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Research Focus at NCMI: Cryo-EM 

• Develop Cryo-Electron Microscopy for structure 
determination of molecular machines in  solution 
states without crystals at atomic resolution;  and of 
frozen, hydrated cells/organelles at molecular 
resolution 

• Collaborate with biological investigators on projects 
to drive the technology 

• Share our experimental and computational 
methodologies and facilities freely with the global 
academic community 



NCMI Cryo-EM Collaborators in USA 



NCMI Cryo-EM Global Collaborators   



Why Cryo-EM ? 

• Can determine structures at different chemical or 
biological conformation states 

• Can work with large complex of mixed/dynamic 
conformations  

• Can determine Structure that cannot be tackled 
readily by NMR or crystallography 

• Need only low concentration (<1mg/ml) in less than 
100 µl sample 

• Resolution can be reached to ~3.5 Å in favorable 
cases 

 



Growth of Cryo-EM Entries of Maps & 

Models 

http://emdb-info.rutgers.edu/growth-chart 

http://emdb-info.rutgers.edu/growth-chart
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3D Reconstruction  
EMAN 

Model Building & Validation 
Gorgon 

High Resolution Automated Data Collection 
JADAS 

Cryo-EM Sample  
Preparation 

Biochemical  
Preparation 

Pipeline in Single Particle Cryo-EM   

Data Archiving & Processing 
EMEN  

Structure 
Deposition 



Basic Requirements for Vitrification Apparatus 

 

1. Blotting mechanism 
• manual, pneumatic or electronic  

 
1. Blotting chamber 

• high humidity 
 

2. Plunging mechanism 
• high entrance velocity 

 
3. Cryogen 

• high cooling efficiency 
 Liquid N2  

 -196°C 

Liquid 

ethane 

-172°C 

3-5 l 

Dubochet et al. (1988) Q Rev Biophys 21: 129-228 



Cryo-Specimen Preparation 

2009 

2004 

2009 



1.2 m  

Vitrified Sample in Search Mode 

Courtesy of 

Dr. I Serysheva 



1.2 m  

200kV Image of Ice-Embedded Ion Channel   

500 Å 
Courtesy of 

Dr. I Serysheva 



200 kV 
4k CCD Camera  
 
 

200 kV 
4k CCD Camera  

200 kV 
4k CCD Camera 
Energy Filter 
Zernike Phase Plate  
 
 

300 kV 
10k CCD Camera  
Energy filter 
 

v v 

Electron Cryo-Microscopes at NCMI 

JEM 2100 JEM 2010 F JEM 2200 FS JEM 3200 FSC 

2007 2002 2009 2006 

v v v 



Electron Microscope Detectors 

• Photographic film 

• CCD camera: scintillator-photomultiplier 

detector 

• CMOS direct detection 

 



Scope 
Mag 

Detector 
Mag Pixel size 

Nyquist 
(Å) 

2/3Nyquist 
(Å) 

 
30,000 

 

42,000 
 

3.57  
 

7.14  
 

10.71 

40,000 56,000 2.68  5.36  8.04 

50,000 70,000 2.14  4.29  6.42 

60,000 84,000 1.79  3.57  5.37 

80,000 112,000 1.34  2.68  4.02 

100,000 140,000 1.07  2.14  3.21 

120,000 168,000 0.89  1.79  2.67 

150,000 210,000 0.71  1.43  2.13 

Gatan 4k CCD Performance at 300keV 

Chen et al  (2008) JSB 163:45-52 



Radiation Damage Assessment 

of Protein Crystals 

• Record a series of 9-10 electron images or electron 
diffraction patterns from a single crystal 

 
 
• Measure quantitatively the fading of the diffraction spot 

intensities as a function of cumulative exposure 
 

 

 

    P. N. Unwin and R. Henderson (1975) JMB 94: 425-40. 
 



Radiation Damage Studies of Ice 

Embedded Catalase Crystal 

B Bammes, J Jakana, M Schmid, W Chiu JSB  169: 331-341 (2010) 



