(Source:Pique,Michael and Peter E.Wright,Dept.(cover photo,science 245 (11 Aug 1989).))



6.1. transcriptional level control

6.2. post-transcriptional level control

6.3.Gene expression control In translation

level
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BRAEE R RIEHT
o« R AEIFRIE (constitutive expression)

Housekeeping gene
Cinducible expression by signaling molecular)
Luxury gene

« M. =B IER = B2 A B BEAE A =

Epistasis effect




6.1. transcriptional level control
Prok.
operon
stringent response
attenuator

transposon...

6.1.1. Operon control

(1961 Jacob. & Monod.)



a) operon concept

o I —RERERNHIER,
REEYHAIAE R, ZF—BRY T

Lac operon |l p o Z Y A
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b) operon control type

Negative & Positive

repressor —=——————— Negative
* | gene
expressor (apoinducer) === Positive
TR B RY

{i' or R ie Xl & # 4 ====b operonon .
*or seNIL & A% ==mp operon off °d.
{ i” or RAeN|K & 74y === operon off

*or e NI A E ~2%  ==mp oOperonon Pos.




® Repressor binding on O site

b missas

o o repressor blocks RMA po

] e SOy Iy Onesr pinsS=ancies == ST LN

Fromoter COOpearator Structural gemnae(s)

CRIs: 7AW (2007) , HHEE, %52390)



« Expressor binding front p site

L sstznw
® Operon off wemp R EE TR

e Negative control & 2R K KIHLE]

( HARIEFEAE Prok. 3845

HEFELHO

Positive control 2R #E&, =K, Z5FRIEEILE]



c) Model

® Signal molecular be needed for both types

Add signal mol. — Operonon (inducible operon)

Inducer

Add signal mol. — Operon off (repressible operon)

Co-repressor
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» Negative—Iinducible operon iy (4##88 lactose operon)

| gene — active repressor
38 kd / monomer

tetramer 152 kd

CRIE: ATF)

binding on Operator

|+

— mut. — i€ (constitutive mut.)

— I° (super--reperessible)



Lac or IPTG Iactose analog IS Inducer of Lac operon

I I I I
40— —
’ o -IPTG s
~3 25
c o
=
5 .
< .
Z ool binding between labeled =!
= lacO- DNA with 32p
= and added increasing
> 40 amounts of lac repressor. -
IPTG; 7R % W — e A
—B —D—% t“li 2 4 I | b |
Eﬁ%@;ﬁ 0 0.1 0.2 0.3 0.4
B?gggg%) Repressor (ug/mL)

(Source:Cohn. Journal of Molecular Biology, Vol. 34:
366.1968)



O gene (operator) cis-action factor

MRNA startpoint

\ .\‘ '\. //\ > /\\ ,-\\ | ’,.\‘ .
/ \..‘ /f\, / \ 4 2 ./, \5 / o

unwinding
‘ Obstruction?

40 .30 20 .10 Competition?
RNA polymerase binding

Repressor binding
CRIE: A1)




O gene (operator) cis-action factor

Protected by repressor
against methylation

TOGT TG~
ACAAC

Methylation enhanced
by repressor

Symmetrical seq. of 21 bp & G/C as axis
T can be crosslinked to repressor(binding site) —

CRIE: ATE)




O gene (operator) cis-action factor

MRNA startpoint

O & P overlap — repressor & RNA polymerase bind

at sites that overlap around the start point of Lac operon

R

repressor & RNA polymerase X} E

RNA polymerase binding

VASS

Repressor binding




O gene (operator) cis-action factor

m:::ﬁl‘j:;,

Obstruction




O gene (operator) cis-action factor

- 5

!_-*:ci'.::.:\;' mRNA

=
O* — mut. —» OC¢ occur frequently at left site of axis (?)




