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Molecular Structure of Cells

1.  All living organisms are composed of one or more cells
2. Cells are the smallest units of life

3.  New cells come only from pre-existing cells by cell division
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Fluorescent Microscope

Standard (wide-field)

fluorescence microscopy.

Confocal fluorescence microscopy.




Cell Structure

B Prokaryotes
Simple cell structure

No nucleus

B Eukaryotes
More complex cells
DNA enclosed within membrane-bound nucleus

Internal membranes form organelles

Prokaryotic cells

Two categories of prokaryotes:

B Bacteria
Small cells, 1 Jm — 10 Jm in diameter
Very abundant in environment and our bodies
Vast majority are not harmful to humans

Some species cause disease

B Archaea
Also small cells, I Jm — 10 Mm in diameter
Less common

Often found in extreme environments




Eukaryotic cells

B DNA is housed inside membrane-bound nucleus
B Compartmentalized functions

B Organelles
! Membrane-bound compartments

! Each has a unique structure and function

B Variety
! Shape, size, and organization of cells vary considerably
! Differences between species

I Differences between specialized cell types

Animal cell

Copyright © The McGraw-Hill Ct i Inc. ission required for ion or display.
Nucleus:
Area where most of
Nuclear pore: ?he gene.tic material
Passageway for is organized and
Centrosome: molecules into and expressed.
Site where out of the nucleus. - Nuclear envelope: Nucleolus:
microtubules grow Double membrane Site for ribosome
and centrioles are Nucleus that encloses the subunit assembly.
found. nucleus.
Membranous
Lysosome:
organelle Site where

macromolecules
are degraded.

Site of protein .
sorting and 4 s

secration. < v 3 A 5 Non-membranous
15— THaF7 - oD - ) organelle

Smooth ER: ~ A ] y E:_ Site of polypeptide
Site of detoxification / N - 3

S
i synthesis.
and lipid synthesis. .

Chromatin:
A complex of
protein and DNA.

Mitochondrion:

Site of ATP synthesis. Plasma membrane:

Membrane that controls
movement of substances
into and out of the cell;

Cytoskeleton: site of cell signaling.

Protein filaments that
provide shape and aid
in movement.

Cytosol:
Site of many metabolic
Peroxisome: pathways.
Site where hydrogen peroxide
and other harmful molecules
are broken down.

Golgi apparatus:
Site of modification,

sorting, and secretion
of lipids and proteins.




Dissecting animal cells with fluorescence nanoscopy

Chromatin substructures
Centrioles
. Nuclear pores

Cytoplasmic ribosomes

Vesicles

- =
v " Peroxisome
Focal adhesion

NATURE REVIEWS | MOLECULAR CELL BIOLOGY VOLUME 18 | 2017 | 689

l

The Cytosol

B Region of a eukaryotic cell that is outside the cell organelles but

inside the plasma membrane

B Cytoplasm includes everything inside the plasma membrane
Cytosol
Endomembrane system

Semiautonomous organelles




Cytoskeleton: the Cell skeleton

Network of three types of protein filaments

B Microtubules

Long, hollow cylindrical structures

Dynamic instability

B Intermediate filaments
Intermediate in size

Form twisted, ropelike structure

B Actin filaments

Also known as microfilaments

Long, thin fibers

Microfilament Intermediate filaments Microtubule

®cnd ©cw |

o) = s
95" Fibrous subunit =¥ m B-tubulin - a-tubulin
; monomer  monomer

Cell membrane

Nucleus

10 pm 10 pm
(A)  Microfilaments (B) Intermediate filaments (C) Microtubules
Made up of strands of the protein actin; Made up of fibrous proteins organized Long, holiow cylinders made up of many
often interact with strands of other proteins. into tough, ropelike assemblies that molecules of the protein tubulin. Tubulin
stabilize a cell's structure and help consists of two subunits, c-tubulin and
maintain its shape. B-tubulin.
4.10: Courtesy of Vic Small, Austrian Academy of Sciences, Salzburg, Austria.

http://www.macmillanhighered.com/BrainHoney/Resource/6716/digital_first_content/trunk/test/hillis2e/hillis2e_ch04_5.html
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Vimentin network in HeLa cell

Intermediate filament
( ) bivalent VB6 (bivVB6)-Nb-labeled vimentin network

.. . /

o

vimantin dimer

‘ bivakent VBG-Nb g

1 August 2017 | Volume 8 | Article 1030 doi: 10.3389/fimmu.2017.01030

The Nucleus and Endomembrane System

B Network of membranes enclosing the nucleus, endoplasmic

reticulum, Golgi apparatus, lysosomes, and vacuoles
B Also includes plasma membrane

B May be directly connected to each other or pass materials via

vesicles

11




Nuclear envelope

B Double-membrane structure enclosing nucleus

B Outer membrane of the nuclear envelope is continuous with the

ER membrane
B Nuclear pores provide passageways

B Materials within the nucleus are nof part of the endomembrane

system

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
Pore  Nucleus

Nucleolus
Chromatin Chromatin
Nucleolus Nuclear lamina

- Nuclear envelope

Pore in nuclear
envelope

—— Pore complexes

membranes
of nuclear
envelope

Chromatin in nucleus

Internal nuclear matrix

Nucleus
Inner membrane
Nuclear envelope
Nuclear < Outer membrane
pore I" - .
complex l Nuclear lamin proteins

Cytosol
(top right): © Dr. Donald Fawcett/Visuals Unlimited; (middle right): © Dr. Richard Kessel & Dr. Gene Shih/Visuals Unlimited
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ER LUMEN,

CYTOSOL

8 GFP

NUCLEOPLASM

&

endogenous

*NE and ER membrane continuities

* Outer nuclear membrane: shares its proteins and
functional properties with the ER, whose lumen is
continuous with

the perinuclear space

* The inner nuclear membrane
has unique characteristics.
It contains a distinct set
of membrane proteins,
i.e. Lamin B receptor(LBR)

The Journal of Cell Biology, Volume 138, Number 6, September 22, 1997 1193—1206

Model of nuclear envelope reassembly.

((BR diffuses freely within \
an interconnected ER

network that surrounds the

Immobilization of LBR receptor at contact sites betwepn

ER and chromatin.

spindle apparatus N 'o.___- o P
GO ¥ GDC_:._ o,"*'"ﬂ o wn \
oo » Lo g -
déz oo d 7
\ j 4 by > { L
52 00 L -,
Q ] % o
O'Q o DOOT &) T.- = .‘f S
Q, _O' o,?qa-c ' Py —0..'0.-
L S|P
Metaphase Late Anaphase
Equilibration of the mobilized LBR
molecules within the ER/NE system
. N " - N - @)re binding sites \
&, ‘,ﬂ"'o b ) .- B OTS 9 ae become exposed as the
I - Nl . A > .
/- L) | LR-= dle retracts
ol ® (a ¢ i, o & spin 5
¥ 8 S =1 | trappi LBR
% 5 I XtE % || | trapping more
g = — b \ -
e "lc..-" . SWehl %% | molecules and
AN == 3 ' 2 | forcing ER membranes
to wrap around the
Interphase Telophase )
chromatin
Diffusion of LBR from ER to inner nuclear membrane an
immobilize by binding to chromatin

B~

-
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Nuclear envelope reassembly after mitosis

O oo
_ Inner nuclear membrane
E o

Prophase Metaphase

Elophse Late snaphase Barly araphase

NATuRE REVIEWS | Molecular cell Biology VOIUME 10 | MARCH 2009 | 181

Nuclear Envelope (Lamin A + C)

Nuclear lamins A/C control chromatin organization, gene transcription, DNA replication, DNA damage responses,

cell cycle progression, cell differentiation, and cell polarization during migration

Nucleus. 2014;5(5):396-401
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Nucleus

B Chromosomes

Composed of DNA and proteins = chromatin

B Nuclear matrix

Filamentous network

Organizes chromosomes

B Ribosome assembly occurs in the nucleolus

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Courtesy of Felix A. Habermann
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Nucleus - HDAC?2 (histone deacetylase 2)

* Responsible for the deacetylation of lysine residues of core histones (H2A, H2B, H3 and
H4)

* Forms transcriptional repressor complexes by associating with YY1, a mammalian zinc-
finger transcription factor.

* Plays an important role in transcriptional regulation, cell cycle progression and

developmental events
23

Nucleolus - PAF49

* A subunit of RNA polymerase I

* Tyr phosphorylation of CAST/hPAF49 is important for signaling during T-cell activation

Panov, K. L, Panova, T. B., Gadal, O., Nishiyama, K., Saito, T., Russell, J., & Zomerdijk, J. C. B. M. (2006). RNA Polymerase I-Specific Subunit CAST/hPAF49 Has a Role in the
Activation of Transcription by Upstream Binding Factor. Molecular and Cellular Biology, 26(14), 5436-5448. http://doi.org/10.1128/MCB.00230-06

16




Centromere —gamma Tubulin

spindle microtubules are all made from the same G/B-tubulin heterodimers

Endoplasmic reticulum

B Network of membranes that form flattened, fluid-filled tubules or cisternae
B ER membrane encloses a single compartment called the ER lumen

B Rough endoplasmic reticulum (rough ER)
Studded with ribosomes

Involved in protein synthesis and sorting

B Smooth endoplasmic reticulum (smooth ER)
Lacks ribosomes
Detoxification, carbohydrate metabolism, calcium balance, synthesis, and modification

of lipids

17
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Nuclear
Nucleolus Nucleus '\ envelope Rough ER Smooth ER Nucleus
| |

0t pm

Ribosomes ER lumen Cisternae Rough ER Smooth ER Mitochondrion

Ribosomes

© Dennis Kunkel Microscopy, Inc/Phototake
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The ER shaping proteins at three-way junctions

(a)

Cytosol

Reticulons or

ENlccsccesssssssesscssssessessssssss

Three-way junction

Lumen \ - e Three-way junction

Curr Opin Cell Biol. 2013 August ; 25(4): 428-433.
doi:10.1016/j.ceb.2013.02.006.
28
18




Curr Opin Cell Biol. 2013 August ; 25(4): 428-433. doi:10.1016/j.ceb.2013.02.006. 29

Endoplasmic Reticulum - GRP94

* Heat Shock Protein (HSP) 90 family — GRP94

* Induction upon glucose deprivation
* The only HSP90-like protein that resides in the ER.

* Up-regulation is often used as a hallmark of responses to ER stress

Eletto, D., Dersh, D., & Argon, Y. (2010). GRP9%4 in ER Quality Control and Stress Responses. Seminars in Cell & Developmental Biology, 21(5), 479-485.
hitp://doi.org/10.1016/j.semcdb.2010.03.004 19




Golgi apparatus

B Also called the Golgi body, Golgi complex, or simply Golgi
B Stack of flattened, membrane-bounded compartments
B Vesicles transport materials between stacks

B Three overlapping functions

! Secretion, processing, and protein sorting

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
Secretory pathway
l

Cargo in vesicle

Cargo released
outside cell

Lumen of
endoplasmic
reticulum

-

Plasma
membrane

Cis Medial
I I

Rough endoplasmic reticulum Golgi apparatus

Trans
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Golgi Apparatus - GOLGAS

* A coiled-coil membrane protein
* Play a role in vesicle tethering and docking

* Translocations involving this gene and the ret proto-oncogene have

been found in tumor tissues

Lysosomes

B Contain acid hydrolases that perform hydrolysis

B Many different types of acid hydrolases to break down proteins,

carbohydrates, nucleic acids, and lipids

B Autophagy

Recycling of worn-out organelles through endocytosis

21




Lysosome - LAMP2

* Major protein components of the lysosomal membrane.

