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•  What	  are	  the	  advantages	  of	  using	  phase	  
plates	  for	  recording	  tomographic	  data?	  	  

•  Do	  they	  improve	  resolu=on	  and	  /	  or	  SNR.	  	  
•  Are	  there	  limits	  on	  the	  resolu=on	  that	  can	  be	  
aEained?	  

•  Should	  we	  all	  get	  one?	  
•  How	  much	  money	  and	  effort	  is	  required	  

Ques=ons	  From	  Bridget,	  Clint	  and	  Ron	  
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ZPP	  CryoET	  of	  ε15	  Phage	  



Sub-‐Tomogram	  Average	  of	  ε15	  Phage	  from	  
Zernike	  Phase	  Plate	  Cryo-‐ET 

 

•  30	  Å	  resolu=on	  	  
•  80	  par=cles	  in	  	  
one	  tomogram	

Murata, Liu et al (2010) Structure 18:903-912 
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ZPP	  CryoEM	  of	  Biochemically	  Purified	  
Cyanophage	  Syn5	  

Dai	  et	  al	  (2013)	  Nature	  



Conven=onal	  CryoEM	   Zernike	  Phase	  Plate	  CryoEM	  

Cyanobacterium	  Infected	  with	  Cyanophages	  

Dai	  et	  al	  (2013)	  Nature	  



ZPP	  CryoET	  of	  Syn5	  Infected	  Cyanobacterium	  	  
Early	  Stage	  of	  Infec=on	  
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Zernike	  Phase	  Plate	  CryoET	  of	  Cyanobacterium	  
Infected	  with	  Syn5	  

Wei	  Dai,	  Caroline	  
Fu,	  et	  al	  (2013)	  
Nature	  	  
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ZPP	  CryoET	  of	  Syn5	  Infected	  Cyanobacteria	  
at	  Different	  Stages	  of	  Infec=on	  

Wei	  Dai	  et	  al,	  Nature	  (2013)	  	  



Five	  Types	  of	  Syn5	  Par=cles	  Classified	  from	  
Subtomograms	  

W	  Dai	  et	  al,	  Nature	  (2013)	  	  
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200 nm 

Murata, Liu et al (2010) Structure 18:903-912 

5,015	  par)cles	  
	  

Symmetry-Free Reconstruction of  
ZPP CryoEM of ε15 Phage 
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	  Subnanometer Resolution ZPP CryoEM of 
ε15 Phage   
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Murata, Liu et al (2010) Structure 18:903-912 
β-sheet 
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Asymmetric unit 



２0 Å 

8-Å Map of Bacteriorhodopsin from ZPP 

Amplitude’s comparison with Electron diffraction 
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Ques=ons	  

•  What	  are	  the	  advantages	  of	  using	  phase	  
plates	  for	  recording	  tomographic	  data?	  	  

•  Do	  they	  improve	  resolu=on	  and	  /	  or	  SNR.	  	  
•  Are	  there	  limits	  on	  the	  resolu=on	  that	  can	  be	  
aEained?	  

•  How	  much	  money	  and	  effort	  is	  required	  ?	  
•  Should	  we	  all	  get	  one?	  	  



Phase	  Plate	  Sta=s=cs	  in	  Cyanobacteria	  
and	  Syn5	  Phage	  Progeny	  Project	  	  

•  Total	  phase	  plate	  holes:	  305	  
•  Phase	  plate	  blades:	  15	  	  
•  83	  =lt	  series	  of	  cells	  completed:	  71	  collected	  manually,	  12	  by	  

SerialEM.	  

•  For	  each	  =lt	  series:	  needed	  to	  check	  4	  phase	  plate	  holes	  on	  
average.	  

23	  

Good	  
	  

Charging	   Radia)on	  
damaged	  

Incomplete	   Total	  

Cell	   57	   5	   5	   20	   87	  

Phage	   9	   7	   0	   0	   16	  

Total	   66	   12	   5	   20	   103	  
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Further	  Developments	  Needed	  for	  
Zernike	  Phase	  Plate	  

•  More	  robust	  Zernike	  phase	  plate	  
•  Op=mize	  electron	  op=cs	  configura=on	  
•  Implement	  automa=c	  data	  collec=on	  capability	  
•  Incorporate	  DDD	  camera	  data	  collec=on	  


