
CHEM 165,265 / BIMM 162 / BGGN 262 !Winter 2013!
3D Electron Microscopy of Macromolecules 

When:   TuTh 8:00-9:20 AM!
              Jan 8 - Mar 14!
Where:  Peterson Hall 103!

Who:     Tim Baker!
!   Hector Viadiu!

EVERYONE (students and auditors)!
Please provide requested info on CLASS ROSTER handout 

and return to T. Baker asap (today or Thursday)!



- Basic, theoretical understanding of the principles and 
practice of TEM and 3D image reconstruction 

- Emphasis is on BIOLOGICAL specimens 

PRIMARY GOAL!

CHEM 165,265 / BIMM 162 / BGGN 262 !Winter 2013!
3D Electron Microscopy of Macromolecules 



CHEM 165 = CHEM 165,265 / BIMM 162 / BGGN 262   

Rule #1!

CHEM 165,265 / BIMM 162 / BGGN 262 !Winter 2013!
3D Electron Microscopy of Macromolecules 



COURSE MATERIALS / HANDOUTS!

- Basic Info and Syllabus (also posted on Web) !

- Class Roster (please check, fill in, and return to T. Baker asap)!

3D Electron Microscopy of Macromolecules 





COURSE FORMAT!
19 lectures (80 min each)!

1-2 optional demos (extra credit pts.)!

Midterm exam: Feb 5 (100 pts.)!

Final exam: Mar 21 (200 pts.)!

3-4 two-page critiques: after Feb 15 (50 pts. each)!

Several optional recitation help sessions (to 
review optional homework assignments and lectures)!

3D Electron Microscopy of Macromolecules 



3D Electron Microscopy of Macromolecules 
SYLLABUS (Tentative)!



3D Electron Microscopy of Macromolecules 
SYLLABUS (Tentative)!



COURSE MATERIALS / HANDOUTS!

- Basic Info and Syllabus (also posted on Web) !

- Class Roster (please check, fill in, and return to T. Baker asap)!

- Accessing Course Materials on the Internet (NOT posted on Web) !

3D Electron Microscopy of Macromolecules 



Accessing course materials 
on the Internet 
Handout presented in class 



Class Web Page: Jan 7, 2013 



Class Web Page: Jan 7, 2013 



- Basic Info and Syllabus (also posted on Web) !

- Class Roster (return to T. Baker asap)!

- Textbook List (also posted on Web)!

- Accessing Course Materials on the Internet (NOT posted on Web) !

3D Electron Microscopy of Macromolecules 

COURSE MATERIALS / HANDOUTS!



+ 2 more pages!



- Powerpoint lectures (will be posted on Web)!

- Basic Info and Syllabus (also posted on Web) !

- Class Roster (return to T. Baker asap)!

- Textbook List (also posted on Web)!

- Reading References List (posted on Web)!

- Accessing Course Materials on the Internet (NOT posted on Web) !

- Lecture Notes (16 pages today; all will be posted on Web)!

- “Virtual Homework” questions (will be posted on Web)!

- “Bottom Line” (will be posted on Web)!

3D Electron Microscopy of Macromolecules 

COURSE MATERIALS / HANDOUTS!

- “p-Flasher” (substitute for i-Clickers: please bring to every lecture)!





p-Flasher!

A	
 B	
 C	


D	
 E	


(AKA the ‘poor man’s’ low-tech substitute)!



LECTURES!

- Concentrate on key concepts!

- Get details from notes and supplementary reading!

- Images, images, images!!! !

3D Electron Microscopy of Macromolecules 



This course IS NOT about:!
- SEM !(Scanning Electron Microscopy)!

- STEM !(Scanning Transmission Electron Microscopy)!

- STM !(Scanning Tunneling Microscopy)!

- AFM !(Atomic Force Microscopy)!

- SPM !(Scanning Probe Microscopy)!

- LM !(Light Microscopy - or any related version)!

3D Electron Microscopy of Macromolecules 



This course IS about:!
- TEM (Transmission Electron Microscopy)!

Sounds simple, right? 

3D Electron Microscopy of Macromolecules 



- See magnified view of object details!

BASIC  DESIRES!
(of any microscopist)!

- TEM specimens need special prepar-
ation for observation in ‘harsh’ envi-
ronment!

- Need to form AND record images!

- Need optical instrument to get 
REALLY REALLY ‘close’ to object!

- Need theoretical and practical training 
to become a proficient‘expert’!



TOPICS!
- Principles of TEM!

Electrons, lenses, and optics!
- Design of TEM!

Components top to bottom!
- Contrast and image formation!

Electron scattering from object!
- Optimizing TEM performance!

Alignment assures ‘best’ images!
- Operation of TEM!

“What do all these buttons do?”!
- Other modes of TEM!

Many ways to ‘observe’ specimens!
- Specimen preparation for TEM!

Getting the specimen ready!

- 3D reconstruction!
Specimen 3D structure from 2D images!

- Radiation damage!
Less is better!



- Lectures start promptly at 8:00 AM!

- Equations: not necessary to memorize!!
You do need to understand them!

- Practice questions often posted before 8 AM!
   (some may appear on exams)!

And then there is always… 

A few loose ends!



…and other devices!



1 nm = 1 x 10-9 meter!

TRIVIAL BUT IMPORTANT!

1 nanometer = 1 billionth of a meter!



1 nm = 1 x 10-9 meter!

TRIVIAL BUT IMPORTANT!

1 nm = 10 Å (Å = Angstrom)!
1 Å = 0.1 nm!

1 µm = 1 x 10-6 meter!
1 micron = 1 millionth of a meter!



1 nm = 1 x 10-9 meter!

TRIVIAL BUT IMPORTANT!

1 nm = 10 Å (Å = Angstrom)!
1 Å = 0.1 nm!

