Biology 1A – Quiz 3 Study Guide

Chapter 16b

A. Replication

a. Overview of model. Daughter strand is made from template (Fig. 16.7).

b. Semiconservative – Meselson and Stahl experiment shows that half of DNA helix is a daughter, other half is template (Fig. 16.10, 11)

c. Reaction is dehydration synthesis and formation of phosphodiester bond (Fig. 16.14)

i. 5’ ( 3’ direction only

ii. Addition of free nucleotides (dNTP)

d. Begins at a replication bubble. Each side of the bubble is a replication fork (Fig. 16.12)

i. Helix is opened up at replication origin. 

ii. Replication bubble moves bidirectionally 

e. Mechanism (Fig. 16.14-17)

i. Helicase: opens double helix like a zipper

ii. ssDNA binding protein: binds DNA to help keep it from base pairing

iii. DNA polymerase attaches dNTP to DNA. 

1. Only works 5’ ( 3’

2. Requires a primer

iv. Sliding clamp: helps keep DNA polymerase attached…increases processivity.

v. Leading and Lagging strand synthesis. 

1. Leading strand can proceed continuously

2. Lagging strand is made in short segments backwards

a. Primase lays down an RNA primer

b. DNAP synthesizes Okazaki fragment (short segment)

c. Previous primer is removed and replace with DNA by DNAPII

d. Ligase seals strands

f. Telomeres solve the “end replication problem”

i. Primers on 3’ end cannot be replaced by DNA (Fig. 16.20)

ii. Solved by telomeres which are lengthened ends made by telomerase which extends off of the 3’ overhang.

B. Repair

a. Mutations: heritable change. Mutations drive evolution, but can be bad for the immediate organism.

i. Mutagens cause mutations. Can be UV, chemical agents, or DNA polymerase itself.

ii. DNAP makes mistakes at 1 in 104. Measured rate is 1 in 109. DNAP has a proofreading function called 3’ to 5’ exonuclease.  This increases accuracy of DNA pol to 1 in 107. What else is there?

b. Excision repair. (Fig. 16.19) One of many repair mechanisms. 

i. How does it know which strand is the new one? Old one is marked by methylation or lack of nick.

ii. Repair always occurs by these steps:

1. Recognize mutation

2. Identify parent vs. nascent strands

3. Excision by nuclease

4. Gap filled by repair DNAP

5. Strand sealed by ligase.

Self Quiz: 2-4, 6, 7, 8
Chapter 17 – Gene Expression
A. Gene to Protein Concept

a. Central Dogma (DNA ( RNA ( Protein)

b. George Beadle and Edward Tatum (1930s) – “One gene, one protein”

i. Bread mold mutants in amino acid synthesis isolated
ii. Media requirements identified enzymes mutated in pathway and allowed their order to be determined (Fig. 17.2)

c. Overview of txn and tln

i. Prokaryotes vs. eukaryotes: eukaryotes have spatial separation and mRNA processing before tln. (Fig. 17.3)

ii. One strand of DNA is the template (3’- 5’). mRNA is always template (5’-3’). Protein is made amino to carboxylic acid (N-C) (Fig. 17.4)

d. The genetic code (Fig. 17.5)

i. Triplet code gives 43=64 possibilities. Only 20 a.a. plus stop. Therefore code is degenerate. 

ii. Codon is three bases for one a.a.

iii. Reading frame – a shift can cause wrong reading and different protein made.
B. Transcription

a. Introduction
i. Types of RNA made

1. mRNA – messenger. Read into protein

2. tRNA – transfer. Involved in translation

3. rRNA – ribosomal. Part of the ribosome

ii. RNA polymerase is enzyme: attaches nucleotides 5’(3’. Starts at promoter and ends at terminator. Prokaryotes have one, eukaryotes have 3 kinds.

iii. Txn unit is section of DNA transcribed.

iv. Stages: initiation, elongation, termination. (Fig. 17.7)
b. Initiation
i. RNAP must bind promoter.

