
- 1 -


CHAPTER SEVENTEEN-FROM GENE TO PROTEIN

1909-Archibald Garrod—suggest genes dictate phenotypes through enzymes that catalyze specific chemical reactions in the cell
· Therefore symptom of inherited disease is a person’s inability to make a certain enzyme-“inborn errors of metabolism”

· Alkaptonuria—black urine due to chemical alkapton (darkens when exposed to air)

· Normal people have enzyme that breaks down alkapton

How Genes control Metabolism: One Gene—One Enzyme

Research proved Garrod right several decades later

· Evidence that cells synthesize and degrade most organic molecules thru metabolic pathways catalyzed by enzymes

· Drosophila flies and their eye color pigments

George Beadle and Boris Ephrussi

· Mutations in eye color by mutation in enzyme that catalyzes a certain step of pigment synthesis, thus preventing production of proper pigment

· Chemical reactions/enzymes unkown at the time

Edward Tatum
· Bread mold Neurospora crassa
· Treated with x-rays then looked for among survivors for mutants differing from mold in their nutritional needs

· Wild type=modest food requirements (agar+salts, glucose, iotin)

· Minimal medium—from it, the mold uses metabolic pathways to produce other molecules

· Mutants could not survive on minimal medium

· Complete Growth Medium-could survive with medium supplemented with all 20 amino acids and other nutrients

· Characterized metabolic defects in each mutant

· Take samples from mutants and distributed them to iff’t vials

· Particular supplement allowing growth=defect

· Pin down defect even more specifically

· Arginine requiring mutants

· Genetic crosses—det if mutants fell intro three classes, each mutated in a diff’t genex
· Could distinguish among classes of mutants nutritionally by additional tests of growth medium

· Determined pathways and order of steps

· Precursor—orthinine—citruline—arginine
· If precursor is gone, rest cant live and etc. 

· One gene one enzyme hypothesis
· Function of a gene is to dictate production of a specific enzyme—combo of genetics and biochem used to work out steps in a metabolic pathway

· Further support by biochem experiments IDing specific enzymes lacking in the mutants

One gene one polypeptide
· Not all proteins are enzymes

· Keratin-structural protein of hair

· Insulin-hormone

· Proteins that are not enzymes are still products, but proteins are constructed from two or more diff’t polypeptide chains

· Each polypeptide specified by its own gene

· Hemoglobin—built from two polypeptides, 2 genes

Transcription and translation are the two main processes linking gene to protein—
· RNA bridges DNA and protein synthesis

· Chemically similar except it has a ribose instead of deoxyribose and has uracil instead of thymine

· Nucleic acids and proteins are both polymers with specific sequences that convey information

· DNA/RNA monomers are the nucleotides. Each polypeptide of a protein has monomers arranged in linear order but protein monomers are the amino acids

· Two chemical languages

· Transcription-synthesis of RNA from DNA—provides template for complementary RNA strand—exits nucleus (messengerRNA)

· Translation-synthesis of polypepside under direction of mRNA

· Base translate to protein

· Bacteria does not have nuclei so transcription and translation are coupled, occurring at the same time.  

· Eukaryote has nucleus so it cannot occur at same time—must exist then occur

· RNA modified to produce final functional mRNA

· Before modification—RNA processing-pre-mRNA

· RNA processing-yield finished mRNA

Nucleotide triplets specify amino acids
· Triplets are smallest unit of uniform length that can code for all amino acids. 4^3 but some code for same amino acid

· Triplet code-basis for flow of info from gene to protein

· Genetic instructions for polypeptde chain written as a series of 3 nucleotide words.

· For each gene, only 1 of the 2 DNA strands is transcribed-template strand
Can be template strand in some regions of DNA molecules while in other regions it is a complementary strand

· mRNA is complimentary not identical to DNA template 

· base triplets are codons
· translation- sequences of codons along molecule is decoded into a sequence of amino acids, read 5(3

· each codon specifies which amino acid is incorporated

· 300:100 nucleotide:amino acid

Cracking the Genetic Code

· 1960s-series of experiments disclosed amino acid translation of each Codon
· 1961 Marshall Nirenberg-Nat’l Inst. Of Health (1st Codon)

· UUU-phenolayline

· 61/64 code for amino acids including AUG-methionine (Start

· Three-UAA, UGA, UAG-stop codon

· Redundancy but no ambiguity

· Reading frame-reading symbols in correct grouping.

