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Institute of Biophotonics,
National Yang-Ming University, Taipei, Taiwan

http://www.microscopy.tw
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THE LEGALY OF IBN AL-HAYTHAM
o of-Haytham greatly benefitted from being able to use the work

Patronage of vanous Muskim rulers and weaithy aristocrats.
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Declared on 20 Dec 2013

@ UN WEB TV

The United Nations Live & On-demand

edia  News & Features  Topics & Issues

President of the 68" Session of the UN
General Assembly formally adopts the
resolution for the IYL 2015

“Let there be a Year of Light”

Argentina, Australia, Azerbaijan, Bosnia and Herzegovina, Chile, China, Colombia,
Cuba, Dominican Republic, Ecuador, France, Ghana, Guinea, Haiti, Honduras, Israel,
Italy, Japan, Mauritius, Mexico, Montenegro, Morocco, Nepal, New Zealand,
Nicaragua, Palau, Republic of Korea, Russian Federation, Somalia, Spain, Sri Lanka,
Tunisia, Turkey, Ukraine and United States of America

What the UN wants

To promote light technologies for improved quality
of life in developed and developing world

To reduce light pollution and energy waste
To promote women’s empowerment in science
To promote education amongst young people

To promote sustainable development




2015/5/24

Focus on development

EUROPE
27.8 Thps

Internet use by population
75% in Europe
16% in Africa

AFRICA
397 Gbps

Study after sunset is not
possible in many developing

countries S i

United Nations
Educational, Scientific and
Cultural Organization
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5 INTEnNATIONAL EAR O LIGH
OPENING CEREMONV UNESCO PARIS, 19 203ANUARY 2018

Seneern

m [ & ',':' Einstein's Generq) Relativity and Optical Clocks
: Vg >

i Einstein predicted a gravity shift—higher clocks run faster

| In1978 the best clock could barely see a height

difference of a mile (1.6 km)
Now,the best clock can see an inch (2.5 cm)
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2015 Taiwan Lantern Festival
__an event claiming 8 million visits
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Fu-Jen Kao
Institute of Biophotonics,
National Yang-Ming University, Taipei, Taiwan
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Outline

Some history

Current and coming developments
— Aiming for nanoscopy

The challenges
Developments in my labs

Starting in the 16th century from a magnifier

2015/5/24



Leeuwenhoek’s single-lens microscope

Microscope Internal Glass-Air Interfaces

CCD
Window, Projection
Lens

Focusing
Lenses

Ob)lectlve

Pacini Lens Assembly =
Compound Condenser
Microscope L

(circa 1845)

Collimating Focusing Collector
Lens Lenses Lens

The 19th century saw dramatic progress in the development
of the microscope, thanks to the contributions of such great
minds as Carl Zeiss, who devoted significant effort to the
manufacture of microscopes, Ernst Abbe, who carried out a
theoretical study of optical principles, and Otto Schott, who
conducted research on optical glass.

Ernst Abbe Otto Schott
Carl Friedrich Zeiss v
(1816-1888) {1840:1905) (1851-1935)
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http://micro.magnet.fsu.edu/primer/museum/pacinidesign1845.html

Diffraction Limits

g Resolving Power

AR=k _%A
A : Wavelength O
NA : Numerical Aperture

Numerical Aperture ,’

NAs = 1xsinols \
Air n=1 A i

O

One of the Microscopy Challenges:
Elucidating Molecular Dynamics in Biology

without Destroying the Molecules

Diffract Limit: A barrier originated from the Uncertainty Principle
Ernft Abbe

als §ufeer zur Yolfsgemeinfdyaft

B EEd L ! 3 H X 1 0 A

Diffraction Limit: AR~A/NA

Ernst Abbe memorial at 1

Jena, Germany:

alive at A < 450 nm

Difficult for life science to be

2015/5/24



Confocal Microscopy

07 Confocal pinhole

Photomultiplier

Widefield Versus Point Scanning of Specimens

(G:fver
lass.
il
“Microscope 7
ide
Point

Sli
Beam

Focus position Extended focus

Figure 2

M. Minsky, US Patent 3013467, Dec. 19, 1961

T. Wilson and C.J.R. Sheppard, Theory and Practice of Scanning Optical Microscopy, (Academic, London, 1984)

Peter Torok, P. Varga, Z. Laczik and G. R. Booker, Electromagnetic diffraction of light focused through a planar interface
between materials of mismatched refractive indices:

an integral representation, J. Opt. Soc. Am. A, 12, 325( 1995)

