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Translation - Prokaryotes
Shine-Dalgarno (SD) Sequence
rRNA  3-GAUACCAUCCUCCUUA-5' Start
MRNA ....GGAGG..(5-7bp)...AUG
AUG 91%
Influences: GUG 8
UuG 1

Secondary structure!! SD and AUG in unstructured region

Surrounding of SD and AUG!!!

Ribosomal protein S1: present only in Gram-negatives (not in Gram-positives):
- binds to AU-rich sequences found in many prokaryotic mRNAs 15-30 nucleotides
upstream of start-codon

Translational coupling
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Translation - Eukaryotes

Start Codon
mRNA 5‘-CAP......AUG
Influences:
Surrounding of AUG!!!

Kozak Consensus
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Translation elongation
- Codon usage
- Secondary structures

- Codon structure — translational frameshifting

AMAAAAAAUCA

Lys Lys Lys Ser

\»LA:&%MAAAU CA

Ly

Lys Lys lle



CHE.167 Genetics

ﬁ Grazm

Second base
C A
UUU}_Phe UCU" UAU]_Tyr UGU}Cys 10 . ) T
- uucC uccC _SerUAC UGC
UUA}Leu UCA [ S8 UAAT rop UGA STOP g,
UUG UCG._ UAG UGG Tvr\y g e . + é‘l?/ -
ot u .
ol ccu CAU]—HiS Sl .S Lys: ; « Val
cuc | Leu ccc | ProCAC CGC | Arg 2 6 . e o
2 Olcua [ L cca| P CAA GIn CGA | R g Asp. I
8 |cuGd CCG_ CAG. Q CGG 2 énl
.(7, S
L fAuuT . ACUT }Asn AGU 7] Ser s 4 .Fr‘he-
«<|AUC |- ACC [ ThrAAC AGCJ S & yro.
AUA L or ACA | T AAA]—LVS ﬁg‘é A,;g S | Mete s,
AUG ACG _ () C Se
M | o Trpe Yy
GUU GCUT GAUT Asp GGU
|GUC | Val GCC | Ala GACJ D GGC | Gly i<
GUA |V GCA[ A GAA] Glu GGA | G 1 2 3 4 5 6
GUG- GCG- GA E GGG Number of codons

FIGURE 25.2 Some correlation of the frequency of amino
acid use in proteins with the number of codons specifying
the amino acid is observed. An exception is found for
amino acids specified by two codons, which occur with a
wide variety of frequencies.

FIGURE 25.1 All the triplet codons have meaning:
61 represent amino acids and 3 cause termination (stop
codons).

Taken from: J.E. Krebs, E.S. Goldstein, S.T. Kilpatrick; ,,Lewin’s Genes XI“; Jones&Bartlett Learning
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Uy Ucuy UAU uay
uuC ucc UAC UGC
- UCA UGA
. UCG UGG
Cuu CCU CGU
Cuc CCC CGC
CUA CCA Al CGA
CuG CCG A CGG
AUU ACU AAU AGU
"‘ASC‘- ﬁgg AAC AGC
AUA
ae ace ma A0
GUU GCU GAU GGU
GUC GCC GGC
GUA 'GCA GGA
GUG GCG ‘GAG GGG
Third-base relationship Third bases  Codon
with same number
meaning
| } Third base U,C.A G 32
W | irrelevant U,C,A 3
‘ Purines differ Aor G 14
@ | from pyrimidines UorC 10
&% Unique G only 2

FIGURE 25.3 Third bases have the least influence on codon
meanings. Boxes indicate groups of codons within which
third-base degeneracy ensures that the meaning is the same.

Base in first position
of anticodon

Base(s) recognized in
third position of codon

V)
C
A
G

AorG
G only

U only
CorU

FIGURE 25.5 Codon-anticodon pairing involves wobbling

at the third position.

