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1. Introduction 
The P.A.L.M. system cuts tissue by atomising the molecules along designated line in a 
process called ablative photodecomposition. The P.A.L.M. system will also catapults 
tissue in a separate process – Laser Pressure Catapulting (LPC).  

1.1. Some Physics…  

1.1.1. Laser MicroBeam Microdissection (LMM)  
Ablative decomposition is a ‘cold’ cutting method where 
sufficient laser beam energy is absorbed by the biomolecules 
to break the chemical bonds. The biomolecules are 
transformed to rapidly expanding plasma which is a cloud of 
gaseous atomic nuclei and electrons. There are no 
biomolecules left where the ablation occurred. The laser is 
pulsed at 33× per second so the plasma rapidly expands and 
collapses. This expansion and contraction of the plasma 
occur so quickly that heat dissipates quickly and there is no 
marked change in temperature of the specimen. Surrounding 
biomolecules are unaffected by the process. Ablation occurs 
in a very tight ‘cutting zone’ at the focal point of the 
objective. The laser beam intensity rapidly falls off away 
from the focal point to a level below that sufficient for 
ablation.  

1.1.2. Laser Pressure Catapulting (LPC) 
Physicists argue over whether photons have mass. By some calculations they do, but 
some consider this is an “outdated concept which is best avoided”. What is clear is that 
photons have momentum and can exert a pressure. So called “radiation pressure” is due 
to the momentum given up by light 'hitting' a target. Radiation pressure is the force that 
underlies laser tweezers. 

For LPC, the laser is focussed just below the specimen so that the ‘cutting zone’ is no 
longer in the specimen plane. The laser is pulsed once and the defocused laser provides 
sufficient radiation pressure to displace the object in to a collection tube directly above 
the field of view.  

1.2. Specimen types 
The specimen does not need to be stained in a particular way for Laser Microdissection 
and Pressure Catapulting (LMPC) to work. 

Most examples using this system are from fixed, sectioned, stained specimens mounted 
on glass slides with no coverslip. The specimen must be dewaxed, but this is usually done 
in an early stage of the staining procedure. 

Live cells have been successfully harvested this way. Individual cells from glass slides; 
clusters of live cells from cultures grown on membrane coated slides. Entire C. elegans 
worms, sandwiched between two membranes, have been cut around and catapulted with 
no affect on their viability and ability to reproduce. Slides coated with the polyethylene-
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naphtalate (PEN) membrane can be bought from P.A.L.M. (~CAD$8 each) or made by 
you from PEN sheets. 

Gelatine mounted specimens have proved troublesome, but could probably be harvested 
with appropriate system settings. 

Specimens up to 50 µm thick have been cut. Single chromosomes have been cut. Such 
small specimens need to be visualised with the 100× objective and so have to be mounted 
on “coverslip slides” (i.e. slides which are 0.17 mm thick). 

1.3. Subsequent analysis 
Some extracts from the P.A.L.M. web-site. 

1.3.1. Protein analysis 
Frozen human prostate tissue was laser microdissected and catapulted. Extracts of 500 to 
1000 cells were sufficient for reproducible SELDI protein chip analyses. Tumour and 
normal areas were compared and differentially expressed proteins detected and 
characterized. 

1.3.2. Gene expression 
LMM and LPC along with (real-time) PCR is a very powerful tool to evaluate the DNA 
status or gene expression in microdissected samples from standard histological specimen 

1.3.3. Live cell harvesting 
Cells can be harvested in a viable state allowing subsequent re-cultivation. 

This allows isolation of: 

• morphological distinct cells e.g. from a mixed culture 
• transfected cells for further cultivation of only positively transfected cells  
• fluorescent single cells  
• stem cells  
• single cells for cell cloning  

1.3.4. Protocols 
• Frozen sections, immunostained: RNA-preparation  
• RT-PCR method for small cell numbers (10 to 50 cells)  
• RT-PCR method for medium cell numbers (up to 1000 cells)  
• Sample collection by laser microdissection and catapulting  
• DNA isolation and amplification  
• Messenger RNA isolation and amplification  
• Protocol for the generation of chromosome specific painting probes  
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CapMover controller functions: 
 Right Button Hold = withdraw/load TubeHolder 
   Press = switches between fast and slow movement  
 Joystick to move CapMover 
 Left Button Hold = sets new reference position 
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3. Switching On the System 
1. Turn ON the key on the front of the PALM control box. 