repressor tetramer5operator R £ R E S
l-} operon off

— Inducer (lactose) Srepressor $¢- R4 &

l

tetramer Z5M — K745 71 T FE1000X
B, operonon

_{ YEFTF O £ &5 _Effjrepressor — 28H) - BESOfr

YER T 5 W repressor
L a5 o k=g 4 FoRmMEE S




w.t. (I* O* P*) 37

add inducer — operon on

no inducer — operon off

OC mut. (I* OC P*) constitutive mut. (ZH %)

OCRZE HrepressorfF R4 & HIEE T




% Input DNA-bound

N
o
a

o
==
2

Z / No operator
’ A M

0 0.5

Repressor (ug/mL)
(Source:Molecular Biology(2002),Robert F.\Weaver,Page179)

wild-type
operator (O+)

operator-
constitutive
mutation (O°)

control A ®80
DNA,

The O°¢ lac operator binds repressor with lower affinity
than does the wild-type operator, O°¢ required a higher
concentration of repressor to achieve full binding.



i€ mut. (i O*P*) constitutive mut. (ZH %2

4)

i€ genef =Y repressoriz & 5007 B 45 & HIE

i mut. (i O*P*) super-repression mut. (#8 Pt
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s 3
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A1)
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iC genef=Yrepressor
AR FRS5OM RS EHIRET

Non binding

1€ v
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B

@9 repressor

ic die FArE: R ] B B RS R

tetramerg
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.. 53
It > i

|+
|
v Y
| tetramer

CAh

» 88— 8‘-} e
> .a (CLI=RY G ERNEY Biology(2002),Robert F.Weaver,Pagel77)




iS gene F=HJrepessor
ABeY inducer &5

L

- N
5

Pt
mut repressor = | lactose

v

tetramer

e Ve B EERAS S S S

(Source:Molecular Biology(2002),Robert F.Weaver,Page178)



OC4:%£ Hrepressor
KRG aHIRET
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cis-dominant
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cis-dominant

The ability of a site (cis-factor) to
control adjacent gene irrespective of

the presence in the cell of other alleles
of the site.

cis acting factor =t 5 & % % £ 4 K& & 69424
HERLAFEERAGE 4



Positive—inducible operon (£ k453 iR EE2R)

| > Inactive expressor
(apoinduceri&ER)

Inducer operon off

aCtive eXp ressor Inactive expressor m active expressor

\ Cleili: A1)
pinding on front Psite  #iERNA polymerase/g 3]

w.t. (IFO*P*) ¥ S

iSmut. - HEFH5EAE (super-repression) 1* >

expressor can not be activated by inducer operon off



e.g. CAMP control (universal controlling system)

(Source:Molecular Biology(2002),Robert F.\Weaver,Page173)

E.coli

Glucose—

rial density (cells/mL)

Lactose

Q
-
o
©
9]

Lac operon open

but no transcripts

J. Monod



(Source:Molecular Biology(2002),Robert F.Weaver,Page173)

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

CH,OH CH,OH CH,OH CH,OH
OH J i O oH O oH
> +
OH B-galactosidase OH OH
OH
OH OH OH
Lactose Galactose Glucose

Lactose used

Glucose
used

Bacterial density (cells/mL)
[




| (cap gene)  (CAMP acceptor protein)
—(Or catabilite gene activator protein)

PPP—C A

| Glucose
! .

A cAMPase (-)

@ ° g
O
phospho

diesterase (+)

e ‘
A Lee

Lac.Operon 1




b
N

W

Wild-type [
= CAP |

-t
N

CAP-cAMP complex
IS Important for lac
operon transcription

But too much cAMP obviously
interfered with B-galactosidase
synthesis. And cAMP has many s

—
=)
I

o
)
|

Galactosidase activity produced
o
o
|

o
HaN
I

effects, some may indirectly 2 Mg}\?t
Inhibit some step in expression S f
of the LacZ gene in vitro | 5 | |
0 " 106 105 104 103 102
Cyclic-AMP (M)

