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Protein translation — a gathering of RNAs,
ribosomal proteins, and translation factors

Fig 4-20 (Lodish}

Aibosome
IrRNA + protein)

mRNA carries the genetic infoermation

- transcribed by RNA Pol Il Growing'
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chain
tRNA decodes the genetic information
- transcribed by RNA Pol lll

- folds and then undergoes splicing
befare it is exported from nucleus /
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Ribosomal RNAs and ribosomes

+ ~2/3 of ribosomal mass is rRNA
+ prokaryotes (70S)
— 508 =238 rRNA + 58 rRNA + 34 proteins
— 308 =168 rRNA + 21 proteins
¢+ eukaryotes (80S) MWW 4,200,000
— G0S =285 rRNA + 5.85 rRNA + 55 rRNA + 49 proteins ggg / \ 405
— 408 =188 rRNA + 33 proteins
+ rRNA sequences vary, yet2® and 3°
structures are conserved across all species

MW 2,800,000 VIV 1,200,000

5S rRNA | 285 rRNA 5.85 rANA 185 rANA
= =

120 160
) A 1800
nucleotides nucleotides nuclestides
ainV 4700
nuclectides
domain vi ~49 proteins ~33 proteins

Fig 6-67 (Alberts) EUCARYOTIC RIBOSOME




Caédigo genético = diccionario
para traducir el lenguaje de acidos nucleicos
al lenguaje de proteinas

» secuencia de tres nucledétidos = coddn
* lectura no superpuesta de codones
* sin espacios ni signos de puntuacion

3 nucledtidos = 1 coddn = 1 aminoacido

El codigo genético
puede ser leido en diferentes fases
0 marcos (reading frames)

RNA

Reading frame 1 5--{0 U ¢[U € GG A ¢|[C U G[6 A GA U TEACRAGGT-—-3

>

Reading frame 2 ujuc Ulc g Glac ClUG GlAGAUU CJAC Al[GU-—
Reading frame 3 UUulcuce galCcUGaaAlGa U[UC AlC A G[U-——-

dsDNA

A




El codigo genético puede ser leido en diferentes fases o marcos
(una secuencia nucleotidica puede ser traducida teéricamente a una
secuencia de aminoacidos, que depende de la fase de lectura)

5 __JGcul[ucu][uual [CGA|[AUUJA- mRNA
— Ala|{Cys—{Leu—{Arg— lle —— Polypeptide
5" —g[ccul[guul|[uac]|caalluual—
—Leu—Val{ Tyr{Glu—{Leu——

La insercion o delecidon de nucledtidos
cambia el marco de lectura

mRNA 5 ---JG U A|[G C C|/[U A C¢|[G G Al[U-—-3

Insertion

Deletion

Insertion and
deletion

(4

)

-—-G U All[G C cllu C AlCc G Gl[A U-—-

(=)

--dG U Ahc C UJA C G|[G A U]-—-

(+)

(=)

---1G U AJ[A G C ELA cllG G Al[lU-——-
B —

Reading frame
restored




Second letter of codon
u C A G

UUU Phe | UCU Ser | UAU Tyr |(UGU Cys
UUC Phe | UCC Ser | UAC Tyr |(UGC Cys

UUA Leu | UCA Ser | UAA Stop |UGA Stop
UUG Leu | UCG Ser | UAG Stop (UGG Trp

CUU Leu | CCU Pro| CAU His |CGU Arg
CUC Leu| CCC Pro| CAC His |CGC Arg

C
. CUA Leu | CCA Pro| CAA Gln |CGA  Arg
First CUG Leu | CCG Pro| CAG Gln |CGG  Arg
letter of
codon AUU 1Ile | ACU Thr| AAU Asn |AGU  Ser
. AUC lle | ACC  Thr | AAC Asn | AGC  Ser
(5" end) A
AUA lle | ACA Thr | AAA Lys [AGA Arpg
AUG Met | ACG Thr| AAG Lys |AGG Arg
GQUU Val | GCU  Ala| GAU Asp | GGU  Gly
G GUC Val | GCC Ala| GAC Asp | GGC Gly

GUA Val | GCA Ala| GAA Glo | GGA Gly
GUG Val | GCG Ala | GAG Glu | GGG Gly

¢,como se dedujo el codigo genetico?

