Transcription
The Players:
RNA polymerase  Synthesizes 5’ to 3’
uses NTPs (ribose) not dNTP (deoxyribose)
uses UTP and not TTP

does not need primer, Why?

Nontemplate strand 5 - CTGCCATTGTCAGACATGTATACCCCGTACGTCTTCCCGAG - 3
Template strand 3' = GACGGTAACAGTCTGTACATATGGGGCATGCAGAAGGGCTC 45
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Which of the following mutations within a gene would
be the worst?

A) Insert a single base
B) Change the 3 base of a codon.
C) Change the 2" base of a codon
D) Delete three bases

E) Delete one base and insert a different base in the
next codon

Transcription: who are the players?

Temporary partner recognizes the
promoter of the gene to be
transcribed.

1) RNA polymerase

Binds the DNA
template

ﬂ = . '
\ Sigma factor

Core enzyme  Binds the NTP Holoenzyme

o

First mechanism for gene regulation.

Keeps the core together i i i
Different ¢ subunits recognize

different promoters with different
efficiencies!

2) Promoters recognized by ¢ subunit of the RNA
polymerase. We are viewing emplate (coding)

strand.
Strong E. coli promoters
yr t(RNA TCTCAACGJAACACTTTACAGCGGCG « CGTCATTTGATATGATGC -SCCCCGCTTCCCG
rrn D1 GATCAAAXAAATACTTGTGCAAAAAA - - TTGGGATCCCTATAATGCGCOTCCGTTGAGAC
rrn X1 ATGCATFTTTCCGCTTGTCTTCCTGA« «GCCGACTCCCTATAATGCGCCNCCATCGACAC
rrn (DXE), CCTGAAATTCAGGGTTGACTCTGAAA - - GAGGAAAGCGTAATATAC - GCCACCTCGCGAC
rrn E1 CTGCAATTTTTCTATTGCGGCCTGCG - - GAGAACTCCCTATAATGCGCCTCCATCGACAC
rrn A1 TTTTAMATTTCCTCTTGTCAGGCCGG- « ACTGACAC
n A2 GCAAAAATAAATGCTTGACTCTGTAG- - CGGGAAGGCGTATTATGC - ACACECCGCGCCG
PR TAACACCGTGCGTGTTGACTATTTTA-CCTCTGGCGGTGATAATGG ATGTACTA
PL TATCTETGGCGGTGTTGACATAAATA+CCACTGGCGGTGATACTGA ATCAGCAG
17 A3 GTGAAACAAAACGGTTGACAACATGA-AGTAAACACGGTACGATGT CATGAAACG
T7 A1 TATCAAAMAGAGTATTGACTTAAAGT + CTAACCTATAGGATACTTA GCCATCGAGAG
T7 A2 ACGAAAAACAGGTATTGACAACATGAAGTAACATGCAGTAAGATAC - AXATCGCTAGGTA,
d VIl GATACAAATBICCGTTGTACTTTGTT+ + TCGCGCTTGGTATAATCGCTGGGGGT CAAAG)

Consensus sequences of promoters

-35 region =10 region

16 TR R T

Second mechanism to control gene expression. Transcription begins

here at +1, often a

Different promoters have different affinities for o purine (A or G)

subunits. Some are strong promoters and others
are weak!

Sigma factors recognize different promoters with different
efficiencies!! Mechanism for controlling gene expression.

Gene Factor -35 sequence Separation -10

sequence

rpoD o™ TTGACA 16-18 bp TATAAT
rpoH o* CCCTTGAA 13-15bp CCCGATNT
rpoN o% CTGGNA 6 bp TTGCA

fliA o CTAAA 15 bp GCCGATAA
sigH o AGGANPuPu 11-12 bp GCTGAATCA
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Heleenzyme

\ / Promoter regicn
o of DNA

Transcription

(a)
Polymerase binds
RNA polymerase scans to promoter region,
double helix forming a closed complex

S VNN

Polymerase =7
unwinds DNA,
forming an open complex /

Localized unwinding

While the promoter refers to the double stranded DNA piece of a
gene upstream from the start of transcription, when we describe
the promoter, we generally refer to the sequence on the Non-

lota [0 adina) ok <l

Transcription begins
L P PPV PO

The genes can be orientated in either
RNA polymerase fa direction!!
Montemplate strand Template strand
5 i ol gena 1 Promotersﬂm of gena 2
DNA - : AN s
template ) RGGAUGCY f ; 3
strlznd pua \ WrGecTac Y - _ 3/ A
RiMA g Template strand AMA Monlemplate strand AMA
palymerase ol gena 1 of gena 2 pelymarase
3
| ||
5° Gene 1 Gene 2
© 3 end (new)
3
g pJP Addition a1 3" end of growing chain 5’ end (old)
5
b ¥g5 p-s P-§5 P-8 P-5 P-5 P-8 P 5
Locally unwound RHA A c G G i lid &
segment of DNA | | ol
oMA A T e c c T A c
g P S4P SsS4P S-F S-P S-<P S-P S-FP S5 3
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When and how does
transcription stop?

