Transcription & Translation

Transcription Lecture 28 (12/1/25)
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AUG
5-UTR
prokaryotes  shjne-Delgagho

PEN READING FRAM

Transcription
MRNA structus[og

Codon

3-UTR

End of

(ORF)
-
:
. B

:

: Inigi :ion Start Of

. il Translation Translation
araB -UUUGGAUGGAGU}AACGAUGGCGAUU-
galE ~AGCCUAAUGGAGCGAAUUAUGAGAGUU -
lacl ~CAAUUCAGGGUG GAUUGUGAAACCA-
lacz ~UUCACACAGGAA
QB phage replicase

MCAGCUAUGACCAUG-
-UAACUAAGGAUGMAAUGCAUGUCUAAG-
$X174 phage A protein ~AAUCUUGGAGGCWUUUUUAUGGUUCGU -
R17 phage coat protein ~UCAACCGGGGUUBGAAGCAUGGCUUCU -
Ribosomal 512 -AAAACCAGGAGCJAUUUAAUGGCAACA-
Ribosomal L10 - CUACCAGGAGCAAAGCUAAUGGCUUUA-
trpE ~CAAAAUUAGAG UAACAAUGCAAACA-
trpleader -GUAAAAAGGGU

CGACAAUGAAAGCA-
AAGGAGGU

Transcription
MRNA structuste

AUG

Codon

5’:UTR PEN READING FRAM

(ORF)
eukaryotes 5'-cap

Start of End of

Translation Translation

7-Methyl G

poly(A) polymerase (PAP)
5 &«

3"-Poly(A)

5’ cap and 3’ poly(A) tail

poly(A)-binding pro-xein
(PABP II)

...AAAAAAAAAA

3-UTR
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Transcription

Proc_e_ss_: RNA Polymerases need 3 things:
*Initiation ‘NTPs
*Elongation «Template
*Termination *Place to start (NO primer needed)

(RNA)n residues T NTP m (RNA);, 41 residues T PP;

(3')/GCGATATCGCAAA (5') DNA template strand (aka: anti-sense, Watson)

What is the sequence of the

5 —= 3 growth

Direction of transcription

DNA strand
Template Nontemplate

Polymerase Hzo
(5) CGCTATAGCGTTT (3') DNAnontemplate (coding) strand  (aka: sense, Crick) pyrophosphatase

newly synthesized RNA strand? \FJ\ _O“+ ’ \}\\F -
5’-CGCUAUAGCGUUU-3’

Promoters |ranscription

Prokaryotic Transcription — Initiation (a place to start)

Operon —35 region —10 region Initiation
(Pribnow box) site (+1)
lac ACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGAATTGTGAGCGG o i i
lacl CCATCGAATGGCGCAAAACCTTTCGCGGTATGGCATGATAGCGCCCGGAAGAGAGTC RNA pOI reql'“res Slgnal
galP2 ATTTATTCCATGTCACACTTTTCGCATCTTTGTTATGCTATGGTTATTTCATACCAT H 1 H
araBAD GGATCCTACCTGACGCTTTTTATCGCAACTCTCTACTGTTTCTCCATACCCGTTTTT to begln transcrlptlon
araC GCCGTGATTATAGACACTTTTGTTACGCGTTTTTGTCATGGCTTTGGTCCCGCTTTG . h 2
trp AAATGAGCTGTTGACAATTAATCATCGAACTAGTTAACTAGTACGCAAGTTCACGTA Wi y-

bioA  TTCCAAAACGTGITTTTTGTTGTTAATTCGGTGTAGACTTGTAAACCTAAATCTTTT .

BioB  CATAATCGACTTGTAAACCAAATTGAAAAGATTTAGGTTTACAAGTCTACAcccaaT * O factor recognizes
RNAYT  CAACGTAACACTTTACAGCGGCGCGTCATTTGATATGATGCGCCCCGCTTCCCGATA .

raDI  CAAAAAAATACTTGTGCAAAAAATTGGGATCCCTATAATGCGCCTCCGTTGAGACGA promoter region of a
rmEl  CAATTTTTCTATTGCGGCCTGCGGAGAACTCCCTATAATGCGCCTCCATCGACACGG

—-10 Element

specific start sites.