Taken from: J.E. Krebs, E.S. Goldstein, S.T. Kilpatrick; ,,Lewin’s Genes XI“; Jones&Bartlett Learning
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n Universal Triplet Code = rare exemptions

Other mitochondrial codes Other codes in cellular chromosomes
Universal

Codon code Mycoplasma ParameciumEuplotes  Yeast Protozoa  Mammals
UGA Stop Tryptophan Stop Cysteine Tryptophan Tryptophan Tryptophan
UAA/UAG Stop Stop Glutamine Stop Stop Stop Stop
AUA Isoleucine Isoleucine Isoleucine Isoleucine Methionine Methionine Methionine
CUA Leucine Leucine Leucine Leucine Threonine Leucine Leucine
AGA/AGG Arginine Arginine Arginine Arginine Arginine Arginine Stop

The universal genetic code is used in the chromosomes of most cells, chloroplasts, plant mitochondria, and their viruses
and plasmids. A few organisms use slightly different codes in their chromosomes (in the nucleus). The examples of these
other nuclear codes are from Mycoplasma (Bacteria) and two different ciii ated protozoa (Eukarya). All nonplant
mitochondria use variations of the universal code, whereas plant mitochondria use the universal code. The examples
here are only a few of the different types known.

1
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Ribosomes rBNAs r-proteins

Bacterial (70S) ik 50S 22&?2812::;93 31
mass: 2.5 MDa =

66% RNA P95 308 16S = 1542 bases 21

. 28S = 4718 bases 49
Mammalian (80S) $&7460S 5.8S = 160 bases
mass: 4.2 MDa 5S = 120 bases

60% RNA .
G855 40S  18S = 1874 bases 33

FIGURE 24.2 Ribosomes are large ribonucleoprotein par-
ticles that contain more RNA than protein and dissociate
into large and small subunits.

Taken from: J.E. Krebs, E.S. Goldstein, S.T. Kilpatrick; ,,Lewin’s Genes XI“; Jones&Bartlett Learning
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Binding sit
R nusie eIF4F (first (o bind), ¢IF4A, and elF4B bind to
mRNA cap and create a substrate for binding
other components of the initiation complex.

elF4F
araa ]

5' cap
Antucodon
U4 c
Ribosome
(small subunit, 40S)
Initiator .
tRNA

(B) Initiation complex

AUGUUUGAAB

Inmatlon codon
@ (first AUG)

Once formed, initiation
complex scans along the
mRNA, moving in the 3
direction, until the first
AUG is encountered.

Aminoacy!
site

elF proteins 60S ribosomal

@ subunit is
recruited.

Peptidy!
site

IaE Ribosome Exit site

(large subunit, 60S)
] —
|

(C) Translation begins

Translation 7
gsiaug mRNA + 40S subunit

begins with the + IRNAMet

AUG codon.

Initiator (RNA Initiation complex e

binds in the P site. recruits the 60S subunit. e

Figure 1128 Initiation of protein synthesis. (A) The initiation complex forms at the 5' end of the
mRNA. (B) This consists of one 40S ribosomal subunit, the initiator tRNAM¢!, and the elF initiation
factors. (C) The initiation complex recruits a 60S ribosomal subunit in which the tRNAM€! occupies
the P (peptidyl) site of the ribosome. This complex travels along the mRNA until the first AUG is en-
countered, at which codon translation begins.

mRNA

w - [cLoncamion
EF-1a-GTP ELONGATION

Next tRNA in line
moves into the A site.

40s

Pretranslocation
state

Coupled reaction transfers
the bond of Met from
tRNAM€! {0 Phe.

Next tRNA
in line

Posttranslocation
state

Small subunit shifts;
tRNAs shift to the
E and P sites.

Large subunit shifts;
Pretranslocation Ap new charged tRNA
state / added to the A site.
Uncharged IRNA Coupled reaction
is ejected. transfers bond of Phe

from tIRNAP" to Glu.

Posttranslocation
state

oh

*—{ Charged t(RNAYY
is next in line.

