Lesson 12
RNA translation (protein synthesis




RNA translation

* RNA translation is a process that produces
a protein from an mRNA template via the
genetic code

. newly born protei ® .- ~ @
* There is a change of language amino acids , @;
* From the language of nucleic acids & e .

(nucleotides) to the language of proteins
(amino acids)

* The process takes place in the cytoplasm
* Requires another RNA, called tRNA

* Protein synthesis is operated by cell
organelle called ribosome

small subunit

N
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The genetic code

* The genetic code = triplets of RNA bases AGC UAG CAG UUA
(called codons) AN R A R AR A S

codon codon codon codon
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The genetic code

e Each codon encodes 1 amino acid
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5’

RNA sequence

I

AUGIGUCAGUICCAUAA
! L L J

codon codon codon codon
l l l l

Amino acid sequence

codon

!

STOP

3’

Methionine

Proline



The genetic code

* mMRNA is read from 5’ to 3’



The genetic code

* The protein is made from the -NH,

end to the COOH end

* Each new amino acid is added to the C
end of the preceding one (discussed in

Lesson 3)
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DNA 3 5
AJTIGIAIGITICICIAJA|G]T

5 3

Translation l l I Il I | Codons
Protein Asn /Pro\ /G-Iy\ @— Amino acids
N4 _/
NH,- _COOH



The genetic code

Second base

UUUT_Phenyl- UCU" UAU : UGU .
uuc alanine ' |ucc e Uac - rosine Y | HAT |-Oysteine C
UUAT i I UCA g UAA Stopcodon | UGA Stop codon
yue | e L 1Hce. UAG  Stop codon | UGG _ Tryptophan
CUU T CCU CAUT ..o CGU™
cuc 1 |ccc . cac_~HistidineH | cae .
—Leucine 1. — Proline — Arginine
CUA CCA D | caa- . |caa R
CUG._ CCG._ CAg_‘G'Utam'mb CGG._
AUU I |AcuUT AAU | AGUT .
AUC |-Isoleucine | ACC | Aac JAsparagine | s [~ Serine §
— Threonine
AUA ACA " AAA - AGA
ethionine | ACG_ AAG — Lysine AGG — Arginine
B VLiort codon = K = R
GUU GCU™ GAU™|_ Aspartic GGU
Guc | ., . GCC . GACI acid ) |GGC | g
- — Glycine
Gua [Valine V| ooy Alamnj\ GAAT Glutamic | GGA G
GUG GCG GAG ] acid | |GGG-
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The genetic code

Second base

|- Phenyl- l-’Au:'—TyrosineY lJGIU]—Cysteine o] Y

UAC UGC
UAA Stopcodon | UGA Stop codon [
UAG Stop codon | UGG \Y,Tryptophan

()

alanine

— Leucine |,

o

g:g-—HistidineH ggg- g
—Leucine 1. — Proline = — Arginine
3 P [CAATL Giutamin i R A
8 CAG._ | ce6- G
B I AAU _|AGUT .
- — Isoleucine | . AAC _—Asparaglne AGC _—Serme S U
Threonine i Ko~ C
ethioning T — Lysine — Arginine A
AAG AGG
tart codop = K = R &S
GUU GCU- GAUT Aspartic | GGU] U
Guc | .. GCC - |eACTTacid D |GGC | g C
- — Glycine
aua [Valine V| o2y Alamnj\ R i || e -
GUG GCG_ GAG| acid F |GGG- G
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The genetic code

Second base

U C A G
UUU] Phenyl- UCU UA : UGU . U
— T t

M vucalanine Fluce EPT | e Y uc;.c]'Cys eine (. Jhs

UUAT i I UCA g UAA Stop codonUGA Stop codon K

yug ~-euene L (uce. AG Stop codop/ U . FTyptoprEn G

CUU™ CCU™ CAU T ... CGUT U

— Histidine [

ol CUC | | aucine L | €CC | protine | CAC- i — Arginine C
o [l CUA CCA D |cAa- . |caa S A
& CUG. CCG. CAg_‘G'Utam'"b CGG._ G K
7 B Auu- I |Acu- AAU 7] AGU] 8
2 2 . | pae 2
" B AUC [Isoleucine | ACC | aac JAsparagine | yoo [~Serine S Ll @

— Threonine C

I AUA _ ACA | ARA AGA A

ethionine | ACG_ AAG — Lysine AGG — Arginine

AUQ tart codon - K - G

GUU GCUN GAUT_Aspartic | GGU] U

Guc | .. GCC _ |@acS acid ) |GGC : c

G — — Glycine
aua [Valine V| o2y Alamnj\ R i || e -
GUG GCG_ GAG| acid F |GGG- G
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t-RNA

* In any case of unknown language change you need someone who
understand both languages = interpreter

* In RNA translation you need an interpreter to translate CODONS into
AMINOACIDS

* These interpreters are the tRNAs (small RNAs present throughout
living cells)

* Each tRNA has a sequence called ANTICODON that base-pairs with a
specific codon on a mRNA

* Each tRNA base-pairs with 1 mRNA codon a time
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t-RNA

* For example:
MRNA codon 5’AUG3’
tRNA anticodon 3’UAC5’
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t-RNA

