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Supporting Section 1. Experimental Methods

A. Electrospinning PCL Nanofibers
Polycaprolactone (PCL, Sigma, cat. #440744) was dissolved in a 3:1 (v/v) mixture of chloroform-methanol to prepare a 5% (w/v) polymer solution. The solution was placed into a syringe with a 22-guage needle and electrospun onto an aluminum surface at a flow rate of 0.8 mL/hr. A 20-kV voltage was applied with a high voltage power supply and a 15-cm working distance was utilized. The scaffolds were then dried under vacuum for two days, and then transferred to cover glass (No. 1, VWR) using a medical grade adhesive (Factor2, cat. #B400).
B. Synthesis of Graphene Oxide
Thin-layered GO was synthesized by first making graphite oxide using a modified Hummer’s method [1]. Briefly, graphite (1 g; Sigma Aldrich, 100 mesh) was mixed with 98% H2SO4 (12 mL), K2S2O8 (2.5 g) and P2O5 (2.5 g) at 80°C on a hotplate for six hrs. Then, de-ionized water (500 mL) was added into the mixture and the solution was stirred overnight. The preoxidized graphite was filtered out by using filter paper with 200-nm pores. After dried under ambient conditions overnight, graphite with pre-treatment was stirred with concentrated H2SO4 (98%). After 10 mins, KMnO4 (15 g) was slowly added into the mixture in a 30 min time period with stirring under the ice bath condition (temperature was kept below 15°C). After the addition of KMnO4, the temperature of the mixture was gradually raised to 35°C and was stirred for three hours. Successively, de-ionized water (250 ml) was slowly dropped into the mixture (temperature below 50°C) with vigorous stirring, followed by stirring for four hours. Finally, the reaction was quenched by the addition of de-ionized water (700-ml) followed by the addition of 30% H2O2 (20 ml). The graphite oxide was centrifuged down under 10000 rpm for 10 minutes and washed with 10% HCl solution (three times) and de-ionized water (five times) to get the graphite oxide. A two hour ultrasonication process (40 kHz, 40 W, 1 second ultrasonication and 1 second resting period) was used to exfoliate the graphite oxide aqueous solution into graphene oxide (GO). Finally, the GO solution was centrifuged under 13300 rpm for 30 minutes to get rid of multi-layered GO.
C. Generating GO-coated PCL Hybrid Scaffolds
GO was dispersed in deionized water at varying concentrations (0.1, 0.5 and 1.0 mg/mL). The substrates (cover glass or PCL nanofibers) were treated with oxygen plasma for one min, followed by deposition of the GO solution directly on top of the substrate for five mins. Substrates were then vacuum dried for at least six hr. The Renishaw inVia Raman microscope was used to quantify the amount of GO-coating. After gold sputtering, the Zeiss Sigma field emission scanning electron microscope (FE-SEM) and the ORIONTM helium ion microscope was used to visualize the scaffolds. 
D. Rat NSC Culture & Differentiation