1 µm = 1 x 10-6 meter!
1 µm = 1000 nm!
1 µm = 10,000 Å!



Scale of Biological Structures!

From Subramaniam (2005) Fig. 1, p.2	






Scale: 20 	


1 meter 

How small are macromolecules?!
1X	


FEI Tecnai 30 Polara	


Four happy men	


Light microscope	




500 mm 

Scale: 21 	

2X	


FEI Tecnai 30 Polara	


One man	


Light microscope	


How small are macromolecules?!



200 mm 

Scale: 22 	

4X	


FEI Tecnai 30 Polara	
 Light microscope	


One man	


How small are macromolecules?!



Scale: 23 	

8X	


FEI Tecnai 30 Polara	
 100 mm 

One man	


Quarter	


How small are macromolecules?!



50 mm 

Scale: 24 	

16X	


FEI Tecnai 30 Polara	


Quarter	


House fly	


How small are macromolecules?!



20 mm 

Scale: 25 	

32X	


House fly	


Quarter	
Needle and 
thread	


How small are macromolecules?!



10 mm 

Scale: 26 	

64X	


House fly	


Quarter	


Needle and 
thread	


How small are macromolecules?!



5.0 mm 

Scale: 27 	

128X	


House fly	


Needle and 
thread	


How small are macromolecules?!



2.0 mm 

Scale: 28 	

256X	


Needle and 
thread	


House fly	


Drosophila	


How small are macromolecules?!



Scale: 29 	

512X	


Eye of needle	


Drosophila	


1.0 mm 

House fly	


Bed bug	


How small are macromolecules?!



Scale: 210 	

1024X	


Eye of needle	


Bed bug	


Drosophila	
 House fly eye	


1.0 mm 

How small are macromolecules?!



Scale: 211 	

2048X	


Eye of needle	


Bed bug	


Drosophila	


0.5 mm 

How small are macromolecules?!



Scale: 212 	

4096X	


Bed bug	


Drosophila eye	


Drosophila	
 200 µm 

How small are macromolecules?!



Scale: 213 	

8192X	


100 µm Drosophila eye	


Bed bug	


How small are macromolecules?!



Scale: 214 	

16,384X	


50 µm 

Drosophila eye	

Drosophila eye	


How small are macromolecules?!



Scale: 215 	

32,768X	


20 µm Drosophila eye	


RBC	
 E. Coli	


How small are macromolecules?!



Scale: 216 	

65,536X	


10 µm Drosophila eye	


RBC	

E. Coli	


How small are macromolecules?!



Scale: 217 	

131,072X	


5 µm Drosophila eye	


RBC	


E. Coli	


How small are macromolecules?!



Scale: 218 	

262,144X	


2.0 µm 

Red blood cell	


E. Coli	


How small are macromolecules?!



Scale: 219 	

524,288X	


1.0 µm Red blood cell	


E. Coli	


How small are macromolecules?!



Scale: 220 	

1,048,576X	


0.5 µm E. Coli	


TMV	


Mimivirus	


How small are macromolecules?!



Scale: 221 	

2,097,152X	


0.2 µm 
Mimivirus	


TMV	


Rotavirus	

PBCV	


How small are macromolecules?!



2000 Å 

www.stanford.edu/group/virus/mimi/2005/index.htm!

Mimivirus 

PBCV-1 

TMV 

Scale: 222 	

4,194,304X	


How small are macromolecules?!



1000 Å 

IMNV Sindbis P22 Rotavirus φ29 

PBCV-1 
TMV 

Actin Myosin Microtubule 

How small are macromolecules?! Scale: 223 	

8,388,608X	




Actin Myosin Microtubule 

IMNV 
Sindbis 

HRV 

How small are macromolecules?!

500 Å 

Ribosome RNA 
Polymerase Nucleosome 

Scale: 224 	

16,777,216X	




- The Microscope!

- The Specimen!

- The Structure!

The “Story” in Three Parts!

3D Electron Microscopy of Macromolecules 



Purified Specimen 

Structure-Function Relationships 

Visualization, Modeling, and Interpretation!

Image Selection, Digitization, Preprocessing 
Image processing & 3D Reconstruction!

Microscopy!

3D Density Map 

Micrographs 

Sample Preparation 

Thin sample 

Electron Microscopy and 3D Image Reconstruction  



Cryo-TEM image of human reovirus	


3D Electron Cryo-Microscopy of Macromolecules!

How do we get this… …and eventually this? 

3D pseudo-atomic model!
of human reovirus	




70S E. coli ribosome	
 Hepatitis B virus core! Actin-myosin !
filament!

Light-harvesting!
2D crystal!

3D Electron Cryo-Microscopy of Macromolecules!



Tomographic series of a stained, thick 
section of mitochondrion!

Animation of a segmented version of 
the mitochondrion on left!

Courtesy of Guy Perkins (Biomedical Sciences, UCSD)	


3D Electron Tomography of Organelles /Cells!



Allright, so much for 
the introductory stuff… 



Sample Question 
Rearrange the following list of dimensions according to 

increasing size:! 0.15 µm!
0.3 mm!
0.5 nm!

1 cm!
1 µm!
1 nm!
1 mm!

1 Å!
7.5 Å!
10 m!
25 Å!

30 µm!
65 µm!

400 nm!
500 mm!

Note: m = meter; cm = centimeter; mm = millimeter; µm = micron; nm = nanometer; Å = Ångstrom!



Sample Question 

Which is larger, 150 Å or 0.15 µm?!

Which is larger, 151 nm or 0.149 µm?!

Which is larger, 999 µm or 9.9 mm?!

Questions like this may be displayed RIGHT BEFORE or DURING class, 
but only those shown during class will be posted on the Class Web site 
along with the Powerpoint lecture notes!


