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Section P

THE GENETIC CODE & tRNA

 P1 THE GENETIC CODE

* P2 tRNA STRUCTURE AND FUNCTION




THE GENETIC CODE

The Central Dogma
Transcription
@DNA »RNA ) Protein

Translation
Replication

1. Genetic information transfer
from polynucleotide chain
into polypeptide chain.

2. Take place in ribosomes.

3. tRNAs recognize codons.




* Genetic code is a triplet code
(three nucleotide encode one amino acid)

The way 1n which the nucleotide
sequence 1n nucleic acids specifies the

amino acid sequence 1n proteins.

The triplet codons are nonoverlapping
and comma-less.

—-UCU UCC CGU GGU GAA---




« Genetic code is degenerate (f& F):

— Only 20 amino acids are encoded by 4 nucleotides
in triplet codons (43 =64 of amino acids could
potentially be encoded). Therefore, more than one
triplet are used to specify a amino acids, and the
genetic code is said to be degenerate, or to have

redundancy.

— Codons specifying the same amino acid are called
synonyms (J&] X 05 5-).




Deciphering

cell-free protein synthesizing system

1.

from E. coli

DNase treated cell lysate to prevent new
transcription

. Add homopolymeric synthetic mRNASs

[poly(A)] + 19 cold (non-labeled) and
one labeled aminoacids

. In vitro translation
. Analyze the translated polypeptides



poly(A) ---AAA--- polylysine
poly(G) --- did not work because of the

complex secondary structure

Random co-polymers were also used as mRNAS




Synthetic trinucleotides (late 1960s) could
assign specific triplets unambiguously to
specific amino acids.

Synthetic trinucleotides attach to the ribosome
and bind their corresponding aminoacyl-tRNAs
from a mixture. Upon membrane filtration, the
trinucleotides bound with ribosome and

aminoacyl-tRNA would be retained.
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Genetic code

 Synonymous codons:

Those (more than one) encode the same amino
acids (18 out of 20).

the third position:

pyrimidine ----synonymous (all cases)
purine  ----synonymous (most cases)
the second position:

pyrimidine ----hydrophilic amino acids
purine polar amino acids




Effect of Mutation

* Transition: the most common
mutation 1n nature
changes from purine to purine, or pymidine
to pymidine

At third position: no effect except for
Met < Ile; Trp < stop

second position: results in similar chemical
type of amino acids.




LUC
Codon-anticodon
pairing of two tRNA Leu moleculars




e Transversions:

purine < pymidine

At third position: over half have no
effect and result 1n a stmilar type of
amino acid. (Example: Asp < Glu)

At second position: change the type of
amino acid.




* In the first position, mutation (both
transition and transvertion) specify a
similar type of amino acid, and 1n a few
cases 1t 1s the same amino acid.

Thus, natural triplet codons are arranged
in a way to minimize the harmful effect of
an mutation to an organism.




Universality

 The stand

not for all.

ard codons are true for most organisms, but

Codon

Usual meaning

Alternative

Organelle or organism

AGA AGG

Arg

Stop,Ser

Some animal
mitochondria

AUA

Ile

Met

Mitochondria

CGG

Arg

Trp

Plant mitochondria

CUN

Leu

Thr

Yeast mitochondria

AUU GUG
uuG

Ile Val Leu

Start

Some protozoans

UAA UAG

Stop

Glu

Some protozoans

UGA

Stop

Trp

Mitochondria,mycopla
sma




ORFs

Open reading frames (ORFSs) are
suspected coding regions starting with
ATG and end with TGA,TAA or TAG

1dentified by computer.

When the ORF 1s known to encode a
certain protein, it 1s usually referred as
a coding region.




Overlapping genes

* Generally these occur where the genome
size 1s small (viruses in most cases) and
there 1s a need for greater information
storage density.

* More than one start codons in a DNA
sequence are used for translate different
proteins.

