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6. Atomistic Autophagy:The Structures of Cellular Self-
Digestion (Cell)
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5. Communication by Extracellular Vesicles:Where We
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Cell: The fundamental funct:onal
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Cell specialization/ differen t;;gtion

Muscle cells BESd T Adipose cells







Organs in Human
Human anatomy Q\(b
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Organelles in a cell
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Cell cytokinesis
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New Limb Regeneration
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Organelle Identification in Plgnt Cell
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Visualizing Cells (Bioimaging)
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Visualizing Cells (Bioimaging)
Resolving power of microscopgse(b'o
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What is resolu tion ? 5
LENSES RESOLUTION: %@}Iwng power of the
microscope ds on the width of the
cone of i ation and therefore on both
the cond.gjgr and the objective lens. It is
IMAGE calcl‘I{ed sing the formula
i 0.61 A
the objective lens g‘ resolution =
collects a cone of here-
light rays to create J
specimen an image 6\0 0 = half the angular width of the cone of
rays collected by the objective lens
/ from a typical point in the central
20 the conden %5 region of the specimen (since the
focuses aﬁ maximum width is 180°,
light rgy sin O has a maximum value of 1)
eaché\n' t of the n = the refractive index of the medium
§p@ en (usually air or oil) separating the
LIGHT K\ specimen from the objective and
* condenser lenses
Q A = the wavelength of light used (for white
O light a figure of 0.53 um is commonly
O assumed)




Image resolution o0

Resolution is the ability to distinguish closely s&@gd points as
separate. ?‘

Resolution can also be understood as thg least distance between
two closely opposed points, at whicQ‘h y may be recognized as two

separate entities.
O

O

The smallest distance we caQ@ee between points in a

light microscope (LM) is t 200 nm [There are 1000000 nm
(= nanometers) in 1 whereas a typical scanning electron
microscope (SEM)@distinguish gaps smaller than 10 nm.
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Image resolution O
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Visualizing Cells-Light WMicroscopy
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Visualizing Cells-Light Microscopy
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Four types of light mic@%opy

~ Bright-field microscopy Phase-contrast microscopy
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Dark-field microscopy
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WHICH MICROSCOPE? @
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Transmission electron

microscope (TEM)
I want to look at the surface S

of a sample at high resoluté??*

Stereomicroscope (light)

Compound
microscope Electron
(light) tomography

Confr.ca! iaser
scanainn raicroscope

Scanning electron !
microscope (SEM)




Visualizing Cells Using Laser
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i The Nobel Prize in Chemistry 2008
Osamu Shimomura, Martin Chalfie, Roger Y. Tsien
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Share this: \2\0
The Nobel Prize in Chemi§try

2008

Photo: U_M ontan Photo: U. Montan Photo: U. Montan
Osamu Shim% a Martin Chalfie Roger Y. Tsien
*1 Prize share: 1/3 Prize share: 1/3

Prize sha§

T@Pbel Prize in Chemistry 2008 was awarded jointly to Osamu
Shimomura, Martin Chalfie and Roger Y. Tsien “for the discovery
and development of the green fluorescent protein, GFP".



Roger i“4en

Foxer/fsien (February 1, 1952-August 24,
2016}, a professor of pharmacology, chemistry
ond biochemistry at University of California,
San Diego, shared the 2008 Nobel Prize in
chemistry for helping develop fluorescent
markers that could tag cancer cells or track the
advance of Alzheimer's disease in the brain.

He helped turn green fluorescent protein from a
Jellyfish into a research tool - markers that,
under ultraviolet light, glow in a wide variety of
colors. Researchers use the markers to track
cellular processes in everything from brain cells
to bacteria.

“'ve always been attracted to colors,” Tsien told
the San Diego Union-Tribune in 2008. “Color
helps make the work more interesting and
endurable. It helps when things aren't going
well_ If | had been born colorblind, | probably
never would have gone into this.”

CREDIT: SAM YEH/AFP/Getty Images; Getty;
Umiversify of Califormia, San Diego
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What is fluorescence\%(oo




What is fluorescence\.%(oo

2. Relaxation %0
_— X
Excited State

L

(high energy level) g

1. Excitation ‘Q*

(shorter wavelength) b 3. Emission
@ (longer wavelength)
§ A
O ﬂﬁb
Ground State . N v

(low energy level

Fluorescence signal is generated




Fluorescence Excitation and I(Ebgnission
N

LAMPRODLUCTS, [N

THE VISIBLE SPECTRUM - Waveicngth in Nanometers

N |
400 450 5ol 550 600 650 700 750
(ultra) Violet Blue Cyan Green Yellow Orange Red (infra)

Q
R
Colctr})%an be seen if the wavelength of the
emission photon falls into the visible spectrum.




