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Artificial Proteins in a Living Cell – Synthetic Biology
What A Year! for May 2011
Man-made proteins have been inserted into living cells (various strains of E. coli), and have successfully replaced missing natural proteins in helping the E. coli stay alive and thrive. If you think about the implications of this exceptional research and its possible future applications in medical treatments, you will surely want to know more.
To get the entire story, go to What A Year! and click on the 05.11 icon.
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1. What is synthetic biology?

Synthetic biology is a new scientific field that combines biological, chemical, and engineering techniques to create biological elements and systems not found in nature.

2. What are nucleotides, amino acids, and proteins? How are they related?

Nucleotides are small molecules that form the building blocks of DNA. Each set of three nucleotides encodes for a single amino acid. Proteins are composed of long strands of amino acids that fold in specific ways to create functional proteins.

3. Since not all nucleotide sequences result in functional proteins, how did Dr. Hecht go about synthesizing artificial proteins?

Dr. Hecht used a previously developed strategy that arranged amino acids based on their electric charge to ensure they would fold correctly. He then worked backwards from the arrangements of amino acids to identify the genetic sequences that would encode for the proteins. In this way, Dr. Hecht was able to create over 2 million novel proteins.

4. What is a minimal medium? What types of cells can grow on a minimal medium?

A minimal medium contains just sugars and salts. In order to grow on a minimal medium, cells must be able to synthesize all 20 amino acids for themselves.

5. What experiments did Dr. Hecht perform to determine whether living organisms could use any of the artificial proteins to survive?

Dr. Hecht used 27 strains of the Escherichia coli bacterial cells that each lacked a particular essential gene without which they would not be able to grow on a minimal medium. The cells were mixed with solution containing the artificial DNA strands and shocked with an electrical impulse to take up one strand of DNA. Dr. Hecht than placed the cells on a minimal medium and observed their growth. 

6. What did Dr. Hecht observe? What did this experiment show?

For the most part, the plated cells did not grow. This would be expected for any cell that did not take up a piece of DNA or if the DNA strand it did take up did not restore the function of the deleted gene. On a few occasions, though, Dr. Hecht observed visible colonies about the size of a pinhead. This indicated that a cell had taken up a piece of DNA that had restored the function of the deleted gene. This showed that the growth of E. coli cells could in fact be sustained by an artificial protein. 

7. What conclusions can Dr. Hecht draw from these experiments?

The "molecular toolkit of life" need not be limited to genes and proteins that evolved in nature. Novel proteins designed in the lab "from scratch" can enable the growth of life. 

8. What are some areas of future research?

Dr. Hecht would like to pursue similar experiments to better understand the mechanisms by which the cells are being rescued. Dr. Hecht is also conducting ongoing experiments to see how many deleted genes can be replaced simultaneously in a single cell.





To Think About:





Dr. Hecht’s work creating artificial proteins falls into the growing scientific field of synthetic biology. What are some other areas of research in synthetic biology? Do some research. Find out what other synthetic biologists are up to!


Why are government agencies such as the FBI and the National Security Agency interested in and worried about synthetic biology?


Some people are opposed on moral or ethical grounds to stem cell research, cloning, and knock-in species. Would they have the same concerns/different concerns with synthetic biology?


If you could actually create a life form, what would it be? Why?