* A way to maximize the coding capability
of a given DNA sequence.
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tRNA STRUCTURE AND
FUNCTION

+ tRNA primary
structure

+ tRNA secondary
structure

+ tRNA tertiary
structure | RNA

+» tRNA function X 38-6 EEBESER
5 1 1R 5




tRNA primary structure

* tRNA are the adaptor molecules that
deliver amino acids to the ribosome and
decode the information in mRNA.




* Linear length:
60-95 nt (commonly 76)

e Residues:

15 mnvariant and 8 semi-invariant .The position
of invariant and semi-variant nucleosides play
a role 1n either the secondary and tertiary
structure.




e Modified bases:
Sometimes accounting for of the

total bases 1n any one tRNA
molecule.Over ' different types of
them have been observed.
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tRNA secondary structure

* The cloverleaf structure 1s a common
secondary structural representation of

tRNA molecules which shows the base
paring of various regions to form four
stems (arms) and three loops.
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*Amino acid acceptor stem:

The 5’-and 3°-
end are largely
base-paired to
form the amino
acid acceptor
stem which has
no loop.

ACCeplor stem

T™C arm
12 anm [
‘% : “-I i | IL:'JJ
[T Qy
I I | [
1 é f‘}r
,{‘x = [HA
¥ "ET_\-\'??? .
Anticodon ‘ a
Arm

Cm—F
L %"-—mf A, miG

und i:-lhu ”"—-v—"J

mulified
nu;ﬁ_-nt;'d% Anticodon

(im-—_

Variahle
dri




D-arm and D-loop

Composed of 3 or
4 bp stem and a
loop called the D-
loop (DHU-loop)
usually
containing the
modified base
dihydrouracil.

ACoeplor stem

iy arm

H“fiil T @ﬂ
él | | IE:}T
Anticodon
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Arm
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Anticodon loop:

Consisting of a 5 bp p
stem and a 7 residues S .
loop 1n which there
are three adjacent . = - -
nugleos1des cglled the narm \}y a{| T |Q.il
anticodon which are tiim; | M TTT mpT
complementary to the /\'\ T fﬂ é
codon sequence (a A LS 77 |
triplet in the mRNA) AL '
that the tRNA cn- JK }

. B=_miA, ml (3
recognize. NG

maxlitied mn

nucleotides

A




Wobble in the Anticodon

Question: Is there a specific tRNA for
every codon? (If it was true, at least
61 different tRNAs would exist.)

The answer is NO

> Some tRNA could recognize several
different codons

> Inosine is present in the anticodon
loop as a fifth base




Inosine

H

i

%
E y —
N A
R

ribose

1nosina 2clanine

Inosine arises through enzymatic
modification of adenine




Wobble Concept

In 1966, Francis Crick devised the
wobble concept. It states that the base

at the 5" end of the anticodon is not as
spatially confined as the other two,
allowing it to form hydrogen bonds
with more than one bases located at
the 3’ end of a codon.




Pairing Combinations with the
Wobble Concept




The Wobble Rules

* The pairings permitted are those give
ribose-ribose distances close to that of
the standard A:U or G:C base pairs.

* The ribose-ribose distances:
® Purine-purine: too long

® Pyrimidine-pyrimidine: too short
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tRNA tertiary structure

e Formation:

9 hydrogen bones (tertiary hydrogen
bones).




* Hydrogen bonds:

Base pairing between residues in the D-
and T-arms fold the tRNA molecule over

into an L-shape, with the anticodon at one
end and the amino acid acceptor site at
the other. It 1s strengthened by base
stacking interactions.
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Why wobble is allowed at the 5’
anticodon

e The 3-D structure of tRNA shows that
the stacking interactions between the
flat surfaces of the 3 anticodon bases +

2 followed bases position the first (5')
anticodon base at the end of the stack,
thus less restricted in its movements.

e The 3’ base appears in the middle of the
stack, resulting in the restriction of its
movements.
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Structure of yeast tRNA(Phe)
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tRNA function

 When charged by attachment of a
specific amino acid to their 3°-end to

become aminoacyl-tRNAs, tRNA
molecules act as adaptor molecules 1n
protein synthesis.