How to see fluorescence signals ?
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Tools for observing
fluorescence signals in cells
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—— Spinning-disk confocal microscope
Conventional
fluorescence microscope

2013/10/17 Super-resolution fluorescence microscope



Confocal laser scanning microscopy

Confocal and Widefield Fluorescence Micros ¥




How does a fluorescence microsc\g\gé work?
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Confocal laser scanning microscopy

Confocal and Widefield Fluorescence Micros ¥




What's this got to do with confocal miQ@pcopy?




How does a confocal microscope work?
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Wide Fluorescence Microscopy Confocal Microscopy
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Confocal laser scanning microscopy

Confocal and Widefield Fluorescence Mic py
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Visualizing Cell-TIRF Micr?zs.\,g@py
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Visualizing Cell-TIRF Microsgepy
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Visualizing Cell-TIRF Micrczg,ggpy
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Visualizing Cell-TIRF Micros(g@py
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Visualizing Cell-TIRF Microscopy




Visualizing Cell-VAEM
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Visualizing Cell-VAEM
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Stochastic Optical Reconstruction Microscopg(STORM)

The ability of certain molecules to switch bet‘@en a bright and a
dark state is the very basic molecular fea underlying all sub-
diffraction imaging techniques. @

o

‘seB28 1 Diffraction zo 2n

B B.E B f “ \Q& A== B
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Diffraction-limited image




Basic Principle of STORM Superresolution Imaging
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Example 1: Two-color conventional (Left) and STORM (rgght) image of
microtubules (green) and clathrin-coated pits in a cell

Conventional ' STORM

F










Reconstruction of Zebrafish Ear!y
Embryonic Development by S¢&nned
Light Sheet Microscopy eC’

Philipp J. Keller,?* Annette D. Schmidt,? Joachim Witthr@ 34+ Ernst H.K. Stelzer®

5\. Nov, 2008, Science
O\
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In order to get a three-dimensional resolution imaqg%fb

Usual confocal microscopy + multiphot icroscopy
NS
Disadvantages: S
Q\

1.Low speed |mage>
2.High photot@?uty

q
OQ&\
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Q{b
DSLM combines: %@

(i) an imaging speed of 63 million voxel second,
K-
(ii) A signal-to-noise ratio of 1000: a lateral and axial

resolution of 300 and 1000 respectively,

O

(i) ultralow excitation enq@fes confined to a single plane (1.7
mJ at 488 nm passi ach plane in the zebrafish experiments)
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Conventional fluorescence microscopy
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Live cell migration during embryo development
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DSL!VI B = r"ﬁ:e somi

The movie show |mum-intensity projections of a DSLM time-lapse multi-view
recoding of h 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 microscqpy
O

Advantages: %
1. Low phototoxcity and photobleachin@
2. High scanning speed@4D (differesaangel)
3. Great increasing of Z resolutioQK
4. Good for live cell imagin

ging \QA

Disadvantages: @6
1. Resolution @ ceIIuIO vel
X
)
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ADVANCED IMAGING K

Lattice light-sheetdgzlcroscopy:
Imaging molecwles to embryos at
high spatiotgu‘ﬁ)oral resolution

Bi-Chang Chen,"*+ We ‘
Michael W. DavidsaglZ X

Zhe Liu,' Brian P.

. Legant,™* Kai Wang,'* Lin Shao,! Daniel E. Milkie,?
ris Janetopoulos,* Xufeng S. Wu,” John A. Hammer IIL,”
x2lish,! Yuko Mimori-Kiyosue,’ Daniel P. Romero,’ Alex T. Ritter,>°
Jennifer Lippiy oyt schwartz,® Lillian Fritz-Laylin,'® R. Dyche Mullins,'?
Diana M. MifoWN1,'+ Joshua N. Bembenek,"™ Anne-Cecile Reymann,'%'3§
Ralph B . 21 Stephan W. Grill,"*"*§ Jennifer T. Wang,'* Geraldine Seydoux,"*
U. Serdar Tulu,"” Daniel P. Kiehart,'> Eric Betzig'||



The Nobel Prize in Chemistry 2014
Eric Betzig, Stefan W. Hell, William E. Moerner

Share this: @.

The Nobel Prize in Cherg@; y
2014 \e

\\

. £ |
@ Bernd Schuller, Max- Photo: K. Lowder via
Planc k-Institut Wikimedia Commons, CC-

Stefan W. Hell BY-SA-3.0
William E. Moerner

Prize share: 1/3

Prize share: 1/3

Th N?&I Prize in Chemistry 2014 was awarded jointly to Eric

Betzig, Stefan W. Hell and William E. Moerner "for the development
of super-resolved fluorescence microscopy”.
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Detector/Camera 0
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Lattice Light-sheet Microscopy Adygntages:

| W
1. Tremendous high 4D resolg\t! n (nanoscale
subcellular level) ©
2. Super fast imaging sp*%
3. Ultralow phototox'@& and photobleaching
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Watching mitosis
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Lattice Light-sheet Microscopy




Lattice Light-sheet Microscopy
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