If you want to use the system for colour imaging, not laser capture, ensure the laser power key (not 
shown above) is in the OFF position before you switch on the PALM control box key – see Tony 
Collins about this). 

2. Press the button on the front of the PC. 
3. Turn on microscope (green switch at back, right hand side of ‘scope). 
4. Once the PC has booted and you have logged in with you WCIF name and 

password, start the PALMRobo software. 
5. The software will start and ask you to lower the objectives. Do this then click OK. 
6. The software should start with a live video feed – you do not need to start the 

camera. 
7. Load your saved settings (Setup/Load Settings). 

4. Centring the Collection Tube 
During collection the sample is catapulted upwards and collected in the top of an 
Eppendorf cap. The Eppendorf tube must be directly above the sample being collected. 

Prior to the start of an experiment, the collection tube must be centred over the specimen. 
This should be done with a dry tube at the very start of the experiment – before any tissue 
is mounted on the stage. This requires use of the CapMover assembly which comprises of 
a CapMover Controller, a TubeHolder and the CapMover unit itself. 

There are two TubeHolders – one for 200 µl and 500 µl tubes.  

1. Ensure the CapMover is withdrawn from the objective by 
pressing and holding the right hand controller button. 

2. Insert an Eppendorf tube in the TubeHolder with the inside of 
the cap face down (see right). 

3. Insert TubeHolder plus tube in CapMover – it should click in 
to place. 

4. Move CapMover in to position over the objective by pressing 
the left hand controller button once. 

5. Switch to 5× objective. 
6. Focus up in to the tube cap until the circular mould is visible. 
7. Use the controller joystick to centre the cap’s circular mould in the field of view. 
8. Set this as a reference point by pressing and holding the controller left button.  
9. Withdraw the CapMover by pressing and holding the right hand controller button 
10. Check that the reference position has been stored by returning the CapMover to 

the reference position by pressing the left hand button (do not hold it down 
otherwise a new reference will be set). 

These settings should not vary too much between sessions. However, the reference 
position may easily be lost so unless you check, you sample may end up being catapulted 
into the air, not your collection tube. 
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5. Mount Your Specimen 
Specimens should be de-waxed and mounted without a coverslip. Unlike other inverted 
microscopes, the specimen should be facing up. Mount your slide on the stage ensuring 
that the frosted end of the slide is securely positioned in the near, left corner of the slide 
holder. 

The position of the stage is controlled via software. 

1. Arrow keys – fast movement 
2. Left mouse click in the dotted-margin of the video window – medium speed 
3. “Stage mode” – very slow movement 

(Stage mode is activated by “F7”, mouse double-click in the video window or the toolbar hand-icon) 

The speeds of these and other (e.g. cutting) movements can be further controlled by the 
Speed Tools slider after selecting the movement type from the Speed Tools drop down 
box. 

6. Optimise Cutting and Catapulting Settings 
Switch to the objective you wish to cut with and let the software know in the Lens Menu 
drop-down box (top-right). This is very important. The microscope is not automated and 
relies on you telling it what objective you are using – not just for spatial calibration, but 
for the laser-calibration. Similarly it also needs to know which, if any, fluorescence filter 
you are using. Cutting can be aborted at any time with the keyboard ‘Esc” key. 

1. In an unimportant region of your specimen draw a wavy line using the freehand 
graphic tool. 

2. Set the cut speed to ‘4’ to slow the cut down to enable you time tom adjust the 
settings. This is done with the Speed Tools slider after the Cut option has been 
selected from the Speed Tools drop down box. 

3. Select Cut from the Cut Tools drop-down box to the right of the bottom of the 
screen. 

4. Start with the laser power at about 55 and the laser focus about 65 – set with the 
sliders on the left hand side of the screen. 

5. Start cutting by pressing the large button with the P.A.L.M. logo – or ‘F11’. 
6. Adjust the power upwards using ‘Page Up’ key (‘Page Down’ lowers the laser 

power) until you see the specimen cutting. 
7. Adjust the laser focus up and down (‘Home’ and ‘End’ key) until the cut is at its 

narrowest. 
8. Reduce the laser power until you have the narrowest cut. 
9. Once you have the correct settings, stop the cutting with the ‘Esc’ keyboard key. 

