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Figure 1: DNA damage response
Cells are continuously faced with exogenous (chemicals, UV light, ionizing radiations) and endogenous (ROS, …) 
agents that can lead to DNA damage. When DNA is damaged, a large panel of proteins is recruited to repair this 
alteration. Unrepaired lesions could alter DNA integrity and lead to premature cell death, cancer or mutations.

Maintenance of the genome integrity is directly dependent on the spatiotempo-
ral recruitment and regulation of the repair proteins at DNA damage sites. The 
alteration of this complex biological pathway could induce mutations or prema-
ture cell death. The real-time monitoring of this phenomenon can be done using 
a technique called laser microirradiation illumination with highly energetic pho-
tons focused towards the desired area to induce damages. Such an approach has 
become a powerful tool to explore the DNA repairment following laser-induced 
damage. This application note introduces the use of Inscoper scanFRAP solution 
to explore the kinetic of protein recruitment following laser-induced DNA da-
mage.
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BIOLOGICAL CONTEXT
The integrity of genomic DNA is continually challenged by the exposition of 
genotoxic factors such as radiations, chemicals, reactive products of cellular 
metabolism or environment mutagens. One of them is ultraviolet light (UV) 
that can induce 100,000 DNA lesions per hour per exposed cell (Jackson & 
Bartek, 2009). All of them could lead to DNA single or double strands breaks. 
If they remain unrepaired, these pathological phenomena could induce 
mutations and subsequently cancer and/or cell death. To prevent these 
alterations, cells have  developed an efficient tool to repair DNA and restore 
its integrity as fast as possible. 

Laser microirradiation can induce artificial DNA lesions to evaluate the re-
cruitment of a large panel of repair enzymes (Figure 1). Used for the first 
time in 1980 (Cremer et al., 1980), it has become nowadays a key technique 
to study the involvement of DNA repair (Suzuki et al., 2011; Zentout et al., 
2021; Kong et al., 2021).

MICROIRRADIATION WITH INSCOPER SCANFRAP SOLUTION
Inscoper scanFRAP is a complete microscopy solution for photoma-
nipulation and optogenetics. The product consists of a software and 
hardware package compatible with videomicroscopes used in life science. 
Incorporating a specially-designed electronic unit to control the microscope 
stand and third-party devices, the Inscoper scanFRAP provides a new user 
experience for photomanipulation applications with improved technical 
performance, full system integration and ease of use.

Users benefit from a state-of-the-art solution to add photomanipula-
tion and optogenetics experiments within their conventional acquisition 
sequences, allowing a full and smooth image workflow compatible with the 
other imaging techniques also implemented on their system. The core of 
Inscoper technology eliminates any software latency when controlling the 
overall microscopy system. It increases the temporal resolution, compared 
to conventional approaches, which is a major advantage for applications in 
live cell imaging (Figure 2).
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https://www.nature.com/articles/nature08467
https://www.nature.com/articles/nature08467
http://link.springer.com/10.1007/BF00279058
http://www.nature.com/articles/nprot.2010.183
https://www.frontiersin.org/articles/10.3389/fcell.2021.730998/full
https://www.frontiersin.org/articles/10.3389/fcell.2021.730998/full
https://www.frontiersin.org/articles/10.3389/fphy.2020.597866/full
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Based on galvanometric mirror technology, the Inscoper scanFRAP is a 
microscopy solution for photomanipulation applications including FRAP, 
photoactivation or microirradiation. Here, this application note only focuses 
on microirradiation application. Researchers have full control of all laser 
settings. They can completely personalize and optimize the microirradiation 
areas, modulating in live the region of interest (ROI) in the software user 
interface. Faster acquisition speed allows to monitor biological phenomena 
after microirradiation with a very high temporal resolution,  such as the 
recruitment of repair proteins following laser-induced damage.

Figure 2: Interface of the Inscoper software
Overview of the Inscoper user interface used to manage the acquisition sequence with multidimensional parameters 
including timelapse, multiposition or/and tiling, Z-stack, multi-channels and photomanipulation for microirradiation, 
and FRAP applications. All of these dimensions are fully customizable to adapt to user experiments.