Momento historico: 1960s (pocas secuencias de proteinas conocidas, ninguna secuencia de
DNA, no se podian purificar mMRNAS)

Sistema de traduccidn libre de células o sistema in vitro (Matthei and Nirenberg): 0JO! El
sistema funciona sin necesidad de reconocer un AUG.

Incorporacién de aminoacidos radiactivos a polipéptidos (dirigidos por el agregado de
RNAs sintéticos)

Sintesis de polinucledtidos (RNAs artificiales): poli-U, poli-A, poli-C... (polinucleétido
fosforilasa: RNAn +NDP = RNAn+1 + Pi). Poli-U dirige la incorporacion de Phe (UUU=Phe,
AAA=Lys, CCC=Pro)

La polinucledtido fosoforilasa copolimeriza los NDPs que se pongan en la mezcla de
reaccion: % de nucledtidos, frecuencia de tripletes, % de cada aa en el polipéptido...
Sintesis orgénica de tripletes. Ensayos de union a filtro (aa-tRNA+ribosoma+triplete).
UUU=Phe

Polimeros alternados: ej. (CACACACACACA- a partir de CA) produce un polipéptido
alternado HisThrHisThrHisThr--, entonces CAC y ACA codifican para His y Thr, o viceversa.

CAACAACAACAACAACAA- (a partir de CAA) produce poly(GIn), poly(Asn) y poly(Thr),
entonces ACA=Thr y CAC=His; CAA=GIn o Asn y AAC=Asn 0 GIn




Descifrando el cédigo genético
ensayo de union a filtro de nitrocelulosa

Aminoacyl- ULl
tRNAS §\€ N
i o
oo® O%/Z) Ribosomes ( ? (}\\Q\g ‘&ﬁ’“q

Trinucleotide
?&h

e P

iy

o

Trinucleotide and all tANAs Ribosomes stick to filter Complax of ribosome, UUU,
pass through filter and Phe-tRNA sticks to filter

27-4
Degeneracy of the Genetic Code
Amino acid Number of codons

Ala

Arg
Asn
Asp
Cys
Gln
Glu
Gly
His
lle

Lau
Lys
Met
Fha
Pro
Ser
Thr
Trp
Tyr

Val
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Amine acid sequence Met — His — Phe — Thr — Asn — Arg —

Tyr —

Ser

Reading frame 1

5AUG|ICACUUUACTUAAC|CGC|[UATUUC C] 3

Other mRNA sequences [CAUUUC|ACCI[AATC GU[UAC[UCTU

that specify the same AC A |C [e A| Uc G
amino acid sequence

[AC g [c G g

AGG

una secuencia de aminoacidos (N—C)

varias secuencias de nucledtidos alternativas (5'—3")

g
A
tRNA ¢ minoaci
¢ arm
5 FPa
pG—®
L] L]
.8
. —8
L e
Ll ] TYC arm
D arm .o .®
Pu ® u LN X N <
f  Ar— NN .
e® 88
G* sssese T e 8S
GRA .
Contains . o Féxtlra arm
two or three [ ] Variable in size,
D residues . ® not present in
at different L ] all tRNAs
positions L ]
Py .
u Anticodon
- A arm
Wobble — Saii®
position  _ ,
Anticodon

:
o




Estructura de tRNAs

¥
OH . .
—— Amino acid-
attachment site

Phosphorylated
ST terminus T 5 p—{ |-+

DHU loop

terminus

i Anticodor
loop

T

Amino
TyC arm acid arm

D arm
(residues
10-25)

