Novel uses of femtosecond laser pulses
in biophotonics
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Introduction

short pulse duration — high intensity



Introduction

short pulse duration — high intensity

(even at low energy)



Introduction

high intensity: disruption



Introduction

high intensity: disruption

low energy: minimize colateral damage
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Introduction

cell transfection by femtosecond laser

Tirlapur, et al., Nature 418, 290 (2002)
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Cell transfection

use structured plasmonic substrate



Cell transfection

transient poration
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Cell transfection

field enhancement at tip




Cell transfection
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Cell transfection




Cell transfection

two-photon polymerization enhancement




Cell transfection

attachment of TE cells on pyramid arrays




Cell transfection

only exposed cells on pyramids take up dye

» scanned area °

‘unscanned area’: -




Cell transfection

full details:

Paper 7911-17 tomorrow @ 3:50 pm






Subcellular surgery

Requirements:

e submicrometer precision (in bulk)
e no damage to neighboring structures

e independent of structure/organelle type



Subcellular surgery

cytoskeleton




Subcellular surgery

Cytoskeleton

e gives a cell its shape

e provides a scaffold for organelles

e responsible cell motion and attachment

e facilitates intracellular transport and signaling

e required for cell division



Subcellular surgery

YFP-labeled actin fiber network of a live cell




Subcellular surgery

cut a single fiber bundle
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cut a single fiber bundle




Subcellular surgery

gap widens with time




Subcellular surgery
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Subcellular surgery

overdamped spring: AL=L (1-¢")+ L,
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Subcellular surgery

overdamped spring: AL=L (1-¢")+ L,

retraction distance (um)

time (s)



Subcellular surgery

tension in actin filaments is generated by myosin motors
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Subcellular surgery

Y27: inhibits some myosin activity

untreated

retraction distance (um)
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Subcellular surgery

ML7: direct inhibitor of myosin activity

untreated

retraction distance (um)
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Spindle mechanics

study: dynamics of microtubules in mytotic spindie



Spindle mechanics

spindle forms during cell division




Spindle mechanics

spindle forms during cell division

metaphase

prophase anaphase

telophase

interphase




Spindle mechanics

can we determine polarity and length of microtubules?



Spindle mechanics

observe depolymerization dynamics after planar cut(s)




Spindle mechanics

spindles from frog egg extract

Xenopus Drosophila Yeast

- -




Spindle mechanics

direct observation of depolymerization wave
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direct observation of depolymerization wave
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direct observation of depolymerization wave




Spindle mechanics

double cuts provide information on mean length
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Spindle mechanics

spindle organization

70% 50% 30%

polarity & length distributions varies across cell



Spindle mechanics

full details:

Paper 7897-4 Monday @ 9:10 am



e manipulate on subcellular, submicrometer scale
e penetrate in bulk without compromising viability
e perform high-efficiency, high-throughput transfection

e study spindle mechanics duringcell division



Conclusion

great tool for manipulating the machinery of life
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