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Biology Learning Objectives

* Demonstrate in writing and diagrams how
proteins are made.

* Apply the genetic code to deduce the protein
encoded by a mRNA.



How are Proteins Made?
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Proteins from Amino Acids
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Proteins from Amino Acids
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Proteins from Amino Acids
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Proteins from Amino Acids
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Proteins from Amino Acids
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Proteins from Amino Acids
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Proteins from Amino Acids
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Proteins from Amino Acids
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Proteins from Amino Acids
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Proteins from Amino Acids

omit amino acids...

...No proteins
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Proteins from Amino Acids

DNA 1is the only ingredient
not used 1n translation.

...No proteins
produced
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Watch Translation Movie

www.hhmi.org/biointeractive/translation-advanced-detail

OR

sites.fas.harvard.edu/~biotext/animations/ TRANSLATE20b.swf

Fig. 2.20 link



Decoding the First Codon

modern genetic code table
with all possible codons

no one knew about codons

or which amino acids were
coded by particular sequences

Fig. 2.21

C A G
Uuu UCU UAU UGU
uucC ucCcC UAC UGC
UvuA UCA UAA UGA
UuG UCG UAG UGG
Cuu CCU CAU CGU
CcucC CCC CAC CGC
CUA CCA CAA CGA
CuG CCG CAG CGG
AUU ACU AAU AGU
AUC ACC AAC AGC
AUA ACA AAA AGA
AUG ACG AAG AGG
GUU GCU GAU GGU
GUC GCC GAC GGC
GUA GCA GAA GGA
GUG GCG GAG GGG




Decoding the First Codon

The very first experiment

tested to see
which amino acid was
encoded.....

Fig. 2.21

C A G
Uuu UCuU UAU UGU
uuC UcCcC UAC UGC
UUA UCA UAA UGA
UuG UCG UAG UGG
CuU CCuU CAU CGU
cucC CCccC CAC CGC
cua cca CAA CGAa
CuG CCG CAG CGG
AUU ACU AAU AGU
AUC ACC AAC AGC
AUA ACA AAA AGA
AUG ACG AAG AGG
GUU GCU GAU GGU
GUC GCC GAC GGC
GUA GCA GAA GGA
GUG GCG GAG GGG




measure polymerization over time

Decoding the First Codon
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C A G
UCU |(UAU |UGU
UU UcCcC UAC UGC
UUA UCA |UAA |UGA
UuUG UCG |UAG |UGG
CUU CCU |CAU |CGU
cucC CCC |CAC |CGC
CUA CCA |CAA |CGA
CUG CCG |CAG |CGG
AUU ACU |AAU |AGU
AUC ACC |aac [acc
AUA ACA |AAA |AGA
AUG ACG |AAG |AaGe
GUU GCU |GAU |GGU
GUC GCC |GAC |[GGC
GUA GCA |[Gaar |GeA
GUG GCG |GAG |GGG
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Decoding the First Codon

measure polymerization over time
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CUA CCA |CAA |CGA
CUG CCG |CAG |CGG
AUU ACU |AAU |AGU
AUC ACC |aac [acc
AUA ACA |AAA |AGA
AUG ACG |aaGc [ace
GUU GCU |GAU |GGU
GUC GCC |GAC |[GGC
GUA GCA |GAA |[GGA
GUG GCG |GAG |GGG
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Decoding the First Codon

measure polymerization over time

8 - C A | G
® 74 ...UUUU...reaction @ 24" C UCU |UAU |UGU
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= with UuG uce |vae |uce
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ol cuc cce  (cac  |cee
20 CUA cca  |(caa  |cea
S o CUG cce |(cae  |cee
o c AUU ACU |AAU [AGU
= g AUC ACC |aAcC |acc
© AUA ACA |AAA |aca
%, AUG ACG |AAG |ace
e GUU ccu |eau  |ecu
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-g_ GUA GCA |GAaA |cea
o GUG Gce |eae |ecce
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Decoding the First Codon

measure polymerization over time
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U C A G
phe F |[ucu |vau |ucu
TIRE ucc |uac |uec
549 UUA uca |uaa |uca
A with UUG uce |uae |uce
poly-U CUU ccu |cau  |ceu
©0° cl|cuc cce |cac  |cae
ps CUA cca |caa |cea
® CUG cce |cae  |cece
po ® AUU ACU |(aau |acu
Al2uc ACC |aAc |acc
® AUA ACA |(aaa |aca
AUG ACG |aAc |Ace
. (o)
...UUUU...reaction @ 37 C GUU GCU |GAU |GGU
G|euc ecc |eac |eec
GUA ecca |eaa |ecea
o QUG ecce |eae |ecee
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Decoding the First Codon

measure polymerization over time
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Decoding the First Codon

UUU encodes phenylalanine (phe = F)

8 U c | AJ] G
® 7- UCU  |UAU |UGU
_N U OuU UcCcC UAC UGC
o 240 UUA UucA |vaa |uea
= 6 A with UUG Uce |(vae |uce

w— > poly-U CUU ccu |cau  |[ceu
05 5 ©0° c|cuc cce  |cac  |cac
£ a ® CUA cca  |(caa  |cea
s 0 4- o CUG CCG |cAG |cee
o c AUU ACU |AAU [AGU
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Decoding the Two More Codons
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first base in codon

second base in codon

U C A G
UUU phe F |UCU UAU UGU
uucC UcCcC UAC UGC
UUA UcCA UAA UGA
UuG UCG UAG UGG
CUuU CCU CAU CGU
cucC CcccC CAC CGC
Ccua cca CAA CGA
CuG CCG CAG CGG
AUU ACU AAU AGU
AUC ACC AAC AGC
AUA ACA AAA lys K| AGA
AUG ACG AAG AGG
GUU GCU GAU GGU
GUC GCC GAC GGC
GUA GCA GAA GGA
GUG GCG GAG GGG

lysine polymers
(Iys = K)