Confocal Microscopy 7 Koana 1942

Journal of the llluminating Engineering
Institute of Japan Vol. 26(1942) No. 8

Marvin Minsky 1957

2015/5/24
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Marvin Minsky; He is still alive

< C [} enwikipedia.org/wiki/Marvin_Minsky
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Marvin Minsky

From Wikipedia, the free encyciopedia

Marvin Lee Minsky (00rn Augusts, 1927) is an American cognitive scientist in the field of artficial intelligence (Al), co-founder of Miassachusetts Institute of
Technolooy's Al laboratary, and auther of several texts on Al and philosophy.

Contents [hice]
1 Biography

2 Awards and affiiations
3 Personal ife

4 Selected works

5 See also

& References

7 External Inks

graphy [edi]

Warvin Lee Ninsky was bor in New York City to a Jewish family "} where he attended The Fisldston School and the Brant High School of Sciencs. He later attended
Phillips Academy in Andover, Hassachusetis. He served in the LS Nav from 1344 to 1945. He holds a BAin Mathematics fram Harvard (1950} and a PhD in
mathematics from Princeton (1954). 72 He has been on the IIT faculty since 1956, In 1959/ he and John McCartny founded what is now known a the MIT
Computer Science and Artificial Intelligence Laboratory. He is currently the Toshioa Professor of edia Arts and Sciences, and Professor of electrical enginesring
and computer scisnce

Is3ac Asimov desciibed Minsky as one of only two peopls he would admit wers mors intelligent than he was, the other being Carl Sagan [

Born Mervin Les Minsty
August 8, 1927 (age 35)
New York Gity, United Sttes

T oo

ields Cognitive ssience

msmms T

Alma mater Frilips Academy
Harvard University
Frinoeton Univerity

Winsky's inventions incluce the first head-mounted graphical display (1963) and the confocal microscope™™! (1957, a predecessor to taday's widely used confocal Doctoral o
Iaser scanning microscope). He developed, with Seymour Papert, the first Logo “turtls”. Minsky also built, in 1951, the first randomly wired neural network leaming aduisor  AlSErW Tuser
machine, SNARC. T ToEm

Winsky wrate the boak Percactrons (with Ssymaur Papert), which became the foundational werk in the analysis of artificial neural networks. This boakis the center of David Dalymple.

acontroversy in the history of Al as some claim itto have had great importance in driving research away from neural networks in the 1970s, and contributing to the S
so-called Al winter [2197 72292 He also founded several other famous Al models. His book “Aframework for representing knowledge” created a new paradigm in Joa! Moses

Bartram Raphas!
Garald sy Sussman

programming. VWhile his "Perceptrons” is new more a historical than practical book, the theary of frames is in wide use. Minsky was an adviser'™ on the movie 2001
4 Space Odyssey and is referred to in the movie and book.

http://en.wikipedia.org/wiki/Marvin_Minsky
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Dr. Zyun Koana Special Exhibition, The University of Tokyo
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Koana and the Lunar Eclipse Observation Equipment
January 8 Showa 11(1936)
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http://museum.c.u-tokyo.ac.jp/2009.html#koana
http://akiroom.com/redbook-e/koana/koanal0.html
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Petran 1968, Video
Rate Confocal

Microlens Array Disk Light Source

Detector

- Beam Splitter
Pinhole Array Disk

|| _—Objective Lens

| _—Specimen

Focal Plane

Post-electrostimulation changes in Ca%+ in mouse
ventricular cardiac muscle cell labeled with Fluo-3,
images taken at 4 ms intervals

20ms 24ms

Oxford microscope, 1975

Amar Choudhury, Colin Sheppard,
Pete Hale and Rudi Kompfner
Oxford, Summer 1976

12
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The “Discovery” of Nano-World

Introduction and current status
The less charted territory (challenges)
The working mechanisms and building blocks

— Are there “coherent forces” in this range, such as Cooper pairs,
plasmonics/polaritons/excitons, or nano-quarsiparticles, ..etc.?