* LAMP-2 is required for the maturation of autophagosomes by fusion

with lysosomes
* Danon disease( cardiomyopathy disease) are thought to be mediated by

loss of the LAMP-2B isoform

Acta Neuropathol (2015) 129:391-398
35

Vacuoles

B Functions are extremely varied, and they differ among cell types

and environmental conditions
B Central vacuoles in plants for storage and support
B Contractile vacuoles in protists for expelling excess water

B Phagocytic vacuoles in protists and white blood cells for

degradation

22
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Contractil
vacuole

Food vacuole

(a) Central vacuole in a plant cell (b) Contractile vacuoles in an algal cell (c) Food vacuoles in a paramecium

a: © E.H. Newcomb & S.E. Frederick/Biological Photo Service; b: Courtesy Dr. Peter Luykx, Biology, University of Miami;
c: © Dr. David Patterson/Photo Researchers, Inc.

Peroxisomes

B Catalyze certain reactions that break down molecules by removing

hydrogen or adding oxygen
® Hydrogen peroxide (H,0,) is a byproduct

B Catalase breaks down dangerous H,O, into water and oxygen

23
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1 Vesicles bud from the ER and 2 The import of additional
fuse with each other to form proteins and lipids results
a premature peroxisome. in a mature peroxisome.

Premature peroxisome Mature peroxisome

B g

\ Division

3 Mature peroxisomes
may divide to produce
more peroxisomes.

0.25 pm
A

(inset): © The McGraw-Hill Companies, Inc./Al Telser, photographer

Plasma membrane

B Boundary between the cell and the extracellular environment

B Functions
! Membrane transport in and out of cell, with selective permeability

I Cell signaling using receptors

! Cell adhesion

24
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L A e Cell 1
Cell adhesion:
Proteins in the plasma
membrane of adjacent cells

o o " ’
A
T
’ \ 2

Membrane transport: 9 -
Proteins in the plasma Glucose Pl i

membrane allow the @ o '%\‘\q}‘\':%‘
transport of substances\e s ‘.'-';.‘.qs,}' o We'e ®
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Cell signaling: <% -

An extracellular signal \ S

binds to a receptor in ]

Signal response

the plasma membrane
that activates a signal
transduction pathway,
leading to a cellular
response.

transduction
pathway

Semiautonomous Organelles

B Mitochondria and chloroplasts
B Grow and divide to reproduce themselves

B They are not completely autonomous because they depend on the cell

for synthesis of internal components

25
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Animal cell

Mitochondrion

Plant cell

Mitochondria

B Primary role is to make ATP

B Outer and inner membrane
_l Intermembrane space and mitochondrial matrix

B Also involved in the synthesis, modification, and breakdown of several

types of cellular molecules

B Contain their own DNA, divide by binary fission

26
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Outer
membrane

Intermembrane
space
Inner
membrane

Mitochondrial
matrix

© Dr. Donald Fawcett/Visuals Unlimited

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Mitochondrial chromosome
located in nucleoid

Mitochondrial
genome replicates.

2 Mitochondrion
begins to divide
by binary fission.

3 Binary fission is
completed.

ransmission electron
(b) T issi lect
micrographs of the
(a) Binary fission of process
mitochondria

© T. Kanaseki and Dr. Donald Fawcett/Visuals Unlimited




Mitochondria - COX4 (cytochrome c oxidase subunit IV )

Cytochrome C oxidase assembly and stabilization is dependent on the presence of Cox4 and on
Zn(I1) coordination in Cox4

The Journal of Biological Chemistry 282, 8926-8934
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Fluorescence Microscopy
Applications in Cell Biology

FRAFELLFR IR B

<kelitsai@cc.kmu.edu.tw> & p 4 % 2244

=

Principle of Fluorescence
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Biological Imaging of the Living Cell

m  Anin vivo approach is required to study transport or
signalling of biomolecules in living cells.

m  So far, microscopy combined with fluorescence
technique remains a major tool in cellular biological
studies.

Biological
Imageng

30 Science 300 (5616) 4 April, 2003
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How to find the guy (or biomolecule) of
your interest?

Fluorescence helps you to find the guy (or biomolecule)!

Cao et al. (2005). Am. J. Physiol. 289: E543—-E550
32
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Physical Basis of Fluorescence

=

Electron Orbitals of Atom
Low energy orbital

Copyright & The MoGraw Companies, Inc. Permission reguired for repreduction or display.
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Sodium atom (Na) Chlorine atom (Cl)

Fox (2004) High energy orbital
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Electron Transition between Energy States

Energy 5

Fig. 9.25. Comparison of

electronic energy states 1n atoms

and molecules. G is the |
ground state and £, and £, are

two possible excited states. In ‘
molecules the total number of G

encrgy states is increased
because of molecular rotations

and vibrations. [ Atom

e .2 Excited state 2

— . ——=—= Excited state 1

Ground state

Molecule

Single atom

Molecule

Duncan (1990)

Excitation and Relaxation of Electron

Energy

{a) Molecular (b} Nonradiative
absorption relaxation
IR Vis uy
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Energy-level diagram showing some of the energy changes that occur during
{a) absorption, (b) nonradiative relaxation, and (c) fluorescence by a molec-

ular species.

FIuore.scence is the result of Skoog (1992)
releasing excess energy of electrons
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Light as a Form of Energy

E: energy of light
h: Planck’s constant

h-c
E=hv=—- c: light speed
A u: frequency
A: wave length

- Visible Light T

350 400 450 500 550 GO0 Ba0 7oa

Wavelength, A (in nanometers)

Shorter wavelength means higher energy

= S

Fluorescence Mechanism

|ons| ABisug

X |

Fluoroprobe Q —————————————————————— —

Excitation Emission

Jablonski diagram for fluorescence mechanism
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Fluorochrome

m Substance that can be excited to emit fluorescence
is a fluorescent dye, or fluorochrome

m  Most biological fluorochrome have rigid ring
structure, therefore limiting non-radiative energy
transfer (e.g. vibration)

The Effect of Structural Rigidity

It is found experimentally that fluorescence is particularly favored in rigid
molecules. For example, under similar conditions of measurement, the
quantum efficiency of fluorene is nearly 1.0, whereas that of biphenyl is
about 0.2:

C

H,

Auorene biphenyl

Skoog (1992)

= S

Efficiency of Fluorescence Emission

B a7
¥
wa [T Ko
Fluoresceno other relaxat
| gProcesses
: ¥
SO0—

Ficure 1-4 A simplified Jablonski diagram emphasizing transition rates.

I
I'+k

Higher quantum yield means brighter fluorescence

Q (quantum yield) =

Periasamy (2001)
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Absorption of Light Energy and
Electron Transition

Absorption spectrum

S1 T X
1]
"" | - “L
’I LY
s - o
SO l . '\\
------------------- )

wavelength

Light energy absorbed is used in the promotion of

electron energy state
Periasamy (2001)
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Excitation and Emission Spectra

Excitation wavelength, nm S-‘r .
mm "®.. s
| .
8l g hvg, hvg,
| &
5k —=2, Excitation spectrum
| SD
| h-c
B E=hp="—
" —— Emission spectrum A
5§z {b)
Bs u: frequency
A: wave length
%0 30 @
Emission wavelength, nm
ot Excitation wavelength is always

Fluorescence spectra for 1 ppm

anthracene in alcohol: (a) excita- shorter than emission Wavelength

tion spectrum; (b) emission spec-

o Skoog (1992)
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Introduction to Fluorescence and
Cellular Imaging Methods

= S

Fluorescence and Cellular Imaging
Methods

m Epi-fluorescence Microscopy and Microflurospectrometry
m Cellular Imaging

m Confocal Laser Scanning Microscopy

38
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Basic Components in a Fluorescence

Instrument
(Unabsorbed
— bl AR
v “, N
o ZY
= Blue ay Yellow
Yellow V777 > Yellowiy—*
S Red 77
~ | Infrared |74 N
i.3;--.-.-.:1 I Red N
Light source, Excitation Fluorescing Barrier Eye

PO

e.g. mercury lamp

Light source
Excitation filter

(primary filter) specimen

(secondary) filter

Fluorescing specimen (fluorochrome)

Emission filter

Duncan (1990)

Fig. 9.33. (a) FITC excitation
and fluorescence characteristics.
Note that peak excitation
occurs arround 480 nm while
peak fluorescence occurs at

540 nm. (b) Typical
commercially available filter

set for FITC fluorescence
microscopy (Zeiss).

FITC FITC
> excitation emission
% FITC excitafion
&
o1 . FITC
= /|| fluorescence
2
®
2 - PR
o 300 400 600
(a) A (nm)
Aty FITC
excitation emission
| ]
| |
0.9+ 1
- |
i
0.7 For
_E L comparison
w0 {
2 - BG 12
: 0.5+ \
® 20,
= 03 |
|
| i | |
400 500 600
(b) A{nm)
Excitation Emission
filter filter
(Band -pass) (Long- pass)

39

Filter types

1. Band-pass
2. Long-pass
3. Short-pass

700

Duncan (1990)
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Dichromatic Mirror

Long-pass
Dichromatic Mirror
(Beam Splitter)

at EEE O Light beams with
$ o7f wavelengths longer than
§ o9 a certain value is
! transmitted through the

— e | ]
400 500 600 700

dichromatic mirror, while

X {rirn) . .
- " the remaining is reflected
Fluorescence emission
Chromatic
Excitation beam o
filtar splitter I Radiation [ above 510 nml
o F1510 — < \ Chromatic

beam
splitter
FT510

Radiation

R
adiation above below 510 A

510 nm

Radiation belo
510 nm

Objective
= condenser
) ) Excitation
Specimen T = radiation Specimen S
{b) Excitation with chromatic Fluorescence with chromatic
beam splitter beam splitter

Fig. 9.34. (a) Examplcs of transmission curves of commercially available chromatic

beam splitters. The reflection curves for each are the mirror-inverted images of the
above. (b) Epifluorescence system for FITC-labelled specimens (after Holz, 1977).