ii. Help from sigma in prokaryotes, or txn factors in eukaryotes. These bind promoter first, then allow RNAP binding.
iii. Promoter contains a -35 and -10 (TATA box) sequence. (Fig. 17.8)
iv. Once RNA pol is bound, unwinding of DNA occurs and open-promoter complex is formed. This is a 13bp bubble. This allows rNTPs to get in.

v. After first few rNTPs added, sigma or txn factors are released. This allows movement of RNAP.
c. Elongation (Fig. 17.9)
i. RNAP moves, adding rNTPs.

ii. 5’ of mRNA emerges.

d. Termination 
i. Terminator is reached.

ii. In prokaryotes, can be rho-dependent or intrinsic
1. rho-dependent: rho binds terminator causing RNAP to release.
2. Intrinsic: terminator is a GC stem loop, causing release of RNAP.

iii. In eukaryotes, mechanism is unclear.

C. Processing of mRNA occurs in eukaryotes only
a. Capping – a methylG is added backwards to 5’ end with triphosphate. 
b. Poly-A tail – string of A added to 3’ end. 
i. A poly-A tail signal (AAUAAA) tells an RNA polymerase to make a tail. 

ii. Both cap and tail may function in stability, export, and ribosome binding. (Fig. 17.10)
c. Splicing

i. Introns removed, exons spliced together (Fig. 17.11)

ii. Uses spliceosome. Spliceosome is complex of snRNP (small nuclear ribonucleoproteins) which are RNA and proteins (Fig. 17.12). 

iii. Splicing is a potential mechanism for evolution; try out new combinations of domains. Alternative splicing gives this. (Fig. 17.13)
iv. Ribozymes point to RNA as first living molecule. RNA can self replicate and self splice. 

d. Export 

i. Nuclear pore complex serves as gateway. 

ii. Other proteins such as nuclear export factor help shuttle only mature mRNA

D. Translation
a. Overview (Fig. 17.14)

i. Ribosome acts as main enzyme. 

ii. tRNA reads codons and delivers correct amino acid.

b. tRNA

i. Structure: cloverleaf structure w/ three loops (Fig. 17.15)
1. Amino acid attachment site

2. Anticodon – binds codon on mRNA

ii. Wobble

1. Only 45 for the 61 codons for amino acids

2. 3rd position is “wobble” position. U can pair with A or G and I (modified A) binds with A, C, U. 
c. Aminoacyl-tRNA synthetase (Fig. 17.16)

i. “Charges” tRNA with correct amino acid

ii. Uses ATP in a coupled enzymatic reaction
d. Ribosome

i. Structure (Fig. 17.17)
1. Large subunit and small subunit

2. Each subunit made from rRNA and protein

3. Different enough in prok. and euk. so that antibiotics are designed against ribosome.

4. APE sites

a. A (aminoacyl) is docking site for tRNA

b. P (peptidyl) is a.a. transfer site

c. E is exit site

e. Stages

i. Initiation (Fig. 17.18)
1. Initiation factors (IF) help in each step of complex assembly

2. Small ribosomal subunit binds initiation site (sequence on mRNA)

3. First tRNA comes in (always met-tRNA)

4. Large subunit comes on top so that met-tRNA is in P site

5. GTP is hydrolyzed in this process

ii. Elongation  (Fig. 17.19)

1. Codon recognition: an elongation factor brings charged tRNA into A site. This uses GTP.

2. Peptide bond formation: Ribosome breaks bond of peptide to previous tRNA and attaches it to tRNA in A site

3. Translocation: Another EF translocates ribosome. It enters ribosome near A site and pulls large subunit over. Now empty tRNA is in E site and leaves. This step uses GTP.

4. Summary: 3 GTPs used per cycle. 2 EFs involved.

iii. Termination (Fig. 17.20)
1. No tRNA for stop codons. 

