Jim's Condensed Notes on Making Proteins


Proteins are made by decoding the information in DNA

Nucleic acid
A macromolecule made of nucleotides linked together.

Ribonucleic acid
A nucleic acid of a single strand of nucleotides containing the five-carbon sugar ribose, which contains an additional H than deoxyribose.  Instead of thymine (T), RNA contains uracil (U).

transcription
The transfer of instructions from a gene to an RNA molecule in the nucleus (in cytoplasm of prokaryotes).  

translation
Making amino acids from instructions from the DNA molecule.

gene expression
The entire process including transcription to mRNA and translation to tRNA.


Transcription transfers information from DNA to RNA

RNA polymerase
An enzyme that adds and links complementary RNA nucleotides during transcription.  There are about 100 RNA polymerase molecules per gene, and many identicle RNA molecules are made from a single gene.

3 Steps of Transcription
1. Transcription begins when RNA polymerase binds to the gene's promoter - a specific sequence of DNA that signals the start of transcription.

2. 2. RNA polymerase then unwinds and separates the two strands of the double helix, exposing the DNA nucleotides.

3. RNA polymerase adds and then links complementary RNA nucleotides as it reads the gene, using covalent bonds, at about 60 nucleotides per second..

4. Transcription continues until a "stop" signal from a sequence of bases, RNA polymerase detaches and releases the RNA molecule.

5. Behind RNA polymerase, the two strands of DNA close up with hydrogen bonds, reforming the double helix.


The genetic code is written in three-nucleotide "words called codons.

Modeling transcription
see handout

Messenger RNA
The form of RNA that carries the instructions for making a protein from a gene to the site of translation.

codons
A series of three nucleotides, whose sequence determines the amino acid that is made, or alternatively, a start or stop signal for translation.

Marshall Nirenberg
An American biochemist that deciphered the first codon in 1961 by making artificial RNA containing only uracil.  It resulted in a protein made entirely of the amino acid phenylalanine. 

genetic code
see handouts


Many RNA molecules are used to make a protein.

Site of translation
Translation takes place in the cytoplasm, where RNA molecules and ribosomes help in the synthesis of proteins.

transfer RNA
tRNA molecules are single strands of RNA that is folded into a compact shape , and temporarily carry a specific amino acid on one end.  They have an anticodon for the mRNA.

anticodon
A three-nucleotide sequence on tRNA that complements an mRNA codon.

ribosomes
the cell organelle that is the site of protein synthesis.  Each ribosome temporarily holds one mRNA and two tRNA molecules.

ribsomal RNA
RNA molecules, that with proteins, make up the ribosome.

P site
the site on the mRNA molecule in the ribosome where the tRNA carrying methionine binds with the mRNA start codon (AUG) 

A site


Steps of Translation
1. the ribosomal mRNA and tRNA carrying the amino acid bind together

2. the tRNA carrying the amino acid specified by the A site arrives.

3. A peptide bond forms between the adjacent amino acids

4. the tRNA in the P site detaches and leaves the amino acid behind

5. The tRNA in the A site moves to the P site and the next tRNA arrives in the new A site.

6. A peptide bond is formed and the P-site tRNA detaches.

7. This process is repeated until a new codon is reached, the ribosome complex falls apart, and the new protein is released.

8. Additional ribosomes can find the AUG start codon and make additional proteins.

Gene Rugualtion and Structure
Protein synthesis in prokaryotes is controlled by on-off switches.  Both prokaryotes and eukaryotes can regulate which genes are expressed.

Escherichia coli
a bacterium in the human (and other animal) digestive tract that breaks down sugars.

lactose
a disaccharide "milk sugar" 

promoter site
a group of genes that code for a specific enzyme in prokaryotes.

operator
the piece of DNA that overlaps the promoter site and serves as the on-off switch for transcription and translation depending on whether a specific condition is present.  The operator controls the access of RNA polymerase to specific genes.

operon
The operator and the promoter site it controls.

lac operon
The operon that controls the production of enzymes for lactose metabolism in E. coli. 

repressor
a protein that binds to an operator and physically blocks RNA polymerase from binding to a promoter site, which stops the transcription of genes in the operon..

Protein synthesis in eukaryotes
Control in eukaryotes is more complex because they contain much more DNA  They rarely have operons; instead, genes are often scattered on different chromosomes.

Nuclear envelope
The nuclear envelope separates transcription from translation, creating additional opportunities for control.   





Genes in eukaryotes often have intervening DNA

introns
long segments of nucleotides that have no coding information, thereby interrupting genes.

exons
the portions of a gene that are translated into proteins.

representing introns and exons
see handout


Mutations often result in nonfunctional proteins.

point mutations
Mutations that change one or just a few nucleotides in a gene on a chromosome.  There are two types: substitution mutation; and insertion and deletion point mutations.



















Modeling Transcription
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Amino acids resulting from specific codons
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