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Section S1: Dynamic light scattering  

 

 

Figure S1: Hydrodynamic size distribution of size-reduced MgO-SF spheres in (a) PBS and (b) 10%FBS in PBS. 
The smaller peak in (b) around 10 nm is due to the scattering from the FBS protein aggregates (c) FESEM 
micrograph of size-reduced spheres at 40× magnification. 



 

 

Section S2: Photoluminescence of MgO 

(i) Color centres responsible for broad spectral data: To find the origin of the broad PL of MgO, we also recorded 
the PL spectrum at a low temperature under 532 nm excitation. excitation. The photoluminescence (PL) for MgO 
NPs, recorded at low temperature of -195 °C (under 532 nm excitation), shows a broad spectrum in Fig S1. The 
data again revealed a similar response (Figure 2b) with no characteristic peaks and a maximum intensity around 
540 nm. This kind of fluorescence is attributed to F centre. Extensive defect PL studies on different forms of MgO 
have been performed for decades, where the most prominently discussed point defects are the anionic F and F+ 
centres, which contain an oxygen vacancy. The F centre emission is thus visible at around 530 nm or 540nm (as 
shown near 530 nm in Fig S2b) due to a broad PL. The F+ centre has been found to emit at much lower 
wavelengths of around 390 nm1-3.  

 

Figure S2: Emission spectra of MgO NPs recorded at low temperature (-195 °C) at excitation wavelength of 532 
nm. 

(ii) Color centres responsible for NIR emission: According to literature4, the room temperature NIR PL spectra 
consist of the zero-phonon line (ZPL) and sideband luminescence observed from the chromium Cr3+ and V2+ ions. 
The broad fluorescence with a maximum at about 800 nm is assigned to the 4T2-4A2 transition from tetragonal 
site of Cr3+ embedded in the MgO matrix. The ZPL assigned as the magnetic dipole (no-phonon) 2E-4A2 transition 
appear around 688 and 700 nm arising from Cr3+ in cubic (R-line) and non-cubic (N-line), respectively5-6. They 
are observed only during the 532 nm excitation. Similar behavior exhibits second narrow band peaking at 721 nm 
is associated with vibronic side bands of the N-line for Cr3+ ions7. Moreover, the Vanadium V2+ ions are reported 
to fluoresce with peaks above 800 nm6. According to literature within 800-900 nm, there are 4 well separated 
peaks associated to V2+ ions that appear around 837 nm, 852 nm, 870 nm, 891 nm6 



 

 

 

Figure S3: Emission counts of two representative photostable centres with emission in NIR regions, found in 
MgO NPs tracked for excitation wavelength of 532 (green trace) and 633 nm (red trace). 

Hence for the low occurring emission centres of Fig 2 c,d (main manuscript), the spectral features below 800 nm 
are contributed by the Cr3+ ions. Whereas peaks visible on the right side of the broad band (above 800 nm) in Fig 
2c are known to correspond to the V2+ ions. The intensity of the sideband lines at 837 nm and 852 nm are most 
likely the result of a phonon assisted transition. The line at 870 nm has been attributed to a magnetic dipole 
allowed and described as the ZPL of the 2Eg-4A2g transition in the MgO with V2+ system (S line). The peak at 891 
nm have been reported to be the sidebands of the R line and assigned to an electric dipole allowed 
transition6. Hence, fabrication methods induce different types of vacancies, as discussed in our previous work 8. 
Moreover the highly photostable count traces for two of these centres are shown in Fig S3. 

Section S3: Cell viability 

In addition to this, time and concentration dependent cell viability were assessed on HaCaT and U87MG cells as 
shown in Figure S4. It should be noted that cell viability is considered equal to the control/untreated (0 µg/mL) if 
% viability falls between 80%-120%9. Therefore, both the MgO-SF spheres (Figure S6 a,b) and the MgO NPs 
(Figure S6 C&D) show no biologically significant effect on cell viability on either cell line, up to 48 h. This is 
despite the statistically significant differences indicated by the asterisks in the figures. The MgO NPs cell viability 
results were similarly reported in our previously published work on HaCaT cells10 and the U87MG results are in 
agreement with those observed by Lai et al.11 After 72 h, ~25% cell death was observed at concentrations of 12.5 
µg/mL and above with the U87MG cells, with both NPs. On the other hand, there was no significant effect 
observed on the HaCaT cells. This difference between the two cell lines may be attributed to the higher uptake of 
both NPs in the U87MG cells, in comparison to the HaCaT cells. There is also no significant difference between 
the MgO NPs and MgO-SF spheres data within each cell line, which suggests there is no further effects on the 
cell viability due to the presence of silk on the MgO NPs. 



 

 

 

Figure S4: (a,b) Concentrations of MgO-SF nanospheres and (c,d) MgO NPs cultured in HaCaT cells and 
U87MG cells.  *p<0.05, **p<0.01 and ***p<0.001 in comparison to the untreated cells (0 µg/mL) at the 
respective time points. 

Section S4: Wide-field cell imaging for (48 h NP- incubation) 

(i) HaCaT cells 

 



 

 

Figure S5: Confocal microscope images of HaCaT cells cultured with 5 μg/ml of (a,b) MgO-silk NPs after 48 
hours of incubation under 390 and 560 nm excitation. The bars in each picture represents 20 μm. Even after 48 h, 
MgO-SF particles fluorescing brightly inside the cells.  

 

Figure S5ii: Bright field (white light transmission) image of HaCaT cells cultured with 5 μg/ml of MgO-silk 
spheres after 48 hours of incubation. The scale bar represents 20 μm.  

 

(ii) U87MG cells  

Fluorescence images of MgO-SF cultured brain cancer cells excited with 390, 485nm and 560 nm wavelengths, 
as shown in Fig S6. Images clearly show higher internalization and brighter fluorescence for the MgO-SF hybrid 
spheres within cells, indicated by distinct point fluorescence in Fig S6(b) compared to MgO alone in Figure S6 
(a). Moreover green fluorescence from MgO-SF at excitation of 485nm is shown in Fig S6(c), as silk fibroin has 
a fluorescence maximum under blue (485 nm) excitation, while 560 nm excitation causes fluoresces of the MgO 
NPs (Fig S6(b))  in the hybrid MgO-SF spheres.  

 

Figure S6: Wide field fluorescence of U87MG cells cultured with 5 μg/ml of (a) MgO NPs, (b-c) MgO-SF NPs 
after 48 h of incubation upon excitation with (a,b) 560 nm and (c) 485 nm. The bars in each picture represents 
20 μm.  



 

 

(iii) MCF7 cells  

 

Figure S7: Wide field fluorescence of MCF7 cells cultured with 5 μg/ml of (a,b) MgO NPs, (c,d) MgO-SF NPs 
imaged after 48 h of incubation upon excitation with 390 nm and 560 nm. The bars in each picture represents 10 
μm.  
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