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Amino Acid Chart
 Methionine
 Proline Leucine Isoleucin
 e Proline Lysine stop
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How did this happen?

Page 3
                        

DNA vs. RNA
 Deoxyribose sugar ATGC are the bases Stable, immortal Double stranded 6 x 109 base pairs
 Ribose Sugar AUGC are the
 bases Unstable, short-
 lived
 Single Stranded
 Short pieces – made one gene at a time
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Types of RNA
 mRNA – flat, single chain (no secondary structure) – directs protein production
 tRNA – shaped like a cloverleaf, matches nucleotides in the mRNA with the correct amino acids
 rRNA - makes up the ribosome – actually catalyzes peptide bond formation
 snRNA – makes up the spliceosome
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Protein Synthesis
 DNA codes for proteins through mRNA (even some of this DNA doesn’t code for protein – introns are spliced out)
 Some of the DNA is regulatory sequences (promoters, termination sequences, response elements)
 Some of the DNA codes for tRNA, rRNA, and snRNA
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DNA → mRNA → Protein An enzyme (RNA polymerase II) binds to DNA at the
 start of a gene called the promoter (TATA box – TATAAAA) It copies the non-TATA strand – It actually starts transcribing about 25 nucleotides after the TATA box and moves along the template strand from 3’to 5’.
 As the RNA polymerase binds, it opens the DNA and begins to move forward, adding matching complementary ribonucleotides. It can only go in 1 direction. It’s adding onto the 3’ end of the growing strand of mRNA
 As the RNA polymerase moves forward, the DNA recoils behind it, pushing the single strand of RNA off. This continues until the termination sequence. It actually copies 10-35 nucleotides past the termination sequence
 mRNA gains no secondary structure
 Transcription Translation
 Transcription:
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The Initiation of
 Transcription
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RNA Processing
 Cap is added to the front end – 5’ end – methyl guanosine - helps it leave the nucleus and bind to the ribosome, makes sure it goes in front first, helps protect it from damaging enzymes
 Poly-A tail is added to the end (~200 A’s) – keeps mRNA from getting chewed up too fast
 SplicingSplice out the introns, leave the exonsExons will actually code for the proteinDone by Spliceosome made of snRNP’s
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Spliceosome Animation
 http://highered.mcgraw-hill.com/sites/0072437316/student_view0/chapter15/animations.html
 http://highered.mcgraw-hill.com/sites/0072437316/student_view0/chapter15/animations.html
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Exon Intron Exon Exon Intron ExonDNA
 ↓Exon Intron Exon Exon Intron ExonCap-
 -AAA
 Pre-mRNA
 Exon Exon Exon ExonCap- -AAAmRNA
 ↓
 ↓Cytoplas
 m
 RNA Processing
 Leader
 Trailer
 Leader Trailer
 Leader
 Trailer
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Leader and Trailer Sequences
 Leader: Also called 5’ untranslated region (5’UTR) Sequence is not translated but it is
 transcribed from the DNA It probably helps the transcript attach to the
 ribosome?
 Trailer Also called the 3’ untranslated region (3’UTR) Not translated but transcribed It has something to do with controlling how
 long the transcript can last in the cytoplasm – not just due to time of degradation of poly A tail
 Includes signal to put on poly A tail
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Decoding - TranslationSpace A B C D E F G 0,0,0 1,2,3 4,5,6 7,8,9 10,11,12 13,14,15 16,17,18 19,20,21
 H I J K L M N O22,23,24 25,26,27 28,29,30 31,32,33 34,35,36 40,41,42 43,44,45 49,50,51 37,38,39 46,47,48 52,53,54
 55,56,57
 P Q R S T U V W58,59,60 61,62,63 64,65,66 67,68,69 70,71,72 73,74,75 76,77,78 79,80,81
 X Y Z82,83,84 85,86,87 91,92,93 88,89,90
 Code: 64,65,66,13,14,15,1,2,3,10,11,12,25,26,27,46,47,48,19,20,21,0,0,0 4,5,6,25,26,27,52,53,54,34,35,36,55,56,57,19,20,21,88,89,90,0,0,0, 25,26,27,67,68,69,0,0,0,16,17,18,73,74,75,46,47,48
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Making a Protein from mRNA If each nucleotide = 1 aa – how
 many aa? If 2 nucleotides = 1 aa – how
 many? If 3? 3 nucleotides = 1aa Only 20 aa so it’s a degenerate
 code
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Codon – triplet of mRNA that codes for an aa
 Anti-codon – triplet on tRNA that base pairs with mRNA
 Practice!
