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RECORD YOUR USE IN THE LOG SHEET

FOLLOW THIS GUIDE STEP-BY-STEP
UNTIL YOU ARE FAMILIAR WITH
THE SYSTEM OPERATION.

. STARTING THE LSM510

1. Turn on the arc lamp power supply to
the left of the microscope

below the microscope. (The

power supply should be cool; if

not, wait about 15 minutes.)

If the system
main power and
Hg lamp are
OFF, start here:

2. Using the main power switch next to

If_the system turn on the microscope, scanner and Arc lamp power supply Main power switch
main power and computer system Continue to Step 3.
Hg lamp are

ON, start here:

3. Enter cisruser for username and password in the log-in window.

4. A black DOS window will open. Allow it to process and

C|OS€ on ItS own. & Switchboard x|
Carl Zeiss
5. Double CliCk on the LSM 510 iCOﬂ_ Laser Scanning Microscope LSM 510 version 3.0 SP3
Sl Scan New Images
6. From the LSM 510 Switchboard menu, click the @ ﬁ
Use Existing Images
“Scan New Images”() button and the R
“Start Expert Mode'() button. # | StartRoutine Mode
@ Start Expert Mode

The LSM will go through instrument initialization and open _
a tOOl bar Iabeled “LSM EXpert MOde.” ?n?’t?::srI'?@mcgzsrizgﬁs?;.;ﬁsli;?gonioﬂ Corporation. Al rights reseryed
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Il. CREATING A DATABASE FOR IMAGE STORAGE

EILSM 510 - [ #pe IMud [ %]

1. Click the “File’(®) button from LSM 510 tool bar. Pt e D, T et S 22
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2. Click “New”(%) button.

Selecting different buttons on the upper toolbar
changes the buttons available on the lower toolbar.

3. Type in a data base name in the ‘File Name” field. Cr=ate N e - 2z

Establish the location of the database to be created Create |ﬁ Mew Liser & £5 ER-
by setting the drive in the “Create In” field; open the : —
appropriate folder by double-clicking on a folder
icon from the list displayed.

4. Click the “Create” button. A window will open showing a
blank database. Do not enter anything in the
spaces at this time. All images that are saved
during your confocal session will be automatically

saved in this database. File name: | Create |
Create type I,-L\II Files (=7 d Cancel |
5. Close the database window to reduce screen clutter. This will allow you to create a new database to store your

images, experimental setup and comments from your
confocal session. If you previously created a database,
click the“Open” button instead of the “New” button.
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1. Click the “Acquire’@ button from the LSM 510 tool bar. E e -

The bottom row of buttons will change to the ones . 25 poen [T wves [ e [ oo [ [T v
pictured at the right. ———t= —
oh|t|zln|emalm] [o =
Laser Micra Config Scan Edit AOI | TimeSeries| EditBleach| Stage VIS TY LSM

2. Click the “Laser’@ button.

3. A “‘Laser Control” menu with a list of available lasers
will pop up. Using the mouse, click on the laser(s) BESSEREIIE
with the appropriate wavelength(s) to excite the
specimen dyes. The laser(s) may already be on
from the previous use. See end of this section for
common dyes and their appropriate lasers.

Laszer Lnit Wavelength

.":".[I] [a]g} .-"E

4. If the “Argon” laser is off, click the “Standby” button.
When status indicates “Ready”, set the “Output %”
to 50% and then press the “On” button. When the
laser fires a “Tube Current” value will appear. A
current of 5.5-6.5 is normal. If the Argon laser
status says “connected,” turn the output to 50% ff

and press “On.” Status: connected
Tube Currert; 0.0 A Standby |
” . A ﬂ

5. For “HeNe” lasers, just press “On;” the lasers will go Output [%2] Eﬂ_}
through a brief warm-up period.

Mawirium Power: 0.0 mw
W avelength: 458 477 488, 514 nm

1
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6. Close the menu to reduce screen clutter.



The Argon/2 laser should be used to excite green
emitting dyes such as , and and is
also used for CFP, and excitation.

The HeNe1 laser is used to excite red emitting dyes such
as CY3 and Rhodamine.

The HeNe2 laser is used to excite far-red emitting dyes
such as Cy5, TOPRO3 and Alexa 647.