Aminoacyl-tRNA synthetases

catalyze amino acid-tRNA joining reaction
which is extremely specific.

o Nomenclature of tRNA-synthetases and
charged tRNAs

Amino acid: serine
Cognate tRNA: tRNASer
Cognate aminoacyl-tRNA synthetase:

seryl-tRNA synthetase
Aminoacyl-tRNA: seryl-tRNASer




Aminoacylation of tRNAS

* Reaction step: R %ﬂ_?H_ﬁHS
First, the aminoacyl- e o
tRNA synthetase .
attaches AMP to the o
-COOH group of the N
amino acid utilizing e

ATP to create L
anaminoacyl adenylate 2 &
intermediate. .
Then, the appropriate
tRNA displaces the : . ;

AMP. %H . g%] Fgrps

3" Aminoacyl tRNA 2" Arminoacyl tRNA



Aminoacyl-tRNA synthetases

» The synthetase enzymes are either
monomers, dimers or one of two types of
tetramer.They contact their cognate tRNA
by the 1nside of 1ts L-shape and use certain
parts of the tRNA, called identity elements,
to distinguish these similar molecules from
one another.




Ildentity elements in various tRNA molecules

Bases that are inv ved in
1 coanaté aminoacy sy * Identity element:

They are particular parts of
the tRNA molecules.
These are not always the
anticodon sequence,but
base pair in the acceptor
stem. If these are swapped
o between tRNAs then the
synthetases enzymes can
be tricked into adding the
amino acid to the wrong
tRNA

tRNAphe tRNASEr

tRNATmet tRNAala
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Proofreading

» Proofreading occurs at step 2 when a
synthetase carries out step 1 of the
aminoacylation reaction with the wrong, but
chemically similar, amino acid.

* Synthetase will not attach the aminoacyl
adenylate to the cognate tRNA, but hydrolyze
the aminoacyl adenylate instead.
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Q Protein synthesis

Q1. Aspects of protein synthesis
Q2. Mechanism of protein synthesis

Q3. Differences between prokaryotes and
eukaryotes

Q4. Translational control and post-
translational events




Aspects of protein
synthesis

e Codon-anticodon interaction
e Wobble

* Ribosome binding site

* Polysomes
* Initiators tRNA




Codon-anticodon
Interaction

Amino acid

271" = Anticodan
123 3

o

In the cleft of the
ribosome , an anti-
parallel formation of
three base pairs
occurs between the
codon on the mRNA
and the anticodon on
the tRNA.




WOBBLE

To explain the redundancy of the genetic code.
18 aa are encoded by more than one triplet
codons which usually differ at 5’-anticodin base

Amino acid

5'-anticodon base is able

to undergo more movement
than the other two bases and
can thus form
base pairs as long as the
cermarutll  distances between the
: ribose units are close to
normal.

position




All possible base pairings at the wobble position

No purine-purine or pyrimidine-pyrimidine base
pairs are allowed as ribose distances would be
Incorrect.

Yiobble bases Viiobhble bhases
tRNA 2 A = L | mREMNA | © A 5

Ly
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Wobble pairing

Aclarire

Cytosine

M
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Ribosome binding site
(Shine-Dalgarno sequence)

Solely for prokaryotic translation

A purine-rich sequence usually containing all
or part of the sequence 5-AGGAGGU-3'

Upstream of the initiation codon 1n
prokaryotic mRNA

To position the ribosome for initiation of
protein synthesis
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Polysomes

Each mRNA transcript 1s read simultaneously by
more than one ribosome.

A second, third, fourth, etc. ribosome starts to read
the mRNA transcript before the first ribosome has
completed the synthesis of one polypeptide chain.

Multiple ribosomes on a single mRNA transcript are
called polyribosomes or polysomes.

Multiple ribosomes can not be positioned closer than
30 nt.