Stimulation of B-galactosidase synthesis by cAMP with

wild-type and mutant CAP (Source:pastan 1970 P.N. A S. 480-487,
June 66 (2))



Activator site Promoter

(Polymerase l

lacl (CAP binding site) binding site) Operator lacZ

:1 oo | | -

L1 deletion > |

(Source:Molecular Biology(2002),Robert F.\Weaver,Page184)
The lac control region.

just upstream of the operator, contains the activator site (or
CAP binding site)

(a) No CAP + cAMP
N I I No transcription T | N Oth i n g
u ‘ Rifampicin ‘
+ nucleotides
AR1 AR2
(b) + CAP + cAMP
'_>

. Rifampicin
+ nucleotides

AR1 AR2
(Source:Molecular Biology(2002),Robert F.Weaver,Page184 )

CAP plus cAMP allow formation of an open promoter complex



Hypothesis for CAP-cAMP activation of lac

(Source:Busby, S. and R.H. Ebright Cell 79:742,1994)

CAP-cAMP
dimer

Activator site -35 -10

The CAP-cAMP dimer binds to its activator site on the DNA,
and the a-CTD interacts with a specific site on the CAP protein
This strengthens binding between polymerase and promoter.,



_ AR RN IEEH RS
FHETZMERNREFEERF

Lac operon expression

A
' N\

lactose cAMP

( Negative-inducible) ( Positive-inducible )
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e.g.l Histidine Utilization operon (Hut)

e.0.2 A phage XBHM-

St@vimcaliE

2514 T2

= W)



e.g. 1 Histidine Utilization operon (Hut)

a) Histidine fRuHd 2

Histidine REFIR &L 1K Pk A T R £

| |

Histitase Urocanase < IPAhydrolase

Glutamate Glu W RO AR

|

FGA hydrolase




b) operon type & structure
Negative—inducible operon (regulon) by C gene (repressor)

Histidine as inducer
CRIE: /1AW (2007) , HHEE, $522610)

Histidine present Repressor

P 1O I ' ~IT0T

-

|

A

No Histidine

P % I




Positive—Iinducible operon Histidine present
by CAP—cAMP

CRIE: /1AW (2007) , HHEE, $522610)

CAP-cAMP e Repressor




Positive—Iinducible operon Histidine present

by GS (Glutamine synthetase)
NR-pi (phosphorylated Nitrogen regulator)

CRIE: A E (2007) , HHBE, 25226T0)
TEWRI B R BE & B .
GS(EiNR-pi) epressor
*— O' : I . ¥ - e 1




c) GS positive—inducible

control model



NH, “NR=Pj NO,™
I\.lRl +.AMP : (actlive) ’
(inactive) RhosRD Y Rled,
Pl
— (ATPase’s regulatory protein)
4 UMP Stimulated by (UTP),
a-ketoglutarate
— UTase UTase —
H,O Stimulated by (ppi).
Glutamine(Gln)
PII-(UMP), <
Uridilate-PlI
NRl-Pi Binds to
NRl (aCtlve) gg:trge:m site of
(inactive) 7
ATP  ADP GS

transcription




NH; + a-ketoglutarate

Glu+ NH; + ATP

GS

GIn + ADP + Pi

When N starved

a-ketoglutarate
GlIn

l Idling reaction

NR,-Pi
(GS)

l Positive control

Hut Operon



operon type & structure

Negative—inducible operon (regulon)

by C gene (repressor)
Positive—inducible operon

by GS(Glutamine synthetase)