Anticodon
arm




Prestar atencion a @

las polaridades 5
de los diferentes RNAs ! ERNA
Anticodon
3 21
uag
RANCR S— ;
12 3
Codon
(a)
hay 61 codones 3
para aminoacidos
5
NO hay 61 tRNAs ! tRNA
Second letter of codon
U o : A G -
o aefue prloee
u
|G Sy V66 |
el i
]r‘:;’r‘ol’ I T mf?ﬁ = :::
eodon (AU [nfAcy BelAty =
6" end) A A !bEM!A The | AAA Arg
N R N
"R Anticodon
o ' ) 3 2 1
UAG
mRNA 5’ AUC 3
123
Codon

(a)




tRNA

un tRNA puede reconocer mas de un codon

3 2 1 3 2 1 3 2 1
Anticodon (3) G-C-1 G-C-1 G-C-1I (5"
Codon (5") C—G-A C-G-U C-G-C (3"
1 2 3 1 2 3 1 2 3
(b)
mRNA

How the Wobble Base of the Anticodon Determines the Number of
Codons a tRNA Can Recognize*

1. One codon recognized:

Anticodon (3") X-Y-C (5") (3"} X-Y-A(5")

Codon (5")Y-X-G(3") (5') Y-X-U (3"
2. Two codons recognized:

Anticodon (3") X-Y-U (5') (3"} X-Y-B (5")

Codon (5") Y-X-# (3" (5" Y-X-§ (3"
3. Three codons recognized:

Anticodon (3") X=Y-1 (5}

Codon (5) ¥-x-§ (3"

*X and Y denote complementary bases capable of strong Watson-Crick base pairing with each
other. The bases in the wobble positions—the 3° position of codons and &' position of
anticodons—are shaded in red.
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Activacion del

a1 ) . L.
o0 aminoacido
wo-  PME  aminoacil-tRNA-sintetasa

-

T ii:/\lf
- C—RH,

o
o B

Aminoacyl tRNA

3" end of tRNA

Aminoacyl
group

Amino acid
arm

TyC

arm

Anticodon
arm

11



Las aminoacil-tRNA sintetasas activan
aminoacidos uniéndolos a tRNAs

-++ATP

Pyr
®v\?’PP 'yrophosphatase 2P,

Cada molécula de tRNA -—:HW

Synthetase complexed

es reconocida por una with aminoacyl-AMP g,
aminoacil-tRNA sintetasa " 5 s o 4
especifica @|" S K
Cyt Cyt 2 2]
OH OH
57 CCA end of tRNA
CH,
5 5
Ad
My 3 h
Cyt gl
0 OH
’m‘ ’W‘
synthetase synthetase
-
H—C‘—R
NH,

La traduccién es un proceso
de decodificacion en dos etapas
etapa 1 = aminoacil-tRNA-sintetasa
etapa 2 = reconocimiento codon-anticodon

Amino acid
{phenylalanine) H o6 H O H O
HzN_:c_J;l—OH HN—C—E—OH HaN—C——oH
& J:Hg ‘J—‘Hz ‘

tRNA spacific for @

Dhe nylalanine {tRNAPRe)

———t

— =
Linkage of phenylalanine AbL 1RMNAFNE binds 1o L.V

Aminoacyl Al
tRNA synthetase to tRNAFTe the UUU codon &'
spacific for phanylalanine mAMNA

Met Result: Phenylalanine Is Selected by Its Codon

L
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Especificidad de las
aminoacil-tRNA sintetasas

“Segundo coédigo genético”

5
L]
1. tRNAX (anticoddn, brazo aceptor) | Amino acid
5 =
2. amino&cido Xxx e
(tamafio, hidrofobicidad, estereoquimica) oo
-
. » TyC arm
@ D arm PR
o o . (XXX -
ae e -0 | | | ‘ .
3. Xxx- tRNAXx o N
* e - .
| ®® Extra arm
L ]
Ejemplo: :::
1. tRNAPhe &N Anticodon
Aarm
2. Phe |
Anticodon
3. Phe-tRNAPhe
ejemplos

Especificidad de las
aminoacil-tRNA sintetasas

para el tRNA

tRNAXxx (anticoddn y brazo aceptor)

tRNAXxx (anticodon)

tRNAX*x (brazo aceptor)

