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Codon Structure is important for gene function

TABLE 6.5 LG genetlc code as expressed by triplet base sequences of mRNA'

N 6‘ (sp signal)
None (stop signal)

a The boxes of codons are colored according to the scheme:  ionizable: aeidic, . ionizable: basxc, " nonionizable polar, and = nonpolar (ﬂ Figum 2,12).

The nucleotide on the left is at the 5'-end of the triplet.
b AUG encodes N-formylmethionine at the beginning of mRNAs of Bacteria.




Eukaryotes have a
complex expression
machinery
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FIGURE 6.2 Contrast of information transfer in prokaryotes
and eukaryotes. (a) Prokaryote. A single mRNA often contains
more than one coding region (such mRNAs are called poly-
cistronic). (b) Eukaryote. Noncoding regions (infrons) are re-
moved from the primary RNA transcript before translation.
The mRNAs of eukaryotes are almost always monocistronic.




Processing of eukaryotic mRNA

Pre-mRNA (primary transcript)

Poly-A site

Start

5'-Cap
3'-Polyadenylation

— w Stop ___Poly-Atail
— Introns excised
mRNA b BT
St Stop
B [ T  AAAAAARA

ﬂTranslation
Protein
T T el

FIGURE 6.32 An overview of the processing of the pre-
mRNA into mature mRNA in eukaryotes. The processing
steps including adding a cap at the 5'-end, removing the in-
trons, and clipping of the 3’-end of the transcript while
adding a poly-A tail. All these steps are carried out in the
nucleus. The location of the start and stop codons to be used
during translation are also indicated.
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FIGURE 6.31 Structure of the cap added to the 5'-end of
eukaryotic mRNA.



Gene Expression in Prokaryotes
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FIGURE 6.26 The interaction
of RNA polymerase with the
promoter. Shown below the dia-
gram are six different promoter
sequences identified in Escher-
ichia coli. The contacts of the
RNA polymerase with the —35
sequence and the Pribnow box
are shown. Transcription begins
at a unique base just down-
stream from the Pribnow box.
Below the actual sequences at
the —35 and Pribnow box re-
£1ons are consensus sequences
derived from comparing many
promoters.
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FIGURE 6.25 Transcription. (a) Steps in

messenger RNA synthesis. The initiation

! and termination sites are specific nucleotide
sequences on the DNA. RNA polymerase
moves down the DNA chain, causing tem-

1 porary opening of the double helix and
1 transcription of one of the DNA strands.
5' / 3'

Termination site
reached; chain
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| When a termination site is reached, chain
1 growth stops, and the mRNA and poly-

| merase are released. (b) Electron micro-

| graph of transcription occurring along a

| gene on the Escherichia coli chromosome.
¢ The region of active transcription repre-
(@ ] sents about two kilobase pairs of DNA.
Transcription proceeds from left to right.

Release of polymerase
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Transcription Termination
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Stem-loop in RNA
immediately upstream
from a run of uracils
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of transcription

Intrinsic terminators
include palindromic
regions that form
hairpins varying in
length from 7 to 20 bp.

FIGURE 6.27 Inverted repeats in tran- ¢ @ G-C—rich region in stem
scribed DNA lead to formation of a stem-

loop structure in the RNA, which can result / Singie-siranced.C-iun
in termination of transcription. J uuuuuu




Transcription Initiation in Eukayotes

FIGURE 6.28 The interaction of eukaryotic RNA polymerase
Il with a promoter. The polymerase itself (shown in brown) is
positioned at the initiator element (INR) of the promoter. A
TATA box binding protein (shown in yellow) is shown bound
at the TATA box. The polymerase has a repetitive sequence at
one end (shown as a tail-like structure) that can be phosphory-
lated. The other proteins shown in blue are a few of the very
large number of accessory factors required for initiation.



Regulation Processes
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FIGURE 7.1 An overview of the mechanisms that can be used in regulation. The product of gene A is enzyme A, which is
synthesized constitutively and carries out its reaction. Enzyme B is also synthesized constitutively but its activity can be inhib-

ited. The synthesis of the product of gene C can be prevented by control at the level of translation. The synthesis of the product
of gene D can be prevented by control at the level of transcription.




IRE 7.6 Repressmn of enzymes involved in arginine FIGURE 7.7 Induction of the en'zymg B-galactosidase on :
: 1 of arginine to the medium. N:f at the addition of lactose to the medium. Note that the rate Of
 the rate of protem synthesis remains unchang total protein synthesis remains unchanged.
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FIGURE 7.9 The process of enzyme induction using a re-
pressor. (a) A repressor protein binds to the operator re-
gion and blocks the action of RNA polymerase. (b) An
inducer molecule binds to the repressor and inactivates it.
Transcription by RNA polymerase occurs and an mRNA
for that operon is formed. In the case of the lac operon the
repressor would be the lac repressor, and the inducer
would be allolactose.
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FIGURE 7.8 The process of enzyme repression. (a) Tran-
scription of the operon occurs because the repressor is un-
‘able to bind to the operator. (b) After a corepressor (small
“molecule) binds to the repressor, the repressor binds to the
‘operator and blocks transcription; mRNA and the proteins

itencodes are not made. In the case of the argCBH operon

the repressor would be the arginine repressor and the core-
pressor would be the amino acid arginine.