Duncan (1990)

Epi-fluorescence Microscope Set-up

=N
A

i

g

\A AR 4
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Fluorescence Filter Combination Cube

Fluorescence Filter B-2E/C (Medium Band Blue Excitation)

Combination 100
rofiles E ch'I;I‘mmalin
Emission (Barrie 80
Filter " %
| g
< a opticat %0
lock 5
Efw
e = Excitatio £
4 Filter @ 20|
— Retainer E
Elchmonaic: | &) e
{Beamsplitter} Figure 1 Wavelength (Nanometers)

Fluorescence filter combination cube consists of:
1. Excitation filter

2. Dichromatic mirror (beam splitter)

3. Emission filter

Nikon Microscope

= S

Fluorescence Microscope

il

R RS - BRI S R E
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Objective Lens for Fluorescence Microscopy

Parfocal
Distance
(60 mm)

Fluorescence objective lens permits ultra-violet light to pass

Molecular Expressions

= S

Fluorescence Bright-field

A e —
.n : -'-I',). Grararaid i Y

< o L
5 a T

::uf'% ,,_;:a;, S ST,

C \ll

Cao et al. (2005). Am. J. Physiol. 289: E543—-E550
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X molecule (Green Fluorescence) Y molecule (Red Fluorescence)

Merge Image Bright-field

Gallardo et al. (2001). Am. J. Physiol. 281: G856-G861

S

Ideal Fluorescence Performance

[oA8] ABlaug

Fluoroprobe Q ______________ v _

Excitation Emission
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Photobleaching

Excited fluoroprobe reacts with biomolecules in the specimen,
causing a decay of fluorescence.

pvq 4 DVQ \
Biomolecule

Photochemical
product

Fluoroprobe Q ——————————————————————

Excitation No
Emission

S

Difficulties in Microspectrofluorimetry

Photobleaching

m Shorten exposure to excitation light
m Reduce excitation light intensity

m Lower working temperature

44




= S

Difficulties in Microspectrofluorimetry

Weak fluorescence

m Increase excitation light (Cons: photobleaching)

m |Increase amplification of PMT (Cons: noise is

simultaneously amplified)

m Choose fluoroprobe with high quantum yield

= S

Autofluorescence of Catecholamines

NH?

|
HO Q CHg- CH-CO0
'}r*osi“e\r?mﬁine hydraxylasea
) NH?
|

HO CHz-CH-CO0O'

Aramatic L-aming

DOPA \ acid decarboodase
HO NHZ

N
HD@CHE—GHE

" Docpamine
Dopa ’lme\h_wm}ﬂlaﬂ
HO +
v s
HO &?H =CH;

Morepinephrine OH

\ Phenylethanalaming
N-melhyilransferasa
HO HaN*- CHg
HO

{|3H ~CHs
Epinephrine OH
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Fluorescence

Absorption

Absorption or intensity

I | & Lo L1 I 1 I

230 250 270 290 310 330 350 370
Wavelength, nm
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Confocal Laser Scanning Microscope

Dimensional illusion




Out-of-focus Image

\\\\ \\
— ~
=
\\\\
\:\\
~
~

Lens

Image screen
Focal plane

=

Optical Sectioning of Thick Specimen

3

u ] [ az
e

FIGURE 5.1: Optical sectioning. Two optical sections are formed by focusing up
through the specimen by a distance Az.

3-D microscopy enhances optical sectioning for observation.

Rawlins (1992)
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Confocal Laser Scanning Microscope

Photomultiplier —
detector

_— : —— —} Confocal apertura

'
|
Laser light  — — Emission filter
source i
H Dichroic mirror
] .
'
'
Excitation filter I " . —— Scanning mirrors
............
i
i
'
'

Objective

Specimen — L
FIGURE 5.3: The components of a confocal laser scanning microscope (CLSM). RaninS (1992)

Confocal Aperture: Pinhole

Some possible
focal planes

Lens L

Detector

7,

Plate with
pinhole

Confocal microscope has high precision in focusing, so it is better in
optical sectioning than traditional light microscope.




Confocal: Conjugate Focus

i
=

All stray light beams

not originate from Dot
the focal
plane are Ceinfnes

suppressed by the
confocal pinholes,
generating

a image with highlyg,.. e
precise

optical sectioning

Laser

Chloctive

Dbgirct NOT in Focal Plane
—_— Dbjoet In Focal Plana

Otject NOT in Focal Plang

Leica Microsystem

Laser Light Soutce

] SR Xenon lamp used in

5 A 1S Mercury Lamp traditional epi-
iESISEEEsEs , N fluorescence

e e e e microscope is a multi-

. : wavelength light

Xenon Lamp source

0883588 2823F

HH
HH t =
©ad e s 6o 760 w00 300 oo I 60 560 A (nm

e - - - ™ Laser light source has
_ discrete wavelengths, it
e ] can be used as “single

458, 476,488, 514nm wavelength” light
g “ i i " Leica Microsystem

351, 364 nm 49




Traditional fluorescence microscope image

Confocal microscope image

Leica Microsystem

Confocal Laser Scanning Microscope

—.

=
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Laser combiner

Transmitted light detector
unit

Unit for acquiring transmitted
images. Connacted with the
microscope through an optical
finer cable.

the optical fiber cable.

Transmitted
light unit

Unit
incorporating a
100 W halogen
larmp bulb 1o
provide
illurnination for
transmitted light
cbservation.
Connected with
the microscops
through an
optical fiber
cabla.

Laser power
supply units

Anti-vibration
platform
Exclusively
designed
pneurnatic
platform.

Reflected Fluorescence
Light Mower Supply Unit
Power supply unit for the
mercury bumer for reflecied
light cb=arvation.

Unit for merging laser beams from the lasers
such as an Arlaser, Kr laser and HeMe laser
inte a single beam to be transmitted through

Photo 1-1 Combination with AX70

Heart of a [aser microscops, composed
of the light scanner and light detector.

icroscope

e efcope selup
for fluorescence chsenvation.

Multi-control box
‘Controller of the AX7T0 microscope.

Image monitor
Video monitor for

conrol pansl, ste.

Control unit

Unit. for driving the
sganning wnit, laser
combaner, X-maotor
and transmitted light
deiecior.

Computer

U=ad to control the
LEM, process image
files. etc.

Reflected light unit
Unit incorporating a
100 W mercury
burrer to provide
dlumination for
reflectad hight

observation.

Connected with the
Mower =upgly unit mizroscops through
for the AXTO an optical fiber cable.

Mmicroscops.

Olympus Microscopy Resource Center

Scanning Apparatus

laser

lens

s inhol
photomultiplier REH

dichroic mirror

lens
s

[ ——

galvano-mirror

objective
lens

specimen

Fig. 1. Conventional confocal laser scapming microscope. Laser besm
that passes though a pinhele is focused on the specnnen a5 a lizhe podnt.
This point is scanned over K- and Y-sxds by a mechsnical way, Le. action
of mimrors (Zalvapo-mimor method). Emitted fluorescence is detected by
3 photonmltiplier and reconstructad to 3 2-D) mmage by a computer. The

demerit of this method is the slowness of scanning

51

lagmr
| light

rotation

% g
microlens arra - microlens

= =2

ot

=
bt -

- dichroic mirrmor
-\-\-‘-‘::—n—._

pinhgle a_[:_ajr__ — l:__-:_'_ _/@_E
o TR T

\_H_H__‘ . lens
\"““—'4 — pinhaola eye or

camera

e objective
lens

spacimen

Fig. 2 confocal laser scamning microscope with microlens.
The Mipkow dsk method utilizes 3 spinning disk with multiple pimbeles.
The problem of imadistion afficiency is markedly tmproved by inmoduc-
tion of another disk with microlenses (Yokogawa patents). This method
has enabled scanming at as fast as 1000 fames'sec. Since the light axds
never moves during scanning, fluorescent siznals produce a real image,
which can be directly viewed by eve or capnured by camera.

Rawlins (1992)
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Common Scanning Mode Used in Laser
Scanning Confocal Microscopy

11;"‘-’12 :7)(
* Line-Mode , xt* w | E=
t ‘:
Line scan
* Frame-Mode ,,xyt" ” tL A (A ‘
Frame scan
Xyz Xyz Xyz
vy
» Stack-Mode ,xyzt“ s —
3-D scan

Leica Microsystem

= S

Light Path in Laser Scanning Confocal Microscopy

Photomultiplier tube
Emission filter N

Emission DM turrets 1 1o 3 \ N
Confocal " o
lenses 1to 4 N T K PMT3

PMTA

Emission filter turret

- N WTG IR laser unit
Mirror ~ Ik .

&T O\To UV laser unit
U
To VIS laser
VIS combiner

Excitation
DM turret

Mirrors

Dichroic mirror

Scanner (Galvano-mirror)

Olympus Microscopy Resource Center
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Out to
Computer

Photomultiplier —»

\ I/

Emission Barrier Filter — —3—
Excitation and Pi“hol‘?fh‘* '
Neutral Density \

Fiters ~

Scan Generator —»

Dichroic
Mirror

Objective Lens —

Over focus -==
In focus — 777
Under focus -

..........

Periasamy (2001)

- I

XYZ Scanning

M.E. Muller Institute for Microscopy
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Determination of Subcellular Localisation of
Biomolecules

Alberts et al. (2002)
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Source of Images

Carl Zeiss Micro Imaging (http://www.zeiss.com/micro)

Junqueira & Carneiro, Basic Histology, 10" edn, McGraw Hill, 2003
Leica Microsystem (http://www.leica-microsystems.com)

Molecular Expressions (http://micro.magnet.fsu.edu/index.html)
PEMED Home (http://www.pemed.com)
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ImmunoFluorescence

RIRRICHREIA

| Primary Antibody | Direct

B 'woﬂumscuncn
o Fluorochrome

Indirect
Immunofluorescence

Secondary Antibody

Oral Surgery, Oral Medicine, Oral Radiology, 2014, Vol. 2, No. 1
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Immuno-Fluorescence (IF)

» Principle of Immuno—fluorescence
» Antibody
» Monoclonal vs. Polycolonal antibody
» Host/isotype
» Non—specific binding
» Cross—reactivity
» Fluorochrome
» [F protocol
» [F pictures

Antibody (Ab) structure 3152

antigen-binding
site

v, Ly antibody

)~ epitope
“2(s antigen
(V]

antibody

Figare 1.15 Bed.
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Computer simulation of Ag-Ab interaction

Figure 3-26
Kuby Immunology, Seventh Edition
© 2013 W. H. Freeman and Company

Antibody

@&__.

EWL
- "

a7
3

Isolate serum

Isolate
spleen cells
—_—

Epitopes

S
. O Hybridize

@ O

© O
® O
W W

Plasma cells Myeloma cells

-
©

@

&
&

Hybridomas

-

Ab-1
Ab-2
Ab-3
Ab-4

N4

Ab-4

Ab-1

Ab-3

Ab-2

I Polyclonal antiserum |
Figure 20-1

Kuby Immunology, Seventh Edition
© 2013 W. H. Freeman and Company
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Ab preparation

Select with
hypoxanthine/aminopterin/
thymidine (HAT medium)
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Polyclonal Ab

immunization

Mouse AhR (mAhR)

Rat anti — mouse AhR polyclonal [gG

Ab-1

Host Ag isotype :j

Polyclonal antiserum

Structural characteristics of various human immunoglobulins

Primary Ab ‘ - |

antigen antigen

light chain

> I S O t yp e 1212 residuss)
> 1gGl, IgG2a (RBR| semen

(450 rasidues)

» IgM
» I1gA (DR)
» IgE (“DR)

r
component

antigen-binding

antibody

Fab

‘carbohydrata units Flab'l,

'.
-

hi .

A RN carbohydrate

. unit
tailpieces

© Elsevier, Male et al.: Immunology 7e - www.studentconsult.com
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Monoclonal Ab

Epitopes

——

immunization

Ab-4
Ab-1
— Ab-1
Ab-3 &{
Ab-2

Monoclonal antibodies

-
®

®

O
&

O

q "

a)

A

Plasma cells Myeloma cells

-

©
L)

D)

Y

Hybridomas

O
&

Monoclonal Ab
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Ab-1  10F3

Rat anti — mouse AhR monoclonal [gG

Host Ag

Clone name

isotype




Primary Ab

» Monoclonal Ab

» Ab—1 or Ab—2 or Ab—3 or Ab—4
» Polyclonal Ab

» Ab—1+Ab—2+Ab—3+Ab—4

» Host and isotype
» Ab from Rat (PUslide 6&%l)
» IgG, IgM, IgA, IgE, IgD

» Clone names

» Different clone name, against different
epitope

Non-specific binding
Experimental
controls
» Isotype control
» The same isotype
» The same dye
» The same company
» Blocking control

» Purified Ag + 15t Ab =>
Ag—Ab complex =>»
staining

» Fc blocking

» Anti—CD16/CD32 mAb
pretreatment

MRl 2, 3EWEILEE non-specific binding
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Cross reactivity

» Ab—4 can bind mouse
AhR, also cross—react
with human AhR.

