Biology 212: Cell Biology

                                                                            February 10-12, 2003


Electron Microscopy

This lab will serve as an introduction to the powerful technique of electron microscopy (EM).  In principle, EM is simply a variation of bright-field light microscopy.  However, EM provides much better resolution of cellular structures than light microscopy does.  Since beams of electrons have smaller wavelengths than beams of light, they don't bend as much (i.e., there is less diffraction) when they pass through the sample under observation, and the resulting image is sharper.


There are many other important differences between EM and light microscopy.  For instance, in EM, specimens must be fixed because they are subjected to an extreme vacuum.  Fixed specimens are stained with special electron-dense stains that usually contain heavy metals (e.g., uranyl acetate, lead citrate, or osmium tetroxide) and then are sliced into sections less than 100 nm thick with an instrument called a microtome.  When a sample is viewed in an electron microscope, images can be recorded using electron-sensitive film.  A video camera can also be used to capture images; these data can then be transferred to a computer for image analysis and enhancement.  

The purpose of this demonstration is to introduce you to the technical difficulties and artistic requirements involved in producing the high-quality electron micrographs seen in most journals and textbooks.  You will see a video on EM, tour our EM facility, and view electron micrographs of different types of cells.  

PRE-LAB  ASSIGNMENT


Read the rest of this handout and the section on electron microscopy in your textbook (pp. 744-8 and 751-2).  Then answer the questions below in your lab notebook.


1.  Briefly, how are samples prepared for transmission electron microscopy (TEM)?  For scanning electron microscopy (SEM)?


2.  Quantitatively, how does the resolution of an electron microscope compare with a light microscope?  What does this mean in terms of one's ability to visualize cellular structures?  (Give a specific example.)


3.  What is the "illumination source" of an electron microscope?  How is the electron beam focused?

CELLULAR  SPECIALIZATION


The advantage of multicellularity is the ability to have a "division of labor" in which different tissues, composed of specialized cells, carry out different functions required for the maintenance of the organism.  The structure of a specialized cell (shape, organelle composition, presence or absence of projections) generally supports the function of that cell.  Organs are composed of a variety of tissues, each tissue making a unique contribution to the overall functioning of the organ.


Microscopy is particularly well-suited for studying the structural organization of tissues.  Light and electron micrographs from a number of different tissues and organs will be on display in lab.  In the following exercise, you will examine and compare light and electron micrographs and determine structure-function relationships for various organs and tissues.


Start by examining the panel featuring blood vessels and cells.  Focus on erythrocytes (red blood cells).  What is their role in the body?  Describe their internal and external structure and molecular composition, and explain how their structure enables them to carry out their function.


Groups of students will then be assigned to other tissues and organs.  Each group should analyze its assigned tissue to identify the function and pertinent structures.  Take careful notes on your observations and record your conclusions.  At the end of lab, each group will share its findings in a short presentation.


Please be careful not to leave marks on the display panels.  It took a lot of time to assemble these panels and I don’t want to have to redo them.  Thanks.

POST-LAB  ASSIGNMENT

Before you leave lab, turn in the duplicate pages from your lab notebook that contain your notes and micrograph observations from today's exercise.  Make sure your notes include a description of how images produced by TEM differ from images generated by SEM and images generated by light microscopy.
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