Cell Biology Lecture 11
Protein synthesis
How does a gene actually do anything?  How does a gene become eye color?

a gene is a region of DNA that tells your cell to make a particular protein (mostly)

proteins do all the work



*structure (keratin fibers in hair and nails)



*membrane proteins:  immunity (antibodies), transport (hemoglobin)



*but primary importance is enzymes




what molecules to convert to what products

Two basic steps of protein synthesis:


1.  Transcription – making a template from the DNA (copied in the same language)

2.  Translation – reading the template into a protein (copied into a new language)
Transcription

nucleic acid to nucleic acid


take DNAs message and make mRNA


occurs in nucleus (that’s where the DNA is!)


*parts of a gene

Four steps:



*Initiation




promoter region signals RNA polymerase binding



transcription factors – proteins that assist polymerase binding





recognize different sequences




DNA opens temporarily to allow RNA polymerase to work



transcription startpoint – first nucleotide added = initiation




*Elongation

RNA strand made with same base pairing rules (except U)




5’ to 3’ – new ribonucleotides added to –OH of C3



only one strand used as template



transcription factor released once elongation begins




mRNA/DNA hybrid is only transient (2-12 bp at a time)



energy from triphosphate forms




occurs in bursts, not constant rates (averages about 40bp/sec)




*Termination




polymerase is detached 




consensus sequences – usually AU rich (weaker bonds allow RNA to separate)




hairpins in prokaryotes




ribonuclease often cleaves mRNAs before termination in eukaryotes
(

*multiple mRNAs made at a time
*Processing – only in eukaryotes because process coupled in prokaryotes (no nucleus to separate)



1.  5’ cap – methylated guanine binds in a 5’ to 5’ bond





protects from degradation and site for ribosomal attachment




2.  3’ polyadenylation – 100-300 adenine ribonucleotides added to 3’ end




protects from degradation




3.  Intron removal/Exon splicing





intervening sequences identified by conserved sequences (GU – AG)




snRNPs bind to the 5’ conserved and upstream 3’ conserved

Translation – turning the genetic code into proteins
What is a protein?  polymers of AA’s


polypeptides – many amino acids joined by polypeptide bonds (C-N) (carboxyl – amino)



(dehydration synthesis


*lots of amino acids, but only 20 used in translation

How do we get from mRNA to a protein?


how many nucleotides are needed to determine an amino acid?



1:1? only 4 possibilities; 2:1 (42) only 16; 3:1 (43) = 64

*3 nucleotides of mRNA = codon

20 AA’s + stop



duplication – what’s the benefit?



universal – same codons produce same AA’s in all living things (with few exceptions)



can manufacture genes to make bacteria produce proteins we want (insulin)



methionine is start 



*practice reading frame – where to start & stop
Where are proteins manufactured in the cell? rough ER

mRNA leaves nucleus through pores

Ribosomes – consist of rRNA and protein


two subunits combine (50S & 30S in E. coli; 60/40 in mammals)


mRNA slides through groove between two subunits
*Initiation of Translation


subunits of ribosome separate

initiator tRNA with anticodon UAC and AA methionine binds to small subunit


5’ cap of mRNA binds to smaller subunit with aid of protein initiation factors (IF)


subunit/tRNA scan along mRNA until start codon reached


large subunit reassembles on the mRNA


mRNA is read 5’ to 3’, tRNA anticodons are antiparallel


in prokaryotes, mRNA binds first using a specific sequence (remember, no 5’cap)

Elongation – more amino acids added
How do AA’s get to it?


tRNA is an RNA strand (<100 nucleotides) folded into a unique shape


*AA attaches to 3’ end of acceptor arm – CCA 

three nucleotides on opposite arm = anticodon

AA’s attach to tRNA via enzyme (aminoacyl-tRNA synthetase) reaction and ATP – charging 


creates charged tRNA from a free tRNA and AA


each AA has it’s own aminoacyl-tRNA synthetase



how enzymes work – two active sites – both AA and anticodon have to fit
*Elongation


A, P, E sites


new tRNAs with matching anticodons enter into A site


peptidyl transferase catalyzes peptide bonding between carboxyl group of P site AA and amino group of 

A site AA


ribosome then moves three codons along



tRNA from P site is free



tRNA from A site moves to P site



new tRNA enters A site
Termination


stop codons (UAA, UAG, UGA)


no tRNA to match


protein release factor (RF) cleaves the final amino acid from the tRNA in the P site


first Met often cleaved from the polypeptide

(
*Many ribosomes can be working on a single mRNA molecule to make lots of proteins at the same time
Practice

So, we’ve made a polypeptide, how do we get to a real protein?

R group determines the AA’s properties:  uncharged, positive or negative; polar or nonpolar



*why does it matter?  chemical nature affects structure affects function (charges, enzyme ex.)



*levels of organization (primary-quaternary)

Protein Modification


where? ER then onto golgi


parts removed, AAs changed, additional molecules added (Fe to hemoglobin, sugars to glycoproteins)
*Eukaryotes vs. prokaryotes

If all of your cells have all the same DNA, why don’t all your cells make all the same proteins?