» Ab—1 specifically
recognizes mouse AhR,
but not human origin.

ImmunoFluorescence

Primary Antibody Direct
'woﬂumscancn
e Fluorochrome

Indirect
Immunofluorescence

Secondary Antibody

Oral Surgery, Oral Medicine, Oral Radiology, 2014, Vol. 2, No.
63




Secondary Ab (—#1)

host
isotype

Secondary

Ab

Goat IgG

SRR

Primary
Ab

host
isotype

Mouse IgGl

Goat IgG Rabbit IgG

"o

Mouse IgG2a Rat IgG

Principle of fluorescence

Heat
OUT
@
Excited singlet state Q7
7y /1 N
/ N
;7 3 © Relaxed singlet state
/ \
/ \
/ \
/ \
/ \
/ \
Eexcitatio I/ \\ Eemission
/ . \
| Light \ Light
[ IN \ OUT
| |
| 4
O Ground state O !
@ @
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The electromagnetic spectrum

Higher Lower
energy energy
400 nm 500 nm 600 nm 700 nm

Ultraviol Infrared
Visible spectrum
(380-700 nm)
Excitation and emission wavelengths of
some commonly used fluorochromes

Probe Excitation (nm) Emission (nm)
R-phycoerythrin (PE) 480; 565 578
Fluorescein 495 519
PerCP 490 675
Texas Red 589 615
Rhodamine 550 573

Figure A.17 Janeway's Immunobiology, 8ed. (¢ Garland Science 2012)
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E P OHEERBINER 2 SR T EE
Laser type Dye Emission
405nm DAPI, Alexa405, BFP BE
440 nm CFP BE
488 nm Alexa488, FITC , Fluo-4, GFP &k
515 nm YFP B
559 nm Alexa 546, Alexa 55'5, Alexa 568, Cy3, TRITC, 4T
Texas Red, Rhodamine, DsRed
635 nm Cy5, Cy7, Alexa633 R4

9

exciting

light
|

©

emitted
light

=

Figure A.18 part 1 of 2 Janeway’s Immunobiology, 8ed. (© Garland Science 2012)
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Immunofluorescence methods

v**
&

Step 1 v FITC-mouse anti-hA v mouse anti-hA v mouse anti—hA
(Primary Ab) v Cy3-mouse anti—hB v rabbit anti-hB v’ rabbit anti-hB
Step 2 = v" FITC-goat anti-mouse v FITC-goat anti—
(Secondary Ab) 1gG mouse 1gG
v (Cy3-goat anti-rabbit v Cy3-goat anti-—
TgG rabbit IgG
Step 3 Cyb5—mouse anti—hC

Modified from https://biotium. com/support/tech—
tips/tech—tip—combined—-direct-and—-indirect—
immunofluorescence—using—primary—antibodies—from—the—

Immunofluorescence methods

Advantages v’ Rapid staining Strong signal Strong signal
v’ Multiple 1st Ab
from same host

Disadvantages v’ Weak signal 2nd Ab from Take long time for
different hosts Sstaining

Modified from https://biotium. com/support/tech—
tips/tech—tip—combined—-direct-and—-indirect—
immungfjluorescence—using—primary—antibodies—from-the—




For example

Figure 3-3
Kuby Immunology, Seventh Edition
©2013 W.H. Freeman and Company

For example

Figure 3-4
Kuby Immunology, Seventh Edition
© 2013 W. H. Freeman and Company
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IR PO Sensitivity of various immunoassays

Sensitivity*
Assay (g antibody/ml)
Precipitation reaction in fluids 20-200
Precipitation reaction in gels
Ouchterlony double immunodiffusion 20-200
Agglutination reactions
Direct 0.3
Agglutination inhibition 0.006-0.06
Radioimmunoassay (RIA) 0.0006-0.006
Enzyme-linked immunosorbent assay (ELISA) ~0.0001-0.01
ELISA using chemiluminescence ~0.00001-0.01"
Immunofluorescence 1.0
Flow cytometry 0.006-0.06
*The sensitivity depends on the affinity of the antibody used for the assay as well as the epitope density and distribution on the antigen.
1 Note that the sensitivity of chemiluminescence-based ELISA assays can be made to match that of RIA.
Source: Updated and adapted from N. R. Rose et al., eds., 1997, Manual of Clinical Laboratory Immunology, 5th ed., Washington, DC: American Society for
\nfi:mhiology. 4
Table 20-1 9

Kuby Immunology, Seventh Edition
© 2013 W. H. Freeman and Company

Mouse

o©O©
in 4 % paraformaldehyde
epithelial ;
cell line °°° 0.1 %Triton-X-100
Permeabilization

m 1 % BSA Blocking

AhR
BT

Primary antibody
mAb mouse anti—AhR IgG

Secondary antibody
Alexa Fluor 488-
polyclonal Goat anti-—

mouse IgG
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Alexa Fluor 568-Phalloidin
for F-actin staining

m DAPI for nuclear DNA staining

Seeding cell (NL-20) on cover slip, overnight

\

Treatment

1X PBS Wash, 5 mins

Y

4 % paraformaldehyde fix cell, 30 mins

\

1X PBS Wash, 5 mins X3

\

0.1 % Triton—X-100 for permeabilization, 10 mins

1X PBS Wash, 5 mins

Blocking in 1 % BSA, 1 hour

Primary antibody (anti—AhR, 1:200) in 1 % BSA, 4°C overnight
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1X PBS Wash, 5 mins

y

0.5 % Tween 20 Wash, 10 mins

\

1X PBS Wash, 5 mins X3

\

Blocking in 1 % BSA, 30 mins

{

Secondary antibody (anti-mouse I1gG
Alexa Fluor 488, 1:1000) in 1 % BSA,
45mins ‘

1X PBS Wash, 5 mins X3

Alexa Fluor 568 phalloidin (1:100) in 1 % BSA, 20 mins

\

1X PBS Wash, 5 mins X3

;

Fluoromount—-G with DAPI to cover slip
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OLYMPUS

Your Vision, Our Future

OLYMPUS

FV1000 cLSM

-concept

OLYMPUS




What is Fluorescence (epi)

e

OLYMPUS

OLYMPUS




How Confocal System Reduce Blur Signal
-Laser (CW or Pulse)

Epi Microscope

Cover

/Glan \
— Specimen—
“~ Microscope ="
Slide
Widefield illumination Point Scanni

Excitation

How Confocal System De-blur
-Pinhole

Objective

d Detector

Sample Signal Adjustable Pinhole

‘ OLYMPUS




Optical Resolution Under cLSM System

L (1352 N4- PH ¢
A Vi

155NA-PH, )
T Lt i
A Mt

| OLYMPUS

OLYMPUS FV1000

OLYMPUS




Objective

Immersion Correction

Objective Model Medium A .D. Ring

(04 UPLSAPO Air
| —tge | Specimen

20X UPLSAPO Air
UIS2 objectives

40X UPLFLN Oil

60X UPLSAPO Oil

100X UPLSAPO Oil

OLYMPUS

OLYMPUS FV1000

-How to Our Sample

B Imaege Acquisition GControl

OLYMPUS




Epi filter set

OLYMPUS

OLYMPUS FV1000

-Laser

Laser Type Suitable Dye

OLYMPUS




WHAT!

-Epi Emission Bleed-Through

e G
-

OLYMPUS

How to Solve Cross Talk

-Excitation Sequential Scanning (AOTF)

OLYMPUS




PMT Filter set

DM for PMT Ist PMT 2nd PMT 3rd PMT

Pos. 1 Mirror Mirror Mirror

Pos. 2 Glass Glass Glass

Pos. 3 SDM560 SDMé640

Pos. SDM510 SDM560

Pos. SDM490

Pos.

Em for PMT Ist PMT 2nd PMT 3rd PMT

Pos. 1 465-495 505-605 655-755

. 2 505-540 575-620 575-675

480-495 535-565

430-470 505-540

OLYMPUS

Virtual Channel

-more than 3 dye

[V Virtual Channel Scan
B Dyel ist Number ofphaseused (2 (3 (< 4

Selected Dyes
Phase1 || Alexa Fluor 488
["] alexa Fluor 568

~Selected Dyes

Phase2 || Acridine Orange

B ¥irtual Channel Controller

All Clear I Phase ﬂ ’
Setup Dyes Single Photon Two Photon Start

Acridine Orange

Alexa Fluor 546
~ Alexa Fluor 568
Alexa Fluor 594

Alexa Fluor 633 v e
= lear

igh Dye M: il

r fssian anually Apply Clos Single Photon Two Photon

Acridine Orange

OLYMPUS




OLYMPUS

Confocal Based Super-resolution

About Super-Resolution

-2014 Nobel Prize in Chemistry

Sub-cellular

cp

1pm 10pm

E-ﬁ-iiif—
» =1!

1 sub-cel ular Cellular

SR Microscopy Optical Microscopy

p

www.3dchem.com; wikipedia.org/wiki/Kinesin; cvcweb.ices. utexas.edu; Fotin et al., Nature 2004; hrsbstaff.ednet.ns.ca; www.ebi.ac.uk




About Super-Resolution

CLSM STED CW-STED 3D-SIM PALM/STORM
~hem [nm] 460-670 670 520 520 670 520

(PSF)

(PSF, reconstructed)

4
' ‘ : (Localization precision)

X

~D,, [nm] 180-250 30
~D, [nm] 500-700 140 (TIRF-range)
~V,, . [*10? ym?] 10-23 ; 0.1

J Cell Biol. 2010, 190(2):165-75.

About Super-Resolution

Strong points Weak points

SIM Enable to use most of dyes. No optical sectioning
Fast imaging (several fps) Not able to apply to deep plane
Not able to apply to deep plane
STED Resolution (up to 50nm) Some restrictions in dyes
Multi color imaging
. Sampling time (>10min)
Resolutions (up to 10nm
PALM/STORM il ) Need special dyes
Only for sample surface

There are no perfect technique for super resolution




Confocal Based Super-Resolution
-OLYMPUS Super-Resolution (OSR)

confocal

upper parts of
the basal bodies

ST FR7HR

Trachea epithelial cells

Approx. 250~300nm
diameter

* FV1200/UPLSAPO60XS
* ex 473/559 nm

Confocal Based Super-Resolution
-OLYMPUS Super-Resolution (OSR)

Nuclear pore of Hela cell
Green - Nupl153(Alexa488)

Red: Nup62(Alexass5s)

Image data courtesy of:

Prof. Kosako, H (TOKUSHIMA Univ.)

FV-OSR




Confocal Based Super-Resolution
-FV-OSR

Techniques Strong points Weak points

Enable to use most of dyes.
Enable to get the image in deep plane.
Optical sectioning for thick samples

Sampling time (compare to SIM)
Resolutions (compare to STED, PALM/STORM)

Enable to use most of dyes. No optical sectioning
Fast imaging (several fps) Not able to apply to deep plane

Not able to apply to deep plane
Resolution (up to 50nm) Some restrictions in dyes
Multi color imaging

ERRNliEn= (Up to 10nm) Sampling time (around 10min)
PALM/STORM = Need special dyes

Z resolutions
Only able to observe surface of sample.

Confocal Based Super-Resolution
-FV-OSR

Frmso]




Confocal Based Super-Resolution: FV-
OSR —-Why Cooling GaAsP Detector?

