing with FACS BD Canto 
(Darzynkiewicz et al., 2001). 

HPLC: DA was determined by ultra performance liquid chromatography (UPLC) (Latagliata et al., 
2016). On the day of the analysis frozen samples were weighed and homogenized and then 
centrifuged at 104 g for 20 min at 4°C. Twenty microliters of the supernatant of each sample were 
transferred to the UPLC system and analyzed. The UPLC system consisted of an ACQUITY UPLC 
(Waters Corporation, Milford, MA) apparatus coupled to an amperometric detector (model Decade 
II, Antec Leyden, The Netherlands) equipped by a electrochemical flow cell (VT-03, Antec 
Leyden) with 0.7 mm glassy carbon working electrode, mounted with a 25-mm spacer and an in 
situ Ag/AgCl (ISAAC) reference electrode. The electrochemical flow cell was placed immediately 
after a BEH C18 column (1.0×50 mm, 1.7 µm particle size; Waters Corporation) and set at 400 mV 
of potential. The column was maintained at 37 °C, and the flow rate was 0.07 ml/min. The mobile 
phase was composed of 50 mM phosphoric acid, 8 mM KCl, 0.1 mM EDTA, 2.5 mM 1-
octanesulfonic acid sodium salt 12 % MeOH and pH 6.0 adjusted with NaOH. Peak height 
produced by oxidation of DA was compared with that produced by a standard. 

Electrophysiology recordings A single coverslip was placed into a recording chamber (0.6 mL) of 
an upright microscope (BX51WI; Olympus) and continuously perfused (1 mL/min) with artificial 
cerebrospinal fluid (aCSF) containing (in mM): 126 NaCl, 2.5 KCl, 1.2 MgCl2, 1.2 NaH2PO4, 2.4 
CaCl2, 10 glucose, and 24 NaHCO3, 290 mOs/L, gassed with 95% O2–5% CO2, pH 7.4. The 
presence of eGFP in the cells was verified by means of a 40 X water-immersion objective when 
excited with UV light at 480 nm (emission filter, 510 nm) provided by a monochromator 
(Polychrome IV; Till Photonics GmbH, Munich, Germany). Emitted light was detected by a CCD 
camera (EvolveTM; Photometrics, Tucson, AZ).  

Conventional single-unit extracellular recordings were performed in cell attached configuration 
after a giga seal was established by means of capillaries pulled from thin-wall filamented glass 
(TW150F4; World Precision Instruments, Germany) and filled with intracellular solution (see 
below for composition). Spikes were recorded during the I = 0 mode of a MultiClamp 700B 
amplifier with high-pass (0.5 Hz) and low-pass filtering (1 kHz), digitized at 20 kHz sampling rate 
with Digidata 1322A and computer saved using Clampex 9 (all from Molecular Devices, 
Sunnyvale, CA).  

Whole cell patch-clamp recordings were performed with thin-wall pipettes (6–8 MΩ) filled with a 
solution containing (in mM): 125 K-gluconate,10 KCl, 10 HEPES, 1 MgCl2, 4 ATP-Mg2, 0.3 GTP-



Na3,0.75 EGTA, 0.1 CaCl2, 10 Phosphocreatine-Na2 (pH 7.2,~280 mOsm). For the experiments in 
current-clamp mode, the cells were held at −55/-60 mV with a constant DC current. Action 
potentials were evoked by injecting depolarizing currents.  

Membrane currents were recorded in voltage clamp mode at -60 mV holding potential, were filtered 
at 1–4 kHz using the amplifier’s in-built lowpass filter, digitized with Digidata 1322A and 
computer-saved at a sampling rate of four times the filter frequency. No liquid junction potential 
correction was applied. 
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