GFP-labeled rat neural stem cells (Millipore) were purchased and expanded according to the manufacture’s protocol. The NSCs were maintained in laminin (Sigma, 10 µg/ml) coated culture dishes precoated with poly-L-lysine (PLL, 10 µg/ml) in Millitrace basal media (Millipore) supplemented with the penicillin and streptomycin (Life Technologies), in the presence of basic fibroblast growth factor (bFGF-2, 20 ng/ml, Millipore). All of the cells were maintained at 37°C in a humidified atmosphere of 5% CO2. For consistency, the experiments were carried out on cells between passages 2 and 5. In preparation for NSC culture, the substrates were sterilized under UV for 30 mins, treated with oxygen plasma for 1 min and then coated with laminin (10 µg/mL) overnight in the culture hood. Control glass substrates were coated with PLL (10 µg/ml) overnight followed by laminin (10 µg/mL) overnight. NSCs were cultured on the substrates at 0.8x105 NSCs/mL in basal medium (without bFGF) to initiate differentiation. The cells were allowed to differentiate for six days, with the basal medium exchanged every other day.
E. Immunocytochemistry
Cell cultures were fixed with 4% formaldehyde (ThermoScientific) for 15 min, blocked for 1 hr with 5% normal goat serum (NGS, Life Technologies), and permeabilized with 0.3% Triton X-100 when staining for intracellular markers (MBP, Olig2, TuJ1, GFAP & FAK). The combinations of the following primary antibodies were incubated overnight at 4°C: mouse antibody to Olig2 (1:300, Millipore, cat.#MABN50), mouse antibody to MBP (1:300, AbCam, cat.#ab62631), mouse antibody to O4 (1:50, StemCell Technologies, cat.#01416), mouse antibody to GalC (1:200, Millipore, cat.#MAB342), mouse antibody to TuJ1 (1:500, Covance, cat.#MMS-435P), rabbit antibody to GFAP (1:300, Dako, cat.#Z033429-2) and rabbit antibody to FAK (1:75, Santa Cruz Biotech, cat.#sc-557). Appropriate Alexa Fluor 546- and Alexa Fluor 647-conjugated secondary antibodies were used to detect the primary antibodies (1:200, Molecular Probes) and Hoechst 33342 (1:100, Life Technologies) as a nuclear counterstain. The substrates were mounted on glass slides using ProLong® Gold antifade (Life Technologies) and imaged using either the Nikon TE2000 Fluorescence Microscope or Zeiss LSM 710 Confocal Microscope.   
F. Cell Viability
Cell viability of the cells on the various substrates (PLL-coated glass, GO-coated glass, PCL and PCL-GO) was determined after six days of culture using MTS Assay (Promega). All experiments were conducted in triplicates and the percentage of viable cells was determined following standard protocols described by the manufacturer. The data is represented as formazan absorbance at 490 nm, and normalized to the conventional PLL-coated glass control.  
G. PCR Analysis
Total RNA was extracted using Trizol Reagent (Life Technologies) and the mRNA expression levels were analyzed using quantitative PCR (qPCR). Specifically, cDNA was generated from 1 μg of total RNA using the Superscript III First-Strand Synthesis System (Life Technologies). Analysis of mRNA was then accomplished using primers specific to each of the target mRNAs. qPCR reactions were performed using SYBR Green PCR Master Mix (Applied Biosystems) in a StepOnePlus Real-Time PCR System (Applied Biosystems) and the resulting Ct values were normalized to GAPDH. Standard cycling conditions were used for all reactions with a melting temperature of 60°C. The primer sequence for the genes which were analyzed is provided below:
	Gene
	F Primer
	R Primer
	Size (bp)