Higher sensitivity —
Better detail structure and less laser

excitation —

Less signal bleach and photo-toxicity

GaAsP PMT

Quantum Efficiency (%)

Multi-Alkali PMT

o

400 500 600 700 800 900
Wavelength (nm)

Confocal Based Super-Resolution: FV-
OSR —-Why Cooling GaAsP Detector?

GaAsP-PMT Multi Alkali-PMT Multi Alkali-PMT

HV : 600V Laser : 473nm 2%, 559 1.3% HV : 600V Laser : 473nm 2%, 559 1.3% (2 VA V Laser : 473nm 2%, 559 1.3%




Confocal Based Super-Resolution:
FV-OSR -Resolution relay on objective NA

Table : Objective lens and resolution

Objective lens

NA

Resolution(with high
contrast mode) *2

UPLSAPO6OXW

144nm

UPLSAP060X0

128nm

UPLSAPO60XS

134nm

UPLSAPO60XS2

134nm

UPLSAPO100X0

121nm

UPLSAPO100XS

129nm

PLAPON60XO0

120nm

PLAPON60X0SC

124nm

PLAPON60X0SC2

124nm

APONGOXOTIRF  *1

119nm

APONTOOXHOT IRF 1

111nm

UAPONT00XOT IRF *1

117nm

Except Imaging??

ultaneous Photobleaching

’i(nYMPUS




Whats SIM

Why SIM

-Applicrtion of SIM

OLYMPUS

Twin Scanner System Captures Reactions Immediately Following Stimulation

TWIN SCANNER

FRAR

M.,

IMAGING

TWIN SCANNER

FLIP

TWIN SCANNER

Uneaging

Laser for |
imaging ‘

aser for
\ stimulation

|

TWIN SCANNER

kaede
App’ions (o]
new fluorescent

protein

TWIN SCANNER

PA-GFP

OLYMPUS




luorescence ecovery /fter “hotobleach
luorescence ' 0ss 'n ~hotobleach

Photobleach

Y
=

ROI

l OLYMPUS

Uncaging

-Bullseye

o (XX
aeral Tre "I"‘

to All \gmple

OLYMPUS




Photo-Conversion
-PA-GFP and Kaede

UV-photon

UV-piggton

ction Potential

“ Synapse

Fixe_or Not ijg)

+30mV | @ @ K+
_—— —cx:)—-:z»—l fl_
Nat Nat K* Nat Nat
— Sodium gates Potassium gates
dose open
i @
Depolar ze.:i;»r+ K+
- Active sodium
«Hf and potassium
Nat  Nat pamps
-] f Lo f 1 Nat
K*

Rest
potential
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Channel Mediated lon Concentration

nicotinic

acetylcholine
receptor

’ agonist

cytoplasm

closed

synaptic cleft

Na+ post-synaptic membrane

Optogenetics (Optical and Genetics)-

photo-sensitive channel

* The Method of 2010- Nature Method
» Optogenetics: Breakthroughs of the Decade- science

Number of PubMed entries

65 —
55 —

Bacteriorhodopsin described
as a single-component
light-activated regulator of
transmembrane ion flow

Halorhodopsin described

P L " -

Channelrhodopsin described

Ll Ll R e e L e

Opsin engineering and genomic

expansion; generalizable opsin targeting

strategies; brain-disease and neuroscience

applications; stem cells, heart cells,

muscle cells and human neurons studied
——

Fiberoptic interface (May 2007) and
single-component control of freely moving
mammals (October 2007) described

Microbial opsins first brought
to neurons {August 2005)




Photo- Excitatory or Inhibitory

Electrical stimulation Optogenetic excitation Optogenetic inhibition
§) 9 ()
~ 0 -~ ﬁ f; C Ty
fi \§ /X A \ -
—

]

| =,

Control cell activation using LIGHT

laser light-sensitive protein R hOdOpSi n

Origin of Chlamydomonas reinhardtii

+
‘“‘ Cation channel
Blue laser irradiated to make

Channels open, allow cation
(Positive lon) into the cell.

=>depolarization = Action Potential

93




Control cell activation

— Activation in ChR2/
— using Blue/
laser...

<3

+NoO need to use electrode! pon't take time to set.
+lt is possible to select stimulus area freely.

In vivo Model
et~ —— Gund ' r\l

Behavior recording

94




How to Operate

@ Turn on system
@ Light-path adjust
@ Observation

@ Image Scan

@ Z-section

@ Time-lapse

@ Dual Beam operation

OLYMPUS

Turn on system

HBHITE M BXAR E &+ P EL559 F 4+

= Q'ﬂﬁ

- b7 .a ) - j

B BB ShBR AL IR 4 5 o
AL B BT B o 22 ) 3

=1 =

BB T 4T 48 AE ]#f—éﬂ

—

Bl B E B BBk AR
(Cleaning.......)

 (wan) B

.

PR BRI 4 4% ) 28

FV10-ASW




Turn on system

Light-path adjust

L1045 57 38 %, 3 B JE
3R 2] &)
LD N\ A B R IFW
FESKE P

3 & &k KR AL

OLYMPUS




SW Interface

«EOmBamT
(s IR

OLYMPUS

Observation

- q.uquhm- Click here for bright field

£ D e _. ®
| A Stop
Click here for epi-fluorescence start-stop by K
RN G ) v||iv [CHS2 (G2 ~ § - D1 -
 lexa Fhuor 568
Gain Offsel
il e}

1

Bright field lamp |
intensity control

l OLYMPUS




Image Scan

| Dyel ist

B AcquisitionSelting

Image Scan

scan mode

ien setup is correct

Hleach start-stop by Key




Image Scan

B imageAc-— " tignCont~—.

o \/ e —
Focus x2
QI it ! Dot I Click stop when setup is correct
QI Focus X i Bleach |
A ime Stop

I Bleach start-stop by Key
2 | IEEETSS Sl | sY ™

65 =1 \p s
Gain | Click here to start. | CA Lamp

[ )

e Lt [
V=
VBF 1 v
e | L
focus scan mode (fast scan)
Ll‘ v %

Repeat image for
adjusting focus

X

v

Gain Offset

HV = PMT 6 /& » 3% ho HV €32 @ IS A - 12 [ i & R 38 o

Gain = %#fZEM K » ARG HEBKOE AT TRABE [

OFfSet = %12 1o B4 » Offset A4 » BIRA # 0 o f2— 2k o £ AF 6948 615 B T F)
TN




Z-Section

m"“.ﬂ r EEP
[ Slices

| Clur StartEnd
| | Focus Handle On
I T

[ X:0.5040mm ¥20.504um Z:8.038mm

OLYMPUS

File Device Display Live FRET Processmg Analysus

\ma D R Y

3. Q Acquusstlon Setting 3|
—Mode

[EESeENE

<< Fast 2.0us/Pixel Slow >>
1« } »|[Autorv %l

, P20us L2116ms F11095 822176mm

2 Enahle ZD!
ZDC Setting | I Time Seri¢

I ] [ B t'ntewa' F@ @IWM |




Dual Beam Operation

[ stimulus Setting ===l
UseScanner
[  None " Main @ SIm

~Mode —

S,

<< Fast 10.0us/Pixel  Slow >>
A e

| P:10.0us L:10.000ms F:0.010s $:0.010s

- Laser

SiM T
Lignpatn g P o5«

SIM Bleach stop
Imaging

[ Bleach startktop by Key

R ~ Stimulate StartSetting ‘
[ | € Manual [~ Auto wn;ul 1 IFrame Y
Lamp|

| | (¢ Main Scanner Sync
@ * ImageScan L Activation
" Activation —> ImageScan
Wait Time
ImageScan
‘ Activation
1000.000

Wait Time
6 + 250 + |
_ Frames  Lines

1. BIRAMFR IR IR A9 T3 ZCRDAT -
2. FHRE R ARAFALESTERTIEEMNGRENT (AR - FEEE)>W

FRE I B E SR ARSI BB > B IRIE A E S SR E R EEE R
MIRE LHIER - TERUER -
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4]

2 3 ._mrm

BEA
N
2 DEds
-3 D
I
wm__lﬂm

&rq
wm_ﬁ!m

I8
]

I™ Bleach start-stop by Key

H
7N\

)

=%£i% 32 Ch Visible » i

R

Pa“se I

v| 10.0%

Time

@
Stop

HYHSD 18

- 11559

Depth

EE

=

\

EX HSD1 % HSD2 Bw &% HSD1 Xz HSD2 -

AR RERR Z BBERE] HSD AYEIR -

M__l:..u
ol o
2 IPF
m._rlzu. :
2 -

5 W

J [
2
] Wl
Z/ -
o
wm_;._sv
I B[ :
&FA

R

e I 488 'l 10.0%""559 vl 10.
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1. —BIIAREIRE » 3242 Dye List - WIBHEANL TR -
FELLL DAPI » FITC & TRITC &%) ©

2. 3#$2 Light Path & Dyes » ETHKRTE

3. 7RIS DPAI A3 R AE) PMT > #% FITC & TRITC % &ML HSD1 X HSD2 #
Bf - AISAERER A Glass  :EA SR AT LABiE#E A HSD1 & HSD2 -

4. RABHHEEN—TBRAR  BRINHFRRENERE -
103




HSD JE R [E I8

BRIHHE 4 HSD B R [E » X RREBFLE TR

FV12-MHBVE 480-495 535-565
FV12-MHBY 505-540 559 575-675
FV12-MHSY 490-540 559 575-675
FV12-MHYR 575-620 635 655-755

- Xy u.l—g

- LI
|

>
|} #e

CEFRE  EREE ARSI SR AE » LIK HSD1 & HSD2 MBS E
ERIERE -

6. MR EURZEARIIE L GHRIET AR - AIRRETRM -
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H5 HSD EIREARE

Rl ES R EREE L FHRIEE
HigethREsEHE L ﬁ%ﬁawa HSD RIfE IS4 -

OLYMPUS Super Resolution (OSR) £ 5=

\uy

I uﬂidm 1

FE{EFH OSR IHAE » F55Ci5EEY SR 1IF »

ffﬂllg Illlll[ ]] ][IH[

FEPkH SR %
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Mh|siw|

T Bleach start ston by Key

| 20usPixel  Slow>>

| %
. ;———_r—_| o
m L:B4640ms F:44.3515  SB8.863s
::‘:.u,,‘, G1:1 €433 C amitrary ﬁ
|2
5

xgj-:T:I-— ...... > semfsz o]

.‘E | o

%y all|k

PanY
oum 0] u_j ‘  Fter Mode ~Hard Disk Recording Setting

@ Rnalog Int
I' Kalman @ Line C Frame l? _,: ‘r_ Photonc | [ ard Disk Recording ON
| |
:* = - (FieMame [DOLTMPUS Fokdor 22611 raimning =]
 Une & Frame

Group 6

REGIEEH

I _ HEI AT LA E SR B HIHEEGREI R &
(2ot roconmensos | e A BESY  REAERERSY - Scan
I counts: 20, Strength: 40 o

1. 7£ SR 2B EKF - 2 BEF HSD HEEL % -
2. £ SR HBERE » REEEE pmhole » HSD A4 HV E%’“&%ﬁ”*lmﬁﬁ/im%
3. 7£ SR & » IFHEE (Zoom in) BREEER G A/NR EMEE

Size

Zoom 38.5 19.3 154
factor

Speed per 7.507 17.173 22.985 44.351 61.767 87.221 129.870 276.319 427.162 1524.147
Frame
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[P HSD 3% SR 4% - SEEETER 2% » FHIBIE Dye List - 7% —K Apply » Bk
B3 0| R TER S EE -
B ALEAE(E - HSEFHEES Mirror » SHHAR -

File Save and Export

Save As Ii
Save_in:l@ Image LI P &k B~

FILUOWIL

File hame: IIm.age_I_I Plandpo 102 0 40 0001 oif

File type: Olympus Image Format [*.oif] Cancel I

Custom Save Settings Folder Jump

User Comment
| 2|

i’ My Image Folder

[ TIFF Compression Calculate Expected Compression Rate I

v save all Images.
& add number " Add time stamp " Overwrite




File Save and Export

Save in: C _vJ &~ &k B3~

Tiff, Jpg, Bmp......