Quantification of Damage 

Ne (1/e) decay dose 
 
Dissimilarity factor 



Fading of Fourier Amplitudes at Different Temperatures 

B Bammes, J Jakana, M Schmid, W Chiu JSB  169: 331-341 (2010) 



Fading of Fourier Amplitudes at Different Temperatures 

B Bammes, J Jakana, M Schmid, W Chiu JSB  169: 331-341 (2010) 



Courtesy of Ryan Rochat 



Power Spectrum of Images of C-Film 

R Rochat 

J Jakana 

 



 

 
 F2(s)  CTF2(s)  Env2(s)  + N2(s) 

Structure factor 

Contrast transfer function 

Envelope function Background 

Saad et al JSB 133: 32-42 (2001) 

Computed Diffraction Pattern 



Resolution (Å) 

X ray Scattering Intensity of GroEL  

Ludtke et al  (2001) J Mol Biol 314, 253-262 

Intensity 



Computed diffraction pattern 

 
 F2(s)  CTF2(s)  Env2(s)  + N2(s) 

Structure factor 

Contrast transfer function 

Envelope function Background 



Contrast Transfer Function 

CTF (s)  = - A [(1-Q2)1/2 sin(g) + Q cos(g)] 

 

g(s) = - 2 (Cs
3s4/4 - Z s2/2) 

 
Z is vector dependent if there is an astigmatism 







Jiang & Chiu Microsc. and Microanal. 7:329-334 (2001) 



Computed diffraction pattern 

 
 F2(s)  CTF2(s)  Env2(s)  + N2(s) 

Structure factor 

Contrast transfer function 

Envelope function Background 



EM Envelope Functions : Env(s) 
Gaussian type source: 
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Sinusoidal type fluctuation: 

Gtm(s) =
sin(sr)

sr

Drift: 



0

0.2

0.4

0.6

0.8

1

1.2
0

0
.0

2

0
.0

4

0
.0

6

0
.0

8

0
.1

0
.1

2

0
.1

4

0
.1

6

0
.1

8

0
.2

1

0
.2

31/75 1/20 1/10 1/6.5 1/5.4 1/4.5 

Spatial Frequency (1/Å) 

Spatial Coherence Envelope Function 

=.12 mrad 

=.2 mrad 

=.3 mrad 

=.5 mrad 

∆Z=0.5 µm 



Gaussian Approximation for 

Cumulative Envelope Function 

 
 

Env2(s)  ~ exp (-2Bs2) 
 

B = ¼ Bcryst 

 

 
B = wah B factor = EMAN 1 B factor  

Henderson B factor = Bcryst = EMAN 2 B factor 
 



 
 F2(s)  CTF2(s)  Env2(s)  + N2(s) 

Structure factor 

Contrast transfer function 

Envelope function Background 

Computed diffraction pattern 
 



Noise Function 

N2 (s) = n1exp (n2s + n3s
2 + n4s ½) 



Contrast = (F2
  CTF2  E2 ) / 

N2 



5.5 Ǻ 

Application 

500 Å 



Number of particles  

required for a 3-D reconstruction   
  

 

Nasymunit = Nptcl *Nasym =
 S 2

 N 2
30

Ne ed
eB / 2d

2

Where <S>2/<N>2=1/3,  Ne= 20 e-/Å2, σe= 0.04 Å2 

Rosenthal and Henderson (2003) JMB 333, 721-745 

 

Liu et al (2007) J Struct Biol 160:11-27 

Murata et al. (2000) Structure 18:903-912 
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Henderson B definition 

Courtesy of X. Liu 



Future Cryo-EM Technology 

• Elimination of specimen movement 

• Higher contrast image (phase plate) 

• Improved detector (CMOS) 

• Extend to smaller and larger particles 

• Study particles of mixed conformations 

• Map validation 

• Model validation 

• Standard for data deposition to PDB 

 
 

 



Zernike Phase Contrast Cryo-EM 
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