	GAPDH
	ATGACTCTACCCACGGCAAG
	GGAAGATGGTGATGGGTTTC
	87

	TUJ1
	ACTTTATCTTCGGTCAGAGTG
	CTCACGACATCCAGGACTGA
	97

	GFAP
	GAGAGAGATTCGCACTCAGTA
	TGAGGTCTGCAAACTTGGAC
	89

	GALC
	GAAGGTCTCCAGCGAGTGAG
	TCAAGCAGCACAGAAGAGGA
	74

	MBP
	CACAAGAACTACCCACTACGG
	GGGTGTACGAGGTGTCACAA
	103

	CNP
	AGGGGCTTATCTCTCACCGT
	AACCAGAGATGTGGCTTCCG
	117

	PDGFRα
	TGGAAATGGACGGACAAGGG
	TGGGAATCTCACCAATGCCC
	76

	OLIG1
	GTTAACCACAGCAAGGCAGC
	TCGGCTACTGTCAACAACCC
	178

	OLIG2
	GAACCCCGAAAGGTGTGGAT
	TTCGATTTGAGGTGCTCGCT
	93

	PLP
	GCCACACTAGTTTCCCTGCT
	ATCAGAACTTGGTGCCTCGG
	91

	MAG
	CACACAAGTGGTCCACGAGA
	GCTCCGAGAAGGTGTACTGG
	164

	MOG
	TGTGTGGAGCCTTTCTCTGC
	CCCAGGAGATATACGGCACG
	160

	APC
	TACTTCATCGTCCACGCAGC
	ACAATGGTGTACGGTGGCAT
	72

	GST-(
	GTCCACACCTCTGTCTACGC
	GGACTTGAGCGAGCCTTGAA
	165

	FAK
	CAATGCCTCCAAATTGTCCT
	TCCATCCTCATCCGTTCTTC
	157

	AKT
	GCCACGGATACCATGAACGA
	AGCTGACATTGTGCCACTGA
	197

	ILK
	GGGCTCTTGTGAGCATCTGT
	TGTTCAGGGTCCCATTTCGG
	183

	FYN
	GGTGGGGAACGGACTCATTT
	CCAAAGGACCACACGTCAGA
	168


References:
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Figure S1. Transmission electron microscopy of graphene oxide (GO). TEM image of the thin-layered graphene oxide (GO) used to fabricate graphene-nanofiber hybrid scaffolds. Scale bar: 100 nm. 
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Figure S2. Comparison of hydrophilicity of PCL nanofiber surfaces. Images comparing the hydrophilicity of the PCL nanofiber surface before and after oxygen plasma treatment, tested with a drop of water. Oxygen plasma treatment rendered the nanofiber surface hydrophilic, as observed by the spreading of the water droplet. 
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Figure S3. Large-scale FE-SEM image of PCL-GO. FE-SEM image displaying a large-scale area of the PCL-GO hybrid scaffold, showing the size distribution of the PCL nanofibers and the coverage of GO on the PCL nanofibers. Scale bar: 5 µm.
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Figure S4. Helium ion microscopy of nanofibrous scaffolds. High-resolution helium ion microscopy images show the morphology of the PCL nanofibers and deposition of graphene oxide on the PCL nanofiber scaffolds.   
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Figure S5. Morphology of GFP-labeled NSCs on nanofibrous scaffolds. Fluorescence images of NSCs on PCL nanofibers and PCL-GO nanofibers after six days of culture. Scale bars: 20 µm. 
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Figure S6. FE-SEM of NSCs on PCL-GO. Zoomed-in FE-SEM images of NSCs on PCL-GO after six days of culture. Scale bars: 2 µm. 
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Figure S7. Cellular viability assay. The percentage of viable cells was estimated using a MTS assay for NSCs cultured on various substrates after six days of culture. The absorbance of water-soluble formazan was measured at 490 nm and normalized to that of control glass substrates (PLL-coated).
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Figure S8. Immunostaining for oligodendrocyte surface markers. Fluorescence images of NSCs grown on PCL-GO after six days of culture, stained for the early oligodendrocyte surface marker O4 (left) and the mature oligodendrocyte surface marker GalC (right). Scale bars: 20 µm.
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Figure S9. Quantification of NSC Differentiation into astrocytes & neurons. Quantitative comparison of the percentage of cells expressing the astrocyte marker GFAP (left) and TuJ1 (right) on various substrates. Graphs show mean ± s.e.m., n=3, comparison by ANOVA – * = p < 0.01.
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Figure S10. Gene expression of mature oligodendrocyte markers. Quantitative PCR analysis was used to assess the mRNA expression of the mature oligodendrocyte markers APC, GST-( and GalC. The gene expression is relative to GAPDH, and normalized to the conventional PLL-coated glass control. Student’s unpaired t-test was used for evaluating significance (** = p < 0.01), compared to the control glass substrate.
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Figure S11. Effect of cell signaling inhibitors on gene expression of mature oligodendrocyte markers. Inhibitors of cell signaling molecules were dissolved in dimethylsulfoxide (DMSO) and used at the following final concentrations based on published literature: the Akt inhibitor MK-2206 (1 µM, Selleckchem) and the Fyn inhibitor PP2 (5 µM, Tocris Bioscience). NSCs cultured on PCL-GO were treated with the inhibitors at Day 1 and the media was replaced with fresh differentiation media (without inhibitors) at Day 3. Quantitative PCR analysis was carried out at Day 6 to assess the mRNA expression of the mature oligodendrocyte markers MBP, MAG and MOG. The gene expression is relative to GAPDH, and normalized to the non-treated PCL-GO control. Student’s unpaired t-test was used for evaluating significance (* = p < 0.05, ** = p < 0.01), compared to the control glass substrate.
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