Laser Wavelength Dyes
Argon/2 458,477,488, FITC, Alexa 488, Cy2,
514nm GFP,CFP, YFP
HeNe1 543nm Rhodamine, Cy3
Cy5, Alexa 647,
HeNe2 633nm TO-PRO 3

IV. LOOKING IN THE MICROSCOPE TO VISUALLY SET UP YOUR SPECIMEN

1. Check the objectives before proceeding.

A. Remove the stage insert and clean off any oll
with a Kimwipe.

B. Clean each oil objective with lens paper.

C. If you find a significant amount of oil or any other
substance on any lens or the stage or the objective

turret, please inform a CISR staff member.
Replace the stage insert.

2. Press the “Micro”(7) Button from the “Acquire” menu of
the LSM toolbar to see “Microscope Control.”

3. Select the ‘VIS”button near the right side of the tool
bar. This opens the shutter to the eyepieces.

4. On the “Microscope Control” window, select the
objective by clicking the “Objective"@ button.

5.Make sure the sample cover glass is clean, dry and
sealed. If using a lens marked “oil”, apply a small
amount of immersion oil to the lens surface. Do
not allow oil from other microscopes to mix with the
oil on this system.

6. Mount the specimen on the stage. Remember that for
inverted microscopes - those with the objectives

below the stage - microscope slides must be placed
upside-down.

In the event of a spill,
quickly wipe up all liquid.
Notify a Cell Imaging Core staff
member immediately. Timing is
critical because expensive optics and
electronics in the scan head can be
damaged if liquid drips through the
top of the microscope.

4 LSM 510 - Expert Mode

Do not force the insert into place. The
insert and stage are precision aligned
and must be handled carefully to
avoid damage.
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Laser MIE'DD: Config Scan Edit ROl | TimeSeries| EditBleach|  Stage VIS 1K LSM
& Microscope Control HE

CFP GFP YEP 3 l e

Trang O Trans OFF (k] it} |
Transmitted
/ Light
- ot 00%
@ E Objective
F‘lar-'r.z’-\i:qchmmat?ﬁ?ixﬂ 40 DIIIG"
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Caution: Do not switch objectives if a
specimen has already been placed on the
stage with an immersion lens. When
switching between oil- or water- immersion
and dry, first remove and clean the slide
surface prior to switching lenses!



& Microscope Control BEE
7. To view the specimen in transmitted light (white light), e — _
“ 9 e “ ” lﬁi&rnmnﬁnﬁmﬂ !
set the “Reflector’(1) position to “None”. Close:
I "i :l\.pply.l 'S,.t:o're.l Déll_étel Assigh Butkon I
CFP GFP YFP C3 l

8. Click the box for “Transmitted Light’ (1) and click the
ON button. Set the power to 1 or 2 using the slider.
Or use the “HAL” switch on the side of the

TrarsOM | Trans OFF i i |

microscope. Traizg;:'{itted
9. Bring the sample into focus. / _J
|| ofF Doz
Objective
10. Turn off the transmitted (white light) using the “HAL” E PlarvAbachiomat &3] 4 DI DIC
switch or by clicking the ON button again.
Reflector

Reflected

@ Nane: @ Light

®)

11. To view in fluorescence, click on the ‘Reflector”@
button and select the appropriate filter set.@

Tube Lens
12. Switch on the fluorescence excitation using the “FL” AI Lens 1.SM
switch on the side of the microscope or click the
box for “Reflected Light’@ to ON. Reverse the
switching process to turn off fluorescence

eXCitation. “
. . . . E CFP
13. After the specimen is focused, the area of interest is
selected, and fluorescence is confirmed, press the
“LSM’(@) button on the right side of the tool bar to @) m GFP
set the microscope for confocal imaging.
h vy
er
o . hl cr
14. Close the “Microscope Control” window to reduce

screen clutter.
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File Acquire Process 3D View Macro Options Maintain Window H
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V. CHOOSING THE CONFIGURATION

2 L5M 510 - Expert Mode e =]

File Acquire Process 3D View Macio Options Maintain  Window Help
5 - :
% Optians ﬁ Maintain
.

@ File I/% Acquire i;( Process | 3D View % Macro
< | =

g | @ | ® =
WIS 1K LSt

Scan Edit ROI | TimeSeries| EditBleach| Stage

1.Press the “Config”@ button from the Acquire menu in
the LSM 510 toolbar.

