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Table S1: Hydrodynamic sizes, Poly dispersity index (PDI), and Zeta Potential values of 1 and

2.
SI. No MFNPs Hydrodynamic Poly Zeta Potential | Zeta Potential
Modifications | Sizes at pH 7.4 | Dispersity | (MmV)atpH4 (mV) at pH

Index 7.4
(PDI)

1 Poly-MFNPs 80+10 0.213 45.5+0.9 14.5+1.22

1)
2 FA-Poly- 9145 0.256 35.5+1.7 -12.2+0.17
MFNPs (2)

Detailed description of DLS and Zeta potential analysis:

The uniform hydrodynamic sizes of these Poly-MFNPs (1) were observed around 80+10 nm
(PDI-0.213) reflecting good stabilization of these polymer stabilized MNPs. The { potential of 1
gradually increased from 14.5mV to 45.5mV with decreasing pH (7.4 to 4.5) reflecting the
successful modification with —NH, groups of the polymer. (Table S1) The successful
conjugation of 1 with folate functionalities was also verified by DLS and Zeta potential analysis.
It was clear from the HD values that there is a little increase in sizes (915 nm) for FA-Poly-

MFNPs (2) compared to Poly-MFNPs (80 nm) at pH 7.4. And for zeta potential analysis, these
1
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FA-Poly-MFNPs showed positively charged surface (35.5 mV at pH 4.5) while with increasing

pH, their increased negative potential values (-12.2 mV at pH 7.4) and (-19.6 mV at pH 9)

confirmed their successful modification of carboxyl groups of FA. Therefore, it could be

assumed that Poly-MFNPs contain reasonable number of amine functionalities which are

replaced with functional carboxyl groups deciphering conjugation with FA, which was also

confirmed TNBS analysis. Therefore, these Poly-MFNPs lost some of the amine groups with the

occurrence of carboxyl groups, which can offer possibility of enhanced water solubility as well

as superior hydrogen bonding tendency with surrounding surface water molecules.!

Table S2: TNBS assay showing quantity concentration and number of amine and folate groups

present on the nanoparticles.

SI. No Modified MFNPs | Functional Surface Concentration Number
end . of of
groups amine functionalized | functionalized
density groups groups
(umol/mg) (umol/mg)
1 Poly-MFNP(1) -NH, 1.4 1.4 1080 (-NH,)
2 FA-Poly-MFNPs -FA 0.3 1.1 830 (-COOH)
(2)
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Figure S1. XRD pattern of citrate stabilized mixed ferrite nanoparticles (CA-MFNPs).
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Figure S2. (A) Change of Zeta Potential values of Poly-MFNPs (1) and FA-Poly-MFNPs (2)
with pH at 25°C. B) pH-responsive transition of the hydrodynamic diameter 1 and 2 at 25°C. (C)
Temperature responsive transition of the hydrodynamic diameter 1 and 2 at physiological pH

(7.4).
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Figure S3. FT-IR spectra of the synthesized polymers i.e dicarboxylated PF127 and PEI-PF127

as well as PF127 (taken as received).
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Figure S4. (a) UV-Vis spectra of Poly-MFNPs (1) and FA-Poly-MFNPs (2).

TGA analysis:

From TGA graphs, Poly-MFNPs (1) showed -50% of weight loss with increasing temperature,
which was quite clear compared to CA-MFNPs assuming due to the surface modification with
copolymer molecules. To further confirm the modification with PEI-PF127 and FA, amine
functionalities present on the surface of Poly-MFNPs (1) and FA-Poly-MFNPs (2) were checked
by TNBS assay. (Data given in Table S2) The results confirmed the stepwise reduction in the
amine group concentration on nanoparticle surface is the confirmation of modification by block

copolymer and folic acid.
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Figure S5: Thermo gravimetric analysis (TGA) curves of CA-MFNPs and Poly-MFNPs (1).

VSM analysis:

To authenticate the feasibility and sensitivity of Poly-MFNPs (1) as enhanced MR imaging
nanoprobes, it is crucial that MFNPs should retain their favourable magnetic properties after
surface modification with biomolecules. The magnetic properties of CA-MFNPs, Poly-MFNPs
and FA-Poly-MFNPs have been evaluated using VSM analysis and the results authenticated that
all these MFNPs exhibited complete superparamagnetism without hysteresis, coercivity, and
remenance at room temperature. The magnetization value observed for the CA-MFNP crystals
was 63.6 emu/g while for Poly-MFNPs (1), the magnetization value was 49.66 emu/g
respectively. The lower saturation magnetization values of 1 compared to CA-MFNPs could be
attributed due to the presence of nonmagnetic organic components, which can reduce the total

magnetization to a different extent signifying the successful surface modification of these



MFNPs.? There is no obvious loss of saturation magnetization observed after folic acid

conjugation compared with that of 1 as reflected in 2.
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Figure S6: Plots of magnetization versus magnetic field at 300 K for CA-MFNPs, Poly-MFNPs

(1) and Poly-FA-MFNPs (2).

