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  E	
  (1873)	
  Beiträge	
  zur	
  Theorie	
  des	
  Mikroskops	
  und	
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Superresolu0on	
  microscopy	
  



Superresolu3on  Microscopy


hYp://www.nobelprize.org/	
  

Different	
  superresolu0on	
  
techniques:	
  
	
  
a.  PaYerned	
  illumina0on	
  (STED,	
  

SIM/SSIM)	
  –	
  ‘true’	
  or	
  
determinis0c	
  superresolu0on	
  

b.  Single-­‐molecule	
  switching	
  
(STORM,	
  (F)PALM)	
  –	
  ‘func0onal’	
  
or	
  stochas0c	
  superresolu0on	
  

	
  

use	
  nonlinear	
  response	
  of	
  	
  
fluorophores	
  

use	
  temporal	
  behavior	
  of	
  	
  
fluorophores	
  



The  struggle  with  SRM


•  Expensive,	
  specialized	
  equipment	
  required	
  

•  Long	
  acquisi0on,	
  high	
  illumina0on	
  intensi0es	
  

• Ogen	
  superficial	
  



Clearing  -­‐  Background


DOI:10.1038/NMETH818	
  

Werner	
  Spalteholz,	
  1914	
  
Ueber	
  das	
  Durchsich0gmachen	
  von	
  menschlichen	
  und	
  0erischen	
  Praeparaten	
  und	
  seine	
  theore0schen	
  Bedingungen	
  



3D  imaging  and  clearing
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Clearing  -­‐  Background

CLARITY	
  (2013)	
  



Summary


Advances	
  in	
  resolu0on	
  	
  
	
  
Numerous	
  methods	
  for	
  making	
  brains	
  (organs)	
  transparent	
  
	
  
Limited	
  clearing,	
  limited	
  speed	
  for	
  superresolu0on	
  



Expansion  Microscopy


hYp://synthe0cneurobiology.org/people	
  



The  idea




Sodium  acrylate


Youtube	
  clip:	
  ‘Sodium	
  Polyacrylate’	
  



Sodium  acrylate


ddH2O	
  

Sodium	
  acrylate	
   Acrylamide	
  

+	
   +	
  

N-­‐N'-­‐methylenebisacrylamide	
  

Polymeriza0on	
  

health.howstuffworks.com	
  



The	
  control	
  –	
  uniform	
  diges=on	
  

Scalebar	
  5mm	
  

ddH2O	
  

Pilot:	
  Perm/fix	
  brain	
  0ssue	
  
Infuse	
  Na-­‐acrylate	
  +	
  acrylamide	
  +	
  X-­‐linker	
  
Protease	
  K	
  0ssue	
  diges0on	
  
Dialysis	
  with	
  ddH2O	
  



Scalebar	
  5mm	
  

What	
  about	
  transparency?	
  

→	
  The	
  sample	
  is	
  mostly	
  water	
  

ddH2O	
  



Progress


ü	
  Uniform	
  diges0on	
  
ü 	
  Clearing/transparency	
  
û	
  Diges0on	
  efficiency	
  	
  



Fluorescent  labeling  strategy


Diges0on	
  is	
  uniform,	
  expansion	
  looks	
  uniform	
  

How	
  to	
  label	
  proteins	
  when	
  everything	
  is	
  digested?	
  

Free	
  radical	
  polimeriza0on	
   Hybridiza0on	
   Visualiza0on	
  

Fluorescent	
  tag	
  is	
  targeted	
  to	
  biomolecule	
  of	
  interest,	
  remains	
  covalently	
  anchored	
  	
  
to	
  polymer	
  





The	
  control	
  reten=on	
  aBer	
  gela=on	
  



The	
  control	
  

Non-­‐rigid	
  registra=on	
  



Workflow


I.  Perfuse,	
  fix,	
  sec0on	
  
II.  Staining	
  
III.  Polymer	
  synthesis	
  
IV.  Diges0on	
  
V.  Expansion	
  
VI.  Imaging	
  

voltagegate.blogspot.com	
  



Progress


ü	
  Uniform	
  diges0on	
  
ü 	
  Clearing/transparency	
  
ü 	
  Labeling	
  
ü 	
  Uniform	
  diges0on	
  



How	
  well	
  does	
  it	
  perform?	
  