· short stretch of polypeptide made correctly only if nucleotides are red 5’-3’ in proper group. Like words, otherwise would convey diff’t msg

· Genetic Code evolved early in history of life
· Nearly universal

· Bacteria can be injected with human genes to synthesize certain human proteins

· Exceptions-where a few codons differ from standard ones

· Paramecium, mitochondria, chloroplasts

Transcription is DNA-directed synthesis of RNA

· RNA polymerase-pries two strands of DNA apart and hooks RNA nucleotide together

· 5’-3’

· Sequence where RNA polymerase attaches and initiates transcription is the promoter
· Signal that ends transcription is terminator
· Dir of transcription is “upstream.” Other is “downstream”

· Promoter is upstream from terminator
· Stretch is a transcription unit
· other types of RNA function in protein synthesis—3 types of RNA polymerase

· II is used for mRNA synthesis

· Three stages of transcription-initiation, elongation, termination

· RNA polymerase binding and initiation of transcription

· Promoter includes start point and extends several dozen nucleotides upstream. 

· Binding site for RNA polymerase, det start point

· Determines which strand is the template

· Certain sections esp imp for binding RNA polymerase. 

· Transcription factors-collection of proteins in eukaryotes that mediate binding of RNA polymerase and initiation of transcription

· Transcription initiation complex-complete assembly of transcription factors and RNA polymerase

· TATA box-crucial promoter sequence in initiation complex

· Ex. Protein=protein interaction.

· Elongation of RNA strand

· RNA polymerase exposes 10-20 bases at a time for pairing

· Double helix reforms in wake and RNA molecule peels away

· 60 nucleotides/ sec in eukaryotes

· single gene and be transcripted simultaneously by several RNA polymerase molecules—increase production in large amounts

· Termination of Transcription
· Proceed until after transcribes terminator sequence—signal

· Several mechanisms

· Prokaryote-stops right at end of termination sig

· Eukaryotic cell-continues for 100s of nucleotides past termination signal

· AAUAAA in pre-mRNA. Goes past it

· Cleavage site for RNA is site for poly(A)tail addition.

· Leader and trailer segments

Ends of RNA modified after transcription

· 5’ cap

· protect mRNA from degradation by hydrolytic enzymes

· “attach here” sign for ribosomes

· 3’cap

· poly(A)tail 50-250 nucleotides. Inhibit degradation and facilitates export of mRNA from nucleus

· Split Gene and RNA Splicing

· RNA splicing-removal of large portion of RNA initially synthesized
· Cuts off long noncoding stretches
· Interspersed between coding segments of the gene
· Introns-lie between, unexpressed---excised
· Extrons-expressed, spliced together by spliceosome o join it
· Pre-mRNA splicing carried out by short nucleotide sequences at the ends of introns
· Small nuclear ribonucleoproteins/snRNPs recognize splice sites
· In nucleus
· Composed of RNA and protein
· Small nuclear RNA(snRNA) about 150 nucleotides long—join with additional proteins to form spliceosome-as big as ribosome. Cuts at specific points then joins two exons. 
· Ribozymes-RNA molec functioning as enzymes.
· Result in mRNA
· Ribozymes
· Catalysts that show that not all biological catalysts are proteins
· RNA often involved in catalyzing own excision itself
· Protozoan Tetrahymena-self splicing in production of RNA component of ribosomal RNA
· Functional and Evolutionary Importance of Introns
· -regulatory roles in cell-control gene activity
· split genes-enable single gene to encode more than one polypeptide
· depends on which segment treated as exons in RNA processing
· alternative RNA splicing
· fruit fly-sex depends on how RNA transcribed is spliced from certain genes—explains why humans get along with small number of genes in proportion

· domains-discrete structural and functional regions of proteins
· active site
· attach protein to cellular membrane

· many diff’t exons code for diff’t domains. Introns increase probability of beneficial crossing over. 
THE SYNTHESIS OF PROTEIN

Translation
· interpreter of codons along mRNA is tRNA (transfer RNA)
· transfer amino acids from cytoplasm’s pool to a ribosome. 

· Cell keeps amino acid pool stocked with all 20 amino acids by synthesizing or taking them up.
· Molecules of tRNA are not all identical
· Specific amino acid at end and has a nucleotide triplet called anticodon that matches with the RNA codon.
· Genetic msg translated as tRNAs deposit amino acids in proper order then the large ribosome joins amino acids in a chain.
· Structure and function of tRNA
· Transcribed from DNA. Used repeatedly
· Single RNA strand 80 nucleotides long
· Folds back on itself to from 3D structure reinforced by interactions between diff’t parts of chain
· 2d cloverleaf shape but twists and packs into L shape 3D structure
· structure matches function b/c one end is anticodon, 1 amine
· Some tRNAs have anticodons that can recognize 2 or more diff’t codons
· Versatility because rule for base pairing between 3rd base of codon and corresponding base not as strict as DNA and mRNA. 
· Only 45 tRNAs not 61
· Wobble-relaxation in base pairing rules
· Inosine-enzymatic alteration of adenine after tRNA synthesis. I can bond with U, C or A. 
· Explain synonymous codons for given amino acid.
· Aminoacyl-tRNA Synthetases
· Codon-anticodon recognition is 2nd of two stephs for accurate translation
· Each amino acid joined to correct tRNA by enzyme. 20 of these enzymes one for each amino acid.---driven by hydrolysis of ATP
· Result in aminoacyl tRNA-activated amino acid
· Ribosomes
· Subunits made of proteins and rRUNA
· Subunits made in nucleolus . transcribed then processed and assembled with proteins imported from cytoplasm. Subunits then exist thru pores
· 2/3 rRNA, most abundant type of RNA
· large and small subunits join to for functional ribosome only when attach to mRNA
· Eukaryotic ribosomes slightly larger and differ in molecular composition
· Medical significance
· Antibiotic drugs can paralyze prokaryotic ribosomes without inhibiting eukaryotic ribosomes
· Tetracycline, streptomycin
· THREE BINDING SITES
· P site-holds tRNA carrying the chain
· A site-holds tRNA carrying next amino acid to be added
· E site-discharged tRNAs leave thru this
· EPA
· Ribbon model of ribosome-supports that rRNA, not protein carries out ribosome’s functions.—mane constituent of interface between subunits and sites, catalyst of peptide bond formation
· One big ribozyme
Building a polypeptide