Decoding the Two More Codons

test ...CCCC...

second base in codon

8 u Cc A G
5 7- UUU phe F |UCU UAU UGU
b u|vue ucc UAC UGC
N e UUA UCA UAA UGA
= 6 _8 UUG uce UAG UGG
w—E o o cuU CAU CGU
o > 9 O |g|cuc CAC CGC
25 - cua : CAA CGA
S5 Q 4- ) _ P CUG cCcG CAG CGG
€0 3- 8 | alauc ACC AAC AGC
© © — AUA ACA AAA lysK|AGA
o H_ 7 AUG ACG AAG AGG
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% ’ G|euc Gce GAC GGC
0 ' i GUA GCA GAA GGA
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Fig. 2.23

first base in codon

The Genetic Code

first 3 codons deciphered

U C A G
UUU phe FRUCU ser S|UAU tyr Y|UGU cys C
JUC phe UCCser S|UACtyr Y|UGCcys C
UUA leu L |UCA ser S |UAA stop |UGA stop
UUG leu L |UCGser S|UAG stop |UGGtrp W
CUU leu L oro P | CAU his H|CGU arg R
CUCleu L JCCC pro PJCAC his H|CGC arg R
CUA leu L Apro P|CAA gin Q|CGA arg R
CUGleu L|CCGpro P|CAGgIn Q|CGGarg R
AUUile | |[ACUthr T|AAU asn N|AGU ser S
AUCile | |[ACCthr T AAC asn N|AGC ser S
AUAile | [ACAthr T |AAAlys K| AGA arg R
AUG met M|ACG thr T [AAGIlys K|AGG arg R
GUUval V|GCUala A|[{GAUasp D|GGU gly G
GUCval V|GCCala A|GACasp D|GGCgly G
GUA val V|GCA ala A|GAAglu E[GGA gly G
GUGval V|GCGala A|GAGglu E|[GGGgly G




Fig. 2.23

first base in codon

second base in codon

Stop and Start Codons

U C A G
UUU phe F|UCU ser S|UAUtyr Y |UGUcys C
UUC phe F|UCC ser S|UACtyr Y
UUA leu L |UCA ser S |UAA stop J UGA stop
UUG leu L |UCG ser S JUAG stop ’ rp W
CUUleu L|CCUpro P|I 7
CUC leu L |GCC pro |10 StOP COdOH?
CUAleu L|CCApro P|CAAgIn Q|CGA arg R
CUGleu L|CCGpro P|CAGgIn Q|CGGarg R
AUUile | |ACUthr T|AAU asn N|AGU ser S
AUCile | |ACCthr T|AACasn N|AGC ser S
ATIA ile | IACA thr T |AAAlys K|AGA arg R
AUG met M| ACG thr T |AAGIlys K|AGGarg R

i » A|GAU asp D|GGUgly G
1 “start codon ,|gac asp D|GGC gly G
GUA val V|GCA ala A|GAAglu E|GGA gly G
GUGval V|GCGala A|GAGglu E|GGGgly G




Amino Acids with Six Codons

Fig. 2.23

first base in codon

second base in codon

U C A G
UUU phe F SJUAU tyr Y|UGUcys C
UUC phe F SJUACtyr Y|UGCcys C
UUA leu L SJ UAA stop |UGA stop
UUG leu L SJUAG stop |UGG trp W
CUUleu L CCUpro P|CAU his HJCGU arg R
CUCleu L CCCpro P|CAC his HJCGC arg R
CUAleu L/ CCApro P|CAAgIn QJCGA arg R
CUGleu L CCGpro P|CAGgIn QJCGG arg R
AUUile | |[ACUthr T |AAU asn N
AUCile | |[ACCthr T|AACasn N
AUAile | [ACAthr T|AAAlys K
AUG met M|ACGthr T |AAGIlys K
GUUval V|GCUala A|[{GAUasp D|GGU gly G
GUCval V|GCCala A|GACasp D|GGCgly G
GUA val V|GCA ala A|GAA glu E|GGA gly G
GUGval V|GCGala A|GAGglu E|GGGgly G




Amino Acids with One Codon

Fig. 2.23

first base in codon

second base in codon

U C A G
UUU phe F|UCU ser S|UAUtyr Y |UGUcys C
UUC phe F|UCC ser S|UACtyr Y|UGCcys C
UUA leu L |UCA ser S |UAA stop |UGA stop
UUG leu L |UCG ser S|UAG stop JUGGtrp W
CUUleu L|CCUpro P|CAU his H|CGU arg R
CUCleu L|CCCpro P|CAC his H|CGC arg R
CUAleu L|CCApro P|CAAgIn Q|CGA arg R
CUGleu L|CCGpro P|CAGgIn Q|CGGarg R
AUUile | |[ACUthr T|AAU asn N|AGU ser S
AUCile | |[ACCthr T|AAC asn N|AGC ser S
AUAile | |ACAthr T |AAAlys K|AGA arg R
' AUG met M{ACGthr T |AAGIlys K|AGG arg R
GUUval V|GCUala A|[{GAUasp D|GGU gly G
GUCval V|GCCala A|GACasp D|GGCgly G
GUA val V|GCA ala A|GAA glu E|GGA gly G
GUGval V|GCGala A|GAGglu E|GGGgly G




