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[bookmark: _GoBack]S1: X-ray powder diffraction analysis: These observations indicated that PdNNs were in Face- centered cubic lattice form can also be confirmed by using formula [1]:
             (1)
Whereas the unit-cell parameters for patterns 3.9411 A0 were calculated using formula:  
           (2)
Where K = lowest common quotient.
S2: Fluorescence quenching measurement
Stern-Volmer equation [2]: 

                                                                           (3)
where, F0 is the steady-state fluorescence intensity in the absence of PdNNs and F is the fluorescence intensity in the presence of quenching agent (PdNNs). KSV and kq are the Stern-Volmer quenching, bimolecular quenching rate constants respectively. [Q] Represents concentration of quencher PdNNs,   is the unquenched fluorescence lifetime. The Stern-Volmer plot of F0/F vs [Q] and the Stern-Volmer constant can calculated from slope. The value of quenching constant decreases with increasing temperature; this indicated that binding between PdNNs and BSA by complex formation resulted in successful quenching. 
S3: Binding mechanisms between BSA and PdNNs
Fluorescence quenching provides information about the binding constant (K) and the number of binding sites (n) between the quencher and BSA was calculated accordingly to following the equation [2]: 

                                                                           (4)
By plotting a curve of log [(F0- F)/F)] vs log [Q] slope and intercept gives the values of n and K respectively.The values of binding constant (K) as a function of temperature. 
S4: Binding forces between PdNNs and BSA protein
These parameters can be obtained by the Van’t Hoff equation:

                                                                                                (5)
Where, K is the binding constant at the different temperature (295, 298 and 310 K) and R is the gas constant. ΔH° and ΔS° are determined from the linear relationship between Van’t Hoff plots. The Gibbs free energy (ΔG°) was estimated from the following equation [3]:

                                                                              (6)
The linear plot of ln(K) vs 1/T gives the values of ΔS° and ΔH° and equation show above give the value of ΔG°. 
S5: Circular dichroism spectroscopy(CD)
CD spectral measurements at room temperature were carried out with addition of various concentrations of PdNNs.  PdNNs binds to the amino acid residue present in the polypeptide chain of BSA and effects on hydrogen bonding which resulted in decrease of the α-helical content. This indicated that, the basic structure of the protein was remained intact even after binding with Pd NPs, suggested that the binding of PdNNs continued to predominate α –helical structure of BSA. Intensity of these bands decreases which representative that decrease in the amount of helicity of the BSA protein. The following equation expressed in terms of mean residue ellipticity (MRE) in deg cm2 d mol-1 of CD data: 
                                                                    (7)
Where, Cp is molar concentration of the protein, n is the number of amino acid residues, l path length. The α -helical content of free BSA as well as bound BSA were calculated by using MRE values of 208 nm and 222 giving as following equation [4]:           
		                          (8)

S6: Energy transfer between BSA and PdNNs
Fluorescence emission spectrum of BSA was well overlapped to absorption spectrum of PdNNs, which indicated as an energy transfer from excited state of BSA to PdNNs. The efficiency (E) of FRET was inversely proportional to the sixth power of distance between donor and acceptor [5], i.e. 
      (9)
R0 is the critical distance when the transfer efficiency is 50% and
given by,
           (10)
Where, ϕ is the fluorescence quantum yield of the donor, n is the refractive index of the medium, K2 is the spatial orientation factor for absorption of BSA in absence and in presence of PdNNs at different concentrations. Inset shows the absorption intensity as a function of Pd concentrations. The error bar corresponds to the standard deviation for n = 3. Overlap of fluorescence emission spectrum of BSA with absorption spectrum of PdNNs studies with concentration 4.84 x 10−6 M to 9.69 x 10-7M of the dipole, J is the overlap integral of the fluorescence emission spectrum of the donor and the absorption spectrum of the acceptor, which is given by equation;
     (11)
Where, F(λ) is the fluorescence intensity of the donor and ε(λ) is the molar absorptivity of the acceptor when the wavelength is λ. Using Eqs. (9)-(10), and the values for ϕ = 0.118, K2 = 2/3 and n = 1.33 [5]. 
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Scheme 1: Bio-synthesis of Palladium Nano needles.
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Figure S1. Fluorescence spectra of BSA interaction with PdNNs at 293 K. 
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Figure S2. Fluorescence spectra of BSA in interaction with PdNNs at 298 K. 
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Figure S3. Fluorescence spectra of BSA interaction with PdNNs at 310 K.
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Figure S4. Synchronous fluorescence spectra of BSA and PdNNs at Δλ = 15nm.