* Once o factor
interacts with —10
element, the
complex unwinds
DNA ~2 turns (open
complex).

35 elerfiont 38 v’; 2ol

XN

rmAl AAAATAAATGCPTGACTCTGTAGCGGGAAGGCGTATTATGCACACCCCGCGCCGCTG gene/operon (-10 & —35 regions)
Iitaton » o factor-RNA
—35 region —10 region site
:;’gj;’:::s TOMGIAGIAL .1619bpe T A T A A T...58bp... A pOImerase Complex
(Codmg Strand) 69 79 61 56 54 54 77 76 60 61 56 82 g . ;I; Work together to
— transcribe DNA at

Y - + Called the “Holoenzyme”
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RNAP Complexed With Promoter

—-10 Element

5 Template
strand

Transcription
Mechanism ~ Inhibitors of Transcrlptlon

Template [

Growing
RNA
strand *

Rifamycin B Ry =CH,C007; Ry=H

Rifampicil Ri=H; R;=CH=N_ N—CH
fampicin =H;Ry=CH= =
1 2 3

\ /7
0,0
> -
::I;morau IE; Asp /7 ?H -
7 HzC_CH—vef0H
N S, P dTIT
Inhibits elongation at first P S
phosphodiester bond - H><:c:., OQTIE@
HO
Inhibits elongation by -~ E_H_:_E_Eu_zn_ﬁ_mz_,m
intercalating & dupconmy
a-Amanitin =

Inhibits EUKARYOTIC RNAPS (only 1 & 11l) =¥ Ao e

PDBid 1DSC



http://www.rcsb.org/pdb/explore/explore.do?structureId=1dsc

Transcription

RNA Polymerase Structure RNA pol is a multi-subunit enzyme
\ (o2p’ 0o)

These subunits make up the core

complex:

» two a subunits make non-specific
contacts with DNA for positioning

» the B and B’ subunits catalyze the
addition of ribonucleotides to the
growing chain

» the w subunit acts to stabilize the

complex
o rpoA 34 2 Non-specific DNA binding
B rpoB 150 1 Polymerase
B’ rpoC 155 1 Non-specific DNA binding

& polymerase

Nascent RNA . poZ 10 1 Zn?* bindin
Coding strand DNA @ ™ 9
RNA-DNA duplex is in the A-form o rpoD 70 1  Promoter recognition
It uses the same meghanism for correct W-C bp and fidelity Rate is ~ 50 base/sec 11 555 cxonucionce
Therefore, error rate is the same 1/10,000 Processivity is ~2000 bp  proofreading

Transcription

Eukaryotic RNA Polymerase || Conformations

Also, the B’ homolog has a
disordered CTD that is

phosphorylated
In going from
Initiation to
elongation

,, Transcribed DNA
% (upstream)

Closed conformation

= Coding
i &Huddey strand
e / /  Entering DNA
) () (downstream)
Template

Bridge
Pore strand

Funnel

NTPs

inti Yeast RNA polymerase
Transcription
iption PDBId 1150
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http://www.rcsb.org/pdb/explore/explore.do?structureId=1i50

Backtracking

RNAP is very sensitive to the
helix shape in the active site. If
there is a mispaired nucleotide, or
even a deoxy nucleotide, it stalls
(as well as at damaged DNA).
The helix unwinds and the 3’-end
of the RNA goes into a P-site.
Other subunits/proteins hydrolyze

Transcription
Eukaryotic RNA Polymerase |l NTP sites (A & E)

-
8

Upstream DNA

Pol Il

"""""""""""""" '» Downstream DNA
E N
Hybrid

Metal A = ™

Proofreading

RNA exit P-site

RNA at 3"-end. 2 & (backtracking) wp&g‘dynzeafe [

Transcription & Translation
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Process
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triplet
deciphering
tRNA
Structure
Anticodon
Acylation (charging)
Aminoacyl-tRNA Synthetases
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Fidelity
Protein Biosynthesis
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Ribosome review
Elongation
Decoding: Fidelity
Peptidyl Transferase
Energy
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http://www.rcsb.org/pdb/explore/explore.do?structureId=2e2h

