Confocal Microscopy &
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Leica TCS SP2/MP2: System Optics Overview
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Leica TCS SP2/MP2: System Optics Overview
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Confocal Spectral Microscope Leica TCS SP5
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Confocal Spectral Microscope Leica TCS SP5
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; £3 image acquisition.
E e “* R Scanner & =42 B ik 0 ik P~ Ultra-Low Photobleaching
| Image acquisition.

ResonantScanner (R)

Max. line frequency Max. line frequency 16000 Hz
Min. line frequency Min. line frequency 8000 Hz
Scan speed granulation Scan speed granulation 1
Max. frame rate 512 x 512 || 5Hz Max. frame rate 512 x 512 25 Hz
Max. frame rate 512x 16| 25 Hz Max. frame rate 512 x 16 250 Hz
Beam park | Yes Beam park No

Max. frame resolution || 8192 x 8192 pixels _[[Max. frame resolution 1024 x 1024 pixels
[ 1.0x-32 Scan zoom 1.7% - 32x
Yes Panning Yes
Field rotation 200° optical
21.2 mm Field diameter 14.8 mm
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spectral image acquisition ) spectral image acquisition )




Mode : Scanning and Image Capturel
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Mode Functions

Xyz  An image stack is recorded from xy-sections in z-direction. ( 3D)

xzy  Animage stack is recorded from xz-sections in y-direction.

Xt A line is recorded several successive times.

xyt  An xy-section is recorded several successive times.

xzt  An xz-section is recorded several successive times.

An image stack is recorded from xy-sections in z-direction
several successive times. (Example: drosomoitose)

Xyzt

xyl  An xy-section is recorded at different wavelengths. ( wavelength )

xzl  An xz-section is recorded at different wavelengths.
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Why confocal microscopy ?

Optical sectioning:
Specimen is monitored slice by slice ( 3D-resolution )
Each slice produces a sharp image by confocal optics Difactad Light tensiy Distiution

Improved resolution power ( PSF ) :
lateral resolution improved
Real axial resolution power

Improved contrast: I ——

Figure 4

Rasterizing the specimen, stray light due to scattering is suppressed
Multi-dimentional acquisition with digital image processing
X-Y-Z-T-1-0-A

New application, FRAP, FLIM, FRET, Cage, Bio-Mapping .......
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Spectral Base Detector
- Software Controller -

Spectral Based Detector
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TCS SP/SP2: Prism Spectrophotometer Benefits

[ |

Intzn&ity [rAncom Lnits |
]
on

<]
31 4
SEY

=~ b =
= L | = = r

ik
TOC 4+
TEl

F\: r 3 "_1- b
= " [t}

Wavelenoth [nm)

» Maximize efficiency »Analyze the spectrum
» Maximize flexibility

» Minimize crosstalk



sk F f%;;tg’ 2 Photomultiplier (PMT)

AREF p LA RFB L ERERE ! S P ERAE TR Y chR B E AL
kT B EPMT)* R EPR BIEHFRAE 0.1NnA, EF 4R T "'f—i 0
% o (Dark current), #& 42 8 347 ©

Incoming Photomultiplier Tube

Photon\ Window

cii‘.?é‘é‘e Dynodes Anode m.

\.Ioltage Dropping
Resistors

Figure 1
. Power Supply Meter



ZEISS LSM 900 with Airyscan 2

Compact Confocal for Multiplex Imaging

QE typical sensitivity of detectors
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ZEISS LSM900 with Airyscan 2

Compact Confocal for Multiplex Imaging
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LSM 900 Neurons DepthCoded 3D, The micrograph shows a Lilium auratum
Fluorescence pollen grain, acquired with Airyscan 2 in
Multiplex mode. Image courtesy of Jan

Michels, Zoological Institute, Kiel
University



ZEISS LSM 900 with Airyscan 2
Compact Confocal for Multiplex
Imaging

Airyscan

Airyscan

Confocal

Drosophila brain, neuromuscular
junction stained for Bruchpilot
(BRP), comparison between
confocal LSM and Airyscan.

Living Pig Kidney Epithelial cells (LLC-PK1),
green: Tubulin-eGFP, red: h2b-mCherry;
Imaged with ZEISS LSM 800 with Airyscan, Plan

Apochromat 63x/1.4 Qil,




ZEISS LSM 900 with Airyscan 2

Compact Confocal for Multiplex Imaging

Drosophila ZEN Connect 1-01 Airyscan Mouse brain slice; EGFP-Thy1l (green): nerve

Processing-01-Stitching-02-Color-coded cells (subset), Calretin-Cy3 (red): Calretinin-

Projection-04-2 expressing neurons,GAD65-Cy5 (blue):
GABAergic synapses. Scale bar 50 um.