Laser Micro

& Configuration Conbiol B x|

I Chaniel Mode Lambda Mode Closs
2. Click on “Multi Track'@® - used for collecting 2 or more I. — . . =i
Single Track ulti Tracl o

signals separately or

. 5 . T Spectra
“Single Track'@) - used for collecting 1, 2 or 3 =
. . H H witch tracks after eacl Line Frame Frame Fast
signals simultaneously. Atrackis activewhena | i — —I—II = |
check appears in front of aTFEitc for iple Ch;nnes 4ISDSI[HE] \1
Generally, it's best to use Multi Track for samples Lhe track name. To. S = i
| ) eactivate any particular i)
with more than one fluorophor. track, uncheck the box that [ st | femore S, || || | i
appears in front of the track ——— -
ael =2 Descanned Mo Descanned
. ] . ) OO0000 e
3. Click on the “Config'{® button on the Configuration ors
Control window. Frae Z|
BF 505560 [
U W Ch2
BP 560-615 [ ]
. MNFT B35 %5
4. A “Track Configuration@ menu will appear. Open the @ @ %LM "M
pull-down menu and select the filter configuration HET 4543 Z| AN
for the dye(s) you are using (e.g. FITC/Rhodamine)
Specimen
|
- Ccho
5. Click the “Apply” button. e -
Don't click “Store” or “Delete” for any of the default e e :
confi gu rations Stare / Appaly Configuration
) Cloze:
Configurations: |l
T 2 [Blexa 438, FITC)
Cv 2/CY 3
6. The correct settings and tracks for the configuration you — . 50 Texss Red)
have chosen will appear in the “Beam Path and o bl
Channel Assignment’gg) window. Do not alter s
. . Online Fingerprinting £t /Rho/CY5
these settings unless you are an expert with these | cieryelon
i = |Rhe/Cv5
propertles' Ratio z"c:?p fiar triple:
z*cfp far triple w ds
Z*Cv'5 for dual wé Fitc

Z*CuE for dual v Fibio
2*C'5 for triple
Camera 2Fite for dual w Cr'a
T
7. Now is a good time to check the laser setting for each

H H H ) I 1ach EN0YE Qrey ingle Tracl u;_|-
channel. Click the excitation button@) . It's better L=t s | sty s e ek |
to start low and raise the laser strength as needed |HEaliitialliiE I

while optimizing (see section VI-5) than to start too —{
high and risk bleaching or damaging your sample.
Plate: @
Suggested laser power ranges for imaging are: D B 505550 [jl
Argon - 1-10 e
HeNe1 - 1-30 NFT 83515 E E |:| i =3 e T
H N 2 - 1_30 = ¢ Ch3d Line active  Transmission [%] e 7
eNe o E MFT 545 &E = - 48ehm ITUF._‘J _|_ﬂ ° Close
/48505430838 il e B ——=1Tk
tone |,/7] [ aeaom [ ¢ 4l | I3 e
: I St [100 | 4] 1 e
— Fisam [0 4= 3 4
Specimen - ? r a3 W_‘J — | _’l o'




2. The first window to appear is “Mode”@ which allows

the user to choose the size of the image and zoom
level as well as bit depth. The default is 8-bit or
256 shades of gray from a value of 0 for black to
255 for saturated. To have the best quality image,
we want to use that entire range.
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VI. LASER SCANNING

1.Click the “Scan”@ button from the LSM510 tool bar to
get the “Scan Control” window.

eit Mode i s
File Acquire Process 3D View Macro Options Maintain  Window Help
@ File I.Vlz] R Pluwssl D View ﬁ Mocrul% melﬁ Miﬂainl
P = i
Aldg =4 @ B o= ® | = | [
Lasar Micro | Canlig ____55_g3£ EditROI | TimeSeries| EdiBleach|  Stags VIS ™ oM
=
1 |
@ i f— | ZSelings ‘ Close
. EEN = z
* oot Line || —Frame @ = Stack =
Objective Lens, Image Size & Line Step Factor e
Obijective I Plan-Apachromat 5x/0.16 J {:}O
128 | o | s12 | 024 | oo4p | NoFied
Frame Size x 12 T 12 LineStep |1 - @
5 Fast =
Soan Speed Bl Kl ———— [0 ﬁ