Transcription & Translation

Nucleic acid function: Central Dogma

TABLE 26-1 Some Noncoding RNAs

translation

Type Size (nt) Function

Ribosomal RNA (rRNA) 120-4718 Translation (ribosome structure and catalytic activity)
Transfer RNA (tRNA) 54-100 Delivery of amino acids to ribosomes during translation
Small interfering RNA (siRNA) 20-25 Sequence-specific inactivation of mRNA

Micro RNA (miRNA) 20-25 Sequence-specific inactivation of mRNA

Large intergenic noncoding RNA (lincRNA)  Up to 17,200 Transcriptional control

Small nuclear RNA (snRNA) 60-300 RNA splicing

Small nucleolar RNA (snoRNA) 70-100 Sequence-specific methylation of rRNA

Table 26-1
©2013 John Wiley & Sons, Inc. All rights reserved.

Translation: The Genetic Code
Recall: Genetic Code is Degenerate & Nonrandom

w0
TABLE 27-1 The “Standard” Genetic Code® ’ D!( \07

First Third

o Second position posiGom
Gold = hydrophobic amino S i = R v
acids; pyrimidine at second L © o Lo ¢u o R
position U | o e e N
we = uce uAG = UGG Trp JNPFO G
Polar amino acids (blue = - — - i

. e i tn
basic; red = acidic; purple = L L el [ T?* - i‘; c
. CHy 4 I
uncharged pollalr) have purine < - “/!Qw’ - ™ - W | o .
at second position o . w= r (= ::::.., .
AUV | Acu AAU = 1 AGU | v
auc  tle T ace ARCI AR ;:o Inccl c
A E:: Thr /'!‘( ol it
AUA AcA wo” “cu, [AAA AGA A
AUG  Met® ACG e | | Aee Arg G
HyC —S—CH, —CH, o' —CH —CH, —CH, —CHy

Guu GCU GGU v
GuC GCC GGC 4
G cun KIC/CI Qcﬂ cca M ‘I" san 'I' A
GUG GCG GGG G

12/1/25



Translation: The Genetic Code

ORFs THE RIG RED FOX ATE THE EGG
If one base is deleted: THE |GR EDF OXA TET HEE GG
If one base is then inserted: THE |GR EDX FOX ATE THE EGG

First reading
frame start

" Wild-type cistron
Second reading EATLCRNCATCATEATLATECATCAT
framestart Dot s S R TR W WA A
Third reading H H H H H : H
frame start Base added E E H ? i H i
“U-AC-U-A-C-U-A-C-U-A-C _C AT C”AWT GCATCATCATCATC A TCA
A PR PP e e ey g
| @—@—@—--- First reading . H I ~ H H ] H
frame Base removed E ; “ i i E i ;
|._‘_._..-Secondreading CATCATCATCATLECLATCATCATC
frame S R A O e ey e
L ( «e« Third reading Baseadded, | ; : : I‘_) : i :
frame base removed | : d ; + H |
CATCATGCATCATATCATCATCAT
PR AR e e e e e
Brenner & Crick Experiment: | l
+) =) Message in phase again
Vlild'fyyt cistron
CATCATCATEATLATLCATCATLCAT
- ‘:] ' “' ’ “fl ""‘,"‘ ! ';‘ . ‘;" . ';' P The regain of function for the triple mutant told Brenner and
Three bases added i i i : i i Crick that it was a triplet code, uninterrupted.
CATCATCGATCATGCATGCATCAT
P R E R R e TR e S e
wl wl m] l Message
in phase again

Translation: The Genetic Code

Key Developments:
1. Chemical synthesis of nucleic acids
2. in vitro protein synthesis

Nirenberg (NIH)

1. First codons used Polynucleotide
Phosphorylase (NDP = RNA + P)) to

_—Radioactive amino acid
<@

Trinucleotide

Ribosome

make RNA in vitro: poly-A, poly-C, e Filter
etc.
Result:
UUU=Phe, AAA=Lys, ap)
CCC=Pro, GGG=Gly )
2. Chemical synthesis of defined triplets. T
*Use ribosomes and charged tRNA with -