GIn-tRNA sintetasa

Met-tRNA sintetasa

Si se muta el gen del tRNAY?' (anticodon
UAC) de manera que el anticodén sea CAU,
este tRNAY2mut sera cargado con Met)

Ala-tRNA sintetasa

Un mini tRNAA"2 que solamente
tiene el brazo aceptor es cargado
con Ala por la Ala-tRNA sintetasa

13



tRNAAI2 Especificidad de la
alanil - tRNA sintetasa

3 1. tRNAA
® 76
. 2. aminoacido Ala
5 e
18 —®
.8
G® U0 3. Ala - tRNAAIa
- L ]
e 3
e o i ® 76
[ 60 o .
e o 10 e ceene . .
LE R T I. o | || . 5 e
sene =
. sessss ..50 ¢, * l:—:
® e (] Ge U 70
20 e oo e o
" 5e—»
* o o o
30 —m 40 e ® 66 7 Deleted
% ° . 13,"' nucleotides
. .
. A . .
L] -
. . - 10
{a) (b}
Especificidad de las aminoacil-tRNA sintetasas ejemplos

Para el aminoacido (tamarfio, hidrofobicidad, estereoquimica)

Edicion (proofreading) o correccion de errores

Tyr-tRNA sintetasa

Sitio activo de acilacion muy especifico, sin edicion: Tyr

Thr-tRNA sintetasa

Sitio de acilacién excluye aa de mayor tamafio
Sitio de acilacion excluye aa de mayor hidrofobicidad (Val>Thr)
Edicion: Sitio de hidrdlisis hidroliza aa-tRNA de menor tamafio (Ser<Thr)

lle-tRNA sintetasa

Sitio de acilacién no excluye aa de menor tamarfio (Val)
Edicién: Sitio de hidrolisis hidroliza Val-AMP de menor tamafio (Val<lle)
lle-AMP no entra en el sitio de hidrdlisis; sigue hacia la formacion de lle-tRNA

La edicion (proofreading) de las aminoacil tRNA sintetasas
aumenta la fidelidad de la sintesis de proteinas




Threonyl-tRNA synthetase.

HO, _cHy
H / H
*HsM Co0-
Threonine
H;‘:\ _’_‘,CH3
&
*HaM Oy
Valine
H H
H /H
1 H;N CO0 Ant|codc-
loop
Serine
CcO0O~ COO~
+ +
H,N —(T“ —H H,N —C—H
H—C—CH, H—C—CH,
| |
Valine Isoleucine

15



First
letter of
codon
(5" end)

A

Cdédigo casi universal
» Codigo genético en mitocondrias
®» Mas de 20 aminoacidos

Second letter of codon

u C A G
UUU Phe |UCU Ser | UAU Tyr |UGU Cys
UUC Phe | UCC Ser | UAC Tyr |UGC Cys
UUA Leu | UCA Ser | UAA Stop |[UGA Stop
UUG Leu | UCG Ser | UAG Stop (UGG Trp
CUU Leu | CCU Pro|CAU His |CGU Arg
CUC Leu | CCC Pro|CAC His |CGC Arg
CUA Leu | CCA Pro| CAA Gln |[CGA Arg
CUG Leu | CCG Pro| CAG Gln |[CGG Arg
AUU Ile | ACU Thr | AAU Asn |AGU  Ser
AUC Ile | ACC  Thr | AAC  Asn |AGC  Ser
AUA Ile | ACA Thr | AAA  Lys |AGA Arg
AUG Met | ACG  Thr | AAG Lys |AGG  Arg
GUU Val | GCU Ala | GAU Asp | GGU Gly
GUC Val | GCC Ala| GAC Asp | GGC Gly
GUA Val | GCA Ala| GAA Glu | GGA Gly
GUG Val | GCG Ala| GAG Glu | GGG Gly

Cristae

Inner membrane

Cter membrane

Intermembrane
space

16



125 D loop T

Differences between the Universal
and Mitochondrial Genetic Codes

Codon Universal Human
code mitochondrial code

UGA STOP Trp

AGA Arg STOP
AGG Arg STOP
AUA lle Met

Figure 10.3. The human mitochondrial genome The genome contains 13 protein coding sequences,
which are designated as components of respiratory complexes |, lll, IV, or V. In addition, the genome
contains genes for 12S and 16S rRNAs and for 22 tRNAs, which are designated by the one-letter code
for the corresponding amino acid. The region of the genome designated "D loop" contains an origin of
DNA replication and transcriptional promoter sequences .