Polysomes

ribosomea subunits
reslefsed




» Electron micrographs of ribosomes actively
engaged 1n protein synthesis revealed by
"beads on a string" appearance.




Initiator tRNA

» Methionine 1s the first amino acids
incorporated 1nto a protein chain in both
prokaryotes (modified to N-
formylmethionine) and eukaryotes.

 Initiator tRNAs are special tRNAs
recognizing the AUG (GUGQG) start codons 1n
prokaryotes and eukaryotes.

e Initiator tRNAs differ from the one that
inserts internal Met residues.




Initiator tRNA, fMet-tRNA™et in £, coli

Foarmnylated
arming acid

Lacking alkylated A endorses more
flexibility in recognition in base pairing (both AUG and GUG).




Initiator tRNA formation in £. col/

1. Both initiator tRNA and noninitiator tRNAmMet
are charged with Met by the
to give the methionyl-tRNA
2. Only the initiator methionyl-tRNA is modified

to give N-formylmethionyl-
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Protein synthesis falls into factars

three stages . ==

- - - - }' " [ |
=3 {H. 1( N {
405 subunits Separate Pool of free
with initiation subunits Hbosames
factors

| .initiation-the assembly of a
ribosome on an mRNA
molecule.

-.;%.*

&

2.elongation-repeated cycles of
amino acid addition.

3.termination-the release of
the new protein chain.
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Initiation
In prokaryotes, 1nitiation requires

e Jarge and small ribosome subunits,
e mRNA

e initiator tRNA (fMet-tRNA Met)
e three initiation factors (IF) & GTP




Size comparisons show that the ribosome is large
enough to bind tRNAs and mRNA.

220 A

42 base mEMNA,




IF1 and IF3 bind to a free
30S subunits.

J0S5-mBErNA Ccom

IF2 complexed with GTP
then bind to the small
subunits, forming a complex
at RBS. ﬂ

IF2-GTP joins com ple

The initiator tRNA can then
bind to the complex at the P
site paired with AUG codon.

!

2 O e ‘]l’ The 50S subunits can now
bind. GTP is then hydrolyzed
and IFs are released to give

. N ey

the 70S initiation complex

Initiator tRMNA jOins

IF-11F-2 IF-3 GDP P,




Only fhiet-tRMNA enters
partial P site on éDS
subiunit bound to mERA

&

a5 Summit“i’

Cnly aa-tREMA enters
A site on complete
F05 ribosome

The assembled
ribosome has two
tRNA-binding sites,
which are called A-
and P-site, for
aminoacyl and peptidyl
sites respectively.

Only can
be used for initiation
by 30S subunits; all
other aminoacyl-tRNAs
are used for
elongation by 70S
ribosomes.
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Elongation

With the formation of the 70S 1nitiation
complex, the elongation cycle can begin.

Elongation involves the three factors, EF-Tu,

EF-Ts, EF-G, as well as GTP, charged
tRNA and the 70S initiation complex.




The three steps of elongation

1. Charged tRNA delivery

2. Peptide bond formation

3. Translocation




The first step of elongation

1.Charged tRNA 1s delivered as a complex with
EF-Tu and GTP.

EF-Tu-Ts
exchang
e cycle




The second step of elongation

2. Peptidyl tranferase (50S ribosomal subunit)
makes a peptide bond by joining the two
adjacent amino acid without the imnput of more
energy.




Peptide bond
formation takes
place by reaction
between the
polypeptide of

peptidyl-tRNA in
Peptide chain | ; the P site and

H _-SH o |

A CH the amino acid

oH 0 of aminoacyl-
tRNA in the A

Site.




The third step of elongation

3.Translocase (EF-G), with the energy from
GTP, moves the ribosome one codon along
the mRNA, ejecting the uncharged tRNA
and transferred the ribosome peptide from
the mRNA.




Translocation

 In bacteria, the discharged tRNA leaves the
ribosome via another site, the

 In eukaryotes, the discharged tRNA IS
expelled directly into the cytosol.