NR-pi (phosphorylated Nitrogen Regulator)
CAP—cAMP



e.g. 2\ phage X B BrBEFERIER T4

X

——A phage ¥ & (lysogenic) FIZE (Iytic) K R B &7

% ¥

N

—A phagek B @1 FE X 1

2 Rk

A phage’R R BRI THA



Lysogenic phase

/
Vd
/

B

Phage DNA
cyclizes

e e —
|/ \‘v
\-_¥w—'//
ecision point
\Integration of phage DNA

5

Phage DNA replicates (rolling circle)
Cell lysis\
\ |2

i

e PTG — Y
AA~NE 6 a5 \ P
} [ <\ <
(\4/\ \j\_':r _‘@ \‘\_“7_/ { \\
Ph heads, »
tauigsndegNSA \

assemble into Phage DNA UV light induction (rare)
progeny phages replicates % Phage DNA excised

ST (2007) , HBHEE, #523310)




A phage X B A1 FE A7 X 1 Z: K 41 B,
Late
transcription

lysis control lysis
lysogeny
AL j
= LA
Head Tail P:Og CRO tR, CIl O PQ SR
COS —— COS
tL, int Py, Xis CIIl tLy N O, P_ ClI  Pym P re
\ t 1
Yl

redorsoifacitor Trans-factor For replication



(@) Immediate early

Aphage developing stage

Immediate early stage;

N & Cro genes transcription

(b) Delayed early

K -

fromP, & P,
Delayed early stage;
N-p required for anti-termination

at NuT, & NuT,

= cl
et N2 oo g

~\9
NN\

’ /
a /

IO\l L ate stage;

int |‘,f|‘,v‘ Without Q
att ‘ [

wiha —/ |, Q-p required

From Py

SRR (2007) , HHEE, 45236170)



N -y (N —a
A phage X B FrBfMiAEX
late late
> >
Delayed early Delayed early
< >
Early Early
< >
P
—
Head Tail PrOr CRO tR;, CIl O PQ SR
COS COS

tL, int P, Xis CIll tL; N O,P, Cl  Pgy P e



A phage’k B @12 FE X B3 K 4H R

C gene(5%JE

¢

AT

A — host —» lysogenic —» turbid colony
C gene mut. —» lytic —» Clear plague

Cl—- cl

A &

Cl-p 26kd

IV W R, (BG4

as repressor binding on PR---SR

as expresser for Cl self (I

=

PO, (S
D



Cll - cll AGENLWR, —BHEIHFEE,
WKEECI-pA] REFH IR
ClI-p as expresser
B3P > HFCl gene

Clll »>clll Z258EETIE
EXEEAERAKR

Clll-p as expresser
BEPe > 3 Cl gene




Operator (cis-factor) o, (0., Ory Ogs), O, (OL1, Ops OLs)

e - g | 1" .y ! .
! Gl LLtha U A AR TAL A T LGGLGG ] | FANATAIGTGECLOTCE - {
. ! : | - | Do — - —d | | -
J - e— - )

Oiy: Ogy, Ors PRI ZE R, Gk 23 TAEMIZE (2007) 5 XBFIEE, 3523570

W5E T Cl-p, CRO-pE5HMEGE T
For CI-p (repressor) Or; = Oy, = Ok

For CRO-p (repressor) Ok, = O, < Okg,



Cl-p/CRO-pHI#R#ERE  Monomer(200) Dimer(50)
SETOMM

—

3 MM i IFRHEVR BE AL
genotype Ogs Or, PR Og
Cl-p Cl Cl
Ogs Og, Ogi 25 2 1
Or; PrRM O, Okg,
CRO-p CRO  CRO

Ors; Og, Og; 1 8 8




Regulator (trans-factor)

Cl_p acidic protein 236 aa, 26kd

C-end dimerization domain

N-end DNA binding domain

CRO-p (Control of Repressor and Other things)
66aa (3 helix & 3 sheets)

Dimerization domain & DNA bimnding domain



N-p
Anti-termination protein
for delayed early stage
Q-p
Anti-termination protein

for late stage



Pz (Promoter for Repressor Establishment

P (Promoter for lysogenic- Establishment
L_ocated between CRO---ClI|I
Promoter Strong promoter
Positive control site with CIlI-p,CIlI-p
Transcription Cl gene & anti-sense CRO RNA

