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Julia Cope 
In collab. Susan Gilbert RPI, Troy, NY 
& Ivan Rayment, Univ. of Wisconsin Madison 

from Vale, 2003 (Cell 112:467)


Figure adapted from Allingham et al (2007) 
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Julia Cope 
In collab. with Dan Feldheim and  
Carly Carter (UCB Cristol Chemistry 
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Genetically Clonable Materials Enzymes and Ribozymes for 
Tomographic Imaging of Cellular Biomolecules


Dr. Dan Feldheim
 Dr. Chris Ackerson
 Ms. Carly Carter


Funded by the NIH (Development of 

High Resolution Probes for Cellular Imaging)


Department of Chemistry and Biochemistry


National Center for

Research Resources


The Identification Problem


•  Electron  tomography  can  visualize  biomolecules  in  their  native 
cellular context with molecular resolution.


•  Electron tomography typically cannot tell which molecule is which.


The identification problem in electron tomography is analogous to that in 
fluorescence microscopy, for which green fluorescent protein and other 
genetically  encoded  fluorescent  protein  tags  ignited  a  revolution  in 
biological imaging.


A set of genetically clonable tags for electron tomography would enable 
the  localization  and  identification  of  essentially  any  protein  or  RNA 
within  complex  milieu,  such  as  a  whole  cell  or  purified  multi-
biomolecule complex.  


National Center for

Research Resources


Clonable Labels 

Skiniotis et

al., 2003


Wendt et 
al., 2002 
EMBO J. 
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Mercogliano & DeRosier, 2006


Metallothionein as a clonable high-density label


National Center for

Research Resources
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1-Pot Synthesis of Shape Distinguishable Labels


National Center for

Research Resources


Peptides that generate metal nanoparticles 

SLKMPHWPHLLP
 AYSSGAPPMPPF


AuCl4
1-
 Ag1+


Ag1+
 AuCl4
1-


No Crosstalk


500 nm
 300 nm


* Slocik et al. Small, 2005, 11, 1048.

National Center for

Research Resources




7


Current List of Materials Ribozymes/Enzymes 

Enzymes 

In hand: TiO2, Au, Ag, GaO 

In progress: Fe Oxide 

Ribozymes 

In hand: Pt (cubes and spheres),  
 Pd (cubes and hexagons) 
 Fe Oxide 

In progress: ZnO 

National Center for

Research Resources


The Potential for Multiplexing

Consider a library of enzymes that combines 3 elements in different proportions


64 EELS-Distinct Tags 

(with each element contributing up to 

3 atoms in a formula unit)
Protein Chimeras


Mixed Metal Oxide 
Nanoparticle Tags


Fe2+


Mn2+


Zn2+


•  25 Tags could visually map ~1/2 of the proteins in the yeast genome in 100 experiments.


•  Tags could be fluorescent (ZnO) as well as electron dense—localization on many length scales.


National Center for

Research Resources
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Preserving

Vitrification

during Freeze-

Substitution
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Organotypic hippocampal slices 

Bouchet-Marquis C et al. Visualization of cell microtubules in their native state 2007 
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MSA Biological Tutorial Aug 5, 2008


Cindi Schwartz 
In collab. With Scott Dawson, UC Davis 

Giardia 

•   Intestinal parasite of mammals, birds, and amphibians 
•   Giardia intestinalis = G. lamlia = G. duodenalis 
•   First discovered in 1681 by Antoni van Leeuwenhoek 

•   Lifecycle: 
•   cysts are ingested through contaminated water 
•   excyst in duodenum 
•   encyst as they pass through digestive tract 
•   infection can have 14 billion cysts (typical is 300 million) 
•   one parasite per epithelial cell 
•   lives off of mucus secreted by cell 

•   Infection eliminated by Flagyl (metronidazole) 

•   In some areas of the world > 2/3 of population infected 
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γ-giardin
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HPF/FS EM/ET PEET/Classification 

Cryo-EM/ET 

100nm


10nm


Specific Aim 3: Cryo-ET of Flagella and Associated Structures 

•  Investigate unique cytoplasmic structures associated with anterior flagella 
•  Characterize ultrastructure of the flagella in association with movement 

50nm
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