FIGURE 7.18 Diauxic growth on a mixture of glucose and
lactose. Glucose represses the synthesis of B-gal
After glucose is exhausted, a lag occurs until B-ga]actasi

dase is synthesized, andthengrowthcanresumeonlactose
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FIGURE 7.10  Positive control of enzyme induction. (a) In
the absence of an inducer, neither the activator protein nor
the RNA polymerase can bind to the DNA. (b) An inducer
molecule binds to the activator protein, which in turn binds
to the activator binding site. This allows RNA polymerase
to bind to the promoter and begin transcription. In the case
of the malEFG operon, the activator protein would be the

maltose activator protein and the inducer would be the
sugar maltose.
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FIGURE 7.19 Cyclic adenosine monophosphate (cyclic
AMP, cAMP) is produced from ATP by the enzyme adeny-
late cyclase.

Positive Kontrolle




CAP binding site

Promoter —
> . -35 sequence I
AGGCACCCCAGGCT TTTATGCTTCCGGCT
@
- Operator
® Translation start site
Shine— o
b Transcription start site Dalgarn
ibnow box
- : GGAAAGAGCT ACC

GAGCGGATA

CCTTTGTCGATACTGG

- lacZ —

~———— Operator ——

~—— Promoter ——>

CAP
-binding site » -35 Pribnow -—— e ———
5'_77 mRNA
Shine-  Start
(b) Dalgarno codon

FIGURE 7.20 The genetic elements involved in regulation of the lactose operon. The first gene in this operon, lacZ, en-
codes the enzyme B-galactosidase, which breaks down lactose (see Figure 7.9). The operon contains two other genes that are
also involved in lactose metabolism. (a) Part a shows the nucleotide sequence of the control region of this operon. Notice
that the two halves of the operator (where the repressor would bind) are almost perfect inverted repeats. There are also in-
verted repeats in the CAP binding site although these are less perfect. Also shown are the transcriptional start site and the
—35 sequence and the Pribnow box, which are part of the promoter (o= Figure 6.26). In addition, the location of the base
pairs encoding the Shine-Dalgarno sequence and the start codon are also given. These two sequences would function on the
mRNA (o= Section 6.10). (b) Part b shows a diagram of this region that also includes the beginning (5’ end) of the mRNA
that would be formed.
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FIGURE 7.12 Some activator proteins interact with RNA
polymerase. (a) The activator binding site is near the pro-
moter. (b) The activator binding site is several hundred base
pairs from the promoter. In this case, the DNA must be
looped to allow the activator and the RNA polymerase to
contact.
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FIGURE 7.22 The control of gene expression by a two-
component system. The main components of the system |
include a sensor kinase in the cell membrane that phosphory-
lates itself in response to an environmental signal. The ~
phosphoryl group is then transferred to the other main
component, a response regulator. In the system diagrammed
in this figure the phosphorylated response regulator serves
as a repressor. There must also be a phosphatase in the sys-
tem to cycle the response regulator.



m few of the global control systems known in Escherichia col

Primary activity Number of genes

System Signal of regulatory protein regulated
Aerobic respiration Presence of O, Repressor (ArcA) 50+
Anaerobic respiration Lack of O, Activator (FNR) 70

Catabolite repression Cyclic AMP concentration Activator (CAP) 300+
Heat shock Temperature Alternative sigma (o) 36

Nitrogen utilization NH; limitation Activator (NR;)/alternative sigma (™) 12+
Oxidative stress Oxidizing agent Activator (OxyR) 30+
SOS response Damaged DNA Repressor (LexA) 20+

i For many of the global control systems, regulation is complex. A single regulatory protein can play more than one role. For instance, the regulatory protein for
aerobic respiration is a repressor for many promoters but an activator for others, whereas the regulatory protein for anaerobic respiration is an activator protein
for many promoters but a repressor for others. Regulation can also be indirect or require more than one regulatory protein. Some of the regulatory proteins
involved are members of two-component systems (see Section 7.7). Many genes are regulated by more than one global system. (For a discussion of the SOS
response, see Section 9.3.)

- BLERagl Some two-component regulatory systems from Escherichia coli that regulate transcription

Activity of response
System Environmental signal  Sensor kinase Response regulator regulator®
Arc system O, ArcB ArcA Repressor/ Activator
Nitrate and nitrite Nitrate and nitrite NarX and NarQ NarL Activator/Repressor
anaerobic regulation NarP Activator/Repressor
(Nar) ‘
Nitrogen utilization NH," NRy;, the product of glnl. NR;, the product of gInG  Activates RNA polymerase at
(Ntr) promoters requiring o”".
Pho regulon Inorganic phosphate PhoR PhoB Act%vator
Porin regulation Osmotic pressure EnvZ OmpR Activator/Repressor
i Note that several of the response regulator proteins act as both activators and repressors depending on the genes being regulated. Although ArcA can function
as either an activator or a repressor, it functions as a repressor on most operons that it regulates.
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