Exercise 2: The Tools of Developmental Biology: Preparing Embryos for Anatomical and Molecular Analysis 

Student Learning Objectives.
1. Students should understand the chemical basis for the most common histochemical methods of contrast enhancement.
2. Students should understand the procedural basis for dye labeling and genetic labeling of embryonic fate mapping.

3. Students should understand the theoretical basis for protein immunohistochemistry and RNA in situ hybridization methods of contrast enhancement.

4. Students should become proficient at the hematoxylin and eosin (H&E) histochemical method of contrast enhancement.

5. Students should become proficient at the fluorescent cell marker method of contrast enhancement.
Introduction
1. CONTRAST ENHANCEMENT
We have very high quality microscopes at our disposal these days. Whole embryos, sectioned embryos, individual cell types, specific types of RNA molecules or proteins, or even which side of a bi-layer membrane our target resides on, are all within our technical ability to see. Many of our microscopes also come with the capacity to digitally capture images of these preparations.  The real question often is not “Do we have the ability to see it?” but instead “How do we most convincingly distinguish our target of interest from all the stuff around it?” This is done by increasing the visual contrast between our target and other things in the tissue, so that when we look into the microscope our target stands out. These tricks of the microscope trade are advancing as fast (or faster!) than the ‘scopes themselves.

Wax Embedding and Microtome Sectioning.  The most common preparation to study development is to embed embryos of various stages in wax and then to cut them thinner than the thickness of a cell (5-10um). This allows us to simultaneously look at the large structures of the embryo and stain for cells and molecules within them. If all the consecutive sections are collected, all of the tissues of the embryo at each stage can be investigated. To do this, we take advantage of the lipid components of the cell by dehydrating the embryo and replacing the lipids with a wax that is solid at room temperature. The morphology of the tissues is then retained and the embryo can be cut fine on a machine designed for this purpose, called a microtome. 
Common Histochemical Methods. As the embryo is sectioned, the sections are collected in sequence and adhered to microscope slides.  Stains with specific biochemical characteristics are the applied to the sections to enhance the contrast of the various tissue components. There are a variety of commonly used stains for generating visual contrast between elements on the stage.  This makes it much easier for us to visualize the detail. The classic techniques use dyes that chemically bond to specific elements in the tissues or cells to colorize them and make them stand out. These techniques are based on tissue chemistry and are, thus, known as histochemical methods. Some of the most widely used histochemical dyes are designed to evenly stain the tissue, allowing us to view the larger structures in greater detail. Most of these bind to either negative or positive charges in the tissues and are, thus, called ionic dyes. The most widely used of the ionic dyes is hematoxylin and eosin (H&E). H&E produces cell nuclei that are blue due to the binding of hematoxylin to the negatively charged nucleic acids concentrated in the nucleus.  Eosin results in the contrasting staining of cytoplasm and extracellular matrix structures due to the binding of eosin with predominantly positively charged proteins. Other dyes are often employed to bind to more specific subsets of proteins, lipids or ions in certain cells and tissues.

Fluorescent Dye Labeling of Cellular Targets.  Another excellent tool for enhancing the contrast of specific targets in cells and tissues is fluorescent molecular dyes. When used with a microscope equipped with the ability to detect specific light wavelengths emitted by these dyes, they are capable of achieving remarkable contrast enhancement. This is due to their ability to show the position of the target relative to a completely black background.
Procedure

1. EMBRYO SLIDE STAINING
a. The group sitting at each Table will work as a team. Select three slides from the slide box on your desk. Try to pick slides with 2 or 3 complete sections on them.
    Mark on them with a pencil:
1. Your Table #





2. Species and Embryonic Age 





3. The Stain Used:
One slide will be H&E









One will be Phalloidin-FITC and DAPI









One will be one of the following

a. cotton blue    b. malachite green
c. Giemsa
      d. methylene blue

b. Place them on the hot plates in the back of the lab until the wax is clear (~10-15min)


1. Tables 1, 2, 3 and 4 will place their three slides each on the hot plate together


2. Tables 5, 6, 7 and 8 will place their three slides each on the hot plate together
 c. Serial rehydration of embryonic tissue


     In the hood:


1. Tables 1, 2, 3 and 4 will place their slides into a metal rack and into solution A (left)


2. Note the time. Shift the entire rack into solutions 2 and 3 at the appropriate time.



3. Tables 5, 6, 7 and 8 will place their slides into racks and solution A (right)



solution
A. 100%   XYLENE


(10 minutes)     