Figure11.19 Elongation cycle in protein synthesis. (A) Pretranslocation state. (B) Posttranslocation
state, in which an uncharged tRNA occupies the E site and the polypeptide is attached to the tRNA in
the Psite. (C) The function of EF-1a s to release the uncharged tRNA and bring the next charged
(RNA into the A site, at which time a peptide bond is formed between the polypeptide and the amino
acid held in the A site, in this case Glu. Simultaneously, the 60S subunit is shifted relative to the 40S
subunit, re-creating the pretranslocation state. (D) The function of EF-2 is to translocate the 40S
ribosome to the next codon, once again generating the posttranslocation state.
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TERMINATION

mRNA

Release factor (RF)

(B)

Finished polypeptide
released

()

AUGUUUGAAGUGAGUUGCUCAUCAAAAAAUYGA

Large Small

subunit 3 subunit
(60S) Ribosome cleared; | (409)
subunits separate
v, and are recycled
%

— tRNAs
\““ N

Polypeptide

Figure 11.21 Termination of protein synthesis. When a stop codon is reached (A), no tRNA can bind
to that site (B), which causes the release of the newly formed polypeptide and the remaining bound

IRNA (C).

Ty,
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Regulation of Gene Expression

Prokaryotes

Lactose Metabolism
Absence of lactose =&  Only few molecules of B-galactosidase per cell

Presence of lactose &  about 5000 molecules of B-galactosidase per cell
Not enzyme is inhibited, enzyme synthesis is affected

Detailed biochemical and genetic analysis

Jacob, Monod, Pardee = Nobel prize
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Add inducer | Remove1 inducer

Ty

o 2 4 6 8 10 12 mn
Level of lac mMRNA

o 2 4 6 8 10 12 mn

Level of B-galactosidase
FIGURE 26.7 Addition of inducer results in rapid induc-
tion of lac mRNA and is followed after a short lag by

synthesis of the enzymes; removal of inducer is followed
by rapid cessation of synthesis.

Taken from: J.E. Krebs, E.S. Goldstein, S.T. Kilpatrick; ,,Lewin’s Genes XI“; Jones&Bartlett Learning
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Protein

Ort |

lac-Operon

! 2R

B-galactosidase Permease Transacetylase

Ort O

Taken from: J.E. Krebs, E.S. Goldstein, S.T. Kilpatrick; ,,Lewin’s Genes XI“; Jones&Bartlett Learning
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13 .
. Heterogenote analysis

Cis-configuration inducible

Trans-configuration constitutive
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14 .
. Heterogenote analysis

Cis-configuration inducible

Trans-configuration inducible
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lacoO >

lacl >

lacO 2>

lacl >

Model for behaviour of heterogenotes

located adjacent to /acZ, mutation in lacO results in loss

of regulatory function when connected to lacz,

no complementation by wt-allele in trans

located upstream of lacZ, mutation in lacl results in maintenance
of regulatory function in both configurations to lacZ

complementation by wt-allele

DNA locus, mobile factor binds there and represses synthesis

encodes a mobile factor (= protein) which binds at lacO
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P lacl t PO lacZ = Jacy lacA t

1040 82 3510 825

- 780
mANA \/‘l\/ \/\/\i'\/\/\/\l/ Y \(V
Protein | Rep_ré.ssor B-galactosidase | . Permease Transacetylase

FIGURE 26.5 The lac operon occupies ~6000 bp of DNA. At the left the lacI gene has its own
promoter and terminator. The end of the lacI region is adjacent to the lacZYA promoter, P.
Its operator, 0, occupies the first 26 bp of the transcription unit. The long lacZ gene starts at
base 39, and is followed by the lacY and lacA genes and a terminator.

Taken from: J.E. Krebs, E.S. Goldstein, S.T. Kilpatrick; ,,Lewin’s Genes XI“; Jones&Bartlett Learning
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Gene isolation
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Start point
M

Unwinding

-50 —40 -30 20 -10 1 10 20 30

e [P[ONO{C] m—
binds RNA polymerase

<= Operator =»
binds repressor

FIGURE 26.6 lac repressor and RNA polymerase bind at
sites that overlap around the transcription start point of
the lac operon.

