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1. Introduction

The P.A.L.M. system cuts tissue by atomising the molscaleng designated line in a
process called dative photodecompositioriThe P.A.L.M. system will also catapults
tissue in a separate procedsaser Pressure Catapultindg.PC).

1.1.Some Physics...

1.1.1. Laser MicroBeam Microdissection (LMM)

Ablative decomposition is a ‘cold’ cutting method whe: ggjig
sufficient laser beam energy is absorbed by the biecntds e e | S
to break the chemical bonds. The biomolecules Bo | D WY B, el

. - . . i i + 2e°
transformed to rapidly expandimdasmawhich is a cloud of ; ' -
gaseous atomic nuclei and electronfhere are nNO o | wem | Hat | Hoter

. . - <] ! <T< | T=100" I > &
biomolecules left where the ablation occurred. Therlase ™ < ™ore | rianme

|
| | Vails]

pulsed at 33x per second so the plasma rapidly expands ' 5 ;

Liguid ' Gas | Plasma

collapses. This expansion and contraction of the nma: J‘J R
occur so quickly that heat dissipates quickly and ther®is 555 | ¥
marked change in temperature of the specimen. Surroun wecies = miccsies | Wolecutes | tons and
biomolecules are unaffected by the process. Ablation 6C G e o tire| Mo
in a very tight ‘cutting zone’ at the focal point of tf e T e
objective. The laser beam intensity rapidly fall§ afvay o
from the focal point to a level below that sufficiefur http:/fwww.plasmas.org/
ablation.

1.1.2. Laser Pressure Catapulting (LPC)

Physicists argue over whether photons have mass. Bg safoulations they do, but
some consider this is an “outdated concept which is destled”. What is clear is that
photons have momentum and can exert a pressure. S ‘tatigation pressure”is due
to the momentum given up by light 'hitting' a target. Raain pressure is the force that
underlies laser tweezers.

For LPC, the laser is focussed just below the speatisaethat the ‘cutting zone’ is no
longer in the specimen plane. The laser is pulsed andehe defocused laser provides
sufficient radiation pressure to displace the objecbia tollection tube directly above
the field of view.

1.2. Specimen types

The specimen does not need to be stained in a particalafovLaser Microdissection
and Pressure Catapulting-MPC) to work.

Most examples using this system are from fixed, sedfios&ined specimens mounted
on glass slides with no coverslip. The specimen mudeb&xed, but this is usually done
in an early stage of the staining procedure.

Live cells have been successfully harvested this walvittual cells from glass slides;
clusters of live cells from cultures grown on membreoated slides. Entir€. elegans

worms, sandwiched between two membranes, have been ondaand catapulted with
no affect on their viability and ability to reproduce. Sdidmated with the polyethylene-
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naphtalate (PEN) membrane can be bought from P.A.L-®@AD$8 each) or made by
you from PEN sheets.

Gelatine mounted specimens have proved troublesome, bdt paldably be harvested
with appropriate system settings.

Specimens up to 50 um thick have been cut. Single chromodwmwesbheen cut. Such
small specimens need to be visualised with the 100x objentiveso 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 microdissentiecatapulted. Extracts of 500 to
1000 cells were sufficient for reproducible SELDI proteinpcanalyses. Tumour and
normal areas were compared and differentially expregzedeins detected and
characterized.

1.3.2. Gene expression

LMM and LPC along with (real-time) PCR is a very poweétbol to evaluate the DNA
status or gene expression in microdissected samplassfamndard histological specimen

1.3.3. Live cell harvesting
Cells can be harvested in a viable state allowing subeegereultivation.

This allows isolation of:

* morphological distinct cells e.g. from a mixed culture

» transfected cells for further cultivation of only posaty 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 catamgul

* DNA isolation and amplification

» Messenger RNA isolation and amplification

» Protocol for the generation of chromosome specifictpagrprobes



2. System Components
LCD panel

Arc lamp
power

CapMover

UV Laser

Colour
camera

PALM CapMover
control controller
unit

CapMover

CapMover controller

‘

TubeHolder
positive-and-
negative-Axial-
displacement
device

TubeHolder

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,laser capture, ensure the laser power key (not
shown above) is in the OFF position before you swittkhe 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 hathel sf ‘scope).

4. Once the PC has booted and you have logged in with you Wé&tke and
password, start the PALMRobo software.

5. The software will start and ask you to lower the olpjest Do this then click OK.

6. The software should start with a live video feed — you dbneed to start the
camera.

7. Load your saved settingS€tup/Load Settinyjs

4. Centring the Collection Tube

During collection the sample is catapulted upwards anteatetl in the top of an
Eppendorf cap. The Eppendorf tube must be directly abo&athple being collected.

Prior to the start of an experiment, the collectiolbe must be centred over the specimen.
This should be done with a dry tube at the very statte@txperiment — before any tissue
is mounted on the stage. This requires use of the CaggMegembly which comprises of

a CapMover Controller, a TubeHolder and the CapMoveritiseilf.

