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data acquisition Application 1
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Weak phase imaging
Zernike phase plate
Automation/Tele-microscopy!
software control interface? 
FasTEM/Leginon/SerialEM

field emission gun 300kV

Omega filter

Tietz CCD+TV camerica

Pumping/contamination?

Gold / charging

Constant objective-lens excitation

Top+side-entry tilt2x GIP
1x CIP
1x CDP
1x SDP

G4

G5

G6
Phase plate

Solution 4
Cryo-imaging
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Phase refinement – 
 figure-of-merit in iterative cycles

2D Projection

3D Object

3D Fourier 
Transform

3D Reconstruction

2D Fourier 
Transform

FOM  --  crystallization in computing
Individual filters
1. Correlation filter (refining models)
2. Size filter (interpolated models)
3. SIR variance filter 
4. Contour-based weighting over CC plot to 

avoid false solution

Population filters 
1. Handedness consistency 
2. Phase consistency if with geometry 

constraint
3. Completeness of unique phases 
4. Accuracy in averaging (scaling & 

interpolation)
5. Model assessment and occupancy (if 

with symmetrical objects)

• http://pioms.ucdavis.edu/

US20120301494 A1 (2012)
US20120064169 A1 (2012)
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Classical Fourier filter

• http://pioms.ucdavis.edu/

US20120301494 A1 (2012)
US20120064169 A1 (2012)
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Cheng, Lect Notes Comp Sci 2000 

cross-domain double filters

 object density

distribution
Fourier transform

of the object

2D density
projection

2D central 
Fourier section

FFT

FFT

spatial space frequency space

Polar Fourier
transformation

2D polar
transform

FFT

Radial+Fourier filters
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08/15/14 J. Struc. Biol. 116, 120-130 

phasing with dual digital filters
Image alignment via Polar Fourier Transform

Solution 4

• http://pioms.ucdavis.edu/

US20120301494 A1 (2012)
US20120064169 A1 (2012)
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Algorithms of double transforms

3D Model

Project

Model

(m views)

Projection

Interpolate 
projection

m

m

1D

FFT

m

Polar projection Polar FT

Cross 
Correlate  
to obtain 
(x0, y0)j

Images (j=1,n) 
n

Interpolate 
imagej

(x0, y0)j
Polar imagej

1D

FFT

Polar FTj

Correlate to 
obtain (

(

(j
Polar projection ( j 

Polar projection ( j 

Invert 

Rotationally correlate to 
obtain (

(j

Projection) j

j

j

Rotate by j

Projection ) j

Cross correlate to 
obtain (x,yj

(,x,y)j=1-n

Select “best” image and 
compute 3D

(x,yj

Sum projection 

From circular average

Circular Average 
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stained image can only show topological 
features — e.g. AFM

CaMV / 50nm dia• http://pioms.ucdavis.edu/

US20120301494 A1 (2012)
US20120064169 A1 (2012)
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Build model from symmetry lattice
Solution 5

• http://pioms.ucdavis.edu/

US20120301494 A1 (2012)
US20120064169 A1 (2012)



 || Professor R Holland Cheng |  oral, dual-modal activation of immune protection  ©2009 | UCCN08-639 | UCCN09-098 CONFIDENTIAL

08/15/14

Monitor in both Fourier & real spaces

• http://pioms.ucdavis.edu/

US20120301494 A1 (2012)
US20120064169 A1 (2012)



 || Professor R Holland Cheng |  oral, dual-modal activation of immune protection  ©2009 | UCCN08-639 | UCCN09-098 CONFIDENTIAL



 || Professor R Holland Cheng |  oral, dual-modal activation of immune protection  ©2009 | UCCN08-639 | UCCN09-098 CONFIDENTIAL



 || Professor R Holland Cheng |  oral, dual-modal activation of immune protection  ©2009 | UCCN08-639 | UCCN09-098 CONFIDENTIAL



 || Professor R Holland Cheng |  oral, dual-modal activation of immune protection  ©2009 | UCCN08-639 | UCCN09-098 CONFIDENTIAL



 || Professor R Holland Cheng |  oral, dual-modal activation of immune protection  ©2009 | UCCN08-639 | UCCN09-098 CONFIDENTIAL



 || Professor R Holland Cheng |  oral, dual-modal activation of immune protection  ©2009 | UCCN08-639 | UCCN09-098 CONFIDENTIAL

• http://pioms.ucdavis.edu/
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Packaging cell line to deliver vaccines
Relearn from virus infection

membrane-mediated sorting 

• http://pioms.ucdavis.edu/

US20120301494 A1 (2012)
US20120064169 A1 (2012)
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RNA 
stability

Transcription 
efficiency

Translation 
efficiency

Assembly  via 
membrane 
compartmentalization

Replication rate

PCL engineering to produce vaccine
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?

2001: Microsc Microanal, 7S, 104 (Cheng R.H.)
2010: PCL vaccine application (Soonsawad et al)
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cytopathic vacuole –
   II / RNP & tubes 

assembly compartment 
Microsc Microanal, 2001 

• http://pioms.ucdavis.edu/

US20120301494 A1 (2012)
US20120064169 A1 (2012)
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•http://pioms.ucdavis.edu/
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?

?

CP

Spike

assembly along the cellular membrane

T=4
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Conformational changes in viral assembly

Forsell et al., EMBO J, 19:1207 
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Echovirus 1                                  SFV     
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Biacore and antibody detect the
 pH dependence of fusion peptide
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NC + glycoprotein conform 
viral particles
Maturation requires 
membrane budding based on 
1:1 glycoprotein-capsid 
interactions 
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internal feature of viral glycoprotein molecules
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Modular consequences in fusion activation
membrane fusion — type II 

• http://pioms.ucdavis.edu/
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VaxGen Trial
(Protein only- AIDSVAX)
Clade B gp120 (MN)
Clade AE gp120 (A244)

Step Trial
(Vector only)
Ad5 (gag, pol, nef)

RV144 Trial, & further RV217
(prime-boost: ALVAC, protein+ ALVAC)
ALVAC= env, gag, pro
Protein= AIDSVAX

HVTN 505
(prime-boost: DNA, Ad5)
DNA= env, pol, nef
Ad5= env, pol, gag

• http://pioms.ucdavis.edu/

HIV Env protein
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insights of cellular compartments

I/O
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Reduced complexity by sorting 
proteins along lipid membrane

200 nm

HIV Gag 
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10/11/12

UC Davis has 33,000 students, 2,500 faculty 
and 21,000 staff, an annual research budget of 
$750M, a comprehensive health system. The 
university offers interdisciplinary graduate 
study and 100 undergraduate majors in four 
colleges & six professional schools
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