Taken from: J.E. Krebs, E.S. Goldstein, S.T. Kilpatrick; ,,Lewin’s Genes XI“; Jones&Bartlett Learning
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INDUCER—*

Inducer: 8-1,6- allolactose
(by product of 3-galactosidase
produced by transglucosylation)

‘ ;'—'--'&:‘ ’J ’/ !
1 e Inducer converts
lac repressor
FAY \ into a form with
IN\NS\ low affinity for
1 . N operator

RNA polymerase l
binds at promoter ‘V’V\/\/\j\f

and transcribes RNA .
mRNA is translated l
into all three proteins

RPFFP oo Fofo

R-Galactosidase @ Permease Transacetylase

Taken from: J.E. Krebs, E.S. Goldstein, S.T. Kilpatrick; ,,Lewin’s Genes XI“; Jones&Bartlett Learning
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Mutant O°

Mutation in lacO prevents binding of Lacl Repressor protein to Operator

‘«)‘ ‘\.;)
,‘j"“ ——( ( "-.- .
£ 5
\.O ‘ 'Y
f .-
, Repressor cannot bind
N\ ¢ to mutant Sperator

v
e
OF€ operator l
INININI\S
Operon is transcribed
and translated l

PRRRP PR K

Taken from: J.E. Krebs, E.S. Goldstein, S.T. Kilpatrick; ,,Lewin’s Genes XI“; Jones&Bartlett Learning
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Mutant /-

Mutation in lacl no binding capacity of Lacl repressor protein

N\/\ lacl~ gene synthesizes

defective repressor that
1 does not bind to operator

and translated

RPPFP PPy FP

Taken from: J.E. Krebs, E.S. Goldstein, S.T. Kilpatrick; ,,Lewin’s Genes XI“; Jones&Bartlett Learning
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Figure 10.9 Mutations

map the regions of the lac/ ,
gene responsible for e bining S—
different functions. The

DNA-binding domain is

identified by /ac/™ “
mutations at the N-terminal

region; /lac/” mutations ;

unable to form tetramers ' J lacl®
are located between

residues 220-280; other e é?cl“
lacl” mutations occur : .

|
throughout the gene; lac/® ogoma
mutations occur in
regularly spaced clusters
between residues 62-300.

lacl

| lacl™®

50 100 150 200 250 300 350
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mRNA lr

| ——
TGTTGIHGTG G AATGIA GAIGGIG GATAACAATTTCACACA
ACAACACACCTTAACACTCGCOTATT GITAAA GTRGTG T

Ty,

-10 -5 +1 +5 +1o§ +15 +20 +25

Axis of symmetry

FIGURE 26.17 The lac operator has a symmetrical sequence. The sequence is numbered
relative to the start point for transcription at +1. The pink arrows to the left and to the
right identify the two dyad repeats. The green blocks indicate the positions of identity.

Constitutive mutations # 18}X¢ g

T
K A
Bases that contact repressor‘l‘ ;t‘ “‘ l‘l‘l
TG THGTGHGGAATTGTGAGBGGATAACAATTTCACACA
ACAACA‘CAC‘C’T_'TAACACTCG%SCT&TMA“ ‘
Mt b b A
G Protected by bmg'}\d [EPrESSOl memmm—-

|

-10 -5 41 45  +100] +15  +20 425

\Axis of symmetry

FIGURE 26.19 Bases that contact the repressor can be identified by chemical
crosslinking or by experiments to see whether modifications prevent binding.
They identify positions on both strands of DNA extending from +1 to +23.
Constitutive mutations occur at 8 positions in the operator between +5 and +17.  ren from: J.E. Krebs, E.S. Goldstein, S.T. Kilpatrick;

,Lewin’s Genes XI“; Jones&Bartlett Learning

mRNA
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Inducer binds to free Inducer binds
repressor to alter the directly to release
equilibrium 2 }») repressor &} 43
between Gl e from T

repressor operator

and operator

Core
subdomains /

Core

Tetramerization
domains

FIGURE 26.15 The repressor tetramer consists of two
dimers. Dimers are held together by contacts involving
core subdomains 1 and 2 as well as by the tetrameriza-
tion helix. The dimers are linked into the tetramer by the
tetramerization interface.