. (translocase) and GTP binds to the
ribosome, and the discharged tRNA is ejected
from the P-site in an energy consuming step.
« the peptigly-tRNA is moved from A-site to
P-site and mMRNA moves by one codon
relative to the ribosome




A-site

E ‘Pt-s‘ig T I t-
=-Siteé
ransiocatio

- nin E. coli
tRMA movesS within 205 sUDUnIT M oves
al= subunit relative to 3053

& &

Discharged tRrA, Incoming
leawves via E site aa-tREM A




Termination

Protein factors called interact with stop codon
and cause release of completed polypeptide chain.

RF1 and RF2 The release factors Release factors and
recognizes make peptidyl EF-G: remove the
the stop === transferase transfer B==) yncharged tRNA
codon with the polypeptide to and release the
the help of H,O, and thus the MRNA, .

RF3 protein is released




Initiation 1n eukaryotes

Most of the differences in the mechanism of
protein between prokaryotes and eukaryotes
occur 1n the 1itiation stage, where a

of elFs and are
involed 1n eukaryotes.

The eukaryotic initiator tRNA does not become




prokaryotic

eukaryotic

function

Initiation factor
IF1/IF3

IF2

elF3 elF4c elF6
elF4B elF4F

elF2B elF2
elF5

Bind to ribosome subunits

Bind to mRNA
Initiator tRNA delivery
Displacement of other factors

Elongation factor
EF-Tu

EF-Ts

EF-G

eEF1 a
eEF1 8 vy
eEF2

Aminoacyl tRNA delivery
Recycling of EF-Tu or eEF1 a

Translocation

Termination factors
RF1
RF2
RF3

Polypeptides Chain release




Scanning

The eukaryotic 40s ribosome subunit
complex bind to the 5’cap region of
the mRNA and moves along it,
scanning for an AUG start codon.




mMERA has two features recognized by Abosome

GCCA CCALGS

ethwlated cap | | Fibosome-binding sit

1 Srall subunit binds to methnd ated cap

&= GCCA CCAUGG

2 amall subunit migrates to hinding site

< M

» GCEIECAL GG

a If leader is long, subunits may fommn quele

a-:- nctcﬁaum

=S

Eukaryotic
ribosomes migrate
from the 5’ end of
MRNA to the
ribosome binding
site, which
includes an AUG
initiation codon.




Initiation

In contrast to the events in prokaryotes,
initiation involves the initiation tRNA
binding to the 40S subuits before 1t can bind

to the mRNA. Phosphorylation of elf2,
which delivers the initiation tRNA, 1s an
important control point.




The initiation factor can be grouped
to their function as follow

Binding to ribosomal elF6 elF3 elF4c
subunits

Binding to the mRNA IF4B elF4F elF4A

IF4E

Involved 1n 1nitiation IF2 elF2B
tRNA delivery

Displace other factors | elF5




elF-2 consists
of oy subunit

Ternary complex

%

Subgnit l

initiation com plex t...

' ATP is cleaved

Initiator eIF3+4C+
tRNA+eIF2+GTP 405

! !

Ternary

43S ribosome
complex T

complex

43S preinitiation complex

ATP
+mRNA+elF4F

+elF4B
ADP+Pi ¥ 48S preinitiation
complex




elF-E 4.E " n .
hinds to &' cap Scannlng
ElIF-45
binds to elF-4E J‘
4Gdf&.
2| -4,
LIrmnrincls .'MM'-_
stricture

at 5' end " More factors

4E involved

elF=B8
Assists further

Limwinding

elF-3
maintains free
A05 subunits

elF-3

recjuired for
A0S subunit
wi it TErnary




elF-3
recjuired for
A0S subunit
with Ternary
complex to
bind to 2' end

A5 subunit
migrates
along mER A
to ALl codon

elF-3

= THase
recuired for
B0S joining,
release of
elF-2 & elF-3

Scanning to
find AUG




Elongation

The protein synthesis elongation cycle in
prokaryotes and eukaryotes 1s quite similar.