Single

Pixel Time: 1.60 ps Scan Time: 2,95 sec

Pixel Depth, Scan Direction & Scan Average

©

a

[Diata Depth

sBt |12Bit Maode | Line 'I £l

Zoom, Rotation & Offset

2 [T A ——— 2|1]
Rotation R ——— —— [D|[a]

¢
Difset ||~ S
T Ees;l

Offset %: 0.00 pm
QOffset ¥: 0.00 pm

Methad | Mean 'I
Scan Direction | e p Number | 1 B

L
-/

Why it's important to optimize your image using the entire intensity range:

0

In this image the intensity
ranges from 30-174. The
picture looks flat and dull, and
it’s difficult to discern detail.

In this image, the intensity ranges
from 0-255, but many pixels are
saturated, and detail is lost in a
wash of white. It's not that it’s
hard to see detail; it's no longer
there.

In this image, the intensity also
ranges from 0-255, but now very
few pixels are saturated. All
detail is preserved. This image
gives us the most information
about the original sample.



& Scan Control - x|
Mods Channels £ Setings | Ciose 7
3. To optimize your_ image, use the controls in the O g = I —
Channels & window: L
Chavels TG || The pinhole value determines
A. Adjust the pinhole slider so all channels = Fud_f| the thickness of the sample
have the same optical slice thickness and no @) | B || from which light is gathered.
h Ih inhol lue | th 1.0 Ai Fxr || Higher pinhole values= more
channel has a pinhole value less than 1.0 Airy D) & || light reaching the detector.
unit. i M ilke] sk || However, a larger pinhole
Optical slics < 53.4 um Pinhole @ = 1.41 iy Units @ means that z-sections and
B. Click “Fast XY”@)to compose your image e el gr(;je"tion(sf""i” ha;": less
: e beplfer Offset [ 01 4 > efinition (fuzzier) because
and select your desired initial focus. stimean [ 4 ————— 3 =0 oo slice will be thicker.
Pinhole sizes need to be
Line active. Trersission 7] L matched across channels to
C. For multi-labeled specimens it is easier to view e l@ﬂ'—ﬂ . insure a!ccurgtet signal level
. . . . . M 43znm | 100 | H = "|l¥] < comparison between
the image in spift soreen where each label s faid i d 112 (@O ok, Maiched pinholes
out side by side. The "Split XY’ button is M stém [15 | ———— ¥ + S Al AR L =
located on the right side of the image window. Fosem @ 3 - stacks.
I e3em [218 4| | ¥ »
D. Under Channel Settings there are buttons for

each dye in the configuration you have selected.
The first channel listed will be shown in the upper
left-hand corner of “Split XY” display.

E. Click “Palette”@ and select “Range

Indicator.” A specialized look-up table is applied o
so that all of pixels with a value of 0 are bright %
blue and all the of the pixels with a value of 255 ol
are bright red. A good quality image will have &
only a few blue and a few red pixels. e
& Configuration Control 3
F. Turn off all bune channel by clicking in the | cromeies Lanbida Hade -
boxes to the left @0 of the channels in the : : ‘
Configuration Control window. [ T
s
Switch tracks after each lT Frame Frame Fast
ame I Channels l Light [nm) [ +
G. To make the image brighter or dimmer by gﬂ'ﬁ'&'f{f’ o2 “ =
increasing or decreasing the saturation (depicted orsforti. Ot 833 £| =
by red pixels,) adjust “Detector Gain”(31) . The ek et STk | g
lower the detector gain, the less noise in the ‘
image. Sy
Suggested gain range: 500 - 700 OO gy

Absolute limit: 900 for Channels 2 and 3, 750

for Channel S1
x
- — —
= ﬁ 0 @ Shd‘z .......... =
Options for acquiring an image are available from (i -”““" ?'?
the Scan Control window. Options for how the T =
image is displayed are available on the toolbar to =

the right of the image.