d 9

FIGURE 26.20 Does the inducer bind to the free repres-
sor to upset an equilibrium (left) or directly to repressor

Taken from: J.E. Krebs, E.S. Goldstein, S.T. Kilpatrick; bound at the operator (nght)?
,Lewin’s Genes XI“; Jones&Bartlett Learning
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.~ Lac repressor has several domains

turn

Helix-turn-helix sy a-helix /’5\;: a-helix

5
HiNQe s "D

a-helix. «pB-sheet  a-helix

e Core domain 1
b <:Z\ = Inducer-binding site

Core domain 2

Oligomerization == AL i
— (> - %‘

Figure 12.11 The structure of a monomer of Lac repressor
identifies several independent domains. Photograph kindly
provided by Mitchell Lewis, Dept. of Biochemistry & Bio-
physics, University of Pennsylvania.

Taken from: B. Lewin, Essential Genes, Pearson Ed. International

Inducer-binding cleft

Hydrophobic core

I at dimer interface

2 at inducer cleft

Oligomerization

Oligomerization

Figure 12.12 The crystal structure of the core region of Lac
repressor identifies the interactions between monomers in
the tetramer. Each monomer is identified by a different
color. Mutations are colored as: dimer interface—yellow;
inducer-binding—blue; oligomerization—white and purple.
Photographs kindly provided by Alan Friedman.
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26 Figure 10.14 |nducer changes the structure of the
I core so that the headpieces of a repressor dimer are
- Headpieces bind successive turns in major groove no longer in an arientation that permits binding to DNA.
Photographs kindly provided by Mitchell Lewis.

Inducer

FIGURE 26.18 The inducer changes the structure of
the core so that the headpieces of a repressor dimer are
no longer in an orientation with high affinity for the
operator. 4

Taken from: J.E. Krebs, E.S. Goldstein, S.T. Kilpatrick; f \
,Lewin’s Genes XI“; Jones&Bartlett Learning :
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FIGURE 26.21 If both dimers in a repressor tetramer bind to
DNA, the DNA between the two binding sites is held in a loop.

FIGURE 26.22 When a repressor tetramer binds to two
operators, the stretch of DNA between them is forced
into a tight loop. (The blue structure in the center of the
looped DNA represents CRP, which is another regulator
protein that binds in this region.) Reproduced from M.
Lewis et al., Science 271 (1996): 1247-1254 [http://www.
sciencemag.org]. Reprinted with permission from AAAS.
Photo courtesy of Ponzy Lu, University of Pennsylvania.

Taken from: J.E. Krebs, E.S. Goldstein, S.T. Kilpatrick; ,,Lewin’s Genes XI“; Jones&Bartlett Learning
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MAINTAINING REPRESSION

Repressor is bound Excess repressor bound \/
at operator \\ elsewhere on DNA \
@\ \/ ?,)
3 38
H 33

Lacl repressor has general

Inducer *
low affinity to DNA =
INDUCTION - 7
2 9 Y Unspecific weak binding
N " At \«
‘3‘3 Repressor is released from operator, *S ’5

and all repressors are bound at
:{ \ random sites on DNA :}

Lacl repressor has high
Remove inducer > & affinity to specific operon

ESTABLISHING REPRESSION Region on DNA -
Specific strong binding

site to operator by sliding
or by direct displacement

= Q 9 33 Repressor returns to active
.‘ 3 / d\,s form and moves from random

FIGURE 26.24 Vlrtually all the repressor in the cell is bound to DNA.

Taken from: J.E. Krebs, E.S. Goldstein, S.T. Kilpatrick; ,,Lewin’s Genes XI“; Jones&Bartlett Learning
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e OpErator region e——-
aroH IGGBGAATGTACTAGAGAACTAGTGCATTAGGOTTATTIFETIIGTFATCATGCTA

mRBNA

o IWATGATCGAACTAGTTAACTAGTACGGA I
— m

troR MGE@TATCGTACTCTTTAGCGAGTACAACE

FIGURE 26.31 The trp repressor recognizes operators at three loci. Conserved bases are shown
in red. The location of the start point and mRNA varies, as indicated by the black arrows.