MICROIRRADIATION EXPERIMENTS

Objectives
Here, we want to characterize the recruitment of the ALC1 
(chromodomain-helicase-DNA-binding protein 1-like) protein following 
laser-induced DNA damage. This protein could detect DNA lesions and 
is involved in DNA unpackaging to allow the recruitment of other repair 
enzymes (Sellou et al., 2016).

Material 
A Nikon Ti2 Eclipse microscope (Nikon, Tokyo, Japan) with a Plan Apo λ 60x 
1.4 NA oil immersion objective (MRD01605; Nikon) was used. For these 
experiments, the camera was a digital CMOS ORCA-Fusion BT (C15440-
20UP; Hamamatsu Photonics, Hamamatsu, Japan) and the light engine was 
from Lumencor (SpectraX; Lumencor, Beaverton, USA). Microirradiation was 
performed using Inscoper scanFRAP (INSCOPER, Cesson-Sévigné, France) 
with a 405nm laser source (L6Cc; Oxxius, Lannion, France).

Method
U2OS cells were transfected to overexpress ALC1 fused with GFP 
(Green Fluorescent Protein), resulting in an ALC1-GFP protein (GenBank 
AF537213.1,A). Nuclei were labeled using Hoechst 33342 (H3570; 
ThermoFisher Scientific, Waltham, USA) before imaging. For this experiment, 
the microirradiation was induced using the 405nm laser (100% intensity 
for 1 second) to induce DNA damages and the recruitment of ALC1-GFP 
protein at the injured area. This measurement allows to characterize the 
ALC1 protein dynamic, following laser-induced DNA damage. ALC1-GFP 
recruitment was monitored using a 488 nm excitation (exposure time: 100 
ms and frame rate: 4fps).

https://www.molbiolcell.org/doi/10.1091/mbc.e16-05-0269
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Results
The laser microirradiation represents a powerful tool to monitor DNA 
repair with high temporal and spatial resolution. DNA lesions were induced 
following ROI (region of interest) previously defined using the Inscoper 
software. During the acquisitions, a progressive recruitment of ALC1-GFP 
protein could be observed over the entire length of the ROI (Figure 3A). Mean 
intensity of the fluorescent signal has been then measured on the damaged 
area. The signal from an unaltered ROI was also measured as control. A rapid 
increase of the signal was observed in the irradiated area, to remain stable in 
less than 10 seconds (Figure 3B). On the contrary, intensity from the control 
ROI appeared slightly decreased following the photomanipulation. ALC1-
GFP accumulation could also be characterized by the width of the band 
(Figure 3C).

SUMMARY
The laser microirradiation on living cells helps to study the cellular response 
to DNA damages. The use of the Inscoper scanFRAP solution allows to 
monitor in real-time the recruitment of a wide spectrum of DNA repair 
proteins with high spatiotemporal resolution. It could also be useful to  
evaluate the impact of drugs on the maintenance of the DNA integrity. Laser 
microirradiation could be combined with other microscopy approaches to 
better characterize biological pathways involved during DNA repair. For 
instance, it could be coupled with FLIM (Fluorescence Lifetime Imaging 
Microscopy) to evaluate the cellular metabolic changes (Murata et al., 2019) 
or FRET (Fluorescence Resonance Energy Transfer) to characterize the 
kinetics of protein interactions (Lou et al., 2019). 

Figure 3: ALC1 recruitment following laser-induced DNA damage
(A) Representative image showing ALC1-GFP accumulation at sites of laser-induced DNA damage in U2OS cells. 
Area between the arrows has been damaged by a 405nm laser. The solid and the dashed boxes represent respectively 
the laser-damaged and the control area. (B) Quantified accumulation of ALC1-GFP following microirradiation (ar-
row) on laser-damaged (circles) and undamaged (squares) areas. (C) Normalized thickness of the ALC1-GFP band in 
the irradiated region following laser-induced DNA damage
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Figure 4: Interface view of the Inscoper software during FRAP acquisition
Acquisitions are real-time monitored with images or graphics. The “Fire-on-Click” (bottom right part of the 
interface) can be activated at any moment to add a new ROI to photobleach while the acquisition is running. 

https://www.molbiolcell.org/doi/10.1091/mbc.E18-10-0650
http://www.pnas.org/lookup/doi/10.1073/pnas.1814965116
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