Pinhole [317 4] = »_1 | M= / singe

. . . Optical sice < 53.4 um Pinhole = 1.41 Ay Units @

Values in all windows can be adjusted by ! -
using the sliders, typing in a value, or clicking @-»l DelecorGan | 550 4] gl L

on an arrow button. Hold down the CTRL AmpiferOffsst | 01 4] T B

key while clicking for fine adjustments. Ampifes Gain [ —



- 3
4. To adjust the Amplifier Offset: 39 . - UZSe | e
y L‘”EI’=FrEmE =lE Staci i
A. While still in Range Indicator, turn off the laser by !
clicking in the checked box to the left of the e Qo
wavelength@. (Remember which one you turned [T =
off so you can turn the right one on again!) g
B. Adjust the Amplifier Offset slider to achieve the Pmmle[.m,za‘mlzmﬂ‘lp,nho.emzwﬂjlmm é
appearance of a starry night - many blue dots on a S ) e
field of black. Since the slider is very sensitive, it =~ (3)) [[wmora T 4 | Eﬁ
may be best to use the arrows at either end. At A | ™ e
some point, one click in either direction will make a .
big change in the amount of “stars.” If neither of % i et i
those settings is satisfactory, press the Control key = e [ ———— ] -
while clicking with the mouse. This will give you @ P o [5 4| -
fine control. o gﬂ J_Jﬂ X
I e3em [218 4| | ¥ »
C. When you are finished adjusting the Amplifier

Offset for a channel, turn the laser back on.

Fiead. 5124512.1 chae b1 R mage da. Dl Zoon 15, Pl Range ncato T2 512l ot St Dy 200l 1 ) ool il Rty 512 512 1 channel . b R mape ta Doy Zoom 115 Pt Rarge I

The image will have a great deal of The resulting image will have low This adjustment is correct. The
contrast, but low-level signal will be contrast. image will have good contrast and
lost. will preserve sample detail.

5. If the signal intensity is weak, you can increase laser
strength@, but be careful! A high laser setting can
bleach your sample or create phototoxic conditions ‘ Dose
in live specimens. o st — wef —rne| P V| B s ﬁ

Objective Lens, Image Size & Line Step Factor

4 Scan Control £l

Mode Channels | Z Settings

6. Other options for improving image quality are available Obigstive | Plarpschrona 50,16 ER el )
from the “Mode” G9 window under Scan Control: 12 | o | 2 | e | ave | b
Frame Size e 512 ! I 512 Line Step | 1 - @
. . Fast XY

A. Increase the resolution, called “Frame Size”(3)
in the Scan Control window. This will result in 5%:3“ Eﬂwm sca‘lnnme;zsﬂjll Sige
larger files and slower acquisition times. Pixel Depth, Scan Diraction & Scan Average S0}
Data Depth 8Bt 12 Bt Mode | Line = Slop

“ 9, Methad | Mean h

B. Set the “Scan Speed’(j) based on the somtiscin [ 5| e @

appearance of your image scanned on the “single”
or “continuous” setting. A scan speed of 7 or 6
works well for bright fluorescence. Zoom, Rotatlon & Offset

Zoom T — I
C. Averaging@) (mode set on “mean”) of 4 - 8 . md= Hof
should improve signal-to-noise; however, the image . /[\ —
acquisition rate will be slower and photobleaching ~ ;if;,

will be greater, Dffset ¥ 0.00um

Offset 0.00 um




7. To zoom into an area of interest: = Unnamed5 * - AIM : E 9

A. Click the “Crop”@ button on the lower part of
the toolbar. Zooming will enlarge an area of interest
by scanning the laser into a smaller area of the
field of view. This function can actually increase the
X,Y resolution of an image.

B. A red box will appear on your image.

C. To reposition the box, click and drag the center.
D. To resize, click and drag a corner of the red box.

E. To change either the horizontal or vertical
dimensions, click and drag a side of the box.

F. To rotate the box, click and drag one of the
bisecting lines that extend past the box’s perimeter.

Fieady, 512 1 512 , 2 channsls . & bit , Display Zoom - 1

G. Changes take effect once the “Single” button is
clicked, and they remain in effect for subsequent
images unless the reset button in the Scan
Control window is clicked. Note that zoom and
rotation can be controlled from that window also.

After an image is zoomed, it may be necessary to readjust
the Detector Gain.

8. To save your image, click the ‘Save” or “Save As”
button on the right side of the image. The default
location for saving the file will be the database you
created after you opened the LSM program.