Taken from: J.E. Krebs, E.S. Goldstein, S.T. Kilpatrick; ,,Lewin’s Genes XI“; Jones&Bartlett Learning
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Startpoint

w= Promoter =

s O pErator |0CAtIONS we—
FIGURE 26.32 Operators may lie at various positions
relative to the promoter.

Taken from: J.E. Krebs, E.S. Goldstein, S.T. Kilpatrick; ,,Lewin’s Genes XI“; Jones&Bartlett Learning
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Negative Regulation
Figure 10.1 Overview: in negative control, a trans-acting repressor binds to the cis-acting operator to turn off
transcription. In prokaryotes, multiple genes are controlled coordinately.
B S R R T e R I i TR T RTE N AR SRS B .

E Regulatory region & promoter

e e e —— e

Structural genes

—————————— - - e —————————————————

GENES ON BY DEFAULT

g g
RNA polymerase initiates transcription M

% o’ o% o%
! PO ) o.oo‘o.

/ o, 0 & Sever tei
oo slo s’ o e% al pro emsr

| 'w----—————-_-%m‘)"Bssor Rifesiacperiie : GENES TURNED OFF BY REPRESSOR
|
i \ 4 / ' Ya : ' l ) v , 4 77N ‘ ; , 2 / ) ) ’ vy : / vy N X ? /
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Negative Regulation

cis-acting operator/promoter precedes structural gene(s)
Promoter operator Structural gene(s)

TR VAVAVAVAVAVS

Gene is turned off when repressor binds to operator
Repressor

FIGURE 26 2 In negatwe control a trans-actmg repressor
binds to the cis-acting operator to turn off transcription.

Taken from: J.E. Krebs, E.S. Goldstein, S.T. Kilpatrick; ,,Lewin’s Genes XI“; Jones&Bartlett Learning
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Positive Regulation

GENE OFF BY DEFAULT
Start point

Gene

Promoter

GENE TURNED ON BY ACTIVATORS
Factors interact with RNA polymerase

FIGURE 26.3 In positive control, a trans-acting factor
must bind to the cis-acting site in order for RNA poly-
merase to initiate transcription at the promoter.

Taken from: J.E. Krebs, E.S. Goldstein, S.T. Kilpatrick; ,,Lewin’s Genes XI“; Jones&Bartlett Learning
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35

NEGATIVE CONTROL POSITIVE CONTROL
_
157'%",};&:,;7(3 S
Z
©)
g v ¥
Z (1)\‘) 7 Q , v,: %
Repressor Inactive Ina_ctive I Active
@ repressor activator Q@ activator
Inducer Inducer
REPRESSED INDUCED REPRESSED INDUCED
> P> =3> >
v \
= N\ AVAN
©)
(@)
0
7
s i @
LU { :
Inactive Active Active Inactive
repressor @ repressor activator activator
Corepressor Corepressor
INDUCED REPRESSED INDUCED REPRESSED
3> => = >

FIGURE 26.4 Regulatory circuits can be designed from all possible combinations of
positive and negative control with inducible and repressible control.

Taken from: J.E. Krebs, E.S.
Goldstein, S.T. Kilpatrick; ,,Lewin’s
Genes XI“; Jones&Bartlett
Learning
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Glucose controls expression of Jac operon

Glucose available: lactose is not imported

_ Pts Lac
Influence of Glucose on expression transport permease
of lac Operon system
Lactose
Glucose "‘

e

Glucose controls import of lactose .
and of other alternative carbon
sources Lac repressor
is active
e
lac operon

Lactose is imported in absence of glucose

=

H -
Sty
( : : >
T Lac repressor
is inactive
lac operon

virtualtext veww erglto O
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Figure 10.22 Glucose causes catabolite repression Carbon Catabolite Regulation
by reducing the level of cyclic AMP.
s Cyclic AMP acts as an inducer
Red cAMP .. .- .
‘V” % SeoR CAP (CRP) protein is a positive acting
WM % regulator protein
.
Active CAP Inactive CAP
5’
O—CH, o Adenine
o/
AN
/ P \
2 0 OH
o) =
FIGURE 26.26 Cyclic AMP has a single phosphate group
No transcription connected to both the 3’ and 5" positions of the sugar ring.