2. Usually a release factor can bind to stop codons, releasing complex.

f. Polyribosomes

i. Can have many ribosomes on one mRNA (Fig. 17.21)
ii. Prokaryotes can do coupled txn-tln (Fig. 17.25)

g. Protein modifications

i. Additions, such as phosphate, acetate, etc. can alter folding and stability.

ii. Deletions can do the same as above.

iii. Signal peptides – often, the first few amino acids target the protein to a certain part of the cell. The SRP (signal recognition particle) can direct the ribosome to the ER and cleave the signal peptide. (Fig. 17.22)

E. Mutations

a. Gross insertions, deletions, translocations

b. Point mutations (one base added, deleted, or substituted) (Fig. 17.24)
c. Types of mutations

i. Missense – changes a.a.

ii. Nonsense – changes a.a. into a stop codon

iii. Silent – no change.

iv. Deletions and insertions can cause frameshifting 
Self Quiz: all
Lac Operon (Parts of Chapter 18)
A. Introduction 
a. Types of Regulation

i. Negative regulation uses an inhibitor (repressor) to block txn. An inducer removes the inhibitor. Default is txn on.

ii. Positive regulation requires an activator. Default is txn off.

b. Feedback inhibition is when product inhibits its synthesis by binding enzyme that makes it.
c. Operon – a transcription unit with all regulatory elements.

B. Genetics of the Lac Operon

a. Lactose is an alternate carbon source used by bacteria when glucose is not present.

i. Three gene products needed for metabolism: Z, Y, and A. Z is beta-galactosidase which cleaves lactose to galactose and glucose.

ii. Only express these when lactose is present and glucose is absent.

iii. Mutations in any of these genes give cell lac- phenotype. Wt are lac+.

iv. Plasmids (F’) can be inserted into bacteria. Wt genes on plasmid can supply function of mutant genes. 

v. Genes arranged as polycistronic, meaning on one mRNA but more than one protein made from it. 

b. Jacob and Monad predicted induction of genes was caused by relief of a repressor.

i. Observation: when lactose is added to media (with no glucose), lac mRNA is upregulated. Remove, lowered.
ii. Experiments used an analog of lactose, isopropylthiogalactoside (IPTG). Stable and enters cell easily.
iii. Isolated mutants that are constitutively expressed (constitutive mutants). Two classes: lacI- and lacOc . 
1. Results show that lacI gene product is a diffusible element; it can repress chromosomal or plasmid operator (trans). 
2. The operator can only induce genes adjacent to it (cis).
C. Glucose and activation at the Lac operon 
a. cAMP is high when glucose is low and low when glucose is high. Glucose represses adenylyl cyclase activity.

b. CAP (catabolite activating protein) binds to cAMP and forms activation complex. Together, they bind to AS site to recruit RNAP. 
D. Summary

a. Repression: The O site (operator) is bound by I protein. This turns off genes by blocking RNA polymerase. When lactose is present, it will bind I and pull it off. (Fig. 18.4)

b. Activation: When glucose is low, cAMP is high in cell. cAMP binds CAP and together act as a coactivator. They bind AS and recruit RNA polymerase to the promoter. (Fig. 18.5)
Chapter 18 – Eukaryotic Gene Regulation

A. Overview

a. Differential gene expression explains how cells can be different but have the same DNA

b. Stages of gene regulation (Fig. 18.6)

B. Chromatin structure

a. Histone acetylation and phosphorylation opens up DNA for txn (Fig. 18.7)
b. Methylation of DNA prevents txn. 
c. Epigenetic inheritance
C. Txn initiation

a. Txn factors bind DNA and recruit RNAP

i. Have DNA binding domains, e.g. helix-turn-helix, zinc finger, and leucine zipper 

b. Distal control (far away) (Fig. 18.10)
i. Enhancers – activators bind enhancers which help txn factors assemble 

ii. Silencers – opposite of enhancers.
c. Both can work combinatorally (Fig. 18.11)
D. Post-txn control

a. RNAi – unwanted mRNA can be destroyed (Fig. 18.15)

b. Alternative splicing – mix and match exons (Fig. 18.13)
c. Nuclear export – export through nuclear pores can be controlled.

d. mRNA degradation – enzymes remove polyA tail then, cap, which allows nucleases to destroy mRNA.

e. Tln initiation – IF control. Some IFs can be phosphorylated to activate/inactivate.

f. Post tln

i. Processing by cleavage is a common way to activate.

ii. Degradation: ubiquitination is a signal that sends to proteasome. (Fig. 18.14)
iii. Phosphorylation and other tags are common to control activity.

Self Quiz: 5, 6, 9, 11