H.,
e co0H

aminoacido nimero 21: SecC (selenocisteina)

?

codon UGA en un contexto de estructura secundaria del mRNA:

cis-acting selenocysteine insertion sequence - SECIS
COO
|
H,N— (|3H
%
|Se

Selenocysteine H

17



aminoacido numero 22: Pyl  Pirrolisina _

(codon UAG en un contexto
de estructura secundaria del mMRNA)

N6-[(2R,3R)-3-methyl-3,4-dihydro-2H-pyrrol-2-ylcarbonyl]-L-lysine
lysine—tRNA Pyl ligase

ATP + L-lysine + tRNA Pyl =
AMP -+ PPi + L-lysyl-tRNAPyl

Science 24 May 2002: Vol. 296. no. 5572, pp. 1459 — 1462

Pyrrolysine Encoded by UAG in Archaea: Charging of a UAG-Decoding Specialized tRNA

Gayathri Srinivasan, Carey M. James, Joseph A. Krzycki*

Pyrrolysine is a lysine derivative encoded by the UAG codon in i genes of ina barkeri. Near a

methyltransferase gene cluster is the pylT gene, which encodes an unusual transfer RNA (tRNA) with a CUA anticodon. The adjacent

pylS gene encodes a class Il aminoacyl-tRNA synthetase that charges the pylT-derived tRNA with lysine but is not closely related to HO
known lysyl-tRNA synthetases. Homologs of pylS and pyIT are found in a Gram-positive bacterium. Charging a tRNACUA with lysine is a

likely first step in translating UAG amber codons as pyrrolysine in certain methanogens. Our results indicate that pyrrolysine is the 22nd

MH;

genetically encoded natural amino acid. X =CH,, NH,. OH
Department of Microbiology, Ohio State University, Columbus, OH 43210, USA. e-mail: Krzycki.1@osu.edu

Traduccidn en etapas:
iniciacion, elongacion, terminacion

Initiation Elongation Termination

SN

/ Direction of ribosome movement (jb

Ribosome hinds mRNA Polypeptide chain elongates by When a stop codon is
at start codon successively adding amino acids

5

Activacion de aminoacidos Plegamiento

18



multiple ORFs

Prokaryotic mRMA
Multiple translation siart sites

UTE l‘ Protein 1 Protein 2 1’ Protein 3 UTE
3 | | | 3
Eukaryotic mRNA

Single ranslation start site
UTR l- Protein 1 UTR
5 m' G T AAAA, 3 H
zmh * A single ORF
=y

)
Prokaryotic and eukaryotic mRNAs

Both prokaryotic and eukaryotic mRNAs contain untranslated regions (UTRs) at their 5° and 3~
ends. Eukaryotic mRNAs also contain 5~ 7-methylguanosine (m7G) caps and 3~ poly-A tails.
Prokaryotic mRNAs are frequently polycistronic: They encode multiple proteins, each of which is
translated from an independent start site. Eukaryotic mRNAs are usually monocistronic,

encoding only a single protein

iniciacion de la traduccion
procariotas
:Shine-Delgarno sequence

!