File name: [sam i ~| Save l
File type: IJPEG Gk jpe* jpee) L] Cancel

Custom Export Settings

~ Information
Bit Depth I 8 [ Bits/Pixel ]

{EEQé'Ehe image Ffiles of each frame in the following new falder. b |vl
[ "Sample_XYZT.jpg.frames¥"

My Image Folder

 Folder Jump

~ROI Overlay

" Mo Overlay " allROIs " Selected ROI on 2D
" Selected ROI Shape (Select one or more in the Following)

Al WO O & ) HE N &l &
Output Format m pehannelioelection
Merge Method ]Amounth = - : l_l— [2_ _I_I ;I_I ;I_I

e
Quality W F Single:deDI Range by ZDI Reset I
1{lowest) - 100¢highest} , | ["ﬁ |_PE i
J—J = I =

I~ Save Properties As ASCII Text, E J End E

& add number Add time stamp ¢ Overwrite 'MPUS

OLYMPUS

Your Vision, Our Future

YMPUS




Olympus FV 1000 £k & F $+4F 4 & 5 & A acds
KB TP R R ED

+ « XI= L )
Eg’_-ﬁ . 7;5_});“@’

Olympus FluoView 1000
Bk AR L LA

e

=

PR R L TREE Y




REH

b= 34

— FE AT SRR

- VAR e I Fh

— & & — 405 nm, 440nm, 488 nm, 515 nm, 559 nm,
635 Nnm

— F 2 N R HCE > AN B e R

— F A B 5 — bx, 10x, 20x (M 3 F &)
40x, 60x, 100x (2 F 4 4%)

— ¥ B {7 % w2 T pF & 4k (real-time recording)

A e

L A

~ E

—RFE—-99E 127 19

— W - BEEE SR — 99 & 12 1 15 p
— Zjt— 99 £ 127 23 7

— F|EiE P —100 & 1 0

— B rfE* —100 £ 27 17

— B 4§t —100 & 4

— e m P 107 £ 4 7
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—BEREI T - Y R

E
\‘ -‘-_
@
P:\\

FER G S . )
1 15 p ks e R E 24 R

\=Ra

PR

> E o B R T VT RFAR
— ABF D P—HE f‘%ﬁﬁf{ﬁi Zeiss LSM 700 z
Olympus FV1000

— AP CRB P EZ B By L L AR
PR RIPIRA ook e A AL 2 1 K
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P PGAR P AR A

P RGRAE R L

¢ ARERT VR
~ 107 & 7 7 2527 ¢

* ¥ ¢
— P20 %o A3 Lo
—FBFHE (NF%RFAIFALE) 5P 2

4
- o
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— PIHGRRERRR R > MY F T LFRR

_Lppé‘é\:‘i\Yi 70 A\';tgﬁyggﬁﬁﬁiﬁ%éé ﬂ;/\j\
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—EF A E LS E o ki kR o T
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r XV RER 2 B! DI - FDIEY (‘i'rv?%ﬁ‘:’j@
PTFAEI TR ) o NFHREFFLFALGEE FB
FHRZEF DB SIFHZ o

- P RS R R & - 2@l k
PUBIE s BRI BRICRERY 7 oo

FPEFRET F 7 AL E-mail v BRE Y i ar i
)}"7i%?§é%i‘ro—i”ﬁ2%]{é§ﬁ;"j\\:l:tiz?r’—ji
wH KR o AR A XE D KF = 2

R A P B

- S ERFREE® - 1% 7 800~11:00 -
11:00~14:00 ~ 14:00~17:00 » = = = B PFE » &
3’J‘E$§“E~$£A°”\’€’]‘élé —"ﬂzﬁ B m#ﬁgn?@ﬁo

B F R - 282 5 FEL (two
beam) F P/ > k= RAL Rk &R R Y
E ) _}’E' 3
e =

EApl~v Bl sk § (one beam)
R %1?%%W

« TR R P R UEE R ALY .
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Fiet FECHERBEAIMKA T RIFFFREET -
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A B ¥ 4

R ARBEFZITRSF > Faw Lo

2. 3R (ackowldegement) TP r}? %iJr
AE*F?{?? ?Xiﬂ F'/})'?T ERER I

i A SR “We thank the Center for

Research Resources and Development at

Kaohsiung Medical University for the

instrumental support of confocal
microscope”

ferh AR ERY AREE AR AR EF
FER 0 RR L -

Alexa-694
labeled protein

FITC-labeled RNA DAPI Merged

Laser: N hrme TE gl 2k ga ool oL
405 nm for DAPI (nucleus) K &ﬂ;%?ﬁ TR A Rl R
488 nm for FITC (RNA)

635 nm for Alexa-594 (protein)

Scan speed: 400 Hz

Scan resolution: 1024 x 1024

Sample: Huh7 cells

Method: Immunofluorescent combined-FISH
(fluorescent in situ hybridization)
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High Sensitivity-Spectral Detector (HSD) +
Olympus Super Resolution (OSR)

L4 B EPRESE

.:>.

2 B B
B~ REFE 2

Olympus # &
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Protocol for immunofluorescence

Materials

. Human lung epithelial cell line (NL-20)

. IXPBS

. 4 % Paraformaldehyde in PBS

. 0.1 % Triton-X-100 in PBS

. 1% BSA in PBS

. Monoclonal mouse anti-mouse AhR antibody (clone: RPT1)

. Polyclonal Goat anti-mouse IgG Alexa Fluor 488 antibody
Alexa Fluor 568 Phalloidin

. Fluoromount-G with DAPI

M ethods

O © 3O N AWK =

Seeding cells on cover slip (attached cell) /overnight
Treatment

Wash slip in PBS for 5 minutes.

4 % Paraformaldehyde (in PBS) fix for 30 minutes.

Wash slip 3 times in PBS for 5 minutes each.

0.1 % Triton-X-100 (in PBS) permeabilize for 10 minutes.
Wash slip in PBS for 5 minutes.

Blocking slip in 1 % BSA (in PBS) for 1 hour.

A S IR AR AR

Apply diluted primary antibody (anti-mouse AhR, 1:200) in blocking buffer, 4°C,

overnight.

10.Wash slip in PBS for 5 minutes.

11.Wash slip in 0.5 % Tween 20 (in PBS) for 10 minutes.

12.Wash slip 3 times in PBS for 5 minutes each.

13.Blocking slip in 1 % BSA (in PBS) for 30 minutes.

14.Incubate in conjugated secondary antibody (Goat anti-mouse IgG Alexa Fluor 488,
1:1000) diluted in blocking Buffer for 45 minutes at room temperature in dark.

15.Wash slip 3 times in PBS for 5 minutes each.

16.Incubate slip in Alexa Fluor 568 phalloidin (1:100) diluted in blocking Buffer for
20 minutes at room temperature in dark.

17.Wash slip 3 times in PBS for 5 minutes each.

18.Cover slip in Fluoromount-G with DAPI.

19.For long term storage, store slides flat at 4°C protected from light.
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. "BITPLANE

B Scientific Software

ity
1 1 T
Q& 7 G

=7

> "3 &
S5 i D S RS BERS S | Wy
r‘ T ,:.'-:- @’ i .“_—: Q ‘3._{_‘:5_;.&.‘;'_:; (:_‘ pia gt Find

IMARIS - Explore the next dimension

. "BITPLANE

L Scientific Software

Time

0:00:00.000

Explore the Next Dimension




. "BITPLANE

L] Scientific Software

How do you reconstruct a z-stack?

Optical sections are acquired at different focal planes and assembled into a volume of data. Each
pixel from the 2D sections becomes a 3D voxel.

Explore the Next Dimension

. "BITPLANE

L] Scientific Software

Imaris: a modular software

Measurement

Qe 3@

FilamentTracer Vantage

Explore the Next Dimension ' .




TBITPLANE

Scientific Software

Core
» - BITPLANE

Imaris Core

YER ImarisERBE R IER 2 OAR A -
Imaris2 BMIRE B REX R INWELTE -
o I EEEIBOZRBA NG - X HE AR MERRNEGEL -
® (LT IE50 GB & £ 8 AHI3D/4DX M

® 2 {ftSlice, Section, Gallery FEIE T, - WiIRHMIP REFVESIREET -

® FSupass BRZZ ST, [ - BB T EASRE ( Volume rendering, iso-surface rendering, clipping planes,

spots,slices )
® NS NIRIERRAHIE ( key-frame ) TERIZEANBEENSER -
mpZEomIE  BE#EMLDBEEUTEYE
ZAECPU - GPU + KL EIBRETIR Simaris WAMEES @ IRSEREE -
® Bitplane FZEREIZ=AZ T InMotion 13D ZEE P YREHNEZE RIREFELBIIFESS -

®m FERERFF AP
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Supported files

- Andor: Multi-Tiff (Series) (* tiff, *.tif)

- Andor: iQ ImageDisk (* kinetic) - Olympus Cell"R 1.1 (*.tif, *.tiff) .M

- Applied Precision DeltaVision (*.r3d, *.d3d, *.dv) :832232 gf;\(ﬁ'i‘x))( Aif, "G TIFF EESmns s

- Biorad MRC 1024, 600 Series (*.pic) - Olympus OIF (*.oif) 3
- Biovision: Ivision _(.ipm) - Olympus VSI (*.'vsi) Nikon tm
) altplane ?ce/rée F"G.} (S'I.mx)l PCI (*.oxd - Open Microscopy Environment Tiff (* tiff, *.tif)
- hamamatsu/ompix Simple . (*.cxd) - Open Microscopy Environment XML (*.ome)
- BMP (adjustable file series) (*.omp) - OpenLab LIFF (*iff ‘“ i;
- Huygens and Huygens Compatible Nikon ICS File (*.ics, - OpenLab Raw (*.raw) s
*.ids) ) . .
_— . - Quick Palm (.quickpalm, .tif)
- Gata Digitial Micrograph (*.dm3) ) o . .
- Imaris 2.7, Imaris 3, and Imaris 5.5 (*.ims) Sganalytlcs. I.PLAB (.ipl) Deltcﬁwon
) e . 3 ) - SlideBook Slide (.sld)
- IMOD binary file (*.imod, *.mod), object scene file . ) . . g S
Leica | E tLIE (- lif - TIFF (adjustable file series) (*.tiff) 5
- Leica Image Forma ( Al ) - TILLvisION (*.rbinf) /"N

MDS

Analytical Technologies

- Leica LCS (*.tif, *.tiff, *.lei, *.raw) o . o &
- Leica Series (*.tif, *.{iff, *.inf, *info) Ziess Zen (.czi)
. e - Zeiss Axiovision (*.zvi)
- Leica TCS-NT (.if, *.tiff) - Zeiss LSM410, LSM310 (*if, * tiff)
- Molecular Devices (Formerly Universal Imaging now MDS ) ! PR
. . . - Zeiss LSM510, LSM 710 (*.Ism)
Analytical Technologies) Metamorph Stack (*.stk)
- Micro Manager (*.tif *.tiff *.txt) HAMAM E
- MRC (*.mrc, *.st, *.rec) :“Ecu -
- Nikon ND2 (*.ND2) O fﬁ'ﬁ ﬂ__‘g Phetn =" ~ MetaSystems
-Perkin Elmer: Ultraview (*.tim, *.zpo)
-Prairie Technologies (*.xml *.tif)

OLYMPUS |gaian |, BioVision Technologc | B ﬁ PRAIRIE TECHNOLOGIES, INC
g L Ty

‘I‘ \ Digirfzf Imaging Perkin
b Solutions... For the Better

Explore the Next Dimension 6
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File Opening Special Cases: Leica *.lif

# Image Selection =%
File contains 24 images | Thumbnail preview
+ The *.lif file can contain any number Name; T24:Pos001_S00L A
of 2D images, 3D images, 4D D g Doz 201095824
images, projections, or movies. Sze 312 x312x30
* Check Thumbnail Preview to see a e on 092 1427 fum] il

projection of the data
* Click on each “file name” in the

. . . Ma T24:Pos002_5001

image list and the properties area Recording Date: 2610-02-26 10:20:03.017
below will tell you details about the She AE e 51250

particular image so you can choose e

Voxel Size: 0.892 0.892 -1.427 [um]

the right one.