» After codon-anticodon matching, the tRNAs covalently binds the
correct amino acid and carries it to the ribosome for the protein
synthesis
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t-RNA

tRNA

Anticodon

mMRNA 3’

Codon

* For example: the mRNA codon 5’AUG3’ encodes for the amino acid
methionine, then:

1. the particular tRNA that has the anticodon 3’"UAC5’ base-pairs with this codon

13
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t-RNA

ot— Amino acid

M

tRNA

Anticodon

mRNA 3’

2. It then covalently binds the amino acid Metionine (tRNAMET)

3. It finally shuttles to the ribosome where the amino acid will be released and added to the
growing protein

14
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t-RNA

* First codon = START codon
* Always 5’AUG3’ codon = start codon for N-terminus Met



From mRNA to protein

1. Read mRNA sequence: 5’AUGAAAACU.........
2. ldentify codons: 5’AUG/AAA/ACU/......3’

3. Match codons with amino acids
« AUG > Met (M)
* AAA = Lys (K)
 ACU - Thr (T)

4. Continue until you find the stop codon (UAA or UAG or UGA)
Note: stop codons do not code for any amino acid; they just stop

translation
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3’

First letter

Second letter

U c A G

uuy ucu UAU UGU u
0 uuc}Phe uch_Ser UAC}TV' UGC}CyS G
UUA}Leu UCA UAA Stop UGA Stop| A
UUG el UAG Stop|UGG Trp | G
CUU ccuw CAU}HiS CGU U
cuc cce CAC CGC c
Bl cuA L8] cca [Pro CAA}Gm cGA [A9 | A
CUG | cee) CAG CCE ©
AUU ACU AAU AGU U
A | AUC tile ACCW_Thr AAC}Asn AG(:}Ser ©
AUA | ACA AAA}LyS AGA }Arg A
AUG~ Met | ACG | AAG AGG G
GUU GCUW GAU}AS GGU U
al6uc |y, |cC |y, [6Ac™P eec] | C
GUA GCA GAA}G|u SRR
GUG | Geel GAG GEE ©
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The genetic code again

Second letter

c

Uuu UCU) UAU UGU u
" uuc:]’F>he LEE | UAC}Tyr UGC}CyS ©
UUA}Leu UCA UAA Stop UGA Stop| A
UUG UCG | UAG Stop|UGG Trp | G
CUU) ccu” CAU } His | COU u
cuc BEG CAC CE ¢
= ICUA (S e ey e AA]ln | CCA S8 A
£ | |cuc, EEE CAG EGE ©
£ AGC | [anc 1Asn |age Jser [

- Thr
ACA AAA AGA A
ee | AAG}LyS AGG}Arg G
GUU G GAU} Asp | GGU u
Blcuc|,  |eccl,, [eact™P leac] ., [c
GUA GCA }Glu GGA [ | A
GUG el GAG GCE ©
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The genetic code again

Second letter

c
UuU UCU) UAU UGU U
Phe Tyr Cys

" uuc} LEE | UAC} UGC} C
UUA}Leu UCA UAA Stop|UGA Stop| A

UUG Vel UAG Stop|UGG Trp |G

CUU" CCU" CAU } His | CGU U

cuc CCE CAC GEr €

= ICUA (S e ey e AA]ln | CCA S8 A
£ CUG | Cee) CAG CGE ©
@ AUU ) AAU AGU U
i | 5| AUC e C}AS" Acsc}ser C
AUA AAA AGA A

AUG~ Met AAG}LyS AGG}Arg G

GUU EE] GAU} Asp | GOU U
Blcuc|,  |eccl,, [eact™P leac] ., [c
GUA GCA }Glu CE R

GUG eee) GAG Ciele c
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The genetic code again

Second letter

c
i A

. T Sl (o
UUA}Leu UCA UAA Stop|UGA Stop| A
UUG UCG UAG Stop|/UGG Trp |G
CUU GEUE CAU}HiS CGU U
cuc CCC CAC CGC E
= ICUA (S e ey e AA] iy |CCA S8 A
= CUG | CCG | CAG CGG G
@ AUU ) ACU AAU AGU U
iL | o|AUC tle |ACC [ C}AS" Acsc}ser E
ALLS ACA AAA}Lys AGA }Arg A
AUG Met ] ACG | AAG AGG G
GUU GCU) GAU}Asp GGU U
a|GUC Ly | GCC L, |GAC GGC [, |C
GUA GCA }Glu CE R
GG GCG) GAG GGG G
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“Cracking” the genetic code

DNA template strand 3’ TACAAACCGAGT 5
\ J\ JLU___\

codon

transcription

MRNA ot AUGUUUGGCUCA o
\ J\ J\ J\

translation (via tRNA)

v v v v
protein NH?2 Met | | Phe | | Gly Ser COOH
———

direction of translation 20
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tRNA - recap
newly born protei N O

* Each tRNA anticodon base-pairs | amino acids
with the corresponding mRNA
codon

e Each tRNA binds the
corresponding amino acid and
delivers it to the ribosome

* The ribosome brings all amino
acid together and join them
covalently in the correct
ordered sequence

 The tRNA is then released and
can re-enter the translation
loop when needed

large subunit

small subunit

21
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RNA translation

* Take assighment 12: RNA translation
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