Frokaryotic mRNA 5[ AGCACCUNICACCIADE 13

165 rRNA - 37 5

Eukaryotic mRNA
5 cap m7iG AUG 13

408 ribosomal subunit @ l
5 cap mfG | ALG 13
&—) eucariotas

Signals for translation initiation Initiation sites in prokaryotic mRNAs are characterized by a Shine-Delgarno sequence that precedes
the AUG initiation codon. Base pairing between the Shine-Delgarno sequence and a complementary sequence near the 3" terminus of
16S rRNA aligns the mRNA on the ribosome. In contrast, eukaryotic mRNAs are bound to the 40S ribosomal subunit by their 5" 7-

Ribosome scanning,

methylguanosine caps. The ribosome then scans along the RNA until it encounters an AUG initiation codon




RBS = Ribosome Binding Site = Shine-Dalgarno sequence (SD)

EcolitrpA BNAGCACEBAGOCGGAAATUCUGAU GGAACGCUA i3
K. eoliara B UUUCGAUGOGAGUCAAACOGDAUTG CCOGCAUUGCA
E. coli lac 1 CAAUUCAGEGGUGGUGAAUGUG AAACCAGUA
X174 phage A protein AAUVCUUGBGAGGCUUUUUUAUG GUUCGUUCTU
» phage cro AUTGCGUACTAAGGAGGUUGUADTG GAACAACGCT
Shine-Dalgarno sequence; Initiation codon;
pairs with 165 rRNA pairs with fMet-tRNAMe!
(a)
ar
9 End of OH (e}
A
Prokaryotic IGS];R]:’A A U
mRNA u C

with consensus ygevucocs
Hhine-n&]gamu{5'?(;;’.(][.‘(}(‘L‘AGGAGGUUU("ACCUAUGCGAGGUUUUAGU':«""?
sequence

(b)

procariotas

Initiation of eukaryotic protein synthesis generally
occurs at the 5’ end of mMRNA but may occasionally
occur at internal sites

43S preinitiation
complex

AUG [IRES e AUG wem 3

}e 100 NTs —>| S mRNA

|«———— Can be thousands of NTs ———>

eucariotas

20



eucariotas

408 Ribosomal subunit

3’ poly(A) tail

5" UTR
3’ NTR

AUG

ORF (Open Reading Frame) 3’ UTR (UnTranslated Region)

CDS (Cobing Sequence) 3’ NTR (NonTranslated Region)

The AUG start codon is recognized by
methionyl- Met

Eukaryotes

Met [ tRNA M
RNAM= | + | Methionine |~ Arehasans —> Initiation

N— 3 | fMet HtRNAiMe'
Bacteria + CHO |

All cells
- + | Methionine | ———=> | Met - ==> Elongation

Figure 4-35 CHg

N-Formylmethionine

21



transcripcion y traduccion
en el mismo o en diferentes compartimientos

Mucleus

Primary
transcript

—t Cytosol

Ribosome .
Ribosome
Mascent
protein MNascent

protein

procariotas eucariotas

coupled transcription and translation

RNA
polymerase 3’
5 r
DNA T N
, duplex \
3 ’
Ribosome
5 @) Direction of transeription
mRNA
+
+NH3 NH3

Direction of translation

| T
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Translation Factors

Role Prokaryotes Eukaryotes

Initiation IF-1, IF-2, IF-3 elF-1, elF-1A, elF-2, elF-2B, elF-3,
elF-4A, elF-4B, elF-4E, elF-4G,
elF-5

Elongation EF-Tu, EF-Ts, EF-G eEF-1a, eEF-15y, eEF-2

Termination RF-1, RF-2, RF-3 eRF-1, eRF-3

305 subunit @

J' Initiation factor binding
GTP

(2 )
e

LRNA

mRNA

Initiation of translation in bacteria
_‘W@ Three initiation factors (IF-1, IF-2, and
% IF-3) first bind to the 30S ribosomal
., subunit. This step is followed by binding
: of the mRNA and the initiator N-
formylmethionyl (fMet) tRNA, which is

recognized by IF-2 bound to GTP. IF-3 is
then released, and a 50S subunit binds
o to the complex, triggering the hydrolysis
_dB of bound GTP, followed by the release of
® ) IF-1 and IF-2 bound to GDP
= AMe)
UAC

505 subunit
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405 subunit @

+ Initiation factor binding

(D
. forer | — GTI’%W

Initiation of translation in
eukaryotic cells Initiation
factors elF-3, elF-1, and elF-1A
bind to the 40S ribosomal
subunit. The initiator methionyl
tRNA is brought to the ribosome
by elF-2 (complexed to GTP),
and the mRNA by elF-4E (which
binds to the 5~ cap), elF-4G
(which binds to both elF-4E at
the 5' cap and PABP at the 3'
poly-A tail), elF-4A, and elF-4B.
The ribosome then scans down
the mRNA to identify the first