Taken from: J.E. Krebs, E.S. Goldstein, S.T. Kilpatrick; ,,Lewin’s

Genes XI“; Jones&Bartlett Learning
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Start point

== Promoter ==

<= CRP-binding locations ===

FIGURE 26.29 CRP bends DNA =>90° around the center
of symmetry. Class I CAP-RNAP-promoter complex electron
microscopy (EM) reconstruction and fitted model: inferred
path of DNA. Reproduced from H. P. Hudson, et al., Proc.
Natl. Acad. Sci. USA 47 (2009): 19830-19835.

FIGURE 26.30 The CRP protein can bind at different sites

relative to RNA polymerase.

Taken from: J.E. Krebs, E.S. Goldstein, S.T. Kilpatrick; ,,Lewin’s
Genes XI“; Jones&Bartlett Learning

Transcription
i

BAVANIT G T G ANSNSTINANGNTT C A N ATy
FTENA C A C T NeeAINNA G T N T AN
Highly conserved Less conserved
pentamer pentamer

FIGURE 26.28 The consensus sequence for CRP contains
the well conserved pentamer TGTGA and (sometimes) an
inversion of this sequence (TCANA).
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| A regulator may block ‘ribosome binding Reg ulation at

- "m@[ﬁ‘“‘ﬁmﬁ’g@ translation level

R

< Riboso me*mrjgljng‘"slta:‘fi? 5

Figure 12.27 A regulator protein may block translation by
binding to a site on mRNA that overlaps the ribosome-
binding site at the initiation codon.

Translational repressors bind to mRNA

" Repressor Target gene Slte of actlon |

R17 coat protem R17 replicase Haurpm that mcludes nbosome bmdmg site |

T4 RegA Early T4 mRNAs Various sequences including initiation codon |
T4 DNA polymerase T4 DNA polymerase  Shine-Dalgarno sequence
T4 p32 Gene 32 Single- stranded 5' Ieader

Taken from: B. Lewin, Essential Genes, Pearson Ed, Figulte 12.28 Proteins that bind to sequences within the initiation regions of mRNAs may
International function as translational repressors.
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40 LS
. When rRNA is available, the r-proteins associate with it.
Translation of mMRNA continues.

r-proteins N 0::';

When no rBNA is availale, r-proteins accumulate.
An r-protein binds to mRNA and prevents translation.
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amunn 0

FIGURE 26.42 Translation of the r-protein operons is

autogenously controlled and responds to the level of rRNA. Taken from: J.E. Krebs, E.S. Goldstein,
S.T. Kilpatrick; ,Lewin’s Genes XI*;
Jones&Bartlett Learning
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Attenuation
Indole-glycerol Tryptophan synthetase
Protein Anthranilate synthetase synthetase B chain A chain
Gene trpE trpC trpB tpA t t'
— ——
Control region
Promoter Operator Leader Attenuator
pppN ICGUACUGAAAGGUUGGUGGCGCACUUCCUGAN,; AUUUUULUU
¥ 2 s'}g
l Leader peptide : G G
' & terminator
Met Lys Ala lle Phe Val Leu Lys Gly| Trp Trp|Arg Thr Ser , V
G-C-rich hairpin/

U-rich single strand

FIGURE 26.35 The trp operon has a short sequence coding for a leader peptide
that is located between the operator and the attenuator.