Mame: T24:Pos003_5001
Recording Date: 2010-02-26 10:20:14.376
Data Type: UlntE

Size: 512 % 512 % 50

Channels: 2

Total Size: 25,000 MB

Voxel Size: 0,892 0892 -1.427 [um]

Imaris will only read the first file, if the
user does not choose another one from |
the list. [

Ok ] | Cancel

Explore the Next Dimension
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Imaris Interface

§ PiK2Cellims - Imar:
Tree Structure
. & _— ] P o
All components in the U oW H ¥ il &
Open Save Saveas Snapshot InPress Slice s | A tion  InMotion Coloc Eitplane
scene are represented e - [ v -

Pointer
Select

here in a tree hierarchy

, S W W W L
&  Zoom: 190% v pixelivorel #100% [WFit (8FullScreen & Navi

4 [7] [ Surpass Scene S—
7] # Light Source 1
= & Frame Camera Type
Propert|es : @ Volume ! Orthogonal
Analysis, Wizards, : ® Pespectve 45
statistics.... & v |/ o |1l soma] | -
@ MIP (max) Blend Full Featured v
Nermal Shading () Shadow Prajection smootn Lines
H select all Chamnels MIP (min) Fix Light(s Stereo
Imarls Scene Settings - microtubules off -
Workspace area for Ve 1386 ol | [k Offet 20 Vo
navigation, selection e o L
: . Gamma: 1.00 iew Aligned Planes =
and interaction Ty Center to Selcton
Fit to Selection
% Set Center...
Auto () QuickTime VR
Display Adjustment e —
Max/Min intensity,
Opacity, Gamma Z\
0, i 5

Explore the Next Dimension
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Volume Rendering

MIP Blend
e~
¢

Normal Shading Shadow Projection

L

Explore the Next Dimension
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OrthoSlicer

» Orthogonal plane on which
original data are projected

« Can be moved within the
dataset

+ “Extended section” adjusts
slices thickness

w. Settings

Slice Orientation Extended Section
YZ Plane
0,200um
XZ Plane
[¥] [ Surpass Scene 2
[] = Light Source1 @ XY Plane v | Show Frame
¥ ) Frarme
g Volume Slice Position
/| =y Orthe Slicer1 6.200
[¥] % Orthe Slicer 2 1

7w Orthe Slicer 3

Explore the Next Dimension
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Oblique Slicer

* Plane on which original data are
projected

» Can be freely moved and
rotated within the dataset
(similar to Clipping Plane)

+ ‘“Extended section” adjusts
slices thickness

@ Settings
Crientation Extended Section
YZ Plane 0,307um
/| @ Surpass Scere XZ Plane ¥| Show Frame
] Light Source 1 —
/|15 Frame XY Plane
&g Volume
7| % Oblique slicerl Position Camera
Recenter \Ofthogonai View |

Explore the Next Dimension '
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[¥] ] Surpass Scene . .
1 4 Light Souce1 Clipping Plane
|| (B Frarre pp g
[w] =& Clipping Planel
] &g Volume « Cuts away objects on one side of the plane
* Allows you to look inside any object

* Can be freely rotated

Explore the Next Dimension
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L] Scientific Software
7] (1] Surpass Scene . -
9% Light Source Clipping Plane
V| & Frame
/| =8 Clipping Plane 1 | .
7| &2 Volume Use this rod to

e freely rotate the
plane
IC)nly_CltJts objects lower in Use this rod to
maris tree change the
position of the
plane
/| >& Clipping Planel
7| & Volume

7| ® Surfaces1

V] & Volume
7| =& Clipping Plane 1
7] ® Surfaces1

Explore the Next Dimension
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Clipping Plane

100 um

Explore the Next Dimension
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Snapshot Preview

Snapshot (il

‘ Snapshot
» Automatic naming: takes the data set name and
adds a running number for the snapshot name

"1 crop to fill whole snapshot area

Image Size
|Fredefined Dmensions _;] * Must choose where you want the Image Output to
b gt = go or nothing will happen
Height: B4 = |8 .
e T — Saveto File
Resolution: 72 % doi — Copy to Clipboard
",'i""“” *T“;:mﬂ — Add to ImageAccess Database
Sl — Combination
Image Output
<. mmi:m“ « After determining save location, remember to click
Tl Copy
Pl Add o e Do Snapshot!

C:\Users'\Bitplane\Desktop'retina_00 1. 6f [I]

[ i Do Snapshot! |

Explore the Next Dimension
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Movie Creation: Keyframe Animation

* Define special
Keyframes with
defined settings
(zoom, rotation,...)

* Imaris calculates the
frames between the
defined positions

Key Frame Rotatons Animabon Play Back State
[ #add |[ DiMod. |[ Xpe. | < +360°Horizontal ~ 24 Frames [ b= || [¥] Camera c
R S — R — #| Time Points
[ Xoel.an | TR Custom Settings... © 7| Clipping Planes I3

Setup the Animation * Choose the total number of frames of

1. Turn the image view to the starting position. the movie _
. Klick “Add” to add a keyframe * In the settings window you can .
- Change the image view choose the frame rate of the movie
«  Klick “Add”... * Press the Play button to play the
movie
* Press the Record button to export the
movie

Explore the Next Dimension
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Imaris MeasurementPro

BiBImaris MeasurementProfE A ET 4O AR E RIS - MBI EEHEFR!

o SRIRFIRMERVICHE, RAES BEMS E IKMERFER, WANR BT,

o 5t A EF Elchannel ZEEERIRE E

o I HY Sk MR BB ER Y BE A KRR R EE 2

o ETERMATERNBFE DR

o TERUIEEYIEE AER A E R INZ[E R, o LIS Bth 9 2 BIRO RE B
® E 2DV R B R E 13 o] A RU3DAR B, I [ IS 23D A E 4R,

Explore the Next Dimension 19
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3D Measurement

- % BITPLANE
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A 1um

“" g6 16128461
B (164844 53) B G4 137 147

aum

Explore the Next Dimension
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«’ Color Code Objects by Statistics
SR ZIZIT @S

Surfaces/Spots/Tracks

Color Type
Base
@ Statistics Coded

Statistics Type

Position -

Statistics Colorbar Properties

| Show Colorbar Colormap
V| Show Title |?|
V| Show Range
‘ot Change Font CD|0I’| |L|
Colormap Range
Min: 6.616  Max: 87925 | Auto |
Transparency
37. 0] Transp.: 0 %

Explore the Next Dimension '
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m Imaris MeasurementPro

-- Statistics Coded EERFARB EBEERFEBEAR ST L

Explore the Next Dimension
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ImarisTrack/ Lineage

Imaris Track:2FI /X 3D/4DEI & B MR G RIB DT 7704
o RHIBEICEEEZBIEDITER

o TR LITAIRR RN ENE

® S ENFENMSNBIZIMIN

o ERWIBERIAVNBE U RE EY S0, EPHESZRSHUEREHEN
® EZI IS, E E) 75 10),"Dragon Tails"$ 2@ R, BFF R D4R
o EFIRM3D+IE FHNES YRS

® BimarisXTRAL S EIR B AR EMEBH

@ FERERGF AP
Explore the Next Dimension 2
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Multiple tracking algorithms

. Brownian Motion

M Creste |35 Settings | Wb Color *  Autoregressive Motion
Algorithm . .
Autoregressive Mation v . Autoregressive Motion Expert
Parameters «  Connected Components
MaxDiskance | 20 uri
MaxEapSize |3 . Lineage
Brownian Motion AR(2) Motion
5/6 Tracking 2 4 0 1 2 5 0 5 10

Explore the Next Dimension '
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Results Visualization

*Displacement

BIT

PLANE

Statistics Coded Track |
Colors

i %ly 14 \T|M s

Object Type Color Type
© oo
@) Statistics Cody .

() Time Mapped

Statistics Type

’ 2 Track Arl Mean

Statistics Colorbar Properties

Show Colorbar Colormap -
Show Title m -
Stow Range _

Colormap Range

Min: -0.562 Max: 0.362

Transparency

rj L Transp) -

Results Visualization

ITPLANE

o~
=)
1]

-

. '
Lt gl B

Palette

Color Type
@) Base

| Statistics Coded
() Time Mapped

Diffusion
Specular
Emission

e SR B 2N,
s

0.033

0.800 0.036

ll“' .|_.J_|_iu'_|_| o Amiierahy ._|_|._|_u_|_|_u

Explore the Next Dimension
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* Drift Correction
* Track Editing
» Single Spot Object Tracking

s | & A ap
SRR AN AR AR

Mouse Selects

Spots @ Track

102 3 4 5 & T B 9 0 1 12 13 14 15 16 17 18 19 20 21 37 I3 24 25 26 7 2§ 29 30 W 32 33 34 35 38 37 38 39 4D 41 4@ 43 44 4E i
Spots

S S S S
-l

Show Selection (build working set)

| Connect H Disconnect H Correct Drift |

. "BITPLANE

L] Scientific Software

0d00:00:00.000

Pollen tube

Explore the Next Dimension

136




. "BITPLANE

L] Scientific Software

ImarisTrack

Explore the Next Dimension
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ImarisTrack

Time .
0:20:50.034

Explore the Next Dimension
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Coloc

ImarisColoc

ImarisColoc®2 #H 3t A I E #E1S3D/4DERB X ENEEER - WETEBRERER
o RftZBEMHENEMNERE A

o RIFEIFRIEER T EHEMRE

o HRESHEMNER, SRNAERUETE—D DN

® ZtR

SHEMUAR IR RBHT B Channel I ETTIE—DHERDHT

m

Explore the Next Dimension "
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Coloc Selection of co-localized voxels

* Co-localization in 2-D, 3-D and 4-D images * Histogram
* Possible of >2 channels * Intensity scaling

‘retina ims — Imaris == x|
File Edit Yiew Image Processing Surpass Help
vy v l@.ﬂ ...... .
WO oy om F oo B G
Open  Save as  Load Scene  Save Sceme  Snapshot InPress Gallzrv Surpass  Animatien InMotion | Colec Bi tplane
~Chanmel A —2D Kistogran Colocalization g

- - Selection Made
¥ Threshold

[ channel 1 - CollagenT¥ (Taked) =]

