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Figure S1: Characterization of the MNPs glucose functionalization efficacy
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Figure S1. Characterization of the MNPs glucose functionalization efficacy (A) Agarose
1% gel image analysis and (B) stability study in different biological media - before
(PMAO-TAMRA) and after (PMAO-TAMRA@GIc) glucose functionalization (C)
Confocal images of the MNP uptake after Glc functionalizatio. The control image
corresponds to cells without particles. The nucleus is shown in blue (DAPI), actin in

green (PhalloidinAlexaFluor488), and MNPs in red (TAMRA). Scale bar: 10 um.



Supporting Information

Figure S2. Cell viability studies
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Figure S2. (A) Viability analysis and (B) Percentage of cells positive for Annexin V (+)
that are either positive or negative for propidium iodide of the control samples from
Figure 4C, D. Statistical significance between the means was determined using a one-
way ANOVA followed of Dunnett's multiple comparisons test (A) and two-way ANOVA
followed of Sidak's multiple comparisons test (B) (**p < 0.01; *p < 0.05; p > 0.05 no

significance).
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Figure S3: Hysteresis loop simulating the experimental conditions in water
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Figure S3: Hysteresis loop for anisotropy of 1.1*10%J/m®, applied field of 20 kA/m and
frequency of 829 kHz at a low packing density of 2%.
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Figure S4: Hysteresis loops simulating the experimental conditions in vitro
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Figure S4: Hysteresis loops at 379 kHz and applied field of 13 kA/m for different packing

densities between 2% and 40%.
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Computational details

To do the estimates of AT and AQ/S\y, we considered that the heat released by the particles

during a certain time interval At, given by
AQumnps = SAR - At - mynps, 4)

with mmnps the mass of the nanoparticles, results in an adiabatic temperature change of

the entire system:

AQumnps = € - Mpor - AT, (5)

with ¢ the specific heat capacity and mror the total mass being heated. Depending on
whether we consider each lysosome or the entire cell the containing system, different
expressions for AT shall be obtained. Thus, if to begin with we consider that the system
containing the particles during the adiabatic heating process is an isolated lysosome, then

its temperature variation is given by

SAR-At- <
ATyys = e (6)

- 1
(CHZ 0'MH,0tCMNP “MyNPs)

using that c*mror=Cr20*MH20+CMnP*Mmnes, 1.€. the total mass is that of the lysosome
(associated with water parameters), plus that of the contained particles. Since we assume
that the volume density of particles within the lysosomes is very similar for all lysosome
sizes,

¢ = LMNPs _ g 95 7

Vlys

It is convenient to rewrite Eq. (6) in terms of lysosome (water) and particles volume,
using that mmnes=N*pmnps*Vimne and Muzo= pH2o*VH2o (being N the number of particles
within the lysosome, pmnes (pH20) the density of the particles (water), and Vimne and Vizo
the volume of one particle and that of water within the lysosome, respectively). Using
that Viys=VH20+Vmnes=VH20+tN*Vivnp, it is obtained that

1
Mpy,0 = PH,0 " (; - 1) *NVimnp (8)

This is to say, the fact that the volume concentration is always constant implies that both
the mass of particles and that of the surrounding water within the lysosome are directly

proportional to the number of particles N, so that Eq. (6) results in a size-independent AT:
6
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SAR-At:pMNPs

AleS = (9)

1
(g— 1)'CH2 0'PH,01tCMNPs'PMNPs

for the particular conditions of the present experiments, which results in close packing of
the particles within the cells, the 2-nm thickness coating results in an effective volume
fraction (of magnetic material) of about 25%, so that (1/c-1)=3, and ATys~ 63 K.

To estimate AT of the cell, ATcen, we performed analogous reasoning but, in this case,
taking in addition the total size of the cell (its average diameter, dcen) as a key parameter.
Thus,

AT,y = SAR-Atmumnps (10)

Ccell'Mcell

In this case Ceel*Mcei=CH20*MH20+CMNP*Mmnps, DUt SINCE Munps << MH20, We can safely

approximate Ceel*Meell = CH20*MH20 = CH20™*PH20* Veenl, resulting in

At-N- .d3
ATcell — SAR-At-N-pynp-d , (ll)

3
CH,0'PH20"Acey

with d and dcen the average particle and cell diameters, respectively. In this case there is
a clear dependence on the number of particles, as expected since the particle concentration

per cell is different.

To estimate the heat flow per surface area of the lysosomes we followed similar
reasoning. Firstly, using that c=NV1imne/Viy, (With Viy the lysosome volume), we write

the average lysosome diameter in terms of the volume concentration,
1 1

dy, = (61Wlﬂ)5 —d (ﬂ)E . (12)

Tc c

The surface area of the lysosomes, Siy=4n(di/2)? can hence be written in general as
2

Sy =md? (2 (13)

Now, using Egs. (4) and (13), we directly obtain the energy flow per surface area of the

lysosomes, AQ/Siy, as shown by Eqg. (2) in the main text.
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Figure S5. Bid expression analysis
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Figure S5. Expression of BID mRNA 24 h after the exposure to AMF in the presence of
different concentrations of MNPs (M10 to M100). Values were normalized to a control sample
without MNPs (AMF). Statistical significance between the means was determined using a one-

way ANOVA followed of Tukey's multiple comparisons test (****p < 0.0001).



