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M.Sc. Il Semester (2019-20)
Paper BCH 201: Fundamentals of Molecular Biology (Unit I11)
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Tryptophan Biosynthesis
(anabolic pathway)

5 Structural Genes (a-e)

Promoter/ Operator
Region (p,0)

Regulator Gene (irpR)



- A negative repressible operon
- Five structural genes

trpE, trpD, trpC, trpB, and trpA

(five enzymes together convert chorismate to tryptophan)
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Organization of trp Operon

Structural GenesE, D, C,B & A

<€ >
rpR Pi o] rpl I] trpkE I trpD | rpC I trpB I trpA
l u T

Ve W I Altenualor

slement
- ' High levels Low levels
P of tryptophan of tryptophan

L ]
—ii A ttenuated mRNA

*4/4/2020 8



trp Operon of Escherichia coli

SWhen tryptophianisiow RNA po\lymerase Structural genes
— #

1 N
The trp repressor Transcription It cannot bind X Transcription ...and transcription
is normally inactive. || and translation to the operator,... ‘ and translation takes place.
\ ! |
Inactive regulator ’/v Enzyme { } } }
. PN
protein (repressor) components | J. ). l_}___g
Chorismate = j > > @® Tryptophan

When tryptophan is high

= P l= S— /#{Operator //, e ——
[
Transcription ‘
and translation A * Notranscription

l A : The trp repressor then

Inactive regulator Tryptophan binds to binds to the operator and

protein (repressor) ‘ the EEpPRCSS and shuts transcription off.
makes it active.
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Tryptophan: Effect on Negative Control

Low Tryptophan = no repression

Transcription

troOP commip-

troR troEDCBA
Leader,

attenuator

Aporepressor
monomer
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Repression: Tryptophan is a co-repressor =
binds Inactive apo-repressor converting it to
active repressor

RNA polymerase

mRNA T

b % Repressor dimer

Aporepresso\ /[
monomer

& Tryptophan
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Operator site lies within the promoter

Allosteric transition

Allosteric protein-protein whose shape is changed upon binding of a
particular molecule = In the new conformation the protein’s ability to react
to a second molecule is altered

Trp operon has another level of control - Attenuation

Repressor lowers transcription 70-fold (as compared to
derepressed state) = attentuation permits another 10-
fold control = total dynamic range of control = 700-
fold
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Attenuation of the trp Operon

* Attenuation is a regulatory mechanism in which

translation of a leader peptide affects transcription of
a downstream structural gene.

A. Stem loop structures in attenuator region

The attenuator region of

e

Translation ” t Attenuator RNA regigln ;

stop codon tenuator | contains areas capable o
the trp O pero n ha S 2 P base pairing. 1:2, 2:3, and

5 Adi 3:4 stems are ppssible.

trp codons and is jaonol The 3:4 stem will

trp codons\ | terminate transcription. |
capable of forming JmENA_X |

stem-loop structures. lgadlac s Urich

coding region attenuator
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Low tryptophan: transcription of trp operon genes=> RNA
polymerase reads through attenuator.

trpO,P trpL (leader) attenuator  trpE==p>

AN NOANINZANIN VN ONIN NN NN TN NN ZNZNZNONIN NNV ONONINZNONON &

— ATG UGA
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Attenuator Region of Trp Operon

Attenuator region

p o 1 2 3
1001 T ] i [ = =
Leader
peptide
gene
>| Structural
4 genes (e, d, ...)

m n u | 1 1000
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High tryptophan: attenuation, premature termination -
attenuator causes premature termination of transcription

trpO,P trpL (leader) attenuator trpE

——ATG UGA —

Metuwnmnnn Ser leader termination

1. Attenuator region contains transcription stop signal
(terminator) > not STOP codon!

2. The terminator consists of an inverted repeat followed
by string of eight A-T pairs.
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3. The inverted repeat forms a hairpin loop.
4. When RNA polymerase reaches string of U’s...
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..the polymerase pauses, the hairpin forms
- Transcript IS released
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-
-> Termination occurs before transcription reaches
the trp structural genes
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Mechanism of Attenuation