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tRNA Structure (anti-codon)
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PracticeDNA:5’
 [TATAAAACGAC]CTGGCAATGTTTAAGGCGAGTACCCTATAACTAGC
 A 3’
 3’ [ATATTTTGCTG]GACCGTTACAAATTCCGCTCATGGGATATTGATCGT
 5’[DENOTES THE PROMOTER]
 mRNA: CUG/GCA/AUG/UUU/AAG/GCG/AGU/ACC/CUA/UAA/CUA/GCA
 [LEADER] [START] [STOP] [TRAILER]
 tRNA: UAC AAA UUC CGC UCA UGG GAU
 AA: MET PHENYL LYS ALA SER THR LEU
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Practice #23’[ATATTTTGGATAC]CCCTTGTACGTAGACATCAACCAA term seq
 5’5’[TATAAAACCTATG]GGGAACATGCATCTGTAGTTGGTT term seq 3’
 [DENOTES THE PROMOTER]
 mRNA: GGG/AAC/AUG/CAU/CUG/UAG/UUG/GUU [START] [STOP]
 tRNA: UAC/GUA/GAC
 AA: MET/HIST/LEUC
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Translation
 Processed mRNA binds to ribosome at the start codon (AUG on mRNA, anti-codon UAC, methionine aa) Sets the reading frame
 tRNA attaches to start codon in the p-site
 Large subunit or ribosome binds to small subunit and mRNA
 Next tRNA binds to 2nd codon in the A-site
 Translation Video 1
 Translation Video 2Importance of faithful translation
 Faithful Translation 2
 http://highered.mcgraw-hill.com/olcweb/cgi/pluginpop.cgi?it=swf::535::535::/sites/dl/free/0072437316/120077/micro06.swf::Protein%20Synthesis
 http://www.biostudio.com/demo_freeman_protein_synthesis.htm
 http://www.biostudio.com/demo_freeman_protein_synthesis.htm
 http://www.teachertube.com/viewVideo.php?video_id=227236&title=Joey_learns_French
 http://www.teachertube.com/viewVideo.php?video_id=227236&title=Joey_learns_French
 http://www.teachertube.com/viewVideo.php?video_id=227236&title=Joey_learns_French
 http://cli.ps/AWHha
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Translation Continued
 The aa in the P-site is covalently bonded to the new aa in the A-site.
 The aa lose their attachment to the tRNA in the p-site so both are only attached to the tRNA in the A-site
 The tRNA moves forward, dragging the mRNA with it.
 The first tRNA falls off from the E site and goes to get a new aa in the cytoplasm
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More Translation
 The tRNA with the aa chain has moved from the A-site to the P-site.
 A new tRNA and aa enters the A-site and a peptide bonds forms between the new aa and the existing chain
 The mRNA moves forward again and this continues until it reaches a stop codon (UAA, UAG, UGA)
 The protein enters the RER.
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How does the right amino acid get put on the right tRNA that has the correct
 anti-codon?A group of enyzmes called aminoacyl transferase or aminoacyl tRNA synthetase
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Post-Translational Modification
 mRNA enters free ribosome As translation begins – secretory
 proteins/membrane proteins have a signal peptide at the leading end
 The SRP – signal recognition particle (RNA/protein) – binds to signal peptide - takes ribosome to RER and attaches the growing aa chain to the ER
 The chain of aa feeds through a protein pore into the RER and signal peptide is cleaved off
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How protein and ribosome get to the
 RER
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Post-translational Modifications
 Once inside the ER…. aa’s can be removed Lipids, carbs, sugars, phosphates
 may be added The chain may be hooked up with
 another protein to form subunits of a protein with quarternary structure
 The chain may be cut into smaller pieces that may hook together
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Effects of Mutations on Proteins
 Point Mutations (Substitutions)No change in protein
 Degenerate code – codes for same aa
 Change in non-coding regionChanges 1 aa (change shape a lot or a little)Shortens protein – changes start codon so begins translation lateLengthens protein – changes stop codon so it keeps going through the trailer and poly-A tail
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Effects of Insertions and Deletions
 Frame-shift Mutations (changes the reading frame)
 All aa are wrong after the insertion or the deletion
 Remember that mutations can be good, bad, or neutral!
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