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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

• Improved resolution power ( PSF ) :

lateral resolution improved 

Real axial resolution power

• Improved contrast:

Rasterizing the specimen, stray light due to scattering is suppressed

• Multi-dimentional acquisition with digital image processing

X-Y-Z-T-I--

• New application, FRAP, FLIM, FRET, Cage, Bio-Mapping .......
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Leica TCS SP2/MP2: System Optics Overview
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多光子
螢光影像
感測用的
附加光電
倍增管
PMT

穿透光影像感測 PMT ( Phase contrast, DIC )

螢光感測用 PMT

( 依組配有 1 – 4 個
Channel )

K-Scanner

Z-軸掃描

分光鏡

掃描器冷卻裝置

鏡頭瞳孔照明
之光徑調控鏡

分光菱鏡

UV 光針孔鏡
Pinhole lens

5



Confocal Spectral Microscope Leica TCS SP5

Tandem Scanner 在同一個掃描器, 可切換使用兩組的掃描器, 

完全微電腦控制.

C Scanner提供超高光學解晰的影像擷取 Ultra High resolution 

image acquisition.

R Scanner提供超高速的影像擷取 Ultra-Low Photobleaching 

image acquisition.
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LEICA STELLARIS 光譜式共軛焦顯微鏡系統
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https://www.major.com.tw/Product.aspx?BigClassID=4607ef9e-1df9-4206-afbf-4f66ab76b3f3&ClassID=3b83f09a-bbee-436c-bf40-1d669be680e5
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Tau-Seperation 時脈頻譜技術是用來讀取螢光染劑的螢光衰減周期的時間訊號, 依據每一種染
劑的螢光衰減周期的時間, 把訊號抽離分開, 所以, 可以取得清晰的多種訊號的螢光影像.



Mode Functions

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

xzy An image 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.

xyzt
An image stack is recorded from xy-sections in z-direction 

several successive times. (Example: drosomoitose)

xyl

---

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

xzl An xz-section is recorded at different wavelengths.

Mode : Scanning and Image Capture
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drosomitose.wmv


Frame-Mode xyt Configuration
Time-lapse vs. Real Time (movie)
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EB1COS7.wmv
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Stack-Mode xyzt Configuration
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光電倍增器 Photomultiplier (PMT)
主要運用在分光譜後的共軛焦顯微鏡上共軛焦顯微鏡所使用的感測器是

光電倍增器(PMT)所提供的感測器精密度達 0.1 nA, 俱有冷卻設計,可除去暗
電流 ( Dark current ), 提供超高解析。
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Spectral Based Detector

Spectral Base Detector
- Software Controller -
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TCS SP/SP2: Prism Spectrophotometer Benefits 

 Maximize efficiency

 Maximize flexibility

 Minimize crosstalk

Analyze the spectrum
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ZEISS LSM 900 with Airyscan 2
Compact Confocal for Multiplex Imaging 

螢光感測器可以選擇傳統光電倍增管
(PMT)或是磷酸砷化鎵(GaAsP)感測器

LSM900 同時支援Zeiss 最新技術 Airyscan 2 

XYZ解析度同步提升2倍的超高解析技術
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LSM 900 Neurons DepthCoded 3D, 

Fluorescence

The micrograph shows a Lilium auratum 

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 
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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 Oil,

Drosophila brain, neuromuscular 

junction stained for Bruchpilot 

(BRP), comparison between 

confocal LSM and Airyscan.

ZEISS LSM 900 with Airyscan 2
Compact Confocal for Multiplex 

Imaging 
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ZEISS LSM 900 with Airyscan 2
Compact Confocal for Multiplex Imaging 

Drosophila ZEN Connect 1-01 Airyscan

Processing-01-Stitching-02-Color-coded 

Projection-04-2

Mouse brain slice; EGFP-Thy1 (green): nerve 

cells (subset), Calretin-Cy3 (red): Calretinin-

expressing neurons,GAD65-Cy5 (blue): 

GABAergic synapses. Scale bar 50 µm.19



xy

x

y

Acquisition of a single 

frames

xy

z

Drosophila leg, 

FITC

Non-confocal

Confocal
3D-

structure
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Multidimensional 

Confocal Imaging xyz projections: different algorithms

Drosophila leg, FITC,   projection                                     Surface rendering
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Multidimensional 

Confocal Imaging

Endothelial cells
FITC (Actin)

Mito-Tracker

xy scanning

• Sample overview

• Colocalization studies

• Resolution-enhanced,

high contrast images
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Multidimensional 

Confocal Imaging

xz

z

x

y

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

xy: 180 nm, z: 360 nm

Orientation of sample

Spatial relations between structures in z

Polarized cells
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Multidimensional 

Confocal Imaging
xz scanning

Convallaria

Starch grain

Cell wall

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

Confocal Imaging xyz

x
y

z

Begin

End

• Optical sectioning, 

• 3D stacks

• 3D projections

• 3D Animations

• Structural information from large     

focal depth – just depending on the 

stack size!

Beam is scanned

in x and y direction

and sample is moved

in z via galvo stage or

electronic focus of 

microscope

Developmental Biology

Neuroscience
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3D (xyz) series 
Continuous scanning

Number of optic sections
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Application

3D-Section
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3D_section.wmv
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Two-photon excitation microscopy provides x-y-z 3D axes precision 

photolabeling of targeted cellular or subcellular structure with a resolution 

up to 250nm.The figure shows xyz precision labeling of nuclei.

