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Table S1: The comparison of TMR structure shape and dimensions with previously reported

microstructures.
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Shape of material, study & effective/ cargo cell delivery
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interspacing increment | complexity | enzyme) (%) (%)
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COMSOL Simulation Details
The simulation was conducted in a 2D axis symmetry configuration, with the model's

symmetry in the Z-direction. The Electromagnetic Waves, Frequency Domain (emw) module
was used to calculate resistive heating, which is assumed to be the source of local heating and
temperature rise. To get temporal and spatial temperature changes, we created two temperature
models (details are supplied in the main paper) that are solved using the COMSOL partial
differential equations module. The parameters used in the simulation are mentioned in the table

below.

Table S2: List of parameters for COMSOL Simulation

Radius of the disc 1500 nm

Thickness of disc 150 nm

Electron heat capacity coefficient, o 328.9 I m3K2, Ref[1]
Mass density of Titanium, pr; 4506 kg/m[2]

Electron thermal conductivity, k. 15.3 W/m.K, Ref]3]
Lattice thermal conductivity, k; 5.2 W/m.K, Ref[3]
Lattice heat capacity, C 2.3 x 106 J/m?K, Ref [4]
Electron-lattice coupling coefficient, g 15 x 107 W/m3K, Ref[1]




Mass density of water, p,, 1000 kg/m?

Heat capacity of water, C,, 4182 J/kg.K

Thermal conductivity of water, k,, 0.6 W/m.K

6 2
Thermal conductivity at Ti/water interface, g 105> 107 W/m’K, calculated

following Ref [5]
Mass density of SiO, substrate, p; 2230 kg/m?3 Ref [6]
Heat capacity of substrate, Cs 830 J/kg.K Ref [6]
Thermal conductivity of substrate, ki 1.2 W/m.K Ref [6]

1725 x 10 W/m2K; calculated

Thermal conductivity at Ti/substrate interface, g following Ref [5]

65.8x 108 W/m2K; calculated

Thermal conductivity at substrate/water interface, g, following Ref [5]
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Figure S1: (a, b) Scanning electron microscopy (SEM) image of TMR device after three
times photoporation experiment with laser fluence of 45 mJ/cm? at 1050nm for 300 pulses.
(¢) Quantification of delivery efficiency and cell viability after BG enzyme delivery into L929
cells using same TMR device five times with laser fluence of 45 mJ/cm? at 1050nm for 250
pulses (n=3 independent experiments, data presented as mean £ S.D.).
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Figure §2. Control experiment on L929 cells (Olympus microscope laser exposure for 100
ms) — (a) With TMR platform and no laser exposure- (i) bright-field image; (ii) PI dye
staining on the nucleus of dead cells; (iii) cell viability test using calcein-AM confirmed that
almost all cells are live (green color). (b) Without TMR platform and with laser exposure at
45 mJ/cm?2 for 250 pulses - (i) bright-field image; (ii) PI dye staining on the nucleus of dead

cells; (iii) cell viability test using calcein-AM confirmed that almost all cells are live (green
color).
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Figure §3: Flow cytometry-based assessment for live and dead cells by — (a) Varying number
of pulses at fluence 21 mJ/cm? — (i) 50 pulses; (ii) 150 pulses; (iii) 250 pulses; (iv) 350 pulses;
(v) 450 pulses; (vi) 550 pulses. (b) Varying fluence of the pulse laser for 250 pulses — (i) 10
mJ/em?; (i) 21 mJ/cm?; (iii) 35 mJ/cm?; (iv) 45 mJ/cm?.
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Figure §4: Confocal microscope image of L929 cells after siRNA-6FAM delivery using
TMR-mediated optoporation (Confocal microscope pin hole used 1.0 with laser intensity at
1.01 mW). (a) Maximum intensity projection images of — (i) SiRNA-6FAM (green) delivery;
(i) Calcein red-orange AM (red) showing the viability of cells after siRNA delivery; (iii)
merge (green to yellowish green) images of Calcein red-orange AM and siRNA-6FAM
confirmed live cells after delivery (n=3). (b) Split Z - stack images for the optoporated images
of sSiRNA-6FAM delivery (Slice 1 to Slice 9).
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Figure S5: Control experiment on N2a cells (Olympus microscope laser exposure for 1 sec) — (a) With TMR
platform and no laser exposure- (i) Calcein red-orange AM for live cells; (ii) EGFP showing not delivered;



(iii) merge image showing live cells with no EGFP delivery. (b) Without TMR platform and with laser exposure
at 45 mJ/cm? for 250 pulses - (i) Calcein red-orange AM for live cells; (ii) EGFP showing not delivered; (iii)
merge image showing live cells with no EGFP delivery.
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Figure S6: Confocal microscope image of L929 cells after EGFP delivery using TMR-
mediated optoporation (Confocal microscope pin hole used 1.0 with laser intensity at 1.01
mW). (a) Maximum intensity projection images of — (i) EGFP (green) delivery; (ii) Calcein
red-orange AM (red) showing the viability of cells after EGFP delivery; (iii) merge (green to
yellowish green) images of Calcein red-orange AM and EGFP confirmed live cells after
delivery (n=3). (b) Split Z - stack images for the optoporated images of EGFP delivery (Slice
1 to Slice 9).
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Figure S7: Quantification of fluorescence intensity of merged images on a per cell basis
indicating uniform delivery and viability of cells (n=3 independent experiments, data
presented as mean £ S.D).
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Figure 88: Cell viability of SiHa cells using MTT assay on different days after laser exposure
with wavelength at 1050 nm, fluence of 21 mJ/cm?, and 250 pulses.



