Practical use of the computer-aided time-lapse video recording and its application in cell biology (cell migration)
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Introduction
One of the possible application of highly sophisticated, fully-automatic epifluorescence microscope is its use for time-lapse recording of biological processes, including cell motility.
Such microscope is equipped with cooled, digital CCD cameras that are designed for time-lapse image acquisition according to the user-designed algorithm (including, among others,  definition of camera basic settings, shutter opening and closing parameters (time of acquisition), sequence of excitation and emission filter changes, acquisition intervals, change of stage position in xy as well as z plane, sequential registration from pre-defined regions of the specimen and specimen dynamic sectioning). Leica system is especially dedicated for live cell investigation and equipped with CO2 and temperature incubator system. 
 
Purpose-designed software and scientific equipment of  Department of Cell Biology enable, among others, automatic analysis of cell migration. The following operations are possible for evaluation of cell motility in culture: (i) time-lapse registration of microscopical images, (ii) automatic tracing of the changes of the above mentioned parameters in time, (iii) definition of cell movement trajectories via tracking the changes of cell centroid position, cell image overlapping and evaluation of retraction and expansion, (iv) preparation of circular plots depicting cell movement trajectories, analysis of mean speed of movement, instantaneous velocity and intersegmental angles and directionality (v) statistical analysis and preparation of frequency histograms depicting the distribution of a given parameter value within cell population.   

Purpose of the experiment:

The purpose of this class is to provide training on methods for live cell imaging by automatic microscopy, with special emphasis on time-lapse techniques. 
The experiment:
I Preparation of the cells:
1. Centrifuge 5 ml of Dictyostelium discoideum cells (5 min/1000 g) 

2. Resuspend the pellet of cells in 3 ml Chalkley`s solution and  transfer into the Petri dish.

3. After about 10 minutes (when the cells are attached to the substrate, and flattened) start recording the behavior of cells. 


II Recording of cell movement
1. Ensure that your microscope is switched on. 

2. Turn on your workstation and start program Leica FW4000.
3. Click Hardware Setup and Initialize stage.

4. Click File at the main menu and then choose User name-Default User 
5. Press Create New Experiment.
3. In the open window, write the name of your experiment. In the window Based on 
Experiment select experiment "Ekranwzor4", then click Create New.
4. In the Enter Information dialog, enter a brief description of the experiment (in Comments)
and press OK
5. Press SETUP, then X / Y.
6. Live Image Setup window:
Color icons - different channels for different fluorochromes
Aparatus- takes a single photo
Green square / 2 triangles- switch "live" image
Lens - change the lens
slide- set the shutter aperture camera
Gain- enhancement
Black / white-contrast
Control warning light intensity halogen lamp

a) Place under a microscope Petri dish with cells
b) Select the dry objective x 20 (plus lens x 1.5) and set the appropriate position of the condensor for use Nomarski interference contrast (the position of the condensor: 10/20, prism: C)
c) Set the optimal contrast by rotating the polarizer and the setting of the prism.
7.Switch on  preview image (the icon with a green square), set the appropriate time of opening the shutter. Select binning 2x2 and 8-bit mode (this option is not enabled in the "live" image).
8.Activate control panel table (Visit sites) with N:
a) Select a suitable place on the Petri dish and save the xyz coordinates by pressing the button -Add in Visit sites 
b) Change the position of a table and save another location 
c) In this way, select 3 places and then press-OK
9. To set up time sequencing click T. 
10. Click Insert after and set the time period by clicking Run for (15 min)  then repeat this step to insert the appropiate time interval i.e. Insert after and Every (15 s),
OK, OK, OK)
10. Click Capture to start recording.
11.After 15 minutes click Review to look at your movies 

12.Make the initial electronic image processing (Contrast, Apply to
all).
13.Select set of images corresponding to one of the selected sites and send
for further analysis (File, Select required images, ImageSet = Processed, Insert, then
Stage, then position = Position number (chosen movie), Insert (limit images to select those where), OK
14. Create the received sequence presentation in avi format. (Galleries, Export selected images to publishing, Publish, Movie Maker, check file list, Options [10 frames per second], Write avi, then save, OK)
15. View the movie. 

Quantitative analysis of cell migration 
a) Open Hiro program
b) Create a new project: File->New->New Project, then write the name of Project and find  the folder, in which you save subsequent images of  the movie.
c) Create New Condition (click the right button) and assign the name of it.
d) Click the right button to create New Movie, and then open the folder in which  you save subsequent images of  the movie.
e) Mark subsequent images (format JPG)  of the movie, and transfer them to the right window, give name of the movie. In the window Movie duration write duration of the movie in minutes and in Scale write 1.
f) Click the right button of the mouse to activate Analyze movie.
g) Click New Cell (bottom panel, first square at the left side), mark a chosen cell and then using a mouse mark subsequent positions of cell centroid (from ther first to the final image of the movie). 
h) Repeat for other cell.
i) Save.
j) Click Project, then the name of movie and Movie Results.

The knowledge acquired:
1. Mechanisms of cell migration
2. Principles of microscopy, digital imaging and automatic microscopes and their practical use – Leica DM IRE2 fluorescence microscope 
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