VIl. Z-SECTIONING

Once you have set up your image as defined in the above
section, you can collect a series of confocal images through all Hode | gromee | zotims
or any of the focal planes of your specimen. The focus motor N e ——

must work against gravity to accurately accomplish Z sectioning,
which means that the objective must move through focus from Letng

Stack Z Size: 19.00 pm

*  Spot

—

the lowest point to the highest point. o e B ZSke
Z Sectioning 4’] ..fa'.!f f."SF"I:.af.t Hyperfine Z Sectioning
1. Press the “Z Sta_ck” button on the “Scan Control” s [E— 4| —— | o
menu. The “Z-Settings” window is now active. FmE i @
ﬁalkast 10,00 pm
A. Click on the “Mark FirstILast” tab. ek Las| 2004
B. Click “Fast XY” @ - [ETER — A — Midl Last
e (Kl ——
C. Move the focus manually down (towards the R0

microscope user) until the image of the specimen fiozCon () oz
begins to disappear, then click the “Mark First”
button in the Z settings section.

D. Now move the focus in the opposite direction
(away from the user) until the image of the other
side of the specimen begins to disappear. Click
“Mark Last.”@)

E. Click the “Stop” button.@



4 5can Contiol x| 10

2. Click the pink and yellow Z Slice ” button.

Maode LChannels Z Settings .

3. The “Optical Slice"@ window will open. Click the *  spor| — Linel:'Frame D “R%jl el -

“Optimal Interval”@interval button to set the

number of Z-slices based on your pinhole size. [ZSetings —————__{jnoA
Stack Z Size: 19.00 pm e : p
Focus 0.00 pm e ?nd
4. To start the z sectioning dick “Start 1/1 @ button. The ZSectioning | Mark FigtiLast | Hoperfne 2 Sectonng | g
system will automatically begin Z sectioning. Be NumSices [ 20 4 | » i
careful not to bump the air table or the microscope o o 50
until z sectioning is completed. : Start
ﬂark First| -10.00 pm @
All the acquired z slicescan be viewed by changing Lk Lest] 900 Stop
into “Gallery” E)mode. This button is located to the
right of the image. Moveto B Firstl = Midl Last
. . . eff. Carr. J—
A black bar will be shown under the image and will i 1] == o x%%an
move from left to right, showing that the 510 is in XYZ=1:11 =
the process of z sectioning. The laser will stop x|
scanning automatically when z sectioning is done. e | pomrs s [
5. The entire stack of imageésj can be saved with “Save” or R OO
“Save As” buttons (5 on the right side of the PIRSSSRR 7/
image. Rl
g Ehﬂs-h ?hﬂ?—T?_ @
0 pm O pm
V"I SHUTDOWN Optimal Intesval 0.44 pm Optimal Pinhole Diamater |

If the system will not be used again before 6:00p.m.:

1. Click the Laser button within the LSM program and turn
off all lasers.

2. Exit the LSM program.

3. Back up your data now or, if you have saved it on
CISRstore, later from your lab.

4. Log out of the computer session.
Click “Start” on the Windows task bar.
Click on ”Log Off”.
DO NOT use the computer power switch to turn off -
the computer.

5. Clean any oil off objectives and stage. As long as the “Z series” button remains depressed, the
movie clap board button will initiate a series rather than a
6. Sign out on the log sheet. single image. (Note that the icon is labeled “start” rather

than “single”.) To return to single mode, you must de-
7. When the cooling fan for the Argon laser cuts off (about  select “z-series” by clicking on it again.
three minutes after the laser is turned off,) and not
before, turn off both power switches.

If the system will be used again before 6:00p.m.:

Follow steps 2 through 6 above.



Protocol for Access to 704 Light Hall
Cell Imaging Shared Resource, October 15, 2024

Room Access

You must use your VU ID card to unlock the main door.
e Your VU ID card must be authorized to open the door (see authorization below.)
After entry the door must be closed and locked — DO NOT prop the door open.
Do not lend your card to anyone for entry — you will be responsible for loss or damage.

If your card is lost or stolen, report it immediately to a CISR staff member (see contact
below.)

Authorization

Authorization of your card will require registration and proof of training.

Useful Links
CISR’s homepage: https://my.vanderbilt.edu/cisr/

Contact Information
Sean Schaffer 343-3750, sean.schaffer@vanderbilt.edu
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