Threshold 144.00

1.96 % of data zelected

\;_______*'_

" Polyzon

- Automatic Thresholding -
¥ P-Value

Channel 2 - GFAP (FITIC) j PSF Width: |0.307 um

Threshold 9.00 F \“\w CEdmiate Tireshoids |

—Channel B

" Single Slice

(% Single Time Foint
€ M1 Time Points

- Histogram Options
0,33 % of data selected ¥ Ignore Border Bins

¥ Logarithmic
—Caloc ¥oluns Statistics

IV Color Coded

[ [ vl
ol Tatensities
rumber of colocalized woxels 15485
* Source Channels

% of ROI colocalized 0.39 %
" Conztant Value
% wvolume A sbowe threshold colocalized 25.03 %

% volume B abowe thresheld colocalized 2.22 %_'Ll 255. 000
_I— »

d [ Coloe Color
- Define Region of Intersst oD — | NN |

I Wask Datasst | [[lChannal 1 - CollaganV (uked) =] Edit . |
Tkreshsld 000 Build Coloe Channel |
‘ Build Tine Dap. Celoc

100,00 % selected

Channel Statiztics

138 Zoom: [1.904  pixel/voxel i 100% | W Fit | (%] Full Sereen | & Havi ’-




.
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U ImarisColoc - T ZE4MNELE Colocolization channel

Explore the Next Dimension
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Coloc Create co-localized channel

P.retina. ims — Imaris &) =]

File Edit View Inagze Frocessing Swrpass Help

=

¥ 4 5 [ 1Ok " n o,
Y o ) &
2 L- H BEa g = ' EE o
Open Save a5 Load Scene  Sawve Scene  Snapshot  Infress | Gallery | Surpass  Animation ToMetion Coloc Bitplane
Surfaces 2 - Properties = Camera g
B [ Fointer
5 | # 2 Delste.. .
|ae|wolss] @ # [ lsl] e | Lo

Surpass Seene
87 Light Sowres 1

% Havigate

—Cansra Typs
@ Orthogonal

Surfaces 2
e " Perspective 45°

—Draw Style

IFull Featured -

™ Smooth Lines

— Stereo

CY RN PAR A4 R

nff -
Offzet: 2.0 Vexels

Overall  Detailed | Selection |

fares =

Value [1mit [Category [ Al | Conter to Selection |
EES w2 Surface 1 __.._._i
4,62 w2 Surface 1 Euitmtre
13.439 w2 Surface 2 -

10.416 w2 Swface 3 J Quickline VR
18,827 w2 Surface 4

42. g8z w2 Suface 5

31941 w2 Surface B

53.11a w’? Surface T

25. 354 w’? Surface 8

18.119 w’? Surface 9

19,593 w’? Surface 10

43.26 w’? Surface 11

25313 w’? Surface 12

2. 204 w’? Suface 13

x| Y ET

Zoom: [2.255  pimelfvoxel A 100% | J8[ Fit | [ Full Screen | 9 Havi
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Numerical Data Output

Coloc

» Pearson’s Correlation Coefficient
» Manders’ Correlation Coefficients

» Colocalization percentage

Explore the Next Dimension
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Filament Tracer

Filament Tracer @ A0 ##4R 4518 BB IRA - TREEADASB D T

® FH % B &), #),AutoPath Ll KR AutoDepths 7574 B FI B A1 AR HE.
o ESNRE B EBRGEMBEBETRIBEEENTSH

o HIFHELR N SETEH PO EN, AR RET S ERE
o ERNZENEETA

o FRIENZEERNINAEANSTIRAREMIESHREENERER
® FilamentTracerfI B RIER o] ARE—S 0

o SO EZHME BIRERNMNEERIEIE

@ i%lé’g%“}‘.lf\ LA
Explore the Next Dimension "
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Semi-automatic filamentous structure detection

L
Starting point

.

. "BITPLANE
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FT Filament Element Visualization

Spine Segment

K Dendrite Terminal Point la

\ | | Variable Vslue  Unit  Depth Type
v e 1 Pt Diameter 181 um 2 Spine Terminal .
/ Pt Distance 3556 um 2 Spine Terminal
Sh‘ |E Spine Area 12004 um®2 2 o
- Spine Attachment Diameter 1291  um 2
Line 1 pixel Spine Avg. Diameter 1291 um 2
Spine Branchings 0 2
Cylinder | 1.000 Spine Length 2962  um 2
¢ Spine Orientation Angle 176381 * 2
Spine Resistance 2262 L/um 2
@ Cone scale S i i 2
Spine Terminal Diameter 1291 um 2
I Spine Volum: 3878 ‘3 2
¢7 Show Dendrites V| Show Spines PIREIS: - e

|¥| Beginning Paint 7] Attachment Points
Branch Paints [7] Branch Points

Spine Terminal Point

Dendrite Segment

Terminal Points || Terminal Points

Variable Value  Unit  Depth Type
[Pt Branching Angle nis - Spine Attachment
Render QU Pt Diameter 1261 um Spine Attachment
Pt Distance 45817 um Spine Attachment
PtBranching Angle 75483 * Spine Attachment
0] Pt Dismeter 191 um Spine Attachment
Pt Distance 48371 um Spine Attachment
P e e e e
; : PtDistance 50506 um Dendrite Terminal
SElEBEn e Rolf Dendrite Area 20358 um*2

Dendrte Avg. Diameter 1291 um
Dendrite Branching Angle 5035 *
Dendrite Branching Angle 8 37824 *
Dendrite Length 7361 um
Dendrite No, Spines 2

Dendrite Orientation Angle -8017 *
Dendrite Resistance 562 1fum
Dendrite Spine Density 02712 1/um
Dendrite Straightness 0992

Dendrite Volume 9638  um*3

3

Dendrite Branch Point

R R R R R L

Spine Attachment Point
—— Dendrite Root Point

Explore the Next Dimension '
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Filament Editing Selection

ouse Selects

Point (@ Segment Branch Filament

elect Parts from Filaments

Expand

| Rel. Branch... || Loops... H Invert |

|Abs. Branch... || Path H Clear |

Branc
Explore the Next Dimension
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Filament Tracer

Explore the Next Dimension 2
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Filament Tracer

Explore the Next Dimension

Position X [um]
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Imaris Cell

Imaris Celli2 40 ¥Y 5 B 38RO A AR AE T EASHT I - WM 0 T 2B AT AR R 22 A B A BV SMAR AR -
o 1B AN e BN AR AR A AT AR RS AV RE
o EWAMEAMIERERIE !

o HAEBIITYETRNMRENEREET N
o SFE NN EAMRE

o HAENTARYERETEB WA IR

® Hy3D/4DIEGIET AR L RAVHTTE

o HANARTNAE, AR BN, E TSI A S BT 5T
o EXEMBMEMZEAVERIF.

Explore the Next Dimension 5

4 [ [ Surpass Scene
Cell ¥ #& Light Source 1
¥ & Frame
7| g Volume
] iy Celil

— Cells 1 - Propertics
- (S50 # 22D [oeite. |

Creste | % Gettings |{J Cd-:rl

Cel Detection

Source Charnel [ Channd 1 - Cyloplasm « |
] smoath

Flter Width 0.923781 um
| Badkground Subbraction
Sphere Diameter 1.3873 um

| Dbt Mucksi

Source Channel | Channe 2 -Pludeus - |
] Smooth

Filter Width 021154 um

Badkgraund Subtraction

Sphere Diameter 1. 0582 um
] Debmct Vesicles
Source Charngl |.::harnei I-wescks -
Estimated Dizmeter: 2, 1154 um
¥ Badkground Subbraction

24 D=tection | | | %]
Explore the Next Dimension "' Qo2
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Cell Membrane detection

Load Parameters

Default = - | %

Algorithm Settings

Cell Membrane -

Segment only a Region of Interest

% Create | %@ Settings |  Color
| Cell Membrane Initial Detection
| Fill Gaps of Cell Membrane

Explore the Next Dimension
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Imaris Cell

Explore the Next Dimension
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Imaris Cell

Explore the Next Dimension
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ImarisVantage

Imaris Vantage ¥ R E R BT S R EA S R AWED - BHERREESERGEN PERNHE IR %
o ERMEHBHNZHERRAEL

® ¥2D-5DERETIIIERE RN

o S AIRERRER/RATAERZ BRI
o HHINLIR —EBEET OB

o EERRETEEAIMEIRE

o ERRNEMBEARHEIAMOTEERGR M

_ @ FERBEULDT AT
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ImarisVantage

Unique visualization of statistics and
object data plotted in many different
ways;

- Color—coded volume vs. Position
- Object gallery sorted by size

- 2D object scatter plot

- 3D object scatter plot

- Scatter plots with box plots

Explore the Next Dimension
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ImarisVantage

Explore the Next Dimension




ImarisXT

ImarisXT3E 8 B 2 T AL BLER A2

o FRABNERIT RIS ERI L

o EXGEE D

2GR -

B EELEEEA

o TIEEHER T EEAERES HERPHEA

® ii5AYEMatlab,Java,C++,CH Visual BasicLA R E 48 FCo

® #

° BB EEMT RN TERES

Explore the Next Dimension

BHNE T HEtMABRENERE

7

B DB RBESE T HIENESMETE

A

ST ERREREZHE

A

ImarisXT

ARARAE L

]

YKL »]

Add Similarity Statistics Value ] [

Add Similarity Statistics Value

)

Y |0 &

AR

Add Similarity Statistics Value

[ Add Similarity Statistics Value

Distance Transformation ] [

Distance Transformation

)

Angles Statistics

]
[ Vesicle outside Cell ]

Intensity Profile

meute Distance between Spots And Sur‘Fa:i

Branch Hierarchy

mpute Distance between Spots And Surfad [

Find Spots Close To Surface

Convex Hull

Find Spots Close to Filaments

Merge

Create Channel

Find Spots Close To Surface

Surfaces Split

Filaments Points Track

Spots to Spots Closest Distance

Connect Tracks

Split Into Branches

Plot Angles of selected Track

Find Spots Close to Filaments

Plot Distance Between Tracks

P T T rrEr s

Classify Spines

Find Spots On Ends Of Lines

Plot Length of selected Track

Split Spots

Translate Tracks

[
[
[
[
[
[
[
[

Split Into Surface Objects

Split Tracks

)
)
)
)
)
)
)
)
)

Super Resolution Spots

]
)
]
|
Create Channel ]
|
]
]
]
|

uper Resolution Spots to Dataset Smoothe

[
[
[
b
[
[
[
[ Colocalize Spots
[
[
[
[
[
E
[

ransform Super Resolution Spots to Datas

Connect Tracks

Plot Angles of selected Track

Plot Length of selected Track

Translate Tracks

Split Tracks

[
[
[
[
[
[
[

8
|
|
Plot Distance Between Tracks ]
|
)
J
]

Vesicle outside Cell

Explore the Next Dimension

Fiji | Surpass Vantage Help

Imaqe Fram Fiji 5= @l

)' Image To Fiji .
File . &
Process k a
Plugins
Mike
Options...
Help...

BITFLANT
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ImarisBatch

Imaris Batch O] L\ B &1 %72D/3D+5 i R A Bl ETHEE R IR -

o EHERZWHNMERIEGER, AEEH BRI DN E GV
o EEAEEABNINERRLLZ G R MREE I DIRERIREER
o EHRERBRED RBEMNERNR T, E2ETEERERNIE

o EHMREEBRED, FTEBES N IR AENEERLIESIE.

o JLBENSHEIBHHNEEUR

® ciosansor
%i%xlr X ¥
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Thank you!

 EEERRGAERAT
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