XYZ position precision photolabeling
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xy scanning, special: 

ROI (region of interest)

• Freely configurable laser lines and 

intensities for ROI´s and surrounding 

area

• FRAP

• Uncaging

Fibroblasts

ROI 1  543  Cy3 (Intermediate 

Filaments)

ROI 2  all lines

ROI 3  488 FITC (Microtubules) 

ROI 4  UV  DAPI (Nucleus)
30
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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.

Multi-dimensional Live-cell Imaging System

Functions:
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Time-Series 

• Line-Mode „xt“

• Frame-Mode „xyt“

• Stack-Mode „xyzt“
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Traditional Live Cell Observation

Up-right microscope with Water Lens  or  Inverted microscope
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LAB-TEK® II 

CHAMBERED COVERGLASS

NUNC FLASKETTE®  

CHAMBER SLIDE/FLASKS 
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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 Pl-Fluotar L40x/0.60 Ph 2, 0-2 mm corr

HCX PL-APO 100x/1.35 OIL Ph 3
Universal Microscope Controller  

with 

Remote Control Knob

Computerized Fluorescence Inverted Microscope

Leica DM IRE 2 HC
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http://www.major.com.tw/p_4_1_ASMDW.htm
http://www.major.com.tw/p_4_1_ASMDW.htm
http://www.major.com.tw/p_1_2_cm_ASMDW.htm
http://www.major.com.tw/p_1_2_cm_ASMDW.htm


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 41



Computerized Fluorescence Inverted Microscope

Leica DM IRE 2 HC

Fluorescence Filters

Built-in Four

Microscope 

Filters

• GFP

• CFP

• YFP

• DsRed
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Leica DM IRE2 microscope

enclosed within a computerized CO2-incubator for 

indispensable thermal and mechanical stability

CO2 controller

Microincubation 

Imaging-Chamber43

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
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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
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Software: MetaMorph System
integrated imagining system for maximized control

1. Multi-dimensional imaging

2. 3D reconstruction/ deconvolution

3. Time lapse recording

4. Z-series acquisition

5. Morphometry: Cell counting
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https://www.youtube.com/watch?v=7DBnu3NAinE 47

https://www.youtube.com/watch?v=7DBnu3NAinE


https://www.youtube.com/watch?v=qQe5aRfyVW8

EVOS Onstage Incubator (OSI-2) is an accessory for EVOS 

M5000 and EVOS M7000 Imaging Systems that enables the incubation of 

cells at user-defined temperature, humidity, and gas (O2, CO2 or N2), for 

capture of images and recording of time-lapse movies of live-cells under 

physiological and non-physiological conditions (e.g., hypoxia) over long 

periods of time.
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https://www.youtube.com/watch?v=qQe5aRfyVW8
https://www.thermofisher.com/tw/zt/home/life-science/cell-analysis/cellular-imaging/evos-cell-imaging-systems/models/evos-m5000.html
https://www.thermofisher.com/tw/zt/home/life-science/cell-analysis/cellular-imaging/evos-cell-imaging-systems/models/evos-m7000.html
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ASTEC
弘優科技代理

•Real-Time 

Cultured Cell 

Monitoring 

System (MSC 

Normal light) 
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Mesenchymal_Stem_Cell_NormalLight.wmv
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ASTEC CCM-MULTI
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ASTEC CCM-MULTI
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Cell migration assay / Wound healing assay

The morphological and molecular features of the epithelial-to-mesenchymal transition  

Moreno-Bueno et al., Nature Protocols 4, 1591 - 1613 (2009)
54

23.9-wound_healing.mov
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IVIS™

Biology

+

Instrumentation

Biology and User-Driven Technology and 
Instrumentation Development 
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IVIS Spectrum Concept

Reflection-Mode 

Illumination
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IVIS Spectrum Concept

Transmission-

Mode 

Illumination
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IVIS Spectrum Imaging: Sensitive, quantitative, multi-modal

High ResolutionIn Vitro

Fluorescent

Conjugate –

Herceptin®

Bioluminescence

PC3M-luc

3D tomographic quantification,

CT co-registration

Fluorescent

protein – GFP

Single cell sensitivity in-vivo

4T1-luc2-1A4

Multi-modal

High throughput
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IVIS Spectrum
10 excitation filters (35 nm bandwidth)

Emission

filter wheel

Excitation

filter wheel

Lens

assembly

Optical

switch

Transillumination

Fiber bundle

Scanning

laser

Heated 

sample

stage

CCD, TE-

cooled to -90C

18 emission filters (20 nm bandwidth)
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Basic Methodology

Biological Reporters Imaging Hardware Imaging Software
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Reporter Molecules

Luciferase, 
Fluorescent 

Protein

Fluorescent dyes

Quantum dots

Label Cells Label Bacteria Label Genes

ATP and O2 required for luciferase 
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Epi Trans

1015

1014

1013

Ex: 640 nm / Em:700 nm

Number of 
Dye Molecules

Surface (shallow depth) signal

Signal/ bkg=110Signal/ bkg=1.10

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

kidney

Epi Trans

Deep Tissue signal

Different Concentrations of Alexafluor 680 
dye 

molecules injected  subcutaneously

Ex: 620 nm / Em:700 nm

Epi-Illumination Reveals Shallow Signals Better Than Trans-Illumination, But 

Offers Limited Sensitivity For Deep Tissue Fluorescence Imaging

Comparison of Epi and Trans Illumination
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Cell Transplantation and Trafficking Patterns

Cao et al, Circulation, 2006

Stem Cell Viability 

In Vivo Visualization of ES Cell Survival, 
Proliferation, and Migration After Cardiac 

Delivery
Cao et al, Stem Cells, 2004

Stem Cell Foci Formation and 
Hematopoiesis

Transplantation of 250 Luc+ HSC into Lethally 
Irradiated Hosts