*Mix and filtrate - only those amino
acids with correct tRNA to
complementary “mRNA” will complex

with the ribosome  Result: 50/64 determined

different radioactive amino acids \&

12/1/25



Translation: The Genetic Code

Key Developments:
1. Chemical synthesis of nucleic acids " s e

- . - - Ul ingle sequence
2. invitro protein synthesis i respective of prase

Khorana (MIT e ser ey

Bepeat unit Coding properties of polynucleotides  Expected product

AAG AAG AAG AAG AAG ... .. Different sequences

-Chemical synthesis of repetitive RNAs TES S e
by first making small overlapping i
complementary DNAs, ligating, and ‘:;3;;:‘;6{5“

using RNA polymerase to make o a0 arp-g -
corresponding repetitive RNAs. e
+Add synthetic RNAs to in vitro protein TTT

synthesis cocktail with radioactive

amino acids. e hewiaahid oty e ot phase
*Analyze sequences of the radioactive R

protein produced. GAUA  GAU AGA UAG AUA GAU AGA UAG AUA  Single response

. T e imoie
Result: nearly all codons determined, but ﬁ:TTT?TT‘ e o 1o pedt

i i sense nonsense terfunation
some remained ambiguous. rom

Combined data from Nirenberg established Use of repeat potynuciectides for deter- |
the CODE. e R L i T S e

tein-synthesizing system from E. coli. The polypeptide ]

This method was only one able to determing  cnans oroduced were isalated and analyzed. and their !

composition defined the coding properties of the con-

the StOp codons. tributing triplets. (Adapted from Khorana G: Harvey Lect

62:79. 1968

Transcription & Translation

tRNA
Structure
Anticodon
Acylation (charging)
Aminoacyl-tRNA Synthetases
Mechanism
Fidelity
Protein Biosynthesis
Overview
Process
Ribosome review
Elongation
Decoding: Fidelity
Peptidyl Transferase
Energy
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u
Translation: tRNA
3 | ]
A A
C  Amino acid ‘_
¢ arm (O Constant nucleotide ©n°"
5 Pu (O Constant purine 5 © Acceptorstem
PG ; or pyrimidine l‘
= c
" N c—G
Z | G—C 7
u G—U
DHU arm - Dloop s G B ': T¥Cloop
15
i" g Re—— | P — o
[ 1] G}, o
% A_i;,mm‘mw R Iy l© < -'n@ X-Ray Structure of
i, Phe
Contine s e T 5 Yeast tRNA
DHU residues not present in
at different aIltRNAS
positions
Anticodon
arm
P
DHU
arm
o o (residues
o N 10-25)
. 1| e,
 ET 1R Rl
| | | e
s =
Anticodon
5‘,‘,« ey m’"""',- arm
© 5 T "k/r\';_"m
3 Methylcyidine 70-Medhyed .
o e e
L
Translation: tRNA
]
tRNA
& e.g., Met, Trp
5
e.g., lle, many others: Ala 3 5 3 5
Anticodon: —C—G—I— —C—G—I1—
T Y R ¥
=8 Codom:  —G—C—U—  —G—C—C—
123 then the tRNA may odon:
' ¢ recognize codons in ' ’
5 mANA 3 mRNA having these , 3 5
', bases in third position Anticodon: —C—G—I—
% : s .
‘$ 5’ . . « 3
% Codon: —G—C—A—
“ H
. /
—H- 0 ﬁ fN 0 H—N Nﬁ
N 9, 74
dr  OMH-N ) ", 1 c?'N 4 NTHEN ) “er
—N € N= —N c
*
HaN t“
UG s, 1A
AGA hs UUA AGC
AGG ,“ uuG AGU
GCA  CGA GGA cua CCA UCA ACA GUA
GCC  CGC GGC AUA  CuC CCC uCC  ACC GUC UAA
GCG CGG GAC AAC UGC GAA CAA GGG CAC AUC CUG AAA UUC CCG UCG ACG UAC GUG UAG
GCU CGU GAU AAU UGU GAG CAG GGU CAU AUU CUU AAG AUG UUU CCU UCU ACU UGG UAU GuU UGA
Ala  Arg  Asp Asn  Cys Glu Gin  Gly His lle Lew Lys Met Phe Pro Ser Thr Trp Tyr Val stop

12/1/25

10



Translation: tRNA
Acylation = Charging of tRNA

THE KEY ENZYMES FOR THIS ARE THE
Aminoacyl-tRNA Synthetases

Guardians of the CODE

]
< ‘ Anticodon
N \_.’

