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Supplementary material 
Analysis the specific surface area
The N2 adsorption–desorption isotherm was measured for TCP, PP, PP/PDA, PP/PDA/ZIF-8 modified membrane. Specific surface area was assessed by applying the Brunauer–Emmett–Teller (BET) model. The Barrett–Joyner–Halenda (BJH) method was applied to calculate the pore size and pore size distributions from the adsorption isotherm curve. The samples were degassed at 50oC in vacuum for overnight and weighted prior to measurement for further normalization. BET surface area data summarized in Table S1 confirmed the almost high level of surface area along with suitable pore volume in the range of nanometer. The pore-size profile (Figure S. 1) show narrow distribution without any hysteresis between adsorption and desorption curve.
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Supplementary Figure 1. BJH analysis of membranes. N2 sorption isotherm curves, and BJH pore-size distribution of (a, b) TCP, (c, d) PP, (e, f) PP/PDA, and (g, h) PP/PDA/ZIf-8 membranes. 
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Supplementary Figure 2. Behavior of DPSCs on intact PP membrane. Cytoskeletal visualizing of DPSCs on PP membrane at (a) day1 and (b) day7. F-actin filaments were labeled in red using phalloidin-TRITC and nuclei were stained with dapi (blue). Scale bar is 200 µm for larger images and is 20 µm for higher magnified inserts. (c) Quantification analysis of images for measuring cell number and cell spread area on PP membrane after 1 and 7 days. (d) Rate of metabolic activity of cultured cells on PP, in compare to TCP, over a 7-day period. (e) SEM imaging of cultured DPSCs on the PP membrane after a day. Yellow arrows show cells on substrate and insert display morphological feature of attached cells in higher magnification. 
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Supplementary Figure 3. Behavior of DPSCs on PP/PDA membrane. Cytoskeletal visualizing of DPSCs on PP/PDA substrate at (a) day1 and (b) day7. F-actin filaments were labeled in red using phalloidin-TRITC and nuclei were stained with dapi (blue). Scale bar is 200 µm for larger images and is 20 µm for higher magnified inserts. (c) Quantification analysis of images for measuring cell number and cell spread area on PP/PDA membrane after 1 and 7 days. (d) Rate of metabolic activity of cultured cells on PP/PDA, in compare to TCP, over a 7-day period. (e) SEM imaging of cultured DPSCs on the PP/PDA membrane after a day. Yellow arrows show cells on substrate and insert display morphological feature of attached cells in higher magnification.



Supplementary Table 1. BET surface areas and BJH desorption average pore size of membranes
	Sample
	BET surface area (m²/g)
	BJH adsorption pore volume (cm³/g)
	BJH Adsorption average pore size (nm)

	TCP
	1.3
	0.007620
	10.0074

	PP
	61.4258
	0.209345
	7.3327

	PP/PDA
	57.9019
	0.207050
	7.6013

	PP/PDA/ZIF-8
	37.4646
	0.085643 
	7.9688 




Supplementary Table 2. Primer sequence details for analyzed genes
	Gene symbol
	Accession number
	Sequence

	GAPDH
	NM_002046.5
	F     5`-CCACTCCTCCACCTTTGACG-3`
R     5`-CCACCACCCTGTTGCTGTAG-3`

	SPP1/BSP1
	NM_001251830.1
	F     5`-TTCGCAGACCTGACATCCA-3`
R     5`-CCATTCAACTCCTCGCTTTCC-3`

	BMP2
	NM_001200.4
	F     5`-TAGCAGTTTCCATCACCGAA-3`
R     5`-CACTTCCACCACGAATCCATG-3`

	PPARG
	NM_015869.4
	F     5`-AGCGATTCCTTCACTGATAC-3`
R     5`-GGAGTGGGAGTGGTCTTC-3`

	FABP4
	NM_001442.3
	F     TCGCATTGAACTCTACAAC
R     AAGAATACATCATAAGCACA

	COL2A1
	NM_001844.5
	F     5`-GCAAGAGCAAGGAGAAGAA-3`
R     5`-AGGCGTAGGAAGGTCATC-3`

	ACAN
	NM_001135.4
	F     5`-CAGCACCACCAATGTAAG-3`
R     5`-CCTCCACGAACTCAGAAG-3`




Supplementary Table 3. General characters of specific primary and secondary antibodies
	Antibody name
	Host
	Company
	Cat. NO.

