AP Biology

Eukaryotic DNA Control Mechanisms for Gene Expression
(Associated Learning Objectives: 1.14, 1.15, 1.16, 2.22, 2.31, 2.37, 3.4, 3.20, 3.21, 3.23, 4.7, 4.17)
Important concepts from previous units:
1) During Interphase – The DNA is loose for easy access for transcription. (It is “like” a bowl of spaghetti.)
2) During Mitosis or Meiosis – The DNA is tightly wound for easy separation. (Look like an “X”.)
I. Chromosome Structure in Eukaryotes
A. Histones - These are proteins that are used for DNA to wrap around and thereby helping it to condense.
1. These carry a positive charge. (Remember, DNA is negatively charged, so it is like a magnet.)

2. Evolution? All Eukaryotes and a group of Bacteria, Archae bacteria, possess histones. This indicates common ancestry among these organisms. 
B. Nucleosome  - A unit of DNA wrapped around a group of histones. (Nucleotides around histones.)
C. Supercoiling – This is the process of DNA condensing from Chromatin to Chromosomes. 

D. Heterochromatin - This refers to DNA that remains condensed even during interphase. – It is NOT active.   

1. This CANNOT do transcription so it is inactivated. (“hetero” means “different”)
E. Euchromatin - This refers to DNA that IS loose during interphase. – It IS active. 

1. It CAN do transcription and be expressed. (“ Eu” means “true”)
II. Cellular Differentiation (A.K.A. Specialization) - The process of making cells “different” or “special in   

                                                                                    function”.
A. This process is accomplished by turning certain genes “on” or “off”. This is known as Differential Gene Expression. This accounts for about 1.5% of our total DNA genone. These genes are the Exons.
1. The genes turned “on” end up making that protein/enzyme to make that cell different or special.
B. Control goes awry? Terrible things may occur such as death or cancer to the cell or organism.
III. Gene control during transcription  (A through F are associated with transcription.)
A. Is the DNA in a state of Heterochromatin vs. Euchromatin? 
B. DNA Methylation of the DNA
1. This refers to putting a heavy “coat” of methyl (CH3 ) groups of the DNA, thus preventing transcription from occurring. The Methyl groups attach to Cytosine or Adenine nucleotides.
2. This is the source of Genomic Imprinting that occurs in gamete production. It essentially “erases” information”.
C. Histone Acetylation 
1. This is the attaching of acetyl (COCH3 ) groups to the histones lysine amino acids.
2. This attaching breaks the bond between the DNA and the histones by covering up the positive charges thus creating NO attraction for each other.
3. This allows for RNA Polymerase and transcription factors to attach to the “freed” DNA so that transcription may occur.
D. Building of the Transcription Initiation Complex (factory). (Remember, this is a step by step process. Each 
                                                                                                 step can be controlled.)

1. Enhancers and Activators -  These help control the rate of transcription. They are segments of DNA that basically “grab” the factory, using a bending protein, and move it down the DNA faster thus enhancing the process of transcription. They are “Pushers”.
a. They are always in front of gene to be transcribed. 
2. Repressor or Silencer - These control proteins sit on the TATA box – they prevent transcription from occurring. This silences or represses the gene from being expressed.
3. Both are called control elements, because the control the rate of transcription.
E. Coordinated Control of gene families

1. The same chemical signal causes the simultaneous expression of multiple copies of the same gene These multiple copies of the SAME gene are referred to as a gene family. (Hemoglobin, for red blood cells is an example. We need hundreds of copies of this gene to make the trillions of Red Blood cells our bodies need to deliver oxygen through our body. Coordinated control is essential. It would also be like the bell at the end of the period signaling all classrooms to move to the next class at the same time)

F. Micro RNA (miRNA) and small interfering RNA (siRNA)
1. These are little pieces of RNA that attach to mRNA and thus control transcription of the mRNA.
IV. Post Transcription Regulation

A. Alternative RNA Splicing using Spliceosomes (snRPS). (Primary becoming a Secondary transcript is controlled.)

B. Cytoplasmic Degradation - This occurs because of enzymes in the cytoplasm.
1. This refers to the removal of caps and tails on mRNA molecules, followed by nucleotide sequence catabolism, so they may be recycled. The more As in the Poly A tail, the longer the mRNA will last in the cytoplasm.
V. Translation Control Mechanisms

A. Building of the Translation Initiation Complex (Ribosome Factory) This is also a step by step process.
B. If a Faulty 5’ cap (signal) is attached, it will prevent Translation from occurring.
VI. Post Translation Control Mechanisms

A. Chaperonin or SRP for RER. (Where does the 1’ sequence go for folding to occur?)
B. Phosphorylation of the protein/enzyme. (Remember, this is activating the molecule by using ATP to add a phosphate.) On vs. Off basically.
C. Transport through the inter-membrane system (As the protein moves through the RER and Golgi, controlling the folding and modification of the protein.)

D. Proteosomes (special protein digesting Lysosomes) control HOW LONG the protein lasts. 