-1 \Gin_, .
£.COll GITRS-IRNACATP \ Observed

Translation: tRNA

Class | and Il Aminoacyl-tRNA synthetases

inor groove;
Makes 3’-end
a hairpin
ReQOQN'Zr? ‘g Major groove;
Anticodo » 3’end remains helica
loop
tRNA Classes of Aminoacyl-tRNA Synthetases tRNA
é Amino Acids (I)
| Class| Arg Leu o:;'a_ O—CH
=p—0— 2 o i
o 77 O0—=CHz o_ Adenine Cys Met o non fidening
o H H Gin Trp HY H
H_) H Glu Tyr
2l a lle Val N
c=0 Class I Ala Lys c=o0
! Asn Pro )
H—C—R H=c=
| Asp Phe 1
NH3* Gly Ser NH3
His Thr

 John Whey & Sons.Inc. Al ighs reserved.

12/1/25
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http://www.rcsb.org/pdb/explore/explore.do?structureId=1gtr
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Translation: tRNA

2 Step reaction: Amlnoacylatlon: 2 steps tRNA
1) A.A.+ATP > AA-AMP + PP; |
2) AA-AMP + tRNA > AA-tRNA + AMP ?
(AA-tRNA is shown at right = “charged” tRNA) o=r|’_— 0—CHz o adenine
L . ) o H H
Again, just like with DNA and RNA synthesis, subsequent H) 'H
hydrolysis of pyrophosphate provides driving force for reaction 30 ozH
H O
L |
Rf(‘Zf(IfO' + ATP C=o
NHZ |
Amino acid 1. The amino acid reacts with ATP to H=C=R
form an aminoacyl -adenylate |
PP; inoacyl-AMP). The sub: NH3+
H o ° hl‘:/firolys{s ofthe:l;i;?roquctmakes .
this step irreversible in vivo. "
Rf(‘Z7&707&707Ribose—Adenine ° Amlnou‘yl tRNA
Rt = First % reaction is sequential random bi uni

Aminoacyl-adenylate
(aminoacyl-AMP)

tRNA 2. The amino acid, which has been AA-tRNA
AMP

“activated” by its adenylation,
reacts with tRNA to form an

H o aminoacyl-tRNA and AMP. A.A. ATP PP, tRNA AMP
|l

R—C—C—O—tRNA

|
NH E EsATPeA.A. 1E-AMP—A.A.‘ f E

Aminoacyl-tRNA EeAMP-A.A.ePP;

I *

ATP  AA.

Translation: tRNA
0
Gln 195 ||| -
C\N ) EeAMP Tyr
L
-o/ ;‘4 o This bi-pyrimidal shape
NH has 180° angle
0
H HQ ‘ ‘/N—-J between axial oxygens,
) N/c:o H—N (‘:chof—fiﬁfowwz H which were 109.5° in
2 cos: H (‘;Hz A 0 0 H\Adenine ATP.
0
s 78]
[EeAMP#Tyr~PP]*
0 O
H/O H/ ; \H p— -
H o N
ialgh ;
Gly 192
Asp78y O
2
ol_-l---:
Tyr 169 \
Condensation of two °>\i s
acids = anhydride o M e yomm
(mixed) J g
- Asp 176 ¢ = -

12



Translation: tRNA

Amino
aﬁid
3 /T Class Il
(l: [Transfer RNA] Acceptor
C v 08 7. stem
0=P—0CH, 0. Adenine
}"'\ H H }L
(() OH
C
HoC R
NH;y
Activation

‘\Amicodon site
How do they ensure the
correct amino acid is
attached to the correct

tRNA?