— Could carbon nanotube, nano-diamonds, or graphene (all carbon)
provide the new Legos?

The tools
— New concepts and novel technologies

— Switching of molecules, supercontinuum light sources, CMOS camera,
high speed electronics, data center grade computation (modeling high
energy physics)

Prospects and Future Investment, the combination of
— Super-resolution microscopy, the essence is “switching”.
— High throughput and high content imaging, data center class analysis

Nano-Science & Nano-Technology

Things Natural Things Man-made
10 mp== 1€m
o 21st
: e, | RO T e,
10°m= | mitmoter S

mm) &8
Microelectromechanical dovicos.
10-100inm wide
A

200 #m 104mp= 0.1 mm
" 100 m
Human hair “Fiyash ‘E‘
-10-20 bm =
~10-50 #m wido g 55‘0.;,,,_ 001 mm

10pm

Red blood cells.
with white cell

~2-58m

1000 ‘
Assemble nanoscale
bulkding blocks to make
Ainctional devices,

¢ 8 pholosynthetic
Integral semiconductor
storage

10¢mp=_ g 1 mcrometer
=

1 s nometer (nmy

10 n n nanotub
GARNRISIHE Ao oloBcon 107°mé= 0.1 nm Quantum corral ol.:.c h:; atoms on copper c;h:m d“m:mo
spacing ~tenths of nm positioned one at a time with an STH tip
Corml giamater 14 nm

http://www.terasemjournals.org/GNJournal/GN0301/ck3lg.jpg
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Time

104 s
1h—
1,000 5
100 s

1 min—

10s-

0.1s

10 ms—|

1 ms—

Imagining imaging’s future

PET

AFM,
fixation EM AOH
ocT Us MRI
The Nano-World
MEG
FL,
TIR-FM
Quick freeze EM

01 ms

T
1nm

T
10 nm

T T T T T T T T
0.1 um 1um 0um O01mm 1mm 1cm 10cm Tm

Lateral dimension
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AFM: atomic-force
microscopy

AOH: all-optical histology
BL: bioluminescence

FL: fluorescence microscopy
at visible wavelengths

MEG:
magnetoencephalography

MRI: functional magnetic
resonance imaging

OCT: optical coherence
tomography

PET: positron emission
Tomography

TIR-FM: total internal
reflection fluorescence

microscopy

US: ultrasound.

Roger Tsiem, Imagining imaging’s future, Nature Reviews of Molecular Cell Biology 2003 Sep, ss16 —ss21

Depth

Imagining imaging’s future

1nm—
10 nm AFM
0.1 um— TIR-FM
1um—|
Quick
T0um) freeze EM
0.1 mm—|
FL
1 mm—
OCT
AOH N\
1em—
\ MEG
Fixation EM Us
10em SR—
The Nano-World
1m— MRI PET
1om T T T T T T T T T
1nm 10 nm 01um  1pm 10pum O01mm 1mm 1cm 10cm im

Lateral dimension

AFM: atomic-force
microscopy

AOH: all-optical histology
BL: bioluminescence

FL: fluorescence microscopy
at visible wavelengths

MEG:
magnetoencephalography

MRI: functional magnetic
resonance imaging

OCT: optical coherence
tomography

PET: positron emission
Tomography

TIR-FM: total internal
reflection fluorescence

microscopy

US: ultrasound.

