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Regulation of gene expression
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Regulation of gene expression
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Coordinate Regulation

R

Operator

BRNE[E

+

Polycistronic mRNA

4/ 68



Polycistronic mRNA

%N/ FmRNA

—

Promoter| |Operator

RNA
,_polymeras

(Cwon1 | [ Ciswonz] [ Cmwons ||

+1

Polycistronic
MRNA

Protein 1
Protein 2 Protein 3

Polycistronic mRNA I Translation

4

5/68



EE RIRIEZ 2 EKFE R

Compact DNA Lavals of gene control

Wit g ™
Alteration of structure >~ Eg i—ﬁhﬁ- _UEE: 2

e I: 4
AR [ F

e BRI

i g

Relaxed DNA

') adie

|
W e
-

P Tt

Processed mRNA
)

—
} RNA stability ~

Translation ‘1 24 A)

\MZ T

_ BRI
Protein ,! "Iﬂﬂ‘ Z
(inactive) AN A

Modified protein .
(active) 7

6/68



JRI%E S B E R RIE AL R AR

R

BRE

B3R

- bR FlE) A B AE
4 #ZEES5ERRD FEEE
AR FEIEE

[ ?ngﬂ(zlz Transcriptional level
i EF? i E 7}( Mz Post-transcriptional level

i mRNA?]III ::}ﬁ;ﬂf%ﬂ(qz Processing of RNA

— %EJSJ i»% 7}(5'2 Translational level

! %ﬂﬂi%]ﬁ 7}(S|Z Post-translational level

7168



JR %

2 ) E A RIAEE R R

- AER S EERREIK

1 FIRNAER S
AUG_ L EESDFS)

- EHARERT FE- R

- BR5ENFEESTE) EGEMRE

3FHRNA B & i
S EESDFT

. EHARERTHRRER

8 /68



BRI\ T
BT B—MRYEEBEHEHI—ARE, FEE
BT E— .

FLEERRY T 1P O Z Y A

Lac operon T !

- BRYERE (Operator) : BESFEERE S, FIEEHEERERIM
ZMIRNIER TH.

+ BIEEE (Regulator) : wIGBEEREARNERET, SHK

G THFEER, BiEEERE.

v wiSPRIBER, SHRANERGEXNERRIEHETHRIEE.

v RAVEER, SHRANERSLFESTHSENERRIEE
ITIEPE.

9/68



BRI\ TR R E

7217H] (Negative) & IEIEH] (Positive)
I P O Genes

__—~ Bi8%repressor faiEEl
T HiEMactivator 1E¥= 4§l

* | gene

£ 37 | {1 or NHIINIEREF4): #RNFFHF
- I or MAANIEESY): #HANFX

| | | or FONEERS: RUTFX
' I or MAEEZ=H: BUFH

=l
T

10 / 68



HNFPIERN -5 FE

Ak A T 1%

(b)

i1l
HY
i

{2)

i

i

AT Sotny
LR

i . ..l\.
e
" :‘
s
S

o T

m;; | SEERAEE
e @ TsEM:

KEHF E

}.ﬁﬁ&ﬁﬁ%;> P L ETR >aﬁ£§ﬁﬁi-> 2 ERRE >

11/ 68



5.2 The lac Operon | FLEEHEEY\F

Promoter Operator [acZ lacY lacA

The lac operon
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1. The Conditions of lactose Metabolism
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E. coli: “This is my favorite!”
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How to use lactose |/ A% FH 3.5
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When to use lactose /| {a[BF| B 3.5

Glucose + Lactose +

Glucose — Lactose +
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Glucose — Lactose — 15/ 68



1. Negative Regulatlon — the lac Repressor
faiA¥E—IaclE

2. Positive Regulation — CAP
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2. Negative Regulation — the /ac Repressor
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Negative Regulation — the Jac Repressor
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3.

Positive Regulation — CAP
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CAP-cAMP complex
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CAP - “The accelerator”
lac repressor — “The brake”
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5.3 The Trp Operon | BEEIRITF
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1. Negative Regulation — High Trp level

(a) Lowtryptophan: transcription occurs.

RNA polymerase

Transcription
—_—
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(b) High tryptophan: transcription is repressed.

RNA polymerase cannot
bind to the promoter
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dimer High tryptophan level:
Wb PN oo No transcription

g
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Negative Regulation — low Trp level

(a) Lowtryptophan: transcription occurs.

RNA polymerase

Transcription
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lac repressor vs. trp repressor

(b) High tryptophan: transcription is repressed.

Repressor
RNA polymerase cannot
bind to the promoter

\

Promoter1ieratl°r Leader-attenuator  trpE trpD
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“ Repressor dimer
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Lactose — the inducer
Tryptophan — the co-repressor

$#

|

Inducer iE549

(b) High tryptophan: transcription is repressed.

RNA polymerase cannot
bind to the promoter
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The Trp Operon: No positive regulation

(a) Low tryptophan: transcription occurs.