B. 100%   XYLENE


(10 minutes)               

C. 100%   ETOH



(10 minutes)  
4. After 10 minutes in solution groups will remove their slides and place them into their own small jar of solution D. Take them to your Table to continue rehydration    



solution

D. 100%   ETOH



(  5 minutes)       

     At your Table:
5. Proceed to move the slides through the remaining solution s as follows:         




solution

E.   95%   ETOH/dH2O


(  5 minutes)
F.   70%   ETOH/dH2O


(  5 minutes)         

G.   50%   ETOH/dH2O


(  5 minutes)  

H.   30%   ETOH/dH2O


(  5 minutes)  

I. 100%   dH2O



(  5 minutes)      

d. Preparing slide for staining
1. Tap off slide(s) and Kimwipe solution close to each tissue section, be quick, do not allow tissue to dry completely        

2. Draw a circle with the PAP-PEN closely around, but not over, the tissue 
This marking pen has been designed to provide a thin film-like barrier when a circle is drawn around the specimen on a slide. This barrier creates the proper surface tension to hold a solution within the target area on the slide. PAP Pen contains a special formulation which is insoluble in alcohol and acetone. It can be removed, if desired, by xylene after the staining procedure is completed. 


3.   Place the slides flat on the Table and fill the PAP-PEN circle carefully with dH2O 
e. Staining Procedures: We will be performing three different staining procedures, each on a pair of your six slides. Our goals will be to create consistent contrast enhancement across the tissue sections and then capture definitive digital images for the Lab Write-Up.
Stain 1.  Fluorescent Actin (Phalloidin-FITC) and Nuclear (DAPI) Stains

A. Your instructor will help you with this procedure

B. Use a folded kimwipe to blot dH2O out of the PAP-PEN circles
C. Add 50-100ul of Phalloidin-FITC and incubate in the dark 40 minutes
D. Blot out stain solution

E. Reapply dH2O and hold
 in the dark until coverslipped
Stain 2.  Select one stain from the following list:       a. cotton blue    b. malachite green

c. Giemsa
      d. methylene blue
A. Use a disposable piet and kimwipes to change solutions as follows:
B. Incubate slide with selected stain

(30 minutes)

C. Reapply dH2O and hold
 until coverslipped
Stain 3.   H&E

A. Use a disposable piet and kimwipes to change solutions as follows:
B. Incubate slide with Hematoxylin


(  5 minutes)
C. Rinse slide in distilled water


(  2 minutes)
D. Incubate slide in Bluing Reagent

(30 seconds)
E. Rinse slide in distilled water.


(30 seconds)
F. Incubate slide in 95% alcohol


(30 seconds)
G. Incubate slide with Eosin-Phloxine Solution
(30-60 seconds)
H. Reapply dH2O and hold
 until coverslipped
f. Coverslipping Procedure: 
Stain 2 and Stain 3
A. Blot out dH2O, leave tissue slightly damp

B. Apply one drop of Aqueous-Mount over each section
C. Place coverslip gently over the sections and press to remove air bubbles.

Stain 1.  Fluorescent Actin (Phalloidin-FITC) and Nuclear (DAPI) Stains
A. Blot out dH2O, leave tissue slightly damp

B. Apply one drop of Vectashield with DAPI over each section

C. Place coverslip gently over the sections and press to remove air bubbles.

g. Imaging of Your Preparations:
Record digital images of each of your preparations and include them with written descriptions of your staining and contrast enhancement in your Lab Write-Up.
2. INVESTIGATION OF HISTOCHEMICAL DYES
Search the textbook, the web or any other source you can find and determine the biochemical methodology employed in the use of the following histochemical dyes. 
Cotton Blue
Giemsa Stain
Malachite Green 

Methylene Blue 
Coomassie Blue 

Oil Red O

Tolidine Blue

Gomori’s Trichrome

Trypan blue 

Wright Stain

3. INVESTIGATION OF FATE MAPPING TECHNIQUES

Search the textbook, the web or any other source you can find and determine the biochemical methodology employed in the use of the following embryonic cell fate mapping.techniques.
Dye Labeling 

Genetic Labeling

4. INVESTIGATION OF MOLECULAR 
CONTRAST ENHENCEMENT STRATEGIES

Search the textbook, the web or any other source you can find and determine the biochemical methodology employed in the use of the following molecular contrast enhancement strategies. 

Protein Immunohistochemistry
RNA In Situ Hybridization
5