“a AUG initiation codon. Scanning
Scanning D + O, requires energy and is
accompanied by ATP hydrolysis.
b, ° When the initiating AUG is
M— identified, elF-5 triggers the

608 subunit

5 mG L AL

hydrolysis of GTP bound to elF-
2, followed by the release of
elF-2 (complexed to GDP) and
other initiation factors. The 60S
ribosomal subunit then joins the
40S complex.

Pepiide bond
formation

&
(]
!
A 3

Elongation stage of translation The ribosome
has three tRNA-binding sites, designated P
(peptidyl), A (aminoacyl), and E (exit). The
initiating N-formylmethionyl tRNA is positioned in
the P site, leaving an empty A site. The second
aminoacyl tRNA (e.g., alanyl tRNA) is then
brought to the A site by EF-Tu (complexed with
GTP). Following GTP hydrolysis, EF-Tu
(complexed with GDP) leaves the ribosome, with
alanyl tRNA inserted into the A site. A peptide
bond is then formed, resulting in the transfer of
methionine to the aminoacyl tRNA at the A site.
The ribosome then moves three nucleotides
along the mRNA. This movement translocates
the peptidyl (Met-Ala) tRNA to the P site and the
uncharged tRNA to the E site, leaving an empty
A site ready for addition of the next amino acid.
Translocation is mediated by EF-G, coupled to
GTP hydrolysis. The process, illustrated here for
prokaryotic cells, is very similar in eukaryotes.
(Table 7.1 gives the names of the eukaryotic
elongation factors.)
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Image reconstruction of an E. coli ribosome

la)

Polypaptide

Transfer RNA-Binding Sites. (A) Three tRNA-binding sites are present on the 70S
ribosome. They are called the A (for aminoacyl), P (for peptidyl), and E (for exit) sites.
Each tRNA molecule contacts both the 30S and the 50S subunit. (B) The tRNA
molecules in sites A and P are base paired with mRNA

Ay (®)

Gy
¥

Esite  Psite  Asite E site P site Asite
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Peprice bond
for

Fation

:R\:;\ bound
tar ribosome
gy

duisc

CCG!

Regeneration of EF-Tu/GTP EF-Tu complexed to GTP
escorts the aminoacyl tRNA to the ribosome. The bound
GTP is hydrolyzed as the correct tRNA is inserted, so EF-Tu
complexed to GDP is released. The EF-Tu/GDP complex is
inactive and unable to bind another tRNA. In order for
translation to continue, the active EF-Tu/GTP complex
must be regenerated by another factor, EF-Ts, which
stimulates the exchange of the bound GDP for free GTP.

Peptide bond
formation

o ' _{ Termination of translation
factor A termination codon (e.g.,
UAA) at the A site is
recognized by a release
factor rather than by a
tRNA. The result is the

5 release of the completed
polypeptide chain, followed

by the dissociation of tRNA
and mRNA from the
> ribosome.
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Peptide-Bond Formation. The amino group of the aminoacyl-tRNA

attacks the carbonyl group of the ester linkage of the peptidyl-tRNA to

form a tetrahedral intermediate. This intermediate collapses to form the
tRNA

peptide bond and release the deacylated tRNA. \
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peptidyl-tRNA puromycin
‘ - . =>» premature chain termination
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Several Antibiotic and Toxin inhibitors of Translation

Inhibitor Comments

Chloramphenicol | inhibits prokaryotic peptidyl transferase

inhibits prokaryotic peptide chain initiation, also induces

Streptomycin mRNA misreading

inhibits prokaryotic aminoacyl-tRNA binding to the

Tetracycline ribosome small subunit

Neomycin similar in activity to streptomycin
Erythromycin inhibits prokgryouc translocation through the ribosome
large subunit
- . imilar rythromycin (transl ion) onl reventin
Fusidic acid similar to erythromycin (translocation) only by preventing