Head Tail PO, CRO tR, CIl O PQ SR

coS
tL, int P, Xis CII tL; N O, P, Cl  Pgy,

COS




Pry (Promoter for Repressor Maintenance)

Py (Promoter for lysogenic -Maintenance)

L_ocated between OR2—OR3

Promoter Weak promoter (1/7 ~ 1/8 of Pg)
Positive control site with Cl-p
Negative control site with Cl-p & CRO-p
Transcription Cl gene
Head Tail P:Or CRO tR, CIl O PQ SR
cOS oS

tL, int P, Xis CIII tL, N OLPL P e



Promoter

Pr (Promoter on Right)
Located between OR1 — OR2
Negative control site with Cl-p & CRO-p
Transcription CRO, CII, O, P, Q, S, R, H, T genes

Pr:

> > p
Head Tail RO tR, CIl O PQSR
COS COS

tL, int P, Xis CIlIl tL; N O,P, Cl  Pgy P e




Promoter

P, (Promoter on left)
|_ocated between OL1 — OL2
Negative control site with Cl-p & Cro-p
Transcription N, CII1 genes

Head Tail PO, CRO tR, CIl O PQ SR
COS COS

tL, int P, Xis CIII tL, N | Ppy P o
<




Promoter

Head Tail PO CRO tR, CIl O PQ SR
COS COS

t ClI tL, N O_P, Cl  Pgy, P ae

P.. (Promoter for Integration)
Located on the downstream of Cll|I
Positive control with Cll-p & Clll-p




Early stage;

RNApol ==)» PrOgx

b transcription CRO-p

J

Stopat Ty,
RNApol =» P, 0O,

b transcription N-p

J

StopatT, ;



Early stage CRO-p

O
Early
>
SEET Pm Cl O PQSR
Co8 ULoPBE o8
tL, int Py, Xis CIIl tLy N O, P_ ClI  Pgm P re
<
Early
O N-P

Anti-termination — Delayed early stage



(a) Weak, nonprocessive complex CRIE: o1 EYE (2007) , AHEE, 237100)

(a) NusA binds to polymerase, and N

binds to both NusA and box B of the nut site
region, creating a loop in the growing RNA.

The antitermination is caused by Inhibiting

terminator hairpin formation

box B




Delayed early stage

CRO-p Cll-p

= @
< EEEEEEEEN >
Head Tail P O PQOSR
e —
tL, int P, Xis 1 P, ClI Prm Pre
<
| + - RO-mRNA
O C anti-sense CRO-m
Clll-p

O



interaction between CI1 and two early A promoters

i
IN
IN

)

(=21)

O 0O0100>2>>0>2>220002>2>2002>0 00 -

(Source:Ptashne. Nature 304 (1983) p. 705)

1) none CII
2) 10 pmol of CII
3) 18 pmol of CI|I
4) 90 pmol of CII
The CII footprint in promoter
Includes the -35 box
(positive control site)




CI-P
Establishes

Lysogenic CImRNA + anti RNA of CRO
Maintenance & RNA pobmeroe




CRIE: o rAEWeE (2007) , HBHHEE, %5239M0)

Maintaining
lysogeny

cl

OR’PR Cro cll




CRIE: - THW¥ (2007) , XHBE, #523670)

Increasing
concentrations of
repressor CI.

check the cl and cro
transcripts,

The repressor clearly inhibited cro transcription at low
concentration,
but inhibited cl transcription at high concentration.

(Ptashne Meyer et al. Repressor turns off transcription of its own gene.
P/VAS 72 (Dec 1975)



ClI

OL3

OL2

OL1




Delayed early stage

RNApol

V'
— PrOg — transcription CRO-p & ClI-p

—> P, O, — transcription N-p & Clll-p

P off +— O,,0, <_repression

Cl-p+—

!