Rogen Tsien, Imagining imaging’s future, Nature Reviews of Molecular Cell Biology 2003 Sep, ss16 —
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The Nano-World
_tools and considerations

The less charted terrain

covalent bonds

10°m 108m 107m “Conventional” Optical
NMR Microscope
Spectroscopy Dipole-dipole interaction/ Confocal
Isotope Van der Waals force Multiphoton
Mass Spec C—
Excitons/Plasmonics/Polaritons/Polarons,
Pseudo-particles 2??
— ———————
FLIM/FRET PALM/STORM/STED/SIM/SSIM
(Live Cell-Compatible) (Live Cell-Compatible)
SPM >
Cryo-EM >

(Mostly for materials or fixed sample)

—|—> Micro-World

X-ray

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

Share this: 1 Bl E1E3 14 E]
The Nobel Prize in
Chemistry 2014

moud

Eric Betzig
Prize share: 1/3 Prize share: 1/3 Prize share: 1/3

The Nobel 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".

Stefan W. Hell William E. Moerner

\

2015/5/24
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Leading Developments Worldwide

Nano- and Multidimensional-scopy
__Beyond the Diffraction Limit

Single fluorophore Localization microscopy

(a) Stochastic optical reconstruction microscopy
(STORM), 2006, Xiaowei Zhuang

(b) Photoactivated localization microscopy
(PALM), 2006, by Eric Betzig, Harald Hess, and
Samuel Hess.

(c) SPDM C. Cremer, 2008 or earlier.

Saturated structured illumination microscopy
(ssim),

Mats Gustafsson

Effective PSF of
STED microscope

Stimulated emission depletion (STED),
Stefan Hell

Optical Sectioning Microscopy,
Ernst Stelzer

Optical Localization Microscopy

1. Single molecule (or
fluorophore) activation Cylndrca

2. Single molecule detection

3. Centralizing

4. Image reconstruction

https://www.youtube.com/watc

h?v=-ioAnvfkirg8

Time-lapse lysosome movie Conventional microtubule STORM microtubule
image image

e
| : fixation | STORM
% s —_— | —
g " IF \
h . - ¥ > R .
3 5 2pum

N:gle particle tracking

.

Balint § et al. PNAS 2013;110:3375-3380

é ‘

Imaging
Lens

¢

EMCCD!

Figure 9

\

&

Trajectories obtained
from time-lapse movie
Combined trajectories
STORM microtubule
image

2015/5/24
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A moiré pattern and structured illumination, SIM and SSIM

The Late Mats Gustaffson
http://www.bioengineering.ucsf.edu/faculty-mats_gustafsson.vp.html

A Fluoresomnos
Objectve
Difractve ey o
1 ‘ Excitation
pattern
Saturated
axcitation
pattem

§ <1 -

structured enhanced-

Effective excitation pattern. detection PSF

LLLLLL TN lumination resolution PSF

Courtesy of Mats Gustaffson

V21 #11 NOVEMBER 2003

8 I ¢ d NATURE BIOTECHNOLOGY
M2

T phasep;la(en::;)

Exc.

®
LI

b
10 i
3 $
o sel 24750 Mwien?
3 h
2 05 sy
§ [] 1
2
S
w Saturated depletion
00 &
3 6 ]
lereo (GWicm?) Excitation  STED | Saturated
spot spot " depletion

Counts/ 0.3ms

STED [ I |

)

¥ o ey e
EEE——— E— y ] - ™ og®
0 Counts/ 03 ms 190 0 Counts / 0.3 ms ’ LS " _}f“_ § 20
Courtesy of Stefan Hell : v CvoTman oo %0 0 % ® B0 020
. x (nm) x (nm) FWHM (nm)
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STED, STimulated Emission Depletion Microscopy

Phase
Plate
0 A EUROPEAN JOURNAL

Py 59l CHEM CHEM

Depletion Lner\. —Emission to

1+ — Detector

{ E ] OF CHEMICAL PHYSICS AND PHYSICAL CHEMISTRY
<

— ,'_. —y $

— it }

(]

