Biology I

Chapter 10—Nucleic Acids and Protein Synthesis

DNA (deoxyribonucleic acid)—a large molecule that stores and transmits genetic information

--tells cells which proteins to make and when to make them

DNA Structure

--Made of repeating subunits called nucleotides; each DNA molecule consists of 2 long chains of nucleotides

--A nucleotide has 3 parts:


1)  A sugar—deoxyribose


2)  A phosphate group—a phosphorus atom surrounded by oxygen


3)  A base—contains nitrogen


**The sugar and phosphate group are identical in all DNA nucleotides; the nitrogen-containing base may be anyone of four different kinds:

1) Adenine (A)

2) Guanine (G)

3) Cytosine (C)
4) Thymine (T)

Adenine & Guanine have 2 rings of carbon and nitrogen atoms—Purines 
Cytosine & Thymine have only 1 ring of carbon and nitrogen atoms—Pyrimidines
In 1953, James Watson and Francis Crick suggested a model for the structure of DNA—two nucleotide chains that wrap around each other to form a double helix.
Cytosine pairs with guanine, and adenine pairs with thymine; these pairs of bases are called complementary base pairs.  They are connected to each other by hydrogen bonds.  The nucleotide sequence in one nucleotide chain is an exact complement of the nucleotide sequence in the other chain.

DNA Replication

Replication—the process of copying DNA:

1) The 2 nucleotide chains separate at the replication fork.  The chains are separated by enzymes called helicases, which break hydrogen bonds between complementary bases.

2) Enzymes called DNA polymerases bind to the separated chains of DNA.  One nucleotide at a time, the enzymes construct new complementary chains of nucleotides.

At the end of replication, there are two identical copies of the original DNA molecule (and now cell division can take place).

Mutation—a change in the nucleotide sequence; can have serious effects in new cells.  Cells are continuously proofreading and repairing DNA, so the number of mutations is reduced.
RNA—ribonucleic acid—is responsible for the movement of genetic information from the DNA in the nucleus to the site of protein synthesis in the cytosol.

RNA Structure

--Made up of repeating nucleotides, but different from DNA in structure in that the sugar molecule of RNA is ribose (DNA’s sugar is deoxyribose).

--Uracil (U) usually replaces thymine in RNA, so that uracil pairs with adenine in RNA.

Types of RNA:

1) Messenger RNA (mRNA)—carries genetic information from the nucleus to the ribosomes
2) Transfer RNA (tRNA)—carries amino acids from the cytoplasm to the ribosomes
3) Ribosomal RNA (rRNA)—the most abundant form of RNA; consists of RNA nucleotides in a globular form.  rRNA plus protein makes up the ribosomes where proteins are made.

TRANSCRIPTION
Transcription—the process by which genetic information is copies from DNA to RNA.

Steps of transcription:

Transcription—the process by which genetic information is copied from DNA to RNA.

Steps of transcription:

1) An enzyme called RNA polymerase binds to the region of a DNA chain called the promoter (marks the beginning of the DNA chain that will be copied).  

2) When RNA polymerase binds to a promoter, the DNA separates.  In other words, the enzyme acts like a “zipper” to “unzip” the two chains of DNA.

3) Only one of the separated chains, called the template, is used to make the RNA.  The RNA polymerase attaches to the first DNA nucleotide and proceeds to “read” this strand.

4) As the RNA polymerase travels along the DNA strand, it begins to add RNA nucleotides to the growing RNA strand (following the rules of complementary base pairing:  adenine pairs with uracil, cytosine with guanine).


**Remember:  there is no “T” in RNA (no thymine).

5) Transcription continues until the enzyme reaches a DNA region called the termination signal (or “stop” signal).

6) At the termination signal, the enzyme releases both the DNA molecule and the newly formed RNA molecule.

7) The RNA polymerase “re-zips” the DNA molecule as it moves along, returning the DNA strands together.
Products of Transcription:
mRNA, tRNA, and rRNA

**Although the instructions for making a protein are copied from DNA into mRNA, all three types of RNA are involved in the synthesis of proteins.

After transcription, mRNA moves through the pores of the nuclear membrane into the cytosol of the cell, where it will direct the synthesis of proteins.

Protein synthesis—the formation of proteins using information coded on DNA and carried by RNA

Protein Structure & Composition:

Proteins are made up of one or more polypeptides; the polypeptides consist of amino acids.  

There are 20 different amino acids that make up proteins.  The function of a protein depends on its 3-D structure, which is determined by its amino-acid sequence.

The Genetic Code:

Genetic code—triplets of nucleotides in mRNA that determine the sequence of amino acids in protein.  Each triplet of nucleotides is called a codon, which codes for a specific amino acid.  Some codons do not code for amino acids at all; instead, they signal for translation of mRNA to start or stop.
**Start codon—the codon AUG which engages a ribosome to start translating an mRNA molecule

**Stop codons—cause the ribosome to stop translating mRNA (UAA, UAG, UGA)

TRANSLATION

Translation—the process of converting the genetic code in RNA into the amino acid sequence that makes up a protein; begins when mRNA leaves the nucleus and migrates to a ribosome in the cytosol, where proteins are made.

Amino acids floating freely in the cytosol are transported to the ribosomes by tRNA molecules.  One side of the tRNA molecule bonds to a specific amino acid; the other side has a sequence of three nucleotides called an anticodon.  The anticodon is complementary to and pairs with its corresponding mRNA codon.

Translation also follows the rules of base-pairing.  For example, a tRNA with an anticodon sequence of AAA would bind to the mRNA codon sequence UUU (remember, adenine binds with uracil).

Ribosomes are composed of rRNA and proteins.  
1) Ribosomes that are free in the cytosol produce proteins that will be used within the cell.  
2) Ribosomes attached to the endoplasmic reticulum produce membrane proteins and proteins that will be exported out of the cell.
Ribosomes have 3 binding sites important to translation:

Site 1 holds an mRNA transcript so that its codons are accessible to rRNA molecules.

Sites 2 & 3 hold tRNAs whose anticodons pair with the mRNA codons.

Protein Assembly
1) A ribosome attaches to the start codon (AUG) on an mRNA transcript.

2) As the ribosome moves along the mRNA transcript, each mRNA codon is sequentially paired with its tRNA anticodon.
3) The pairing of an anticodon with a codon causes the specified amino acid to attach to the previously translated amino acid with a covalent bond called a peptide bond.

**In this way, amino acids are joined to a growing polypeptide chain in the order specified by an mRNA transcript.

4) As each amino acid is added to the polypeptide chain, the ribosome moves three nucleotides (one codon) ahead on the mRNA transcript, where the next amino acid will be translated.

5) Eventually, the ribosome reaches a stop codon, bringing translation to an end.  At this point the mRNA is released from the ribosome and the polypeptide is complete.