RNA polymerase

Transcription
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2. Attenuation | ERAER

Promoter

Aporepressor
dimer T

1 79
RNA polymerase cannot STOP'
bind to the promoter
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Not all transcription
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The leader-attenuator region

Region 1

B3 T X 5

Promotell I eader-attenuator

Region 2

trpE trpD
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The leader-attenuator RNA

(a) The leader-attenuator region

Region 1 Region 2 Region 3 Region4

(b) The non-terminating hairpin
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(c) The terminating hairpin

Terminating hairpin

3 4
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When tryptophan level is low ...

No trp available
to add here.

Peptide chain

3 RNA polymerase

DNA Ribosome pauses ,
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When tryptophan level is high ...

B
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5.3 Ara and Gal Operons
5.3 FRAMEENTESLABRUT

CHO
HO—C—H
H—C—OH
H—C—OH
CH,OH
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Arabinose 7.0
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1. Ara Operon | FIRI{ATERINF

(a) The ara operon

_ il — -~ | ] -
Operator CAP site Downstream Promoter _ e
_ AraC site B,
&l Genes coding for arabinose
~200 bp metabolizing enzymes
(b) — arabinose
RNA
olymerase
AraC
Nn transcription

(c) + arabinose

cAMP-CAP

When there is no arabinose,
the operon is repressed.

Arabinose

Transcription
r—p

)\ —
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Ara Operon | FRI{AEERINF

(a) The ara operon

_ il — -~ | ] -
Operator CAP site Downstream Promoter _ e
_ AraC site B,
&l Genes coding for arabinose
~200 bp metabolizing enzymes

(b) — arabinose

RNA
D olymerase

AraC
Nn transcription
When there is arabinose,
(c) + arabinose . .
the operon is induced.
cAMP-CAP
complex Arabinose
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— oam U
p
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2. Gal Operon [ }FEEERM T

(a) The gal operon

Genes coding for galactose

metabolizing enzymes
External Prgmoter Internal
operator operator

(b) — galactose

When there is
no galactose,
the operon is
repressed.

(c) + galactose
Galactose
EX
_ Transcription

=
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Gal Operon [ ¥Z &I\ F

(a) The gal operon
Genes coding for galactose
metabolizing enzymes
External Promoter Internal
operator operator

(b) — galactose

When there is
galactose,
the operon is

Galactose induced.

? &

(c) + galactose

_ Transcription
[
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5.4 Experiments | SERffi3R

Defective gene
on chromosome

partial diploid

Promoter Operator JlacZ lacY lacA

The lac operon
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Constitutive mutant lacl- | tAREBYZRTT A lacl-

(a) Constitutive mutant lacl-

Mutant Transcription is always on.

lac operon on
R
h
cnromosome 1 operator lacZ lacY

No repressor l’ >

(b) Repression in partial diploid

O

Mutant \j No transcription =

lac operon on lack

- —— B | ' T_:
No repressor

e §

’ Represso
tetramer

T

’ ac o p eron LR R R o e O (-

on plasmid = NermrT .,
lacl /\
No transcription
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Constitutive mutant lacOC | 4ARE B ZETE K IacOC

(a) Constitutive mutant lacO®

Transcnptlon is always on.
lac operon on i lacl
chromosome
lacZ lacY lacA

Mutant
operatorr
(lacO®) >
Repressor
Repressor
tetramer

(b) No repression in partial diploid

Transcription is still on.
lacl — P
lac operon o
chromosome l

T Normal

operator

lac operon
on plasmid

Normal /\
facl No transcription
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LacOc functions only on the same DNA fragment

(a) Constitutive mutant lacO¢

Transcription is always on.

lac operon on

chromosome _— lacO® Mutant  lacY lacA
l lacZ- l
’ p. V) /\ No lacZ -/
Repressor product
Repressor
tetramer

(b) No lacZ production in partial diploid

Transcription is still on.

’\’ﬁ/\ Eti g S
TR

lac operon on ]

chromosome

T * Normal

lacZ

lac operon

on plasmid Normal
lacl

/T.acZ expression is not constitutive.

o It is subject to normal regulation.

44 | 68



Structure of the lac operon
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—
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operator
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Operator lacZ

(a) Constitutive mutant lacO®

Transcription is always on.
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lac operon on
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/\ ) IacZ _/
Repressor product
Repressor
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Transcription is still on.

Jacl —_—
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product

|
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2. HEHRME
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5.6 ¥%FRFIEE
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5. RAERTXEENSE
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iRZ , EHASHELE , RNAERBETEL
IR,

« B4 : ZZHtRNA
- BB : BEMBER (ppGpp) « BH kAR

(pppGpp)




EERARTES, BABREAL
FRORNARSEN (REEMES) , DEMTERT

PRET 7 RASEHIFZRX, IERXGTPRIFAR.

!
HENGTP---& BB ZHER Y R & B
y BEBE
ATP-GTP-3’-fE B T8 I
GTP + ATP -~ > pppGpp +AMP ! B
tRNA | T
ppipp / \’ I

BEHHER SR EIEDNA EURERIAT (NMIEBRBENT) ,
BAT, XHIRNARESR, HIE SHEBENEIEE; 1 kR,
(RNABUIE, IMBIEARNAR. KBEARUEH#IERREK.

63 /68