Typically this should result in the correct cutting and catapulting settings. Contact Tony 
Collins if it does not. These values should not change much for similar specimens. Save 
the settings for you specimen using the menu command Setup/Save settings…. These 
settings can be retrieved via the menu command Setup/Load settings…. 
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7. Mark Your Specimen 
Use the stage controls to move to a part of the specimen you are interested in collecting. 
Once you have found a region/cell you wish to collect it needs to be flagged as a region 
of interest (ROI) – the software refers to these as elements. Before you make any 
elements, make sure that the previous ones have been deleted by pressing the double 
back-arrow toolbar icon or selecting File/New elements from the drop down menu. 

Once you’ve cleared all previous elements, make new ones using one of the graphics 
tools at the bottom of the screen. 

A marked region is called an element by the software. Make as many elements as you 
wish, anywhere you wish – they do not need to be in the same field of view. 

You can jump between elements using the solid, triangular arrow keys in the top, left 
hand toolbar.  

You can delete unwanted elements using the keyboard delete key or the single back-
arrow toolbar icon. 

If required, save the elements for future reference. See section on this later…. 

8. Mount Collection Cap 
Once all of your elements are marked, you can now collect them. 

1. Mount tube in to TubeHolder. 
2. Add your experimental buffer in the cap of an Eppendorf tube. 
3. Mount TubeHolder in to CapMover. 
4. Move CapMover to reference position by pressing the left button on the control 

unit.  
5. Lower the CapMover to about 1 mm above the specimen using the Tube 

lowering/raising lever. 
6. You can make one final check that the cap is still centred by removing the 

microscope eye-piece and looking down the ocular tube – although do not do this 
routinely as it will cause dirt to get in to the microscope and may result in a fine if 
the eyepiece is damaged.. 

9. Initiating Cutting and Catapulting 
You cannot cut with the 5× objective. You can draw your elements at 5×, but will have to 
switch to 20× to cut. If you tell the software you have changed objectives (the top, right 
hand Lens (!) drop down menu) then your elements will be scaled appropriately.  

To cut and collect glass mounted slides you would typically select CC&AutoLPC from 
the Cutting menu. For membrane mounted specimens you would use RoboLPC. Select 
the appropriate collection method for your specimen then press the P.A.L.M. logo button 
to start the procedure. 
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9.1. The Cutting Menu 

Menu Command Description Usage Substrate 

Cut Ablates along line  
determining correct cutting 
parameters 

Membrane or 
glass 

Close&Cut 
Ablates along line then 
ablates straight line between 
start and end point of line 

Create fire wall around ROI Glass 

LPC Single catapult shot 
Collecting single cells or an 
extra push for a stuck 
membrane segment 

Glass or cut 
membrane 

CC&AutoLPC 

Ablates line, closes line then 
automatically applies 
multiple catapult shots to 
catapult entire ROI 

Collecting region of tissue Glass 

RoboLPC 
Ablates line, does not close – 
leaves a tab, applies single 
LPC shot to tab 

Collection of large 
membrane area 

Membrane 

 

10. Verify Specimen Has Been Collected 
1. Withdraw CapMover (right-control button). 
2. Remove specimen slide from stage. 
3. Change objectives to 5×. 
4. Return CapMover to reference position (left-control 

button) 
5. Focus up in to cap.  
6. Check for cell debris or membrane pieces. A membrane 

mounted specimen will retain its shape; a glass mounted 
one will be fragmented. 

7. Withdraw CapMover and click the cap shut. 
8. Remove Tube and TubeHolder. 

 

Press this 
lever in to 
remove 
TubeHolder 
from 
CapMover 
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11. Switching Off the System 
The system needs to be switched off in two places. 

1. Remove specimen. 
2. Wipe off any oil from the 100× objective. 
3. Save your settings (Setup/Save Settings). 
4. Close the software. 
5. Shutdown the PC. 
6. Turn off the PALM control box key. 
7. If you were just using then system for colour imaging, not laser capture, turn 

the laser key back to the ON position once the PALM control box is shut 
down. 