EF-G from dissociating from the large subunit

resembles an aminoacyl-tRNA, interferes with peptide
Puromycin transfer resulting in premature termination in both
prokaryotes and eukaryotes

Diptheria toxin | catalyzes ADP-ribosylation of and inactivation of eEF-2

found in castor beans, catalyzes cleavage of the

Ricin eukaryotic large subunit rRNA

Cycloheximide | inhibits eukaryotic peptidyltransferase
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Direction of chain growth
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Amino terminus Carboxyl terminus
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1 146
Residue number

Experimento de Dintzis: Reticulocitos incubados con 3H-Leu.
Aislamiento a diferentes tiempos de cadenas a-globina completas
(o sea, las que ya abandonaron los polisomas).

Medida de radiactividad en diferentes regiones de la cadena peptidica

ASSEMBLY OF THE PEPTIDE CHAINS OF HEMOGLOBIN*
By Howarp M. DinTzIS

DEPARTMENT OF BIOLOGY, MASSACHUSETTS INSTITUTE OF TECHNOLOGY

Proc. Natl. Acad. Sci. USA, 47, 247-261 (1961)

Incubation time -~

GO min_—

Relative amount of “H

13 24 1 17 3 8 18 12 27
NAerminus —-— — C
Peptide number, i chain

FIGURE 30-37. Distribution of ["H]Leu among the tryptic
peptides from the § subunit of soluble rabbit hemoglobin after

i it reti i ine for the
the i of rabbit retic with [*H]leucine 4
indicated times. [After Dintzis, H.M., Proc. Natl. Acad. Sci. 47,
255 (1961).]
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Multiple ribosomes may engage a
single mRNA transcript

Fig 675 * synthesis rates may be
(Alberts)

messenger ANA (mRANA increased by...

— multiple ribosomes binding and
translating single mRNA
+ evident by EM as
pelyribosomes (aka polysomes)
— rapid recycling of ribosomal
subunits after they finish a
translation cycle
* some polysomes appeared
circular
» complex forms between PABI,
EF-4G, and EF-4E to circularize
mRNAs

polypeptide
ehain

100 nm

1A}

< FIGURE 4-31 Model of protein synthesis on
circular polysomes and recycling of ribosomal
subunits. Multiple individual ribosomes can
simultaneously translate a eukaryotic mRNA, shown
here in circular form stabilized by interactions between
proteins bound at the 3" and 5' ends. When a
ribosome completes translation and dissociates from
the 3' end, the separated subunits can rapidly find the
nearby 5' cap (m’G) and initiate another round of
synthesis
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Folding of proteins in vivo is promoted
by chaperones

e AT J

_~Hsp 70 \
Partially folded Properly folded
protein protein
ATP
Conformational
change
GroEL/TCiP
Figure 3-15
(@) Unfolded ., — Unfolded protein (& The released
protein binds T P o protein is fully
to the GroEL 4 — GroEL Folded—% * folded or in a
pocket not o protein F partially folded
blocked by —TADP heemmssmmesmmseas state that is
GroES. g - p. = committed to
" GroES H [ adopt the native
TATP : TW conformation.
: GroES
1 - A
- 5 Protein folds
(@ ATP binds to o e (D Proteins not y L @ ins'ldLe the
each subunit [y —— TATP folded when :‘.. - TADP enclosure.
of the GroEL A J released are
heptamer, s rapidly bound !
— TADF again. :
h y 1
P;, 7 ADP :
- TR, T
@) ATP hydrolysis b i
leads to release TADF H
of 14 ADP and '
roRS, GroES" I !
- '
4 1
-,
\ . -
' 7 ATPGroES ;
&) TATF and GroES
L L bind to GroEL with
a filled pocket.
{a)
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(b)

Aberrantly folded proteins are
implicated in slowly developing diseases

(a)

.ﬁ.
An amyloid plaque in i
Alzheimer’s disease is
a tangle of protein
filaments

_———

\
\
:
'
'
g
|

| 100 nm

J Figure 3-19
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