The factors EF-Tu EF-Ts EF-G have direct
cukaryotic equivalents called eEF1 a
eEF1 B v eEF2




Termination

Eukaryotes use only one release factors eRF,
which requires GTP,recognize all three
termination codons.

Termination codon 1s one of three (UAG,
UAA, UGA) that causes protein synthesis
to terminate.




Translational control and
post-translational events

» Translational control
* Polyproteins

* Protein targeting

* Protein modification

* Protein degradation




Translational control

 In prokaryotes, the level of translation of
different cistrons can be affected by:

(a) the binding of short antisense molecules,

(b) the relative stability to nucleases of parts of
the polycistronic mRNA ,

(c) the binding of proteins that prevent
ribosome access.




In eukaryotes

¢ protein binding can also mask the mRNA

and prevent translation,

¢ repeats of the sequence 5'-AUUUA -3’
can make the mRNA unstable and less

frequently translated.




Polyprotein

* A single translation product that 1s cleaved to
generate two or more separate proteins 1is called a
polyprotein. Many viruses produce polyprotein.

VPR REV

VIF TAT VPU

HIV-1 GENOME 9749 NUCLEOTIDES




Protein Targeting

The cell cytoplasm contains many different specialized
compartments

endosome —%?O O :DD%Q cytosol

b
O (G4

(P -
—~ @

Golgi apparatus

peroxisome _ .
mitochondrion

endoplasmic reticulum
with membrane-bound
polyribosomes

ree

polyribosomes nucleus

plasma membrane




-Maintenance of specialized cellular architecture and function
requires that cellular proteins be arranged properly within the
cell

-Regulation of where a given protein functions within a cell
can be as important as the function of the protein itself.

Transport pathways control the movement of proteins
into and out of particular intracellular compartments




Road Map

of Transport

Routes 1n the
Cell MITOCHONDRIA

NUCLEUS " PEROXISOMES

Frotein Targeting 16 ENDOPLASMIC RETICULUM

T &

GOLGI

i &
LATE SECRETORY

ENDOSOME VESICLES

{(L :
LYSOSOMES

EARLY
ENDOSOME

< i &4 O

CELL SURFACE

Cytoplasm secretory

. . athwa : _
el e mitachotidna 3 Jy KEY: B = gated transport
P = transmembrane transpnrt

chloroplasts )
tusually ) = vesicular transport

PEOXI SOMMES
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Common Features of Transport Mechanisms

Signal sequences --
Short regions of a protein that act as
targeting signals to direct the protein to
specific subcellular localization

Receptors that recognize particular signal sequences

Require energy (ATP or GTP)




Nuclear transport
involves the passage
through a “gate”

that separates two
aqueous compartments,
the cytoplasm and the

nucleoplasm.

CYTOSOL

NUCLEU%L

'MITOCHONDRIA

e

[l

PEROXISOMES

ENDOPLASMIC RETICULUM

1T 3

GOLGI

1T 4

]
b

LATE
ENDOSOME

SECRETORY
VESICLES

[LYSDSGMESH

EARLY
|ENDOSOME

< 11

el

CELL SURFACE




outer
nuclear

) membrane
nucle;ar ihaF
eENVeIope | huclear
membrane| ER membrane

nuclear
lamina

perinuclear

Space nuclear
pore complex

igure 12-9. Molecular Biology of the Cell, 4th Edition.

The nucleus 1s bounded
by double membrane,
the Nuclear Envelope,
that 1s continuous with

the ER.




cytosolic

annular fibril ' ' outer
subunit nuclear
| membrane
Ny

) A

A CYTOBOL

B | nuclear
envelope

R NUCLEUS
column nuc!ear ) .
subunit X, lamina inner nuclear The openings 1n the
ring o nuclear basket membrane
subunit S Nuclear Envelope
nuclear fibril 50 nm

that allow the passage
of material in and

out of the nucleus

are called

Nuclear Pores

0.1 um

Figure 12-10 part 1 of 2. Molecular Biology of the Cell, 4th Edition.