At least two
mechanisms:

1) Rho dependent
termination

Rho protein recognizes
and binds to the 40-60
nt rut site (rho
utilization site) of the
mRNA

Rut site 3’ (new)

5’ (First nt, oldest)

ADP+ P,

i 5'-CCCACAGCCGCCAGTTCCGCTGGCGGCATTTTAACTTTCTTTAATGA-3
3 -GGGTGTCGGCGGTCAAGGCGACCGCCGTAAAATTGAAAGAAATTACT-5

DNA template strand Tranacrition

RNA: 5'-CCCACAGCCGCCAGUUCCGCUGGCGGCAUUUU OH-3'

RiVAiranacTt Rapid RNA folding
2) Hairpins or rho B
independent termination u c¢
1] G
G I ¢
A il U
C lm G Folded RNA chain
Folded RNA: C G  helps cause
G umC chain termination.
C G
C I G
G I ¢
A A
5.CCCAC UUUU OH-3'

An important feature of
prokaryotic
transcription and
translation.

Translation can occur
before transcription has .
completed because the -
processes are not
compartmentalized.
(Less control of gene  *
expression here than in
Eukaryotes)
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How are genes regulation in Bacteria? Are all genes
turned on at all times?

1) Different 6 subunits recognize different promoters.
2) Different promoters; some are efficient others not.

3) Termination sequences vary and can influence
transcription rates.

4) RNA degradation

5) Multiple genes (polycistronic) with related functions
are often clustered together in bacteria and under the
control of a single promoter.

Regulatory region Structural genes

Repressor gene Promater-Operator  f-galactosidase gene Permease gene Transacetylase gene

loc operon

6) Also there are mechanisms to slow down or block
transcription by RNA polymerase.

Operons and Gene Regulation in

Prokaryot (i
roKaryotes
ry HO H
H H
Formation CH20H o OH
of lac A 0
inducer HO b 0—CH;
OH H
H OH H
i H H H  Allolactose
H + H,0 B-galactosidase
o’ OH CHz OH CH2OH
Ha OH H 0, oH HO 0, oH
H LN
Catabolism HO NG H H o -
of lactose
H H H H
Glucose Galactose

Two physiologically important reactions catalyzed by B-
galactosidase.

Basic Components of the Lac Operon (Jacob and Monod
1960)

Promoter and Operator, are
regulatory regions; they do
not code for proteins

-galactosﬁsgese, per\glease,
Repressor Promoter ~ Operator trahsatetyla ctural genes
gene (1) (P) gene (Q) (L)

Three structural genes that make
enzymes

-
Ope rator
/ binding site

L ) Repressor Q RMNA
protein polymerase

Lactose: y
binding site Lactose

Lac | gene codes for \ Lactose/allolactose sugar,
repressor kicks the system into gear!!

. - t — 1 .
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® 0 Z ¥V A (wid type)@repressed
] P o Z Y A

- L -

Repressor binds to operator,

. i Mo transcription
blocking transcription

Mo enzymes

@10 2" v A" (wild lype)induced
I P

o L Z ¥ A
= Transcription
No binding occurs;
/transcriptfon proceeds
sy Operator-binding

site is altered when
bound to lactose

mRNA ¥

Mutants were discovered: No lactose, but
operon was on and B gal made!! How would

this work? |- =1Igene
produces a
defective product or
1 non-functional

(@)!” 0" Z7 Y" AT (mutant repressor gene) — no lactose present — constitutive

Transcription

Mo binding occurs;
transcription proceeds

"€ Operator-binding site =
of repressor altered =

b~ S

Enzymes

O¢ = 0O region sequence is
altered and not recognized
/ by | gene product

(b) 1" 0°Z" ¥' A" (mutant operator gene) — no lactose present — constitutive

! P o* L z 4 A

\ Transcription
/ Mo binding occurs;
transcription proceeds —

P

iy
g Enzymes
These are called constitutive mutations. How do you
think they found out that these were different genes??

Essentially, with “Complementation Tests”

Examine the function of constitutive mutants with F’
plasmid and partial diploids in bacteria.