Establishes & Maintenance Lysogenic

RNApol—P, O, —N-p & ClllI-p

Cl-p +« Pre Positive

Positive

transcription
PRM l P

anti-sense CRO-mRNA

e—

Positive> Pi Int-p

Cll-p J




Delayed

early
stage
UV or R
INE H B
Pr
Ogs ORz,O(m\l CRO
000
\ 4 Cl PRM
Rec.Al l

QQ 0 o0
OC «— ¢ +—



P 7 CI-Pis bound to OR (and OL)
VAR ’ x S and cl is being actively
: 4 l transcribed

RecA coprotease
+ ). repressor protease from the Pgy, promoter.

11t The RecA co-protease
4N ¢ro unmasks a protease
| i e activity in the repressor, so
l it can cleave itself.
\ The severed

repressor falls off the operator,
allowing polymerase to bind to

Pr and transcribe cro. Lysogeny
Is broken.




Late stage

Cl




Late stage

Cl_p monomer U.Vv or *}[&E Elm> Cleavage

SOS
BRI

Pr 0N

Prp OFf On,+ CRO-p  { 3 | RNApol.

|_ate stage Head &tail genes<positiv

a)

Lytic stage

[Q-plé=Q, P, R, S.....




=l R-S-H-T

-35 Q-binding -10 Pause Pause

box site box signal site

P.. promoter

qul site

Q-p binding to qut site  (overlapping 16-17bp with Py.)

-Q: RNApolZitPause site)5 B &= H a4, BidHE
W, RSB0 E T 5 e SRR R a3

+Q: QRAEERSBHHSqu R4S, REQEE
ZIRNARGHE L, BRSLIET, REEFEXHMERN.,

A




Late stage

UV orﬂti&ﬁﬁﬁﬁ>dea\’age =) Lytic stage

(32 2 = BIVRAIT B I A )

SOSHH MW ¥R B H 2 DNAR G 5 5
75 B AN 5 S RRE AR AR




Late stage
---other controlling system for Lytic way selection

The purpose of A phage infection E.coli
—Lysis the host of E.coli

HARIEFETE B --- A host RNApol. binding PO

early stage <=ssm CRO-p

---CRO-p binding OR3 off Pry

HEHEFE ytic E 2



R cBeRIRNEN TEIRAS, TSR cro i H N4k
RYH =R -

SR c BT CE%%E’JISHTW% AR AIX TR
%%\%ﬁﬁ@ﬁﬂ& - BH 1 B AR R B — 4
X

ISR T RBHCROEH, ERFHIEJIERE
H % 51 AT BEL A P TR A A RS L




CHEH L

CHRHR S, Wil in) 1 s I 2

1

RS CHTIR S

YA

/AN

ARERIEE (HFL)

1

FigtE IR R 37




1142 BE B 1 K B FEX
JEEERER B O AR
H— Pt 7 ZCHE 7

HFER IR XRG4
LY FREKIE?
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 HFL gene control of host
(high frequency lysogenesis)

HFL gene mut. hfl
HFL-p degradation Cll-p lytic
When [C] starved HFL gene off (4R )

0

degradation ClI-p
Positive> Lysogenic




HE
CIMIKIE R, i T ss

1 t

PRI CII e 12 Cli

t )X 4]

Y P9 B IR TR B (HEL) L)
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1
Rl

A



« MOI =10 (Multiplicity of infection)

| ClH—pHIHFLEE
N JEcoli & E BT C1I-pl AR

Cll-p Cll-p J
monomer % dimer % |
ERfE  RE

?&‘?ﬁPRE Cl-p

Lysogenic



* Int gene and retro-regulation of sib site

Qs‘ e 0 o),

S.b BEA FERPGERNERMY, FFintp @)
RNAaselll P& IEEHA N-p

| :
(5 MRNA degradated by 3’—5’exonuclease

from sib to xis (inclusion int)

sib site negative control Int gene by sib (retro-regulation)