STED

\\’ kel
A - Multicolor
- Multiphoton
- Live-cell
- Video-rate
Spectroscopy

Ex:ﬂulon Laser

STED 30 PSF
Pattern

STED Microsco
Point-Spread Functions

Excitation STED
Pattem
¥y S
Zero
e Polnt

Saturated  Effective
Depietion PSF
$WILEY-VCH

Courtesy of Stefan Hell

nature ) |
phOtOﬂlCS PUBLISHED ONLINE: 28 APRIL 2013 | DOI: 10.1038/NPHOTON 2

Far-field imaging of non-fluorescent species with

subdiffraction resolution

Pu Wang', Mikhail N. Slipchenko', James Mitchell?, Chen Yang?, Eric O. Potma?, Xianfan Xu?

and Ji-Xin Cheng'** R
- o prots Pump Saturation

2015/5/24

eoo0soeose _oe0oose .
e (Wp) m .

Saturation (w,,,)

Probe (w,;,)

‘ 'G . Subdiffraction-limited imaging of

graphite nanoplatelets

e

4

Pump-probe delay (ps)

Power density (MW/cm?)
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llluminating the bio-samples properly

Sun is the source of all energy in earth. Z The average intensity at top of the
‘o atmosphere 1,360 watts/m?2.

At surface is 1030 watts/m?

(1.03 X105mili-watt/[m?)

By NASA satellite missions.

Distance about
150 million kilometers

- _)l'
L

Widefield Scanning
’/ Confocal

lllumination
pinhole

Dichroic

Dichroic
™S * Laser

Light source: illumination

usually mercury

or xenon lam i L
v Scanning speeds limit

Emitted light .
acquisition rates.

Specimen

Detector- eye or a camera

Point-like illumination and point-like
detection results in a focal spot
105 W/cm? for 400 nm ex. 20 X .75 N.A. obj.

200 nW incident or

320 W/cm? peak irradiance.
Which is comparable to that of
Sun’s irradiation to our body.

David J. Stephens, et al. Science 300, 82 (2003)
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Light Sheet Microscopy (SPIM)

Photonbudget(orstaﬁsﬂcs)isthekey

A

Light sheet microscopy platform
for simultaneous multiview imaging
(one-photon and multiphoton excitation)
I

A lllumination objective 2

S [
14 (
\F';iézfgsgn;mz [
[
[
[

Detection objective 1 A

Real-time elecl(onlcs control framework

Ccmputaﬁonal framework
for sustained high-speed image acquisition
(350 MB s, up to 100 TB)
A 4

for high-throughput multlwew image fusion
(200 MB s™")

\ 4
Computational framework
for high-throughput image data management
(600 MB 57)

‘//

lllumination Sample holder
s RO
objective 1 'b/ 2 X oy

Oe[e e, De(ecﬂon
n )

Computational CPU/GPU based framework
for high-throughput segmentation/tracking

Computational framework ]

24 hot

Correlative fluorescence and electron microscopy

Correlative STED
Confocal STED

Fig. TOM20 fusion
proteins.

Sum TIRF

Nature Methods 8, 80-84 (2011)
http://www.nature.com/nmeth/journal/v8/n1/full/nmeth.1537.html

2015/5/24
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The New Paradigm
Massive data processing

Memory
required

NI | “Terabyte

High-throughput it@

Requmng d data > https://code.google.com/p/monashmie/

Summary

Optical instruments are most versatile and non-invasive
in probing the nano-world.

Novel concepts and new tools have enabled
unprecedented opportunities. Three-dimensional
imaging with an optical resolution as high as ~20 nm in
the lateral direction and 40-50 nm in axial dimension has
been achieved routinely.

As resolution improves beyond diffraction limit, the
amount of data explodes accordingly. A new paradigm is
reached, data center class processing seems imperative.
In addition to better imaging capacity, new fluorescent
probes that are brighter, more photostable and
switchable fluorophores that have high on-off contrast
and fast switching rate are also crucial.

21


https://code.google.com/p/monashmie/

2015/5/24

Google Earth-like
Visualization

Thank You for Your Attention !

Announcing:

Focus on Microscopy 2014
Sydney, Australia :
April 13 - April 16, 2014 =3

PhotonicsWest
2-7 February 2013  _pormasion=
® Call for Papers

BiOS | LASE | OPTO | 2N
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