Mutants mapped to different places and they behaved
differently . colipartial diploid

Add a functional I+
elsewhere and
control of the Operot

e T
Chromosome: e :H' i + t
+ Genes turned off

T
nac is restored!!
nactive
repressor A
Active 4
repressor
* Genes turned off
F' plasmid: - — 4 4 4 ;
i [ = i AT
(7

Inducible synthesis of the lac operon gene products

¢) trans dominance of lacI*: I* located frans to Z*, Y* and A*.
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E. coli partial diploid

o g G P Add a functional
Chromosome: . :”: } } t O+ elsewhere
/ Repressor blocks transcription and Contl'0| NOT
restored, still
Acti -galactt -galacto-  B-galacto-
repressor ﬁ s always ON!
permease actggijse

a\ *Translation 4
+ Q *Transcripﬁan 4
L L L L
F' plasmid: — Pt oF 1 7+ 1 J

I Ve At
t Repressor cannot bind to 0°

Inducer absent; functional lac operon gene products are synthesized

(b) Constitutive synthesis of the lac operon gene products in an
F' i+ Pt O° Z+ ¥* A* /I P* Of Z~ Y~ A~ bacterium.

Fig 23.8 The operator
acts only in the cis
configuration.

Other Mutants Discovered:

Repressor protein (I gene) has two active sites, one to bind to
the Operator and one to bind to lactose. What would a
mutation affecting the latter site do?

Permanently repress the operator, always

turned off: IS “super-repressed”

10" Z' " A" (mutant repressor gene) — lactose present — repressed

P P o L z Y A
e — I |
g g Repressor always bound to
~=¥operator, blocking transcription

*Lactose-binding

# site altered; no binding
to lactose

The repressor protein has two active sites. If a mutation (X)
occurs in the Lacl gene as shown which changes the protein as
shown, what will be the result?

A) B-galactosidase will be made when lactose is present

B) B-galactosidase will be made when lactose is absent
C) B-galactosidase will never be made
D) B-galactosidase will be made when galactose is present

E) B-galactosidase will be constantly made

Repressor Promoter Operator  Leader
gene (1) (P) gene (Q) (L) Z

S 1 ——— | 1

Stuctural genes
Y

Ao b 4

Operator-
binding site

' Repressor O RMNA
| protein polymerase

Lactose-
binding site Lactose

So Far...

We see a control system that nicely turns on genes only when
they are needed to metabolize a particular product (lactose).

What about control when lactose is present, but the product
(glucose) is not needed.
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Glucose inhibits this enzyme

J:EE?- / J:I}

Catabolic Repression of the lac Operon, even tighter regulation of the
operon. Glucose is easier to use, so if present, why use lactose?

(a) Glucose absent

CAP - |
_— CAP-cAMP

Catabolite activator complex binds

l RMA polymerase binds

teins
pm:’m N e | - Structural genes
=
— |
—— I =
CAMP CAP-l?[mding Polyn_':erase l
CAMP levels increase 1 site site |

T Transcription
ni Promoter region

Efficient Transcriptio

Translation
RNA polymerase
seldom binds
l/' Structural genes
Glucose cAMP levels #
decrease M — — -

0 0 Adenylcyclase
Il 1l 1l I CH
0-P-0-P-0-P-0-CH, , el 2
1 1 1
0 0" 0
H H 0=
" A7
OH OH OH
ATP Cyclic AMP
The adenylcyclase-catalyzed synthesis of cyclic
© 2003 John Wiley and Sons Publishers AMP (cAMP) from ATP.
Promater
r A 1
CAP/cAMP RiNA polymerase Operator
Igene blnd::\g site hlnd‘r:\g site Zaune

E55E4! : Lo :
Lt : . :
L L N I ' . 4 L
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-
Th: 4
I e |
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Organization of the promoter-operator region of
the lac operon.

CAP-binding Polymerase 2
site site '
L T - | Transcription diminished
Inefficient Transcription!! Promioterregion *
Lranslation diminished
ANA polymerase
cok ! CAP site interaction site
E——————— +
:
£ by cnp
33 § &8 8 HighG-C High A-T
I e o ey,
s GMAGCGGGCAGTGAGCGCAACGCAATTMTGTGAGTTAGCTCACTCATTAGGCACCCCAGG
CTTTCRCCCRTCACTCGCGTTRCRTTARTTACACTCAATCGAGTGAGTAAT CCGTGGGRT RAA
: 10 20 30

40
! TTGACAT

——F romoter

. " "
b Ll T
——Protecled by RNA polymerase
Protected |
[ by repressor 5 . =
High G- C mRNA z £ s

T —

ATGCTTCCGGCTCGTATGT TETGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTATGACCAT

TACGAAGGCCGAGCATACAACACACCTTAACACTCGCCTATTGTTAAAGTGTGTCCTTTGTCGATACTGGTA
0 1

60 70 80 i 90 100 L1110 120
TATAAT 1

__Operator
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facl Promoter lacO | facZ -

Where is the repressor protein encoded?
Where does it bind?




