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Time Resolved Fluorescence Microscopy to Visualize the
Dynamics of Optoinjection
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Abstract: We develop a time resolved fluorescence microscopy system to image the dy-
namics of optoinjection produced by the delivery of a highly focused pulsed Nd:YAG
(A=532nm, éns) laser microbeam to the cell membrane of PtK2 cells.

{©) 2006 Optical Society of America

OCIS codes: (140.3440) Laser-induced breakdown; (180.2520) Fluorescence Microscopy

1. Introduction

Pulsed laser microbeams have been used for various applications in cell biclogy ranging from cellular mi-
crosurgery to cell lysis. The application of laser microbeams to achieve molecular delivery has taken two
forms: optoporation and optoinjection. Optoporation refers to molecular delivery to a field of cells due
to transient membrane damage produced by a laser induced shock wave [1,2]. Optoinjection refers to
targetted molecular delivery to a single cell within a field of cells. This is typically achieved by focus-
ing a low energy pulsed laser microbeam onto the cell surface, thereby transiently permeabilizing the cell
membrane [3]. While the capability for optoinjection has been firmly established for several years, the
mechanisms and dynamics of the process have not been examined.

2. Method

Figure 1 is a schematic of our experimental setup designed te acquire fluorescent images at a certain delay
time following cellular irradiation by a pulsed laser microbeam. The encrgy of the laser pulse is controlled
by rotating a linear polarizer. The pulse is directed through the objective {100x, NA=1.3) of an inverted
microscope (Zeiss Axiovert S100) and is focused on the surface of a single cell. We use PtK2 cells grown
on a petri dish until they are confluent. The cells are stained with a fluorescent dye (CellTrace, Aex /Ae =
5777590 nm, MW=789.55 Da) that is excited by a flashlamp. While CellTrace is membrane permeable, upon
entry into the cell it is hydrolysed and retained if the cell possesses an intact membrane. The flashlamp
light is combined with the laser pulse on a dichroic so that both are focused on the cell by the microscope
objective. Flashlamp illumination is delivered to the sample at a 1-30 ps time delay after the delivery of the
Nd:YAG laser pulse. This excites fluorescence to provide images that show the presence of dye within the

cell.

3. Results

Figure 2 shows images taken before laser irradiation (-2s), 2, 6, and 14s after the delivery of a single 3.2 pJ
laser pulse at time Os. The plot shows a decrease of the average intensity of the irradiated cell after the pulse
that suggests the transport of dye out of the cell. Figure 3 has images of a cell before and after irradiation
by a 2.6 u] laser pulse. The first picturc shows the cell before it was irradiated (-2s), the next picturc was
taken 3.6 us after the pulse and the rest were taken at 2s intervals. The plot shows the decrease of the
average intensity of the dye in the cell as a function of time. The decrease of fluorescent intensity inside



© 2006 OSA/BOSD, AOIMP, TLA 2006

aohdhRypdf

the cell indicates that the cellular membrane has been breached (Figures 2 and 3). However the fact that
fluorescence of the cell is retained at long timescales is an indicator that the membrane has been repaired
and that the dye is no longer leaking out. This suggests that the cell remains viable. The time scale for
membrane repair (on the order of seconds) is consistent with the measurements from other studies [4].

4. Conclusion

We have demonstrated the use of time-resolved fluorescence microscopy to image the dynamics of laser
microbeam optoinjection. Experiments are currenty underway to confirm the viability of the cells after
irradiation and to analyse the transport dynamics on ns to ms timescales.
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Figure 1: Experimental setup for time resolved fluorescence microscopy. The dicreic in the microscope re-
flects the 532 nm laser light, the excitation light from the flashlamp (577 nm) and it transmits the fluorescent
light from the dye in the cells (590 nm).
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Figure 2: Fluorescent images of a cell before {(-2s) and after irradiation (2, 6 and 14s) by a 3.2 ] laser pulse.
The plot shows the average intensity of the irradiated cell as a function of time. The images corresponding
to 4, and 10s are not shown.
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Figure 3: Cell before (-2s), and after irradiation (3.6ps to 16s) by a 2.7u[ laser pulse, The plot shows the
average intensity of the irradiated cell as a function of time.
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