	Anti-Brdu
	Mouse
	Sigma
	B2531

	Anti-BSP2
	Mouse
	Santa Cruz
	Sc73497

	Anti-PPARG
	Mouse
	Santa Cruz
	Sc7273

	Anti-COL2A1
	Mouse
	Millipore
	MAB8887




Supplementary Table 4. Comparison of attachment of MSCs on PP/PDA/ZIF-8 substrate to a number of engineered substrates. 
	Substrate material
	Cell type
	Days of assessment
	Cells/mm 2
	Reference

	PP/PDA/ZIF-8
	DPSCs
	Day 1
	280
	This work

	Keratin-based microparticles
	BMSCs
	Day 1
	40
	[1]

	FN- grafted Lipid bilayers
	ADSCs
	Day 1
	40
	[2]

	TNFα-immobilized plate
	BMSCs
	Day 1
	50
	[3]

	HEP-GAGs functionalized substrate
	ADSCs
	Day 1
	50
	[4]

	APTES-treated pSi
	DPSCs
	Day 1
	130
	[5]

	Na-Alg/MC
	DPSCs
	Day 1
	80
	[6]

	peptide-anti STRO1-coated pSi
	DPSCs
	Day 2
	204
	[7]

	TiO2-filld PI film
	DPSCs
	Day 3
	70
	[8]

	Nanostructured-PCL surface
	C2C12
	Day 4
	700
	[9]

	TiO2-filld PI film
	DPSCs
	Day 6
	170
	[8]

	PP/PDA/ZIF-8
	DPSCs
	Day 7
	1000
	This work

	SIS-grafted bone ceramic
	BMSCs
	Day 7
	400
	[10]


ADSCs; Adipose stem cells, APTES; Aminopropyltriethoxysilane, BMSCs; bone marrow mesenchymal stem cells, DPSCs; Dental pulp stem cells, FN; Fibronectin, GAG; Glycosaminoglycan, MC; methylcellulose, Na-Alg; Sodium alginate, PCL; polycarbonate, PDA; polydopamine, PI; Polyisoprene, PP; polypropylene, pSi; Porous silicon, SIS; small intestinal submucosa,  
-to-


[bookmark: _GoBack]Supplementary Table 5. Comparison of the expression of lineage-specific markers after differentiation induction in DPSCs on PP/PDA/ZIF-8 substrate to a number of engineered substrates.
	Substrate material
	Cell type
	Days of assessment
	Lineage-specific marker
	Fold of expression
	Reference

	PP/PDA/ZIF-8
	DPSCs
	Day 21
	BSP1 
	641
	This work

	PP/PDA/ZIF-8
	DPSCs
	Day 21
	PPARG
	6
	This work

	GO-modified cover glass
	DPSCs
	Day 14
	DSPP
	8
	[11]

	FA substrate
	DPSCs
	Day 3
	BSP1
	4
	[12]

	IB-decorated PCL
	MSC
	Day 14
	BSP1
	3
	[13]

	SIS-grafted bone ceramic
	BMSCs
	Day 14
	OCN
	28
	[10]

	PIC-based hydrogel
	BMSCs
	Day 21
	RUNX2
	3.5
	[14]

	MeHA hydrogel
	MSCs
	Day 14
	OCN
	100
	[15]

	Nano-patterned PCL
	BMSCs
	Day 21
	BSP1
	3
	[16]

	nano-patterned titanium
	BMSCs
	Day 27
	BSP2
	200
	[17]

	Micropatterned hydrogels
	BMSCs
	Day 10
	RUNX2
	2
	[18]

	RGD-coated cover glass
	BMSCs
	Day 21
	BSP1
	200
	[19]

	BMP2- grafted pACAA
	MSCs
	Day 4
	RUNX2
	8
	[20]

	IB-decorated PCL
	MSC
	Day 14
	PPARG 
	2
	[13]

	MeHA hydrogel
	MSC
	Day 14
	PPARG
	200
	[15]

	PIC-based hydrogel
	BMSCs
	Day 21
	PPARG
	8
	[14]


BMP; Bone morphogenic protein, BSP; Bone sialoprotein, FA; Fluorapatite, MeHA; methacrylated HA, OCN; Osteocalcin, pACAA; Poly (acrylamide-co-acrylic acid), PIC; Polyisocyanopeptide, PCL; Polycaprolactone, PPARG; Peroxisome proliferator-activated receptor gamma, (RGD; tripeptide of arginine, glycine, aspartic acid, IBs; Inclusion bodies 
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