8. Turn off arc-lamp if you used fluorescence. 
9. Put the cover back on the microscope – avoiding the hot arc-lamp. 
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12. Extra Software Features 

12.1. Capturing Images 
The system will capture colour images and save them as Bitmaps. These can be 
subsequently imported to your application of choice. The convention seems to be three 
images for glass mounted specimens, four for membrane mounted ones:  

1. before cut 
2. after cut 
3. after catapulting 
4. the membrane section in the collection cap 

 
When you capture an image, the software asks if you want the elements irreversibly burnt 
in to the image. I would suggest you save the image twice – once with and once without 
the elements burnt in. 

12.2. Switching Between Objectives 
The software will scale the elements you draw if you switch between objectives. So if 
you have a large area you wish to capture you can draw you element with the 5× 
objective and cut at 20×. 

Similarly if you have several areas from a tissue you are collecting from, you can change 
to a lower magnification objective and collect an image of the elements with respect to 
their location in the tissue. 

12.3. Different Element Populations 
Different populations of elements can be defined (healthy/cancerous; glia/neuron; 
transfected/untransfected) and collected separately. 

1. Change graphic too to the arrow. 
2. Select an element by left clicking it. 
3. Right-click the mouse and select Properties from the menu. 
4. Change the colour of the element. 
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Different coloured elements are deemed to represent different populations of interest. The 
information about these populations can be accessed via the element list (menu item 
View/Element list or ‘F5’).  

 

This will allow you access to the area 
information; allow you to cut selected 
areas and leave others; gives coordinate 
information; and can be exported to Excel. 
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12.4. Navigated LCM 
This can be done using the “Serial Section” function of PALMRobo v3 software. 

12.4.1. Define reference marks 
1. Draw around reference marks. Remember the sequence that you draw them. 

2. In elements list (F5) group them (Edit>Add to group) and define them as reference 
marks (Edit>Define Group-Reference-Figure). 

3. Label group “Section1” (Double click group and fill out dialog). 

12.4.2. Define reference elements to be cut 
1. Draw elements and add to “Section1” group (Edit>Add to group) 

12.4.3. Define reference marks in second section 
1. Move to the second section using the stage controls. 

2. Draw around reference marks in the same order as before. 

3. Group the new reference marks (Edit>Create new Group) then define as reference 
marks (Edit> Group-Reference-Figure). 

4. Label the group as “Section2” (Double click group and fill out dialog). 

12.4.4. Transfer elements to second section 
1. In “Elements list” (F5) select “section1” and “section2” groups (shift- click mouse). 

2. Select “Edit>Match Serial Section Group”. 

3. Select “Section1” in left hand column; “Section2” in right hand 

4. Select the “Match-Source Group” mode. Click OK. 

12.4.5. Cut 
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12.5. Saving Elements  
If required, save the elements for future reference (File/Save elements). You will be asked 
to mark a reference point. 

1. Using stage controls go to an uninteresting part of the specimen. 
1. Burn reference cross-hairs 
2. With a marker pen, place a dot on the slide where the objective is focussing (not 

essential but may be helpful in future). 
3. The laser will cut a reference crosshair in the specimen. 
4. Name the elements file in a way to associate it with this particular specimen. 

12.6. Loading Elements 
After you have save the elements with a reference point, you can remove this from the 
stage, return at a later date, load up the elements an return to the parts of the specimen 
you have already marked. 

1. Mount the slide in the front, left hand corner of the slide holder. 
2. Load Elements (File/Load elements…). 
3. From the main menu bar select Move/Goto Reference Position. 
4. The stage should move and you crosshairs should appear in the field of view. 

(If not check to see where the black, marker dot on the slide is in relation to the 
objective). 

5. The reference point will probably be offset. Correct this offset (due to how you’ve 
loaded the slide this time) by redefining the reference point using the menu 
command Move/Define Reference Position. 

6. Click the mouse in the exact centre of the crosshairs cut in to the specimen.  
7. Jump through you elements using the blue triangular arrows in the top left toolbar 

to ensure the recalibration has worked. 
8. You can return to the reference position using the menu item Move/Goto 

Reference Position. 
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