Cell	
  culture	
  (HEK	
  293)	
  



Errors	
  in	
  length	
  

Cell  culture  (HEK  293)


Expansion	
  microscopy	
  physically	
  magnifies,	
  with	
  nanoscale	
  isotropy	
  

Confocal	
   Post-­‐expansion	
  confocal	
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Cell  culture  (HEK  293)


SR-­‐SIM	
  (structured	
  illumina=on)	
   Post-­‐expansion	
  confocal	
  

SR-­‐SIM	
  image	
  of	
  microtubules	
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Cell  culture  (HEK  293)


SR-­‐SIM	
  image	
  of	
  microtubules	
  

FWHM	
  83.8±5.7nm	
  

Effec=ve	
  resolu=on:	
  ~60nm	
  

SR-­‐SIM	
  (structured	
  illumina=on)	
   Post-­‐expansion	
  confocal	
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Cell  culture  (HEK  293)


Clathrin-­‐coated	
  pits	
  (CCPs)	
  in	
  HEK293	
  cells	
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Slope=1.001	
  

SR-­‐SIM	
  (structured	
  illumina=on)	
   Post-­‐expansion	
  confocal	
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Fixed	
  brain	
  0ssue	
  



Fixed  brain  3ssue

Thy1-­‐YFP-­‐H	
  mice	
  

Widefield	
  fluorescence	
   Post-­‐ExM	
  Widefield	
  
Length	
  error	
  2-­‐4%	
  



Mul0color	
  ExM	
  

An0-­‐GFP,	
  AF488	
   An0-­‐Bassoon,	
  AYo565	
   An0-­‐Homer1,	
  AYo647N	
  



Fixed  brain  3ssue

Confocal	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Post-­‐expansion	
  confocal	
  

Thy1-­‐YFP	
  
Homer1(presynap0c)	
  
Bassoon(postsynap0c)	
  



Fixed  brain  3ssue

Confocal	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Post-­‐expansion	
  confocal	
  

(F	
  and	
  G)	
  Details	
  of	
  boxed	
  regions	
  in	
  (D)	
  and	
  (E),	
  respec0vely.	
  	
   (H)	
  Single	
  representa0ve	
  synapse	
  highlighted	
  in	
  (G).	
  

Dani	
  et	
  al.,	
  2010	
  



3D	
  superresolu0on	
  



3D  superresolu3on


500x180x100um	
  volume	
  image	
  of	
  adult	
  Thy1-­‐YFP-­‐H	
  mouse	
  
	
  
	
  
	
  
Lateral	
  Resolu0on	
  ~70	
  nm,	
  axial	
  resolu0on	
  200	
  nm	
  
	
  

Thy1-­‐YFP	
  
Homer1(presynap0c)	
  
Bassoon(postsynap0c)	
  



3D  superresolu3on




CA1	
  stratum	
  lacunosum	
  moleculare	
  (slm)	
  

Thy1-­‐YFP	
  



Thy1-­‐YFP	
  
Homer1(presynap0c)	
  
Bassoon(postsynap0c)	
  

‘Focusing	
  on	
  a	
  dendrite	
  in	
  CA1	
  slm,	
  we	
  observed	
  the	
  postsynap0c	
  protein	
  Homer1	
  to	
  be	
  well	
  
localized	
  to	
  dendri0c	
  spine	
  heads,	
  with	
  the	
  presynap0c	
  molecule	
  Bassoon	
  in	
  apposi0on’	
  



Summary


Imaging	
  of	
  	
  large	
  3D	
  structures	
  with	
  nanoscale	
  precision	
  
⇒ 	
  Large	
  0ssue	
  imaging	
  with	
  great	
  accuracy	
  
⇒ 	
  Axial	
  &	
  lateral	
  resolu0on	
  improved	
  by	
  same	
  factor	
  
⇒ 	
  Improved	
  mechanical	
  error	
  
	
  
Works	
  with	
  conven0onal	
  microscopes	
  and	
  fluorophores	
  
	
  
Harsh	
  sample	
  treatment	
  –	
  imaging	
  of	
  a	
  ‘ghost’	
  
⇒ 	
  Combine	
  with	
  light	
  sheet	
  microscopy	
  
	
  



Outlook


hYp://en.wikipedia.org/wiki/Light_sheet_fluorescence_microscopy	
  



Cri3cism




Ques0ons?	
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