Attenuator region

p o 1 2 3
1001 T ] ] [n = =
Leader
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gene
>| Structural
4 genes (e, d, ...)

m n u | 1 1000

*4/4/2020 19



Key insight: mMRNA produced from attenuator region can
fold into two different secondary structures

Stem loops: 1-2, 3-4 Stem loop: 2-3

C
!
S
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The Importance of the Leader Region
\

+++ AAGUUCACGUAAAAAGGGUAUCGACA

COO00COLOL00COOO

AAUGAAAGCAAUUUUCGUACUGAAAGGUUGGUGGCGCACUUCCUGA!/

30 40 50 60 70

-the 14 amino acid peptide formed from the leader
sequence has 2 tryptophans.

-trp is a “rare” amino acid
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1. Recall that in bacteria, translation typically occurs
almost simultaneously with transcription.
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2. Thus, as soon as trp leader region Is transcribed,
translation begins.

Consider LOW Trp Conditions

3. During low tryptophan concentration, ribosome will
stall at trp sites.

4. The trp site is right in the middle of region 1 of the
attenuator

2> Meanwhile RNA polymerase continues to
transcribe
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*The stalled ribosome prevents the formation of stem
loops 1-2/3-4 and promote the formation of stem loop
structure 2-3

ribosome 2
stalls

[ 1111

no terminator
polymerase
continues

3

) K ~UUUUUUUU—
O G,
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1. Stem loop structure 2-3 does not result in
transcriptional termination = whole operon mRNA
made.

2. What happens to the stalled ribosome?

*(1) Since the genes in the operon have their own
start sites other ribosomes can come and translate
those proteins

(i) Stalled ribosome can eventually either
Incorporate trp-tRNA (+ 3 more a.a. before reaching
stop codon) or dissociate from mRNA
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At HIGH Trp Conditions

1. When high levels of Trp-tRNA are present the two
tryptophan codons do not represent a barrier translation
-> ribosome breezes through.

2. Ribosome continues through element 1 (no stalling)
and reaches stop signal (UGA)

3. With no ribosome - stem loops 1-2/2-3 form on the
MRNA - halting transcription before polymerase has
chance to reach trp structural genes.
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*Effect on
ribosome and
transcription at
HIGH Trp levels

. / Uyuuuuuuu
ribosome S

Note: the 14 falls off  y— terminator
hairpin;

U 3
amino acid leader at StOD/ ) 4 polymerase

peptide is signal Q o

synthesized
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-This mechanism involves: transcriptional-translational
coupling.

-Relies on rate of transcription & translation to be
comparable - if RNA polymerase >> ribosome, it might
pass through attenuator region before ribosome had a
chance to stall at the tryptophan codons.
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1. Attenuation response controlled by trp RNA-binding
attenuation protein (TRAP)

2. Protein assists in translational termination.
d:"‘-.. A - tryptophan
*Absence of trp Y308
transcription A anti-termination
proceeds 5

G
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Second

First position (5’-end)

Uuu e
uuc
UUA
leu
UuG uUcG
| cuu ccu
cuc CcCC
leu pro
CUA CCA
| CUG CCG
AUU ACU
AUC jle ACC
thr
ACA
ACG
GUU GCU
GUC GCC
val ala
GUA GCA
GUG GCG

position

CAC

CAA
CAG

AAU
AAC

AAA
AAG

GAU
GAC

lys

asp

(pue-,g) uopsod paylL

GAA
GAG

glu

1 Initiation

' Termination



2. Trp-TRAP binds leader sequences by recognizing 11
triplet codons.

*3. Blocks anti-termination formation.
4. Allows

formation of
termination loop

-
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%
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5. Result:
translational
termination
OCCurs
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The following table shows the
amino acid sequences of some
leader peptides

- Leader .
Operon Length Sequence

rp 14 MKAIFVLKGWWRTS

pheA 16 MKHIPFFFAFFFTEP

his 16 MTRVQFKHHHHHHHPD

thr 21 MKRISTTITTTITITTQONGAG

leu 28 MSHIVRFTGLLLLNAFIVRGRPVGGIQH

ilv 32 MTALLRVI SLVVI SVVV I I I PPCGAALGRGKA