When lysogenic way be selected

Xis gene

=
T, , Pint xis  ClIlII Tu N
N Int MRNA

S

No XIS-p (Pint located in the region of xis)

Integratase lysogenic way



attP A WL S5

| POP’ |
sib T, Int Pi XIS ciii T,,N PO,
| PLOL
attP of A p O p
| |
attB of E.coli . i | !
B O B
A
Int (Integrase) Xis (Excisionase)
ﬁﬁ*ﬁiﬂfﬂ] POP,, BOB’ ﬁﬁ;ﬁiﬁ%ﬂ BOP’ , POB’
BOP, ) Xis P .O_ S|b POB!

O Excisionase



COI‘]Cl U sion sib retro-regulation
CRO-p precedence over Cll-p

CRO-p HFL-p
N-p Q-p
A Host Early S. | Delay early S. | Late S. Lytic S.

Neg. Py

MOI =10,
C starved

P . Xis

Cll-p pos. P, CRO-p neg. Pgy,

RNApol + Py

Maintenance Establishement

Cl-p | < > | Lysogenic | 2 > | ClI-p,CllI-p pos. Pge )

U.V degradation U.V degradation antisense CRO mRNA
Cl-p Cl-p CIl-p gene expression




6.1.2. Attenuator control
a) discovery

® E.coli trp synthetase operon (c.vanofsky stanford Univ. )

I AO leading seq. E D C B A
— | | | | )
. ° °
. ‘ Negative-repressible operon

Atrp 70-fold lower than fully de-repressed



® 1968. Imamato Lab.
[ [ [ [ [ |
O -

+ 6 the complex can not bind with the O site
A Low trp

When trp level is low, RNApol moves but falls off in the L.S.
and the transcription of the structure genes is blocked.




® 1975 Imamato Lab.

E.coli trp-AARS (t.s)

Trp 30°C —— trp-tRNA"?" —— Protein
synthesis

tRNALP 42 °C —— Nofhing

Low trp , operon open

(1ge]=
W.t. 30°C {ge]= t.5.(42°C)
AARS Why?
t.s.mut. & 42°C trpE t.5.(30°C)
~ w.t(30C)
w.t.(42°C)




« 1.5.(42°C) AARS inactive

— no trp-tRNAP synthesis
RNApol move past L.S

— transcript of trp synthetase RNA

(E enzyme level is high)
« £.5.(30°C), w.t.(30°C), (42°C) AARS active

— synthesize trp-tRNAP
RNApol break off at L.S.

— no transcription of trp synthetase RNA
( E enzyme level is low)



Conclusion:

---When trp and/or trp-tRNAYPexist in cells,
there is no synthesis of trp

(Fine-tuned control)
--- 1.5.(42°C) no AARS and trp-tRNATP,

but take for no trp by error,

Cinitiate the transcription of trp synthetase RNA)
---trp-tRNATP is the main factor leading to RNApol. falling

off at L.S.



® Fine-tuned regulation within the leading sequence

| po LS. EDCBA

enotype I* Ic
When trp is rich, ) Y

B activity detected Trp A ED 0.17 11.8
Trp AL.S.ED  1.32 100

?

I*; operon off low E activity

1 ©; operonon high E activity (~70X)

The difference of E activity of A ED &AL.S.ED (~10X) results from the L. S.

Controls the operon over a 700-fold , range from fully inactive to fully active

0.17 100



 |eading seq with cis-acting domain
Partial diploid test (trprich)

Genotype E activity Aactivity
trpi© LS. EDCBA 14 14.8
L.S. without
trpiCAA LS. EDCBEm 11 0 complementary
effect.
trpiCAE LSEHEDCBA O 16.5 |L.S-isacistactor
with attenuation
trpiCA L-C SomsssssmBA 0 o4 |effect.
Cis-dominant F
trpiAL-C posssBA 25 102

p-trpiCAA p LS. EDCpBEH




b) The primary structure of trp operon RNA

* 60~68—75~83 & 110~121—126~134 (palindromic seq.) with poly (U)
« 27—68 base —» ORF of 14aa
140 hase RNA almost binding with protein (translatable seq.)