Appli{ cation

Xy Acquisition of a single FITC
frames

Non-confocal

Confocal
3D-
structure
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Multidimensional
Confocal Imaging

Drosophila leg, FITC, projection Surface rendering




Multidimensional Xy Scan n I n g

Confocal Imaging

* Sample overview
* Colocalization studies

* Resolution-enhanced,
high contrast images

Endothelial cells
=== FITC (Actin)
- Mito-Tracker




Multidimensional
Confocal Imaging

XZ

Beam is scanned in x-direction
Sample is moved in z (z-stage)

Z resolution depends on axial resolution
of objective, generally 2x less than in xy
y Xy: 180 nm, z: 360 nm

X * Orientation of sample

e Spatial relations between structures in z

e Polarized cells




Multidimensional XZ SCa.n n I ng

Confocal Imaging

* Up to 20 frames per second with the Leica TCS SP2!

Convallaria

Starch grain
- Cell wall



Multidimensional

Confocal Imaging Xyz
y X Beam is scanned
—Begn 1N Xxandy direction
IZ and sample is moved
v ., Inzviagalvo stage or
electronic focus of
microscope

* Optical sectioning,

* 3D stacks

* 3D projections

* 3D Animations

e Developmental Biology e Structural information from large
focal depth — just depending on the

® Neuroscience stack size!
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Application

3D-Section

#/y slice:
#/z slice:
viz slice:
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Xy scanning, special:
ROI (region of interest)

* Freely configurable laser lines and Fibroblasts
intensities for ROI's and surrounding ROl 1 543 Cy3 (Intermediate
area Filaments)

°* FRAP ROI 2 all lines

* Uncaging ROI 3 488 FITC (Microtubules)

ROI 4 UV DAPI (Nucleus)
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Multi-dimensional Live-cell Imaging System

Functions:

1. Provide non-invasive ways to observe and measure
the In situ behavior of gene products.

2. Analysis of the dynamics of proteins
association/dissociations at cellular structures.
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Time-Series

 Line-Mode ,xt"

* Frame-Mode ,xyt"

Xy

I
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» Stack-Mode ,xyzt" |




Traditional Live Cell Observation

Up-right microscope with Water Lens or Inverted microscope
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Computerized Fluorescence Inverted Microscope
Leica DM IRE 2 HC

Universal Microscope Controller
with
Remote Control Knob

Objectives :
The best axial and laterial resolution
Optimized correction for cell-imaging

HCX PL-APO 10x/0.40 Ph 1

HCX N Plan L20x/0.40 Ph 1, 0-2 mm corr
HCX PI-Fluotar L40x/0.60 Ph 2, 0-2 mm corr
HCX PL-APO 100x/1.35 OIL Ph 3
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Sutter DG-4 light source:
* Quick wavelength switcher (<2msec)
* Quick shutter and modulator
of output energy
« 175 Watt xenon lamp

Even and planar illumination: Light source is
coupled to the microscope via an optical fiber

Filter Position 1 Filter Position 2



Filters in the DG-4 and the microscope :
no moving parts in the microscope

Switching excitating filters between 1 & 2 in the DG-4
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Computerized Fluorescence Inverted Microscope

Leica DM IRE 2 HC
Fluorescence Filters

Built-in Four
Microscope
Filters

CFP
YFP
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Computerized Z-positioner
To obtain the Stack Imaging

The precision nosepiece
to be controlled by

1. Remote Control Knob
2. Software (MetaMorph)

100x Plan APO HCX CS N.A. 1.35
matched R.l. immersion oil



Leica DM IRE2 microscope
enclosed within a computerized CO,-incubator for
Indispensable thermal and mechanical stability

Microincubation
Imaging-Chamber



http://www.major.com.tw/p_1_2_cm_ASMDW.htm
http://www.major.com.tw/p_1_2_cm_ASMDW.htm

Microincubation imaging-chamber:
mechanical stability

Open / Close / Perfusion




A Stable System on the vibration-free table

Beads Do Not Move during 2-Color 4-D Acquisitions
Measured light intensities at the bead’s center are stable

mmmmmmmmmmmmmmmmmmmmm
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mmmmmmmmm
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Roper Scientific Cooled CCD Camera
Cool SNAP-HQ

High sensitivity, High Resolution, High Speed @5‘“ >
* Interline Progessive Scan 1392 x 1040 pixels

* Pixel size: 6.45 x 6.45 ym

« Low read-out noise: 6 e’/sec at 10 MHz, 8 e-/sec at 20 MHz
* Electronic shuttering, “full speed overlapped” read-out

* programmable read-out capabilities (subregion, binning)

« - 30 °C Cooling - reduce noise

Region
1392x 1040 512x512 256 x 256
1x1 10 19 30
£ 2x2 18 30 44
-E 3x3 24 38 51
4x4 29 43 56

(Frames per second)

200 300 460 500 600 700 800 200 1000 1100

Note: Frame rates are measured at 20 MHz with O-second exposure times.
Wavelength (nm)



Software: MetaMorph System

integrated imagining system for maximized control

Fe
LY J M E I A M O R P H!mage Acquisition and Processing Software
= us Integrated Systems for Biological Imaging

Multi-dimensional imaging

3D reconstruction/ deconvolution
Time lapse recording

Z-series acquisition
Morphometry: Cell counting

abhwphE
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CCD Camera



ASTEC

SAERHAE

*Real-Time
Cultured Cell
Monitoring
System (MSC
Normal light)