Anticodon
loop

Some amino acids are different enough, e.g., Phe versus Tyr

(H-bonds from D176 & Y34 to phenolic oxygen account for 150,000 fold stronger binding)

Class | - tRNAe

Translation: tRNA

The extra methylene only gets E'¢

E" 200-fold stronger binding to lle
versus Val.

Synthetase specific HoN” "COOH  HaN" "COOH And [Val] is 5x higher than [lle].
Isolevcine (lle, 1) Valine (Val, V)  This cuts the effective driving

for isoleucine mifﬁ'f\m,\\ force to only 40-fold = 2.5% error
o rate.
Valine The editing site comes to the
+ ATP . rescue!
Mistaken When tRNA binds, the Val-AMP
activation Isoleucine Valine is forced into the hydrolysis site.
/ lle-AMP is too large to fit.
PP, Decreases the error rate to
J 0.0003.

(AL

Valine—AMP—E '©
(|:‘=O/,V3I-KRNA
HN—C—H
I“_(I:\cn-l,
\ CH,

. \.,/ Isoleucine-tRNA
Acylation Hydr_olytlc is too big to fit
site site into the hydrolytic
Too small for lle site.

Correct Incorrect

12/1/25
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Trans

threonine— AM P—EvalI

tRNAval Error correctipn
by hydrolysis

threonine4+ AMP + EVal

Hydroxyl group

valine N\
o)

Acylation Site

H,0
\ Correct Proposed

lation: tRNA

EvaI where methy! \‘/
Synthetase specific
for valine
fhreonine
Valine Threonine
+-ATP—‘\\\
Mistaken
é_/ activation Hydrophobic Hydrophilic Hydrophobic
PP; Sonorsccper

Hydrolytic Site?
Too polar for Va

OH

A O wrna) (tRNA)O A

for the pi ion of the mi:
of tRNAY* with threonine. The valyl tRNA synthetase is
thought to have two distinct sites: an acylation site where
the amino acid is transferred from the adenylate to the
tRNA and a hydrolysis site where amino acids that bind
tightly are hydrolyzed from the tRNA. A: The acylation site
is imagined to be specific for valine by being hydrophobic
and complementary in shape to the valine side chain. B:
The hydrolytic site is depicted as being specific for threon-
ine by virtue of a hydrogen-bond donor or acceptor for its
hydroxyl group; binding to this site produces hydrolysis of
the charged tRNA. (From A. R. Fersht and M. Kaethner,
Bi istry 15:3342-3346, 1976.)

Ho QA e

Hydrophilic

Hydrogen-bond
donor/acceptor

\C NH,

Hydrolysis

Incorrect

Transcription
Overview
Process
RNA Polymerase
Fidelity

Translation
Genetic Code

triplet
decyphering
tRNA
Structure
Anticodon
Acylation (charging)

Mechanism
Fidelity
Protein Biosynthesis
Overview
Process
Ribosome review
Elongation
Decoding: Fidelity
Peptidyl Transferase
Energy

Aminoacyl-tRNA Synthetases

Transcription & Translation

12/1/25
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Translation: Protein Biosynthesis

Growing protein chain

Amino acid
Transfer OH residue

RNA

mRNA

P
Ribosome

Direction of ribosome movement on mRNA

Making the Peptide Bond

Translation: Protein Biosynthesis
Process:

Initiation

Fidelity
-Elongati‘c/
1. Decoding

2. Peptidyl Transferase
3. Translocation

*Termination

Making the Peptide Bond

12/1/25
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Translation: Protein Biosynthesis

Antibiotic inhibitors of protein synthesis

Antibiotic ' Action

Streptomycin and other Inhibit initiation and cause misreading of mRNA

aminoglycosides (prokaryotes)

Tetracycline Binds to the 30S subunit and inhibits binding of
aminoacyl-tRNAs (prokaryotes)

Chloramphenicol Inhibits the peptidyl transferase activity of the 50S
ribosomal subunit (prokaryotes)

Cycloheximide Inhibits the peptidy! transferase activity of the 60S
ribosomal subunit (eukaryotes)

Erythromycin Binds to the 50S subunit and inhibits translocation
(prokaryotes)