* trp'high frequency with 1/7 in 14 aa

— [ : \ /1
26 7 Met—Lys-Al&le-Phe» al-Leu-Lys-Gly-Trp-Trp-Arg-Thr-Ser |

CACGUAAAAAGGGUAUCGACAAUGAAAGCAAUUUUCGYACUGAAAGGUUGGUG {CGC/—\CUUCQ}‘
.\_VJ/ 53 _] 1 \/_JL \/__/ Re gl on 1 '\_ﬁ\/_/,

L 110 141 —
\ Region 2 | Region 3 Region 4
AACiGGGCAGUGU}L\UUCACCAUGCGUAAAGCAAUCAGALIACCC(AGCCCGCQUAAL@-\\GCGGGCJUUUUUUU/

1# 142 162 —]
/ /\ o
GAACAAAAUUAGAGAAUAACAAUGCAAACACAAAAACC... 3

\/

CRIs: 7AW (2007) , HIHHE, 25228W)

(a) Regulatory components of the trpL region.




Peptides of L. S. for a few Operons
encoding enzymes for amino acid
synthesis where transcription
attenuation occurs.

-Lys-Arg- lle -Ser-Thr-T - lle - Thr-
(8/15
AUG AAA CGC AUU AGC ACC ACC AUU ACC ACC ACC AUC ACC AUU ACCACA 3

- Lys - His - lle -Pro-Phe - Phe - Phe - Ala - Phe - Phe - Phe - Thr - Phe - Pro -Stop

(7/16)
AUG AAA CAC AUA CCG UUU UUC UUC GCA UUC UUU UUU ACCUUC CCC UGA . 3

- Thr - Arg - Val - Gin - Phe - Lys - His - His - His - His - His - His - His - Pro - Asp-
(7/16
AUG ACA CGC GUU CAA UUU AAA CAC CAC CAU CAU CAC CAU CAU CCU GAC 3

What Is meaning ?

CRIE: o 7AEWE (2007) , HBIHEE, 55229M0)




/————/\——_——_\
[ 1 26 - ~] Met-Lys-Ala-lle-Phe-Val-Leu-Lys-Gly- -Arg-Thr-Ser
5' pppAAGUUCACGUAAAAAGGGUAUCGACAAUGAAAGCAAUUUUCGUACUGAAAGGU!I UGECGCACUUC
o >X | N~ Region 1
% 53 — TV g

72 110 141 *|
[ Region 2 Region 3 Region 4

AACIGEGGCAGUGUAUUCACCAUGCGUAAAGCAAUCAGAUACCCAGCCCGCJUAAUGAGCGGGCUYUUUUUUY,

— 142 162 —
|

& ST
GAACAAAAUUAGAGAAUAACA CAAACACAAAAACC... 3’

et

(a) Regulatory components of the trplL region.

H;-U mRNA « Trp codon and
order play an

Important role on
| the expression of

the operon

I * bUut Arg is
I I I I I Important likewise!
Met lle Leu] Gly Trp Arg [Thr His Pro Why?




C) The secondary structure of the 140 Nt RNA
« E.coli DNA

m £L.S. 570 dNt DNA frag.

In vitro transcription

140 Nt RNA
G N

RnaseT1( P} Pr)

Denaturalization /Non-denaturalization PAGE

& Northern blotting



A C B

no Urea

with Urea Eliminss=7 of the
140 71 69 43 32 25 18 2nd structure
JA C B

Recycle A, B, C bands

A
Ureagel B
C




Conclusion:

/1
!

!

i o e TR P R, =
26 ] Met—Lys-Ala-lle-Phe-Val-Leu-Lys-Gly- -