. -
' -

nucleus \./‘</1 j—/—_[

nuclear pore complex

0.1 um
Figure 12-10 part 2 of 2. Molecular Biology of the Cell, 4th Edition.

The openings in the
Nuclear Envelope
that allow the passage

of material in and
out of the nucleus
are called
Nuclear Pores




Small Molecules can diffuse freely through the Nuclear Pore,
Larger molecules require active transport

CYTOSOL

o
9] @) O
©,6°
o
' size of proteins size of proteins
NUCLEUS | that enter nucleus that enter nucleus

, J by free diffusion by active transport

Figure 12-11. Molecular Biology of the Cell, 4th Edition.
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Transport Across Membranes

Into the peroxisome, the mitochondria or the endoplasmic
reticulum (ER)

Common features of transport across membranes :
ATP driven

Requires an aqueous channel through the membrane
Protein 1s unfolded as 1t passes through the channel

Transmembrane transport can be

Mitochondria & Peroxisomes

ER




Post-translational translocation

il

ot b

MITOCHONDRIA

ENDOPLASMIC RETICULUM

GOLGI |

CATE SECRETORY
ENDOSO!VIE VESICLES

LYSOSOMES

EARLY
ENDOSOME

CELL SURFACE



An amphipathic
alpha helix at the
Amino-terminus of a
protein can act as a
Mitochondrial
Targeting Sequence

Figure 12-23. Molecular Biology of the Cell, 4th Edition.



Transport from the Cytoplasm to the Mitochondrial Matrix
requires two distinct translocation complexes Tom & Tim.

TOM COMPLEX

receptors
) 1
translocation

. ) channel
outer mitochondrial

membrane CYTOSOL

inner INTERMEMBRANE
mitochondrial SPACE
membrane

MATRIX
SPACE

TIM 23 COMPLEX TIM 22 OXA
COMPLEX COMPLEX

igure 12-24. Molecular Biology of the Cell, 4th Edition.




Cytoplasmic proteins cross both the outer and inner
mitochondrial membranes in a single step

TOM
Imséﬁgﬁ%émg\? complex outer mitochondrial membrane

gigtt::irr;&ﬂr TOM COMPLEX 1 inner mitochondrial membrane

signal /" ._ ' | I CYTGSF}L

sequence | - ‘. '
U — VL A" | ClEAVAGE

TIM23 ~ BY SIGNAL
RECOGNITION - PEPTIDASE _ MATRIX

= B complex
receptor mmbrane\ gz

Srotain i contact site > il
TOM complex| - TRANSLOCATION } mitochondrial

INTO MATRIX protein
cleaved

signal peptide

Figure 12-26. Molecular Biology of the Cell, 4th Edition.




The electrochemical gradient across the inner mitochondrial
Membrane helps lead the protein through the translocation pore

cytosolic hsp70

outer mitochondrial
membrane

(|

. “TIMZS complex

inner mitochondrial

electrochemical
membrane

H* gradient mitochondrial

TOM complex

B

hsp70

igure 12-27. Molecular Biology of the Cell, 4th Edition.




Co-translational translocation

Transmembrane transport into the Endoplasmic Reticulum
(Gateway to the Secretory Pathway)

inner nuclear membrane ER membrane
"u i
nucleus \ outer nuclear membrane /

r . A a y I T ol =
EERESRT o FHVAL ORI
ot SRR B R R

The “Rough ER” -
Endoplasmic Reticulum
with ribosomes attached
1S the site of co-
translational translocation
of proteins into the ER




In co-translational translocation, the nascent protein crosses
the ER membrane as it leaves the ribosome

CO-TRANSLATIONAL
TRANSLOCATION

|

il SRP receptor

CYTOSOL

ER LUMEN

Secb1 complex




ER targeting signals are recognized by SRP
(Signal Recognition Particle)

signal-sequence-
SRP RNA molecule  binding pocket

translational
pause domain

GTPase and SRP receptor
binding site
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Examples of different types of signal sequence

PR

AEENE MATGSRTSLLLAFGLLCLPWLQEGSA
AREER MALWMRLLPLLALLALWGPDPAAA
EmEERAR MEWVTFISLLLFSSAYS
MNEFE HE MEVLSLLYLLTAIPHIMS
0 95 1 MESLLILVLCFLPKLAALG
gHEA MEFLVNVALVFMVVYISYIYA
B MELLVVAVIACMLIGFADPASG
EXEB 19 MAAKIFCLIMLLGLSASAATA
e g. MLLOAFLFLLAGFAAKISA

AEHE A MEAKLLVLLYAFVAG

— S FL W 0 I A I RO B0 R 5 IR A
BKEEMBELNMESFEET REEERRERTRLTERR

FPT
FVN
RGV
DVQ
KVF
APE
CKD
SIF
SMT

DQI



SRP recognizes signal sequences as they come off the ribosome and
carries the mRNA-ribosome-nascent polypeptide complex to the ER

BINDING OF SRP
TO SIGNAL
PEPTIDE CAUSES
=5’ A PAUSE IN
TRANSLATION

SRP-BOUND RIBOSOME
ATTACHES TO SRP
RECEPTOR IN
ER MEMBRANE

SRP
CYTOSOL

ER LUMEN
protein plug SRP receptor protein
translocator in rough ER membrane




SRP recognizes signal sequences as they come off the ribosome and
carries the mRNA-ribosome-nascent polypeptide complex to the ER

SRP AND SRP RECEPTOR
DISPLACED AND RECYCLED

SRP-BOUND RIBOSOME
ATTACHES TO SRP / L—=w TRANSLATION
RECEPTOR IN CONTINUES AND

ER MEMBRANE TRANSLOCATION
BEGINS

SRP receptor protein
in rough ER membrane




Translocation of a soluble protein into the ER lumen

..
NH2  cytosoL

ﬁ

ER LUMEN

inactive protein active : NH2
translocator translocator peptidase OOH

SIGNAL PEPTIDASE CLEAVES OFF
SIGNAL SEQUENCE, RELEASING
MATURE PROTEIN INTO ER LUMEN




Once proteins have entered the endoplasmic reticulum
they can be move on to other compartments of the
secretory pathway or out of the cell entirely. But in
addition to acting as a port of entry for proteins into the
secretory pathway, two additional important functions for
protein targeting take place in the ER.

- N-linked glycosylation of proteins
- Protein folding




Protein modification

* Cleavage:

— To remove signal
peptide
— To release mature

fragments from
polyproteins

— To remove internal
peptide as well as
trimming both N-
and C-termini N A S

\I_/I‘"/C
S S
|

insulin {active form)




» Covalent modification:
— Acetylation;
— Hydroxylation;
— Phosphorylation;

— Methylation;
— Glycosylation;

— Addition of nucleotides.




Protein degradation

 Different proteins have very different half-
lives. Regulatory proteins tend to turn over
rapidly and cells must be able to dispose of
faulty and damaged proteins.




Protein degradation: process

»Faulty and damaged proteins are
attached to ubiquitins (ubiquitinylation).

2~The ubiquitinylated protein is digested by
a 26S protease complex (proteasome) in a
reaction that requires ATP and releases
intact ubiquitin for re-use.




 In eukaryotes, 1t has been discovered that the
N-terminal residue plays a critical role in
inherent stability.

— 8 N-terminal aa correlate with stability:
Ala Cys Gly Met Pro Ser Thr Val

— 8 N-terminal aa correlate with short t, ,.
Arg His Ile Leu Lys Phe Trp Tyr

— 4 N-terminal aa destabilizing following chemical
modification:

Asn Asp GIn Glu




