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Optical Transfection - Optofection

e single cell, mechanism

¢ how to transfect faster

o field enhancement - optofection




Transfection methods

lipofection ,@ microinjection
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fs-laser based optoporation
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Laser transfection
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first demonstration:  Tsukakoshi, 1984, Appl. Phys. B
using fs-pulses: Tirlapur et al., Nature 2002
defined efficiency: Stevenson et al, Optics Express 2006
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Viability vs. efficiency
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Properties of laser-induced pores

Baumgart et al. Opt. Expr. 2008
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Membrane potential at bubble formation

H laser

p—

%

normalized potential [mV]

010 30 50
time [s]

Cooperation AG Ngezahayo, Biophysik, LUH

LASER ZENTRUM HANNOVER e.V.

Membrane potential

laser

normalized potential [mV/]

010 30 50
time [ms]

ER ZENTRUM HANNOVER e.V.

Uptake of dye?

1.0nJ- 30 ms
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Quantified transfection

medium concentration: 50 pug/ml DNA
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Bubbledetection during optofection
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Bubbledetection at 80 MHz
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Clinical application of optofection
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DNA-transfer into cells

pEGFP-B1 transfected ZMTH3 cells pEGFP-C1 transfected ZMTH3 cells
48h after manipulation 48h after manipulation
PEGFP-C1
PEGFP-HMGA2
PEGFP-HMGB1
PEGFP-B1 transfected MTH53A PEGFP-C1 transfected MTH53a pIRES-B1
cells 48h after manipulation cells 48h after manipulation

AG Bullerdiek, AG Nolte, TiHo Hannover




Optical Transfection

Works fine, but low cell
numbers...

for example:

clinical application in leucemia needs 3.5 x 108

PhD-student manages 10 cells/min

365 days, 24h full time work!!!

ER ZENTRUM HANNO!

Optical Transfection - Optofection

¢ how to transfect faster
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Optical Transfection — short summary

e pore opening leads to DNA diffusion into the cell

¢ high efficiency

¢ low cell numbers!
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DNA-transfer into cells in high-throughput
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DNA-transfer into cells in high-throughput

DNA-transfer into cells in high-throughput
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polystyrol-particles, transparent, 2.5 um
Cooperation AG Rath, FLI Mariensee

ASER ZENTRUM HANNOVER e.V.

DNA-transfer into cells in high-throughput

non-adherent HL60 cell
AG Junghanss, University Clinic Rostock

DNA-transfer into cells in high-throughput
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DNA-transfer into cells in high-throughput
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Near-field enhanced ablation near particles
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Nedyalkov 2006, Appl. Phys. A Eversole et al, Appl. Phys. 2007

Plasmonic effects at nanoparticles

Absorbance

Lycurgus Cup, 4th century
Museum, London
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Possibilities for high-throughput transfection

Possibilities for high-throughput transfection

foreign DNA (GFP)
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Moderate focusing onto the cells

>90% efficiency for perforation!

Lucifer Yellow

spot size 30 pm

Laser System:
Ti:Sa
* 780 nm
* 5 kHz
eca. 120fs
* GNP: 200 nm
!g LASER ZENTRUM HANNOVER e.V.
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Different cell types (MTH3, animal model)

Efficiency using 250 nm particles
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Gold can intercalate into DNA Optical Transfection - Optofection
left: unchanged DNA strand.

right: DNA strand intercalated at
three locations (red areas).
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inhibits transcription and DNA
replication, causing toxicity and
mutations

o field enhancement - optofection

http://en.wikipedia.org/wiki/Intercalation_(chemistry)




Optofection— short summary/conclusion

plasmonic/field enhancement effects replace tight focusing

very high efficiency/very high throughput

structured surfaces allow transfection without leaving “anything” behind

J. Baumgart www.biophotonics.uni-hannover.de
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