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Table S1: The summary of notable works on NPs-mediated photoporation

Laser Laser No: of . . 3 ere
NPS. Wavelength energy/ Exposure Molecules Cells cell/Cell Efficiency | Viability Ref.
Material time (%) (%)
(nm) Fluence volume
Cationic
PDDAC- -
coated 561 09Jem—2 | ~3min | CSOFP-mRNA Jurkat T 24 14 |
delivery cells
gold
Cas9 lung
) . ribonucleoprotein epithelial _
Gold 532 1.60 J/cm 3 min (RNP) cell line- 9% 20 )
complexes H1299
Dextran 4kDa DU145
Carbon- 1064 25- 4-5 min rostate - 43 33
black 29 mJ/cm? Dextran 2000 pcancer 3
kDa 18 25
mouse
embryonic -
Dextran fibroblasts 53& 19 80 & 88
(mEFs)
Gold NPs 808 IWem= | 300s human 4
layer umbilical
. vein
plasmid DNA endothelial i 44 & 8 90 & 87
cells
(HUVECs



mailto:*tuhin@iitm.ac.in
mailto:santra.tuhin@gmail.com

primary
) human -
Gold 561 0.96 J/cm 7s Dextran 10 kDa CD4+ T 62 32 3
cells
2.1 mm/s
rGO-PEG 800 0.89 J/em? | (scanning | Dextran 10 kDa HelLa - 80 80 6
speed)
rGO 96 97
mixed PI 80,000 +
PDMS 900 0.93/cm? 5 Dextran SiHa 97 g7 | Present
microtip Enzyme 20,000 95 work
device 98

20 pm

o= O O

I e
e

Fig S1: AutoCAD design of square pattern for microtip device with overall dimension of 1.5 x 1.5 cm?2. 20 x 20
um? individual square dimension and 40 um of edge-to-edge distance between the adjacent squares.
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Fig S2: SEM-EDAX characterisation of rGO mixed pyramidal microtip device. SEM images (left column) and
elemental distribution results (right column) of red squared area in the corresponding image. The scale bar shown
here cannot be correlate with the device dimension, because of the distance and angle in capturing the image.



Table S2: Summary of parameters used in the COMSOL simulation of rGO mixed PDMS microtip device

Parameter Value Ref.
G 077 (kgK)™! 7
Density of rGO, p, 2267 kg/m? 8

Cp /2 ps, 2ps is taken to be average heat

RGO electron-acoustic phonon cooling . C
transfer rate from carrier to acoustic

rate, /e-ph phonon

Graphene/water heat transfer coefficient | 30 MW m =2k ~1 10,11
Graphene/PDMS heat transfer coefficient | 3wm ™ *K ™! 12
Water density, p,, 997 kg/m?

PDMS density, p,, 970 kg/m?

Graphene electronic thermal conductivity | 2500 W (m K) !

Graphene lattice thermal conductivity 2000 W (mK) ! 13

30 pulses S0 pulses 60 pulses 70 pulses

Fig S3: Microscopic images after performing photoporation (900 nm, 0.9 mJ/cm?) under various number of pulses
in delivering PI into L929 cells.
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Fig S4: PI delivery in controls. Images captured after performing photoporation without rGO mixed PDMS
pyramidal microtip device (top row) and with device in the absence of laser
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Fig S5: Flow cytometry-based histogram in L929 showing (a) unstained cells, (b) calcein AM stained live cells,
(c) PI delivered cells, and (d) dual stained PI delivered and live cells.
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Fig S6: Photoporation results after with PDMS and with rGO mixed PDMS Microtip device. Images
captured after performing photoporation with PDMS Microtip device (top row) and with rGO mixed PDMS
pyramidal microtip device
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Fig S7: Delivery of Dextran 3000 Da. (a) assessment of delivery efficiency and cell viability with different
dextran concentrations into L929 cells at a laser energy of 0.25 mJ for 50 pulses, (b) quantification of delivery
efficiency and cell viability after dextran delivery into 1929, SiHa, N2a and H9C2 cells (n = 3 independent
experiments, data presented as mean + S.D.), (¢) microscopic images of cells after dextran (3000 Da) delivery
using the rGO-PDMS microtip device assisted photoporation into L929, SiHa, N2a, H9C2 cells.



Bright field Dextran Calcein AM Merged Image

Fig S8: Dextran delivery in controls. Images captured after performing photoporation without rGO mixed
PDMS pyramidal microtip device (top row) and with device in the absence of laser.
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Fig S9: Confocal scanning images of 3T3 cells after siRNA delivery (a) maximum projection (i) siRNA delivery,
(i1) nucleus staining due to Hoechst 33342 and (iii) merged image and (b) 12 slices which are equally divided and
confirms the successful delivery using rGO mixed PDMS microtips device based photoporation.
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Fig S10: siRNA delivery in controls. Images captured after performing photoporation without rGO mixed PDMS
pyramidal microtip device (top row) and with device in the absence of laser.
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Fig S11: Cell viability results in 1929 cells using MTT assay 24 hrs. after laser exposure with wavelength at
900 nm, fluence of 0.9 mJ/cm?, and 50 pulses for siRNA delivery using rGO mixed PDMS microtip device.

Fig S12: (a, b,c) Confocal images of 1929 cells after performing photoporation (900 nm, 0.9 mJ/cm2, 50
pulses) revealing EGFP delivery, nucleus staining using Hoechst 33342 dye and merged image, respectively.
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Fig S13: Enzyme delivery in controls. Images captured after performing photoporation without rGO mixed
PDMS pyramidal microtip device (top row) and with device in the absence of laser.
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Fig S14: Control experiments to check endocytosis or micropinocytosis induced delivery: Microscopic
images captured after incubating cells with enzymes for 10 hrs and 24 hrs.
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Table S3: Comparison of our delivery platform with existing intracellular delivery platform
Parameters Mechanoporation Photoporation Photoporation using
14 15 rGO mixed Microtip

device (present work)

Technique used Lithography Lithography Lithography
Intracellular Puncture loading Nanosecond pulse Nanosecond Pulse laser
Delivery Method laser



Nanostructures Silicon nanoneedles Silicon microneedles rGO

materials
Wavelength -- Infrared (900 nm)
Biomolecules Dextran 70/500, Dextran PI, Dextran, EGFP
Delivered Calcein 10/70/150/500/2000, @ plasmid, Cas9 plasmid,
Calcein Enzyme
Delivery Efficiency Calcein — 50% Dextran 10- 80% PI - SiHa: 96%,
Dextran 500 - 20% Dextran 2000- 18% Dextran — SiHa: 97%
Enzyme (465 kDa) -
SiHa: 95%
Cell Viability Calcein- 80% Dextran 10- 97% PI - SiHa: 97%

Dextran 500 — 95% Dextran 2000- 94% Dextran — SiHa: 97%
Enzyme - SiHa: 98%
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Fig S15: Cell viability results in L929 cells using MTT assay for three days after laser exposure with wavelength
at 900 nm, fluence of 0.9 mJ/cm?, and 50 pulses in rGO mixed PDMS microtip device.
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