
超分辨显微, 至极至美
－－2014年诺贝尔化学奖解读

李明
mingli@iphy.ac.cn

中科院物理研究所

2014-10-19，北京





Seeing is believing.
Definitely so in biology!



from R. P. Feynman’s talk
There’s plenty of room at the bottom. Dec. 29th, 1959

“It is very easy to answer 
many of these fundamental
biological questions; you 
just look at the thing!”

Feynman告诉你怎么做生物物理



光学显微镜的任何改进都会让生物学家如获至宝!



1903 – Richard Zsigmondy develops the ultramicroscope
and is able to study objects below the wavelength of light.
The Nobel Prize in Chemistry 1925 »

1932 – Frits Zernike invents the phase-contrast microscope 
that allows the study of colorless and transparent biological 
materials.
The Nobel Prize in Physics 1953 »

1590 – Dutch lens grinders Hans and Zacharias Janssen make the first microscope by placing 
two lenses in a tube.

1667 – Robert Hooke studies various object with his microscope and publishes his results in 
Micrographia. Among his work were a description of cork and its ability to float in water.

1675 – Anton van Leeuwenhoek uses a simple microscope with only one lens to look at blood, 
insects and many other objects. He was first to describe cells and bacteria, seen through his 
very small microscopes with, for his time, extremely good lenses.

http://www.nobelprize.org/nobel_prizes/chemistry/laureates/1925/index.html
http://www.nobelprize.org/nobel_prizes/physics/laureates/1953/index.html
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Point Spread Function

Just too large！





Super-resolution, beyond the Abbe limitation   





Martin Chalfie, Osamu Shimomura, and Roger Tsien,
“for the discovery and development of the green fluorescent protein, GFP”

2008 Nobel Prize in Chemistry
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What have you done, W.E. ?！

Born 1953 in Pleasanton, CA. Ph.D. 1982 from Cornell University, Ithaca, NY. 
Professor in Chemistry and Applied Physics at Stanford University. 

WILLIAM E. MOERNER 



First single molecule detection in solid 



1.  Photoelectric Effect (March 1905)
On a Heuristic Point of View Concerning the Production and Transformation of Light
(Übereinen die Erzeugung und Verwandlung des 
LichtesbetreffendenheuristischenGesichtspunkt)
AnnalenderPhysik 17:132-148

2.  Doctoral Dissertation (completed April 30, 1905)
The Determination of Molecular Dimensions  
(EineneueBestimmungderMoleküldimensionen).  
Submitted to the University of Zurich on July 20, 1905.  
AnnalenderPhysik 19:289-305

3.  Brownian Motion (May 1905)
On the Movement of Small Particles Suspended in Stationary Liquids Required by the 
Molecular-Kinetic Theory of Heat  
(Über die von dermolekularkinetischenTheoriederWärmegeforderteBewegung von in 
ruhendenFlüssigkeitensuspendiertenTeilchen)
AnnalenderPhysik 17:549-560

4. Special Relativity (June 1905)
On the Electrodynamics of Moving Bodies
(ZurElektrodynamik begetter Körper)
AnnalenderPhysik 17:891-921



英雄榜 I
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F1-ATPase: 120o step

K.Kinosita, Jr

曾经做过嫁衣裳

Paul D.Boyer proposed
binding change mechanism
in 1973 and won Nobel Prize
in 1997. 
PNAS, 70(1973)2837

John E.Walker analyzed the
structure of bovine F1-ATPase
in 1994 and won Nobel Prize
in 1997. 
Nature, 370(1994)621

1997 Nobel Prize in Physiology or Medicine



I did not feel at home in academia….But now!

Born 1960 in Ann Arbor, MI.  Ph.D. 1988 from Cornell University, Ithaca, NY. 
Group Leader at Janelia Research Campus, Howard Hughes Medical Institute. 

ERIC BETZIG 



Scanning Near-Field Optical Microscopy (SNOM),  hopeless?





Switching Effect of Fluorophores











英雄榜 II

W. Heisenberg,  The Physical Principles of the Quantum Theory (University of Chicago 
Press, Chicago, 1930).

Rust MJ, Bates M,Zhuang X. Sub-diffraction-limit   imaging  by stochastic   
optical reconstruction   microscopy (STORM).  Nat Methods.  2006 
Oct;3(10):793-5. 
Received 7 JULY; accepted 31 JULY

Samuel T. Hess, Thanu P. K. Girirajan,yz and Michael D. Mason, Ultra-
High Resolution Imaging by Fluorescence Photoactivation Localization 
Microscopy. Biophys. J.  2006 Dec;  91: 4258–4272
Submitted June 12, 2006; accepted August 28, 2006

Betzig E, Patterson GH, Sougrat R, Lindwasser OW, Olenych S, Bonifacino JS, Davidson 
MW, Lippincott-Schwartz J, Hess HF.  Imaging intracellular fluorescent proteins at 
nanometer resolution. Science. 2006 Sep 15; 313(5793): 1642-5
Received 13 March 2006; accepted 2 August 2006



world record



What the HELL is STED？

Born 1962 in Arad, Romania. Ph.D. 1990 from the University of Heidelberg. 
Director at the Max Planck Institute for Biophysical Chemistry, Göttingen. 

STEFAN W. HELL 



Point Spread Function











A brief history of STED

Stimulated Emission Depletion (STED)



Stimulated  Emission
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Excited state depletion

Excitation
pulse

S0

S1

Stimulated emission

Stimulated  emissionExcitation pulseSTED pulse

Fluorescence is completely suppressed 
by stimulated emission process.

Kinternal relaxation>KSM>> Kfluorescence

Suturation condition for STED pulse:  KSM=Kfluorescence ; Isaturationσabsorption~ 1 ns-1

Photons in STED pulse has lower
energy to avoid excitation.

Pulse duration should much shorter then 
S1 lifetime = 1/Kfluores



Stimulated Emission Depletion (STED)Stimulated Emission Depletion (STED)









直接测量单个分子的受激辐射
10^-7的强度调制幅度测量
免标记；受激拉曼散射等

Shot-noise limited.
Any means to break it?

Squeezed light?



Let’s go to 3D!













huanglab.ucsf.edu



The Super-Resolution Gallery



FPALM images of E. coli cells expressing wt YtvA.

Pennacchietti F, Abbruzzetti S, Losi A, Mandalari C, et al. (2014) The Dark Recovery Rate in the Photocycle of the Bacterial Photoreceptor YtvA Is 
Affected by the Cellular Environment and by Hydration. PLoS ONE 9(9): e107489. doi:10.1371/journal.pone.0107489
http://www.plosone.org/article/info:doi/10.1371/journal.pone.0107489

http://www.plosone.org/article/info:doi/10.1371/journal.pone.0107489


Nuclear pore complexes

www.zeiss.com



Jim and Cathy Galbraith, GlebShtengel, Harald Hess/HHMI/Janelia Research Campus

Microtubules in cells from fruit flies



Their approaches

visualized the invisible,
enabled the incapable,

and is having impacts on life science.



The next challenge:

Identification, localization and manipulation 
of molecules with nanometer or even sub-
nanometer precision in 3D in living cells, 
better time-resolved (<ms), and even label-
free!

Do not say there is not a way!



What I cannot create, I do not understand.



tih Eψ ψ∂
∂ =

Life Science
Calls for
Physicists!



Thank you!

mingli@iphy.ac.cn
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