· Energy for chain initiation and elongation provided by hydrolysis of GTP
· Initiation
· Bring together mRNA, tRNA with first amino acid, two ribosomal subuit
· Small subunit atteaches to leader segment at 5’ end. 
· In bacteria, simply pairs with specific sequence within leader
· Eukaryotes-first tells small lsubunit to attach. 
· AUG-downstream, signals start
· tRNA carry methionine to initiation codone
· whole thing is translation initiation complex
· initiation factors-bring all components together

· Elongation
· 1-Codon regonition-hydrolysis of 2 GTP
· Peptide Bond formation-joins polypeptide from Psite to new amino acid. 
· Polypeptide separate and amino acid at its carboxyl end bonds to amino acid by tRNA
· Translocation-moves tRNA in A site to P site. Anticodon remains H bonded to mRNA codon
· mRNA moves along and brings next codon to be translated
· hydrolysis of 1 GTP
· Termination
· Release factor binds to stop codon in A site-. Causes addition of water molecule instead of amino acid to polypeptide chain, hydrolyzing completed polypeptide.
Polyribosomes-

· A number of ribosomes work on translating the message at once so once a ribosome moves past initiation, a second can attach. Multiple trail along same mRNA line
· String is called polyribosome-copy polypeptide quickly
Polypeptide to Functional Protein

· During and after synthesis, polypeptide chain coils and folds spontaneously to form functional protein with specific conformation

· Secondary and tertiary tructure

· Gene det. Primary structure, primary structure det. Conformation

· Chaperone protein helps folding correctly

· Posttranslational modification-required before protein does job

· Certain amino acids chemically modified by addition of sugars, lipids, phosphate groups, etc.

· Enzymes may remove 1 or more amino acids from leading end

· May cleave single chain

· Insulin-1st single chain then active only after enzyme cuts out central part leaving 2 chains connected by disulfide bridge

· Two or more polypeptides may join to become subunit of quaternary protein

· Two ribosome populations
· Free-synthesize proteins that dissolve into cytosol

· Bound ribosomes attached to ER-proteins of endomembrane system and proteins secreted by cell-insulin

· Synthesis of all proteins begins in cytosol-

· Process continues to completion unless growing peptide cues self to attach to ER-marked by signal peptide-target protein to ER

· Seq 20 or more amino acids recognized as emerging from ribosome by SRP (signal recognition particle)

· Adapted bringing ribosome to receptor protein in ER 

· Multiprotein complex

· Synthesis continues there and polypeptide grows across membrane thru protein pore.

· Signal peptide removed by enzyme

· Signal peptides also used to target mitochondria and chloroplasts

MUTATIONS

· Changes in genetic material of a cell or virus

· Types of Point mutations-chemical changes in one base pair of a gene

· Substitutions-
· Base pair substitution-replacement of one nucleotide and its partener with another

· Some are silent-redundant thus no effect

· Some are crucial-in active sites

· Improve or detrimental effects impairing cell function

· Missense mutation-altered codon still codes for an amino acid. —“right sense”

· If change codon for amino acid into stop codon, translation terminated prematurely

· Nonsense mutations

· Insertions/Deletions
· Frameshift, unless near end of gene, produce unfunctional protein

· Affect long stretches

· Mutagens
· Physical and chemical agents that interact with DNA to cause mutations

· Spontaneous mutation-errors during DNA replic, repair, recombination

· Base pair subs, insert, delete or mutations affecting long stretches of DNA

· Mutagenic radiation-physical mutagen (UV-disruptive T dimmers)

· Chemical Mutagens-

· Base analogues-chem similar to normal DNA bases but pair incorrectly

· Some other chemical mutagens interfere with correct DNA replication by inserting selves into DNA and distorting double helix

· TESTS FOR MUTAGENS

· Prelimnary screenings of chemicals to look for chemicals causing cancer

· Most carcinogens are mutagenic, most mutagens are carcinogenic

· Does not make sense.