There are two TubeHolders — one for 200 pl and 500 ul 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 insfde
the capface down(see right).

3. Insert TubeHolder plus tube in CapMover — it should dlick
to place.

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

5. Switch to 5x objective.

6. Focus up in to the tube cap until the circular mould iblMs

7. Use the controller joystick to centre the cap’s dacumould in the field of view.

8

9.

1

. Set this as a reference point by pressing and holding thieotler left button.
Withdraw the CapMover by pressing and holding the rightdltamtroller button
0.Check that the reference position has been stored bsnirey the CapMover to
the reference position by pressing the left hand buttton not hold it down

otherwise a new reference will be set).

These settings should not vary too much between sesditowever, the reference
position may easily be lost so unless you check, you samay 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 covéfslige other inverted
microscopes, the specimen shouldfé@ng up. Mount your slide on the stage ensuring
that the frosted end of the slide is securely positianethe 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 windomedium speed

3. “Stage mode” — very slow movement
(Stage mode is activated by “F7”, mouse double-click irvitieo window or the toolbar hand-icon)

The speeds of these and other (e.g. cutting) movememtiseclurther controlled by the
Speed Toolslider after selecting the movement type from 8peed Toolslrop down
box.

6. Optimise Cutting and Catapulting Settings

Switch to the objective you wish to cut wiihd let the software known theLens Menu
drop-down box (top-right). This is very important. Tineroscope is not automated and
relies on you telling it what objective you are using —jost for spatial calibration, but
for the laser-calibration. Similarly it also needktmw which, if any, fluorescence filter
you are using. Cutting can be aborted at any time witkelgboard ‘Esc” key.

1. In an unimportant region of your specimen draw a wavy limegushe freehand
graphic tool.

2. Set the cut speed to ‘4’ to slow the cut down to enabletiyo@ tom adjust the
settings. This is done with tHepeed Toolslider after theCut option has been
selected from th&peed Tooldrop down box.

3. SelectCut from the Cut Toolsdrop-down box to the right of the bottom of the
screen.

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

5. Start cutting by pressing the large button with the PM.llogo — or ‘F11".

6. Adjust the power upwards using ‘Page Up’ key (‘Page Down’ tevike laser
power) until you see the specimen cutting.

7. Adjust the laser focus up and down (‘Home’ and ‘End’ kaydil 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 cuttitigthe ‘Esc’ keyboard key.

Typically this should result in the correct cuttingdasatapulting settings. Contact Tony
Collins if it does not. These values should not changehrfarcsimilar specimens. Save
the settings for you specimen using the menu comnSstdp/Save settings.These
settings can be retrieved via the menu comn&etdp/Load settings...



www.uhnresearch.ca/wcif

7. Mark Your Specimen

Use the stage controls to move to a part of the spatiou are interested in collecting.
Once you have found a region/cell you wish to collect édseto be flagged as a region
of interest (ROI) — the software refers to theseeksnents Before you make any
elements make sure that the previous ones have been deleted lsyngrése double
back-arrow toolbar icon or selectifge/New elementfom the drop down menu.

Once you've cleared all previoledements make new ones using one of the graphics
tools at the bottom of the screen.

A marked region is called aglementby the software. Make as maelementsas you
wish, anywhere you wish — they do not need to be inaheedield of view.

You can jump betweerlementsusing the solid, triangular arrow keys in the top, left
hand toolbar.

You can delete unwanteglementsusing the keyboard delete key or the single back-
arrow toolbar icon.

If required, save thelementdor future reference. See section on this later....

8. Mount Collection Cap
Once all of youelementsare 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 theblaton on the control

unit.

Lower the CapMover to about 1 mm above the specimenguiie Tube

lowering/raising lever.

6. You can make one final check that the cap is still reginbby removing the
microscope eye-piece and looking down the ocular tubthewusjh do not do this
routinely as it will cause dirt to get in to the miarope and may result in a fine if
the eyepiece is damaged..

o

9. Initiating Cutting and Catapulting

You cannot cut with the 5x objective. You can draw yelementsat 5x, but will have to
switch to 20x to cut. If you tell the software you hatamged objectives (the top, right
handLens(!) drop down menu) then yoetementswill be scaled appropriately.