XPS Analysis

XPS analysis is a useful method for the determination of different elements along with
their chemical state. High resolution XPS spectra analysis (shown in Figure S7) has been further
performed to validate the successful coating of PEI-PF127 followed by FA on ferrite surface.
Taking 284.2 eV as standard for bulk CI1S, the broad shoulder can be fitted into three peaks
285.68, 285.18, 284.83 ¢V, attributing to -C-N, -C-O and C-C groups in the nanoconjugates 1.
For C 1S of FA-PEI-PF127-MFNP (2), considering 285 eV as standard, the broad shoulder are
deconvoluted into four peaks at 284.93, 285.17, 285.56 and 287.74 that can be attributed to —C—
C—, -C-0, -C-N and -NH-C=0 groups, respectively.> The high resolution N1S spectrum of 1
exhibits a broad shoulder at 399.6 eV (N-H) corresponding to the presence of free amine groups
of PEI-PF127 on the surface* whereas in 2, the N 1S displays two peaks at 399.3 ¢V and 401.6
eV, corresponding to the free -NH, groups of PEI-PF127 ligand and amide (—-NH-C=0) bonding

within the FA structure and also the amide linkage between FA and nanoparticle surface. The
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presence of Mn?" is confirmed by the presence of The Mn2p3/2 and Mn2p1/2 doublet with
binding energy values of 640.2 and 651.97 validating the presence of Mn-O bonds in the sample.
The Fe2p doublet with binding energy values of 710.8 and 724.29 eV authenticates the presence
of Fe—O bonds, typical for magnetite.
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Figure S7. XPS spectrum of A) and B) Cls of Poly-MFNP and FA-Poly-MFNPs. C) and D) N1s
of Poly-MFNP and FA-Poly-MFNPs. E) Fe2p F) Mn2p of Poly-MFNPs.

MTT Assay
These 1 and 2 nanoparticles without DOX loading caused no cytotoxic effect on both the HeLa

and HaCaT cells exhibiting cell viability of almost 85% on treatment with 200pg/mL. Hence

these nanoparticles were safe and could be used for biomedical purposes.
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Figure S8. (a) Cell viability assays of Poly-MFNP (1) and FA-Poly-MFNP (2) in HeLa and
HaCaT cell lines.



Intracellular Uptake of RITC-labeled Poly-FA-MNPs in HaCaT and HeLa cells
To further corroborate the receptor targeting ability of RITC-labelled Poly-FA-MNPs (3)

towards FR (+) HeLa cells (HeLa-HFAR), the cellular internalization of these nanoparticles was
also cross verified using FR (+) HeLa and FR (-) HaCaT cells for 4h. The differential uptake
behaviour of both the types of cells was well evidenced from fluorescence images [Shown in
Figure S9(A-B)]. It is clearly observed that these particles has been selectively accumulated on
the surface of the FR (+) HeLa cells as compared to FR (-) HaCaT cells, signifying their
preferential internalization to HeLa cells through receptor mediated endocytosis. Hence, these
results clearly confirmed that these RITC-conjugated nanoparticles (3) could be able to

selectively internalize via folate receptor mediated endocytosis.

Figure S9(A-B): Comparison of intracellular uptake of (A) HaCaT normal fibroblast cells

treated with RITC-FA-Poly-MFNPs. (B) HeLa cells treated with RITC-FA-Poly-MFNPs.

Intracellular Uptake of RITC-labeled Poly-FA-MNPs in presence and in absence of free FA
In order to revalidate the ambiguous uptake in presence of free FA, the intracellular uptake of 3

in presence and in absence of FA have been cross verified in HeLa cells using fluorescence
imaging analysis. In absence of free FA in medium, 3 are easily penetrated into HeLa cells and

exhibit bright red fluorescence near the nucleus (Figure S10 (B)) while in presence of FA,



although there is some uptake, but the amount of uptake has been significantly reduced. (Figure
S10 (A)) From these data, the FA mediated receptor-mediated internalization of 2 to cancer cells

has been corroborated.

.\

Figure S10. Fluorescence images of HeLa cells incubated RITC labelled FA-Poly-MFNPs (3)
A) In presence of free FA and B) In absence of free FA.
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Figure S11. r; relaxivity values of Poly-MFNPs and FA-Poly-MNPs in HeLa-HFAR cells.

Figure S12. Details of 'H NMR spectra of dicarboxylated PF127 and PEI-PF127.

"H NMR spectra of dicarboxylated PF127 (400 MHz, D,O, TMS) showed the peaks at & 2.55-
2.65 ppm (methylene protons -CH,-CH,- of succcinic group), & 4.2 (OCH,CH,OCO) (ppm),

1.05 (d, 3H, —CH; of PPO), 3.3-3.8 (m, 3H, 4H, -CH,CHO- of PPO and ~CH,CH,0- of PEO),
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8.14, 7.43, and 7.06 (1H, imidazole). '"H NMR spectra of PEI-cross-linked PF127 (400 MHz,
D,0, TMS) showed the peaks at & (ppm) ~ 2.55-2.65 ppm (methylene protons -CH,-CH,- of
succcinic group), 6 (ppm) ~1.05 (, 3H, —CHj3 of PPO), & (ppm)~2.3-2.9 (methylene and methane

protons groups of PEI), 3.2-3.7 (m, 3H, 4H, -CH,CHO- of PPO and -CH,CH,0O- of PEO).
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Figure S12: '"H NMR spectrum of PEI crosslinked PF127; 400 MHz, D,O
Scheme S1
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Scheme S1: Schematic illustration of the synthesis of PEI-PF127 blocks copolymer.
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