[image: C:\Users\DELL\Desktop\palladium\figure\nanoscale image\jpg\60 S.jpg]
Figure S5. Synchronous fluorescence spectra of BSA and PdNNs at Δλ = 60nm. 
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Figure S6: EDAX spectrum of biosynthesized palladium nanoparticles.  
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Figure S7: Absorption spectra of BSA in absence and in presence of PdNNs
Table S1: Particle size of PdNNs calculated using ImageJ Software
	Particle sizes (nm)
	









Average Particle size = 513.5 nm (length)
Width = ~2.23 nm
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Table S2: Summary of Anticancer activity against PdNPs reported as in literature
	Types of method
	Reducing agent
	Amount of PdNPs for activity
	Cell line 
	References

	Biological 
	Evolvulus alsinoides leaf extract
	0-10 μg/ml
	Human ovarian A2780 cancer cell
	6

	Biological
	Chitosane
	0.01–10 μM
	DU145, MCF-7, H460, M14, HT-29, HuTu80, K526.
	7

	Chemical
	Diacid chloride and diamine
	10 mg/ml
	HEPG2, MCF-7, HCT 116
	8

	Biological
	Dioscorea bulbifera
	10 μg/mL
	HeLa cell line (human epithelial cervical cancer
	9

	Biological
	white tea (W.tea; Camellia sinensis) extract
	1×105 cells/mL
	Acute human T-lymphoblastic leukemia (MOLT-4)
	10

	Chemical
	Polyvinylpyrrolidone,
KBr
	0.1, 0.5, 1.0, 5.0, and 10.0 µg
mL-1
	Hela cells
	11

	Biological
	Barleria prionitis leaf extract
	200 μg/ml
	human breast adenocarcinoma (MCF-7) cell lines
	12

	Biological
	Gloriosa superba
	200 μg/mL
	MCF-7
	13

	Biological 
	fungal biomass Aspergillus oryzae
	1 x 10-7 - 1 x10-4 M
	 MCF-7, COLO-205, K562
	Present work




Table S3: Binding parameters of biosynthesized PdNNs with BSA at different temperatures
	T
(K)
	Ksv
(M-1)
	Kq
(M-1s-1)
	K
(LM-1)
	n

	
293
	1.12×105
	1.12×1013
	13.26×104
	1.01

	
298
	1.07×105
	1.07×1013
	6.48×104
	0.95

	
310
	0.91×105
	0.91×1013
	1.14×104
	0.82




Table S4: Thermodynamic parameters of biosynthesized PdNNs -BSA interaction
	Temperature (K)
	∆H° (KJmol-1)
	∆S°(Jmol-1K-1)
	∆G°(KJmol-1)

	293
	
-109.29
	
2.74.83
	-28.77

	298
	
	
	-27.40

	310
	
	
	-24.10




Table S5: The change in % of α- helix of BSA upon interaction with biosynthesized PdNNs 
	BSA
	MRE at 208 nm (deg cm2 dmol-1)
	MRE  at 222 nm (deg cm2 dmol-1)
	-Helix (%) at 208 nm
	-Helix (%) at 222 nm

	1
	-18123.31
	-16928.64
	           59.79
	51.10

	2
	-17929.22
	-16458.60
	59.27
	49.89

	3
	-17740.06
	-16115.13
	58.76
	49.01

	4
	-17509.28
	-15655.95
	58.13
	47.84

	5
	-17264.36
	-15205.71
	57.47
	46.68




Table S6: Different FRET parameters calculated from the spectra and life time values for FRET between Bovine serum albumin (BSA) and different concentrations of PdNNs  
	Conc. of PdNNs (M)
	J( m-1cm1nm4)
	R0 (nm)
	R (nm)
	FRET efficiency (E%)

	4.84E-06
	3.04E+14
	2.958036
	3.280199
	34.97

	3.87E-06
	3.652E+14
	3.049765
	3.474542
	31.38

	2.91E-06
	4.657E+14
	3.175841
	3.747698
	27.024

	1.94E-06
	6.70E+14
	3.374409
	4.330979
	18.28

	9.69E-07
	1.28E+15
	3.76075
	5.435002
	9.89





Table S7: Shapes and nanoparticles size reported in literature.  
	Sr. No.
	Shape of Nanoparticles
	Size of Nanoparticles
	References

	1
	Spherical
	10.4 ± 2.7 nm
	14

	2
	Spherical
	27 ± 2 nm
	6

	3
	Spherical
	6-10 nm
	15

	4
	Spherical
	27 ± 2 nm
	16

	5
	spherical and non-spherical
	2 ± 4 nm
	17

	6
	Spherical
	15–20  nm
	18

	7
	Spherical, rod, and three-dimensional polyhedra
	3–5 nm
	19

	8
	Spherical
	15 nm
	20

	9
	Irregular
	6 nm
	21

	10
	Spherical
	100 nm
	22

	11
	Spherical
	20–25
	23, 24

	12
	Spherical
	2-4 nm
	25

	13
	Spherical
	3.8 ± 0.2
	26

	14
	Spherical  and Irregular
	5-7
	12

	15
	Needle
	̴ 3.0 nm
	Present work



Table S8 : Anticancer activity of biosynthesized PdNNs 
	Conc.
	10-7
	10-6
	10-5
	10-4

	MCF-7

	PdNNs
	17.5
	15.5
	13.0
	11.5

	ADR
	27.9
	17.6
	3.0
	-45.8

	COLO-205

	PdNNs
	25.2
	28.4
	54
	63.3

	ADR
	42.4
	24.2
	37
	45.5

	K562

	PdNNs
	17.8
	26
	44
	38.5

	ADR
	23.3
	22.3
	30.6
	29.6


ADR = Adriamycin, Positive control compound
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