To cut and collect glass mounted slides you would typicalgctCC&AutoLPC from
the Cutting menu For membrane mounted specimens you wouldRa®LPC Select
the appropriate collection method for your specimen freas 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

determining correct cutting| Membrane or

Cut Ablates along line
parameters glass

Ablates along line then
Close&Cut ablates straight line between Create fire wall around RO Glass
start and end point of line

Collecting single cells or an

LPC Single catapult shot extra push for a stuck Glass or cut
membrane
membrane segment
Ablates line, closes line then
CC&AutoLPC auto_mancally applies Collecting region of tissue Glass
multiple catapult shots to
catapult entire ROI
Ablates line, does not close ~Collection of large
RobolLPC leaves a tab, applies single 9 Membrane

LPC shot to tab membrane area

10. Verify Specimen Has Been Collected

1. Withdraw CapMover (right-control button).

2. Remove specimen slide from stage.

3. Change objectives to 5x. \

4. Return CapMover to reference position (left-control /
button)

5. Focus up in to cap. Press  this

6. Check for cell debris or membrane pieces. A membra??é’n?gve'” o
mounted specimen will retain its shape; a glass mo“”t?ﬁbeHmder
one will be fragmented. from

7. Withdraw CapMover and click the cap shut. CapMover

8. Remove Tube and TubeHolder.
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11. Switching Off the System
The system needs to be switched off in two places.

Remove specimen.

Wipe off any oil from the 100x objective.

Save your settingsSetup/Save Settings

Close the software.

Shutdown the PC.

Turn off the PALM control box key.

If you were just using then system for colour imagingf, laser capture, turn
the laser key back to the ON position once the PALMtrod box is shut
down.

. Turn off arc-lamp if you used fluorescence.

9. Put the cover back on the microscope — avoiding therbdamp.

NoakwhNpE
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12. Extra Software Features

12.1. Capturing Images

The system will capture colour images and save them iasaps. These can be
subsequently imported to your application of choice. The exation seems to be three
images for glass mounted specimens, four for membrane ndooinés:

1. before cut

2. after cut

3. after catapulting

4. the membrane section in the collection cap

When you captre an |mage the software asks if yot maelementsrreversmly burnt
in to the image. | would suggest you save the image twigge with and once without
theelementdurnt in.

12.2. Switching Between Objectives

The software will scale thelementsyou draw if you switch between objectives. So if
you have a large area you wish to capture you can draw lgooemrt with the 5x
objective and cut at 20x.

Similarly if you have several areas from a tissue y@ucallecting from, you can change
to a lower magnification objective and collect an imafi¢he elementswith respect to
their location in the tissue.

12.3. Different Element Populations

Different populations ofelementscan 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 seld®topertiesfrom the menu.
4. Change the colour of the element.

10
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Different colourecelementsare deemed to represent different populations of inteFbst™
information about these populations can be accessed &ialéiment list (menu item
View/Element lisor ‘F5’).

Element List e =]

Sup Rl Eement Laser Chse ' This will allow you access to the area
@B »AED > [ 1 o s | information; allow you to cut selected
Show Types: |41 -/ | areas and leave others; gives coordinate
[ M [ Type [[cut.shot | Aves ] | Commees information; and can be exported to Excel.
O 1 Lice 130
O 2 Lo 1708

4
5  AucCicle e
6 AutcCrcle al)
Ol 7 Da
Ol ¢ Do
OM @ Do

O 0 Line 38D

Summany for Types ard Colors ;

Elemerds s ]|

B 4line: ET13

| T )

B 0o
Totdl ] ET

11
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12.4. Navigated LCM

This can be done using the “Serial Section” functioRAEMRobo v3 software.

Hp wnhPF

12.4.1. Define reference marks
Draw around reference marks. Remember the sequence thdtaye them.

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

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

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

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

Draw around reference marks in the same order as before.

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

Label the group as “Section2” (Double click group and fill datog).

12.4.4. Transfer elements to second section

In “Elements list” (F5) select “sectionl” and “sect® groups (shift- click mouse).
Select “Edit>Match Serial Section Group”.

Select “Section1” in left hand column; “Section2” ighit hand

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

12.4.5. Cut

12
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12.5.Saving Elements

If required, save thelementdor future referencerjle/Save elementsYou will be asked
to mark a reference point.

1. Using stage controls go to an uninteresting part of theirape.

1. Burn reference cross-hairs

2. With a marker pen, place a dot on the slide where thetblgels focussing (not
essential but may be helpful in future).

3. The laser will cut a reference crosshair in the speao.

4. Name theslementdile in a way to associate it with this particular cpgen.

12.6.Loading Elements

After you have save thelementswith a reference point, you can remove this from the
stage, return at a later date, load updl@mmentsan return to the parts of the specimen
you have already marked.

Mount the slide in the front, left hand corner of stide holder.

Load ElementqFile/Load elements)..

From the main menu bar selddbve/Goto Reference Position

The stage should move and you crosshairs should appelae iirekd of view.
(If not check to see where the black, marker dot on e & in relation to the
objective).

5. The reference point will probably be offset. Corréxis bffset (due to how you've
loaded the slide this time) by redefining the referencetposing the menu
commandViove/Define Reference Position

Click the mouse in the exact centre of the crosskairg to the specimen.

Jump through yoelementsising 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 meaomn Move/Goto
Reference Position

PwpdPE

N
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