Puromycin Causes premature chain termination by acting as an
analog of aminoacyl-tRNA (prokaryotes and
eukaryotes)

Translation: Protein Biosynthesis

H - Bacterial ribosome Eukaryotic ribosome
Ribosome:
M, 2.7 X 10° M, 4.2 X 10°

RNA-protein
complex

: g

3

oty By
o
Head + 7‘“!" Platform, Head +
;‘" Central N - - &
k _—pre e T e
g — ool My 1.8 X 108 My 2.8 X 10
5SrRNA 5SrRNA
4 (120 nucleotides) (120 nucleotides)
Rdge ooy 23S rRNA 28S rRNA
(3,200 nucleotides) (4,700 nucleotides)
36 proteins 5.8SrRNA
(160 nucleotides)
~ 49 proteins
l 30S 40S
4 Ribosome
Q’ M, 0.9 X 10° M, 1.4 X 10°
P 16S rRNA 18S rRNA
iy (1,540 nucleotides) (1,900 nucleotides)
) 21 proteins ~ 33 proteins

16



Translation: Protein Biosynthesis

Process Overview:
* mRNA read in 5'>3’
direction
« protein synthesized from
N-terminus to C-terminus
« protein chain elongation
occurs by transferring new
AA to C-terminus of
growing chain

Ribosome has 3 tRNA
binding sites:

A-site — amino acyl tRNA binding site
P-site — peptidyl-tRNA binding site
E-site — gxit site, deacylated tRNA

Process Overview:
*mRNAread in 5>3’
direction
« protein synthesized from
N-terminus to C-terminus
« protein chain elongation
occurs by transferring new
AA to C-terminus of
growing chain

Ribosome has 3 tRNA
binding sites:

A-site — amino acyl tRNA binding site
P-site — peptidyl-tRNA binding site
E-site — gxit site, deacylated +*"NA

12/1/25
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Translation: Protein Biosynthesis
Translation Initiation Sequences

Initiation
codon
araB ~-UUUGGAUGGAGUGAAACGAUGGCGAUU- tRNA;
galE ~AGCCUAAUGGAGCGAAUUAUGAGAGUU- ls""" .
lacl -CAAUUCAGGGUGGUGAUUGUGAAACCA- et
lacz ~UUCACACAGGAAACAGCUAUGACCAUG- rll c">
QB phage replicase -~-UAACUAAGGAUGAAAUGCAUGUCUAAG- “H,N—C—C—O—tRNA
$X174 phage Aprotein ~AAUCUUGGAGGCUUUUUUAUGGUUCGU - éH
R17 phage coatprotein ~-UCAACCGGGGUUUGAAGCAUGGCUUCU- [
Ribosomal S12 ~-AAAACCAGGAGCUAUUUAAUGGCAACA- (‘ZH;
Ribosomal L10 ~-CUACCAGGAGCAAAGCUAAUGGCUUUA- S
trpE ~-CAAAAUUAGAGAAUAACAAUGCAAACA- |
trp leader -GUAAAAAGGGUAUCGACAAUGAAAGCA- CH,
Methionyl-tRNA;
(Met-tRNA)
3’ end of 16S rRNA 3' oAUUCCUCCACUAG - 5’ NE-formyl-
o S ST tetrahydrofolate
Consensus Shine-Delgarno 5-AAGGAGGU-3’ Transformylase
mRNA Sequence Tetrahydrofolate
H HO
. o I 11
i e *N—?—C—O—QRNAc
! H
3'OH G 3’ end of (sz
| G 16S ribosomal RNA ([3Hz
S
C |
CH,
, 3 Formylmethionyl-tRNA;
5 (fMet-tRNA,)

‘GUUUGACCUAUGICGAGCUUUUAGU—Messenger RNA
'fMet—Arg—Ala 1 Phe--Ser—Polypeptide

Translation: Protein Biosynthesis
Elongation

Recall:

—Anticodon
Nt Incoming
g tRNA
1 Decoding

(GTP hydrolysis)

video of translation: http:/Awww.hhmi.org/biointeractive/translation-advanced-
detail

12/1/25
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Elongation

Translation:
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Translation: Protein Biosynthesis
Elongation: Decoding

EF-Tu:
» Most abundant protein

* Binds to AA-tRNA (not
free tRNA)

* Anti-codon end is free
to bind to 30S-mRNA.

