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I. General Introduction of Cell Biology  



What is a cell? 



Cell: The fundamental functional 
element of life 





Where do cells coming from? 





Eukaryotic Cell Prokaryotic Cell 





How do cells work? 



Organs in Human 



Organelles in a cell 



What is cell biology about? 



A rapid growing lily pollen tube 






Pollen and pollen tube 



Cell cytokinesis 



Molecular Mechanism of Synaptic Function 




New Limb Regeneration 




What is cell biology about? 



Organelle Identification in Plant Cell 



II. Visualizing Cells (Bioimaging) 



Visualizing Cells (Bioimaging) 



Visualizing Cells (Bioimaging) 



Visualizing Cells (Bioimaging) 



What is resolution? 



Resolution is the ability to distinguish closely spaced points as 
separate.  
 
Resolution can also be understood as the least distance between 
two closely opposed points, at which they may be recognized as two 
separate entities.  
 
The smallest distance we can see between points in a 
light microscope (LM) is about 200 nm [There are 1000000 nm 
(= nanometers) in 1 mm] whereas a typical scanning electron 
microscope (SEM) can distinguish gaps smaller than 10 nm.    

Image resolution 



Image resolution 



Image resolution 



Visualizing Cells-Light Microscopy 



Four types of light microscopy 
Bright-field microscopy  Phase-contrast microscopy 

Differential-interference-contrast microscopy Dark-field microscopy 

Visualizing Cells-Light Microscopy 







Visualizing Cells Using Laser 







GFP＝Green 
Fluorescence 

Protein 



Green fluorescent proteins 
(GFP) is found and derived 
from jelly fish first 





What is fluorescence? 



What is fluorescence? 





How to see fluorescence signals？ 















Confocal laser scanning microscopy 



How does a fluorescence microscope work? 



Confocal laser scanning microscopy 



What's this got to do with confocal microscopy? 



How does a confocal microscope work? 
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Confocal laser scanning microscopy 



Visualizing Cell-TIRF Microscopy 



Visualizing Cell-TIRF Microscopy 



Visualizing Cell-TIRF Microscopy 



Visualizing Cell-TIRF Microscopy 



Visualizing Cell-TIRF Microscopy 



Visualizing Cell-TIRF Microscopy 



Visualizing Cell-VAEM 



Visualizing Cell-VAEM 




Super-resolution Microscopy: STROM 



Stochastic Optical Reconstruction Microscopy (STORM) 

The ability of certain molecules to switch between a bright and a 
dark state is the very basic molecular feature underlying all sub-
diffraction imaging techniques. 











Example 1: Two-color conventional (Left) and STORM (right) image of 
microtubules (green) and clathrin-coated pits (red) in a cell 



Example 2: Comparison of conventional and 3D STORM image of mitochondria in a cell 



Lattice light-sheet microscopy 



Nov, 2008, Science 



In order to get a three-dimensional resolution image: 

    Usual confocal microscopy + multiphoton microscopy 

Disadvantages: 

1.Low speed image 

2.High phototoxicity  



DSLM combines: 
  
(i) an imaging speed of 63 million voxels per second,  

 
(ii) A signal-to-noise ratio of 1000:1 at a lateral and axial 

resolution of 300 and 1000 nm, respectively, 
 
(iii) ultralow excitation energies confined to a single plane (1.7 

mJ at 488 nm passing each plane in the zebrafish experiments) 





Detector/Camera 

laser 

Confocal 
pinhole 

laser 

Detector/Camera 

Conventional fluorescence microscopy Light-sheet microscopy 





Live cell migration during embryo development 



The movie shows maximum-intensity projections of a DSLM time-lapse multi-view 
recoding of zebrafish embryonic development, with a view on both the animal and 
vegetal hemispheres. The wild-type zebrafish embryo was injected with H2B-eGFP 
mRNA at the one cell stage.  







light-sheet microscopy 
Advantages:  
1. Low phototoxcity and photobleaching 
2. High scanning speed@4D (different angel) 
3. Great increasing of Z resolution 
4. Good for live cell imaging  

Disadvantages:  
1. Resolution @ cellular level 







Lattice Light-sheet Microscopy 



laser 

Detector/Camera 

Light-sheet microscopy 



Lattice Light-sheet Microscopy Advantages: 

1.  Tremendous high 4D resolution (nanoscale 
subcellular level) 

2.  Super fast imaging speed 
3.  Ultralow phototoxicity and photobleaching 
4.  Coverslide free! 



Watching mitosis 



Lattice Light-sheet Microscopy 



Lattice Light-sheet Microscopy 
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