Green Chlorophyll, Red Meat, and Blue Blood 

Chlorophyll is responsible for the vibrant green color of the plants around us, but did you know that molecules similar to chlorophyll are also responsible for the color of red meat and blue blood?

Chlorophyll http://scifun.chem.wisc.edu/chemweek/CHLRPHYL/Chlrphyl.html has a complex ring structure that holds a magnesium ion in its center. The green color of chlorophyll is due to this magnesium ion; if chlorophyll is subjected to acid treatment, the magnesium is replaced by two hydrogen atoms, resulting in a color change. This is why cucumbers change from bright green to olive green when they are pickled in vinegar, or acetic acid. One type of chlorophyll, called chlorophyll-a, is used as a commercial green dye ("Natural Green 3"). Chlorophyll might be in your shampoo or soap!

The same basic structure of chlorophyll is also found in a molecule called heme, which carries oxygen from our lungs and delivers it to cells throughout our body. However, heme contains iron in its center instead of magnesium. Heme is found in our red blood cells as hemoglobin http://en.wikipedia.org/wiki/Hemoglobin  and in our muscle cells as myoglobin. Heme absorbs yellow and green light, so it appears red, giving vertebrate blood and muscles their characteristic color.

When red blood cells finish out their life span in our bodies they are destroyed in the spleen, liver, and bone marrow. The iron is recycled in the body to make more heme. Interestingly, the heme changes color as it is broken down and excreted out of the body (via bile, urine, and feces). One product of heme breakdown, bilirubin, appears yellowish. You can see this in the color of your urine, or when a bruise slowly changes color http://en.wikipedia.org/wiki/Hemoglobin  from reddish-purple to yellow as the heme is broken down to bilirubin. If you have a bruise that is greenish in color, the bilirubin has changed further into biliverdin, which has a greenish color.

Another chemical relative of chlorophyll is hemocyanin, the molecule that carries oxygen in the bodies of horseshoe crabs. Hemocyanin contains copper in its center instead of iron or magnesium, and it appears blue. The blue blood of these crustaceans http://en.wikipedia.org/wiki/Hemocyanin is also used extensively in biomedical research and pharmaceutical testing!

1. What do chlorophyll and heme have in common?

2. What is different about the metal ions in chlorophyll, heme in mammals, and hemocyanin in crustaceans and mollusks?

3. How could metal ions affect the color of a molecule?  

Leaves turn other colors in the fall.  Go to this website and answer these questions. http://scifun.chem.wisc.edu/chemweek/fallcolr/fallcolr.html
1. Chlorophyll absorbs what colors of light?  

2. Carotene absorbs what colors of light?

3. Anthocyanins absorb what colors of light?

4. Which molecule would you expect to be the most polar?

5. How does the stability of chlorophyll and carotene explain why leaves turn color in the fall?