Kinetic
proofreading:
GTP hydrolysis
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Translation: Protein Biosynthesis __
Elongation: Decoding4,... "=
.

5°-UUU N
b
S R
Three highly conserved residues on the 30S
subunit each associate with the tRNA anticodon
residues:
* Position 1 (U1): A4
« Position 2 (U2): A1492 \
* Position 3 (Wobble) (U3): G530

L rProtein S12
Position 1 EF-Tu

i S50 (512) A1492

These highly conserved residues all interact with

. the minor groove!!
Minor groove Where have we seen this before?

The energetics of these binding interactions is insufficient to account for the error rate of protein synthesis....

Translation: Protein Biosynthesis
Elongation: Fidelity

It uses a complex of EF-Tu-GDP-AA-tRNA*mRNA-Ribosome to test the codon-
anticodon interaction via a conformational change that stresses this interaction.

* EF-Tu-GTP+AA-tRNA binds the A-site with a strained anticodon stem-loop

+ Anticodon-codon interactions in the A-site induce EF-Tu’s hydrolysis of GTP

to GDP. GTP hydrolysis is FASTER for cognate tRNA.
* This results in EF-Tu release from the complex as EF-Tu-GDP

* Once the EF-Tu is gone, the AA-tRNA relaxes, swings its acceptor stem
into the A-site on the 50S, pivoting at the codon-anticodon interaction
* Non-cognate tRNAs do not survive this pivot and fall out most of the time

THEREFORE, GTP HYDROLYSIS IS KEY:

1. Inits slowness, time is allowed for optimal cognate codon-anticodon
interactions

2. Inits hydrolysis, initiated by these interactions, the process achieves a second
test of the fitness by being "hinged” at the codon-anticodon during the pivoting.
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Translation: Protein Biosynthesis

Probability of synthesizing

Frequency of an error-free protein
inserting an incorrect
amino acid Number of amino acid residues

100 300 1000

1072 0.366 0.049 0.000

1073 0.905 0.741 0.368

) 10 0.990 0.970 0.905
10°° 0.999 0.997 0.990

p=(1-¢g)"

p is the probability of an error-free protein
¢ is the error rate
n is the length of the protein

Each of the 2 selection mechanisms (EF-Tu GTPase and conf. change)
have a 1% error rate (¢ = 102). Combined ¢ = 10“.

Translation: Protein Biosynthesis
Elongation: Decoding
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Elongation: Decoding

Ribosome

Ns

Translation: Protein Biosynthesis

EF-Tsisa GTP
exchange protein
(guanine nucleotide
exchange factor;
GEF)

aa-tRNA -
aa-tRNA H,0
ﬁg P‘
DP

GDP

Ribosome
with aa-tRNA
in A site

Ts

Translation: Protein Biosynthesis
Elongation: Transpeptidation
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Translation: Protein Biosynthesis

" ™ Elongation: Transpeptidation or the
o Peptidyltransferase reaction
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Peptidyl-tRNA Aminoacyl-tRNA  Uncharged tRNA Peptidyl-tRNA
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Polarizati®g of o-amino of
incoming amino acid to make it

a better nucleophile is from the Pja 4
N3 of Adenine2486 of the large
rRNA.

It's a RIBOZYME!!

Rate enhancement is mostly Aminoacyl-tRNATyr

all proximity (entropy trap) (i n the A-site)

Interactions of tRNA with mRNA

PDBid 2WDK
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http://www.rcsb.org/pdb/explore/explore.do?structureId=2wdk

Translation: Protein Biosynthesis
ENERGY REQUIREMENTS:

2 ATP equivalents for every base in the 3-base codon of the mMRNA =6
(mRNA synthesis (transcription))

*2 ATP equivalents for every AA-tRNA =2
(tRNA charging)

*1 ATP equivalent for binding with EF-Tu =1

*1 ATP equivalent for translocation with EF-G -1

= 10 total ATPs|

for every

residue
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