CCM-330F

CCM-500F

Resolutions

3.3 Mega Pixels (2048x1536)

5.0 Mega Pixels (2560x1920)

Camera / Chip Size Cooled CCD / 1/2 Inch Cooled CCD / 2/3 Inch
Cooling Peltier Divice RT-10°C Peltier Divice RT-10C
Pixel Size 3.45um x 3.45um 3.4um x 3.4pm
B0 viow, 707 x 530 pm 870 x 650 pm

Exposure Time

1.6ps x 17.9min

1.6ps x 17.9min

Capturing Interval 1min - 24h 1min - 24h
Image Format TIFF / BMP TIFF / BMP
—' _Ug{g,gt;:gﬁ Hens X 10/ NA0.22 X 10/ NAQ.22
e " x40 X360
Light Source (VIS) White LED White LED
-- Light Source (FL) Blue LED Blue LED

Excitation Filter

472.5nm Half band width 30nm

472.5nm Half band width 30nm

Fluorescence Filter

520nm Half band width 35nm

520nm Half band width 35nm

Dichroic Mirror

503nm - 730nm

503nm - 730nm

Focus Adjustment

Remote Control from the Controller

Remote Control from the Controller

PC

WindowsXP Professional SP2

WindowsXP Professional SP2

CPU

Intel Pentium4, 3.0GHz 512MB and up

Intel Pentium4, 3.0GHz 512MB and up

Standard Display

SXGA 17" LCD display

SXGA 17" LCD display

Camera Unit Dimensions

W165 x D275 x H165 (8.0kg)

W165 x D275 x H165 (8.0kg)

Controller Dimensions

W220 x D260 x H120 (6.0kg)

W220 x D260 x H120 (6.0kg)
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Cell migration assay / Wound healing assay
da

Confluent
monolayer

l

Scratch the monolayer
surface carefully
and wash

(Time 0 h)

l

Take pictures at
timely intervals

of the wounded area
until its closure

C 100 -
S 80+
© i Epithelial Mesenchymal
§ o DCS;I?JAXlL behavior behavior
T 40 - 1 (cohesive unidirectional (random migration)
£ ] migration)
2 20
0 " .
0 6 12
Time (h)

The morphological and molecular features of the epithelial-to-mesenchymal transition
Moreno-Bueno et al., Nature Protocols 4, 1591 - 1613 (2009)
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IVIS™

Biology and User-Driven Technology and
Instrumentation Development




IVIS Spectrum Imaging: Sensitive, quantitative, multi-modal

In Vitro High Resolution 3D tomographic quantification,
S o CT co-registration

Multi-modal

_ _ | Single cell sensitivity in-vivo
Bioluminescence Fluorescent . AT1-luc2-1A4 _
PC3M-luc  Conjugate — protein — GFP High throughput

54 Herceptin®

in vitro 9 in vivo
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cote o IVIS Spectrum
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Basic Methodology

Animal Models Microorganisms
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Cell Lines Fluorescent Dyes

4

Biological Reporters Imaging Hardware Imaging Software

56

in vitro e in vivo



Reporter Molecules

Fluorescent dyes
Luciferase, —

Fluor
Protein

rp——
HWI
111

Quantum dots

Label Cells Label Bacteria Label Genes

in vitro e in vivo
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IVIS Spectrum Concept

Emission
Filter Wheel - —— CCD
|7 24 Positions :
— p—
— Laser Galvanometer
for Structured Light
Excitation Reflectance & Surface Topography
Filter Wheel I [llumination
Reflection-Mode 12 Positions
lllumination biber
Bundle
Switch
|
Lamp )-m—m
58

in vitro e in vivo
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IVIS Spectrum Concept

Emission

Filter Wheel - —— CCD
|> 24 Positions

Laser Galvanometer
for Structured Light

& Surface Topography
Filter Wheel

Transmission-  12Positons

Mode I_

Hlumination

Excitation I

Lamp I

x-y Translation Stage

59

in vitro e in vivo



Y Caliper

Number of

Dye Moleculeg

1015

1014

1013

60

Comparison of Epi and Trans lllumination

Epi-lllumination Reveals Shallow Signals Better Than Trans-Illlumination, But
Offers Limited Sensitivity For Deep Tissue Fluorescence Imaging

Surface (shallow depth) signal

Different Concentrations of Alexafluor 680
dye
molecules injected subcutaneously

Ex: 640 nm / Em:700 nm

Deep Tissue signal

Signal/ bkg=110

Signal/ bkg=1.10

Pillow Containing 1x1015 molecules of
Alexafluor 680 Dye implanted medial to left
kidney

Ex: 620 nm / Em:700 nm

in vitro e in vivo
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Cell Transplantation and Trafficking Patterns

Stem Cell Foci Formation and Stem Cell Viability
Hematopoiesis

Control

Transplantation of 250 Luc+ HSC into Lethally In Vivo Visualization of ES Cell Survival,
Irradiated Hosts Proliferation, and Migration After Cardiac
Cao et al, Stem Cells, 2004 Delivery

Cao et al, Circulation, 2006
61
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