Taken from: J.E. Krebs, E.S. Goldstein, S.T. Kilpatrick; ,,Lewin’s Genes XI“; Jones&Bartlett Learning
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Regions 3 and 4 ALTERNATIVE STRUCTURES Regions 2 and 3 pair;
pair to form the Region 2 is complementary to 1 and 3 terminator region

terminator hairpin ~ Region 3 is complementary to 2 and 4 s single stranded

FIGURE 26.36 The trp leader region can exist in alternative base-paired conformations. The
center shows the four regions that can base pair. Region 1 is complementary to region 2,
which is complementary to region 3, which is complementary to region 4. On the left is the
conformation produced when region 1 pairs with region 2 and region 3 pairs with region 4.
On the right is the conformation when region 2 pairs with region 3, leaving regions 1 and
4 unpaired.

Taken from: J.E. Krebs, E.S. Goldstein, S.T. Kilpatrick; ,,Lewin’s Genes XI“; Jones&Bartlett Learning
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disrupts 2:3 pairing
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CUAAUGAG

elnle
Tole

3:4 pairing forms
Ribosome halts at terminator hairpin
Trp codons FIGURE 26.37 The alternatives for RNA polymerase at
the attenuator depend on the location of the ribosome,
which determines whether regions 3 and 4 can pair to
form the terminator hairpin.

Taken from: J.E. Krebs, E.S. Goldstein, S.T. Kilpatrick; ,,Lewin’s Genes XI“; Jones&Bartlett Learning
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‘ ~ Transcription of antisense RNA generates an RNA-RNA duplex
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Taken from: B. Lewin, Essential Genes, Pearson Ed. International
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Figure 10.44 Increase in
osmolarity activates EnvZ,
which activates OmpR,
which induces transcription
of micF and ompC (not
shown). micF RNA is
complementary to the

5' region of ompF mRNA
and prevents its translation.
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- Regulator excludes protein binding

Protein binds =
single-stranded ( J

region in target N n/
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e e e

F-P Protein cannot bind to target

Figure 13.13 A protein that binds to a single-stranded re-
gion in a target RNA could be excluded by a regulator RNA
that forms a duplex in this region.

. Endonuclease cleaves duplex target

T
e

/75T VN
) ) O

& ©

Figure 13.14 By binding to a target RNA to form a duplex
region, a regulator RNA may create a site that is attacked by
a nuclease. J

Taken from: B. Lewin, Essential Genes, Pearson Ed. International
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| Target has alternative conformation
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. Figure 13.15 The secondary structure formed by base pairing between
( )} two regions of the target RNA may be prevented from forming by base

= pairing with a regulator RNA. In this example, the ability of the 3' end of
the RNA to pair with the 5’ end is prevented by the regulator.

Taken from: B. Lewin, Essential Genes, Pearson Ed. International
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l. ~ AZQ3 terminal loop in oxys RNA pairs
LAWY, the initiation site of flhA mRNA
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flhnA mRNA
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oxyS RNA

5I

3l

Figure 13.18 oxySRNA inhibits translation of f/hA mRNA by
base pairing with a sequence just upstream of the AUG initi-
ation codon.

Taken from: B. Lewin, Essential Genes, Pearson Ed. International
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No protein

Figure 13.19 /in4 RNA regulates expression of /in74 by binding to the 3’ nontranslated region.
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! dsRNA is cleaved ~22 bases from the 3’ ends to generate siRNA

P WP WOLF T,

21-23 bases
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21-23 base siRNA with protruding 3' ends

Figure 13.20 siRNA that mediates RNA interference is generated by cleaving dsRNA into
smaller fragments. The cleavage reaction occurs 21-23 nucleotides from a 3’ end. The siRNA
product has protruding bases on its 3 ends.

Taken from: B. Lewin, Essential Genes, Pearson Ed. International
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_ RNAi works by generating siRNA

Nuclease cleaves dsRNA to siRNA
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Figure 13.21 RNAi is generated when a dsRNA is cleaved
into fragments that direct cleavage of the corresponding
mRNA.

Taken from: B. Lewin, Essential Genes, Pearson Ed. International
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dsRNA has both general and specific effects
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Figure 13.22 dsRNA inhibits protein synthesis and triggers
degradation of all mRNA in mammalian cells as well as hav-

Degradation ing sequence-specific effects.
of all mRNA

Taken from: B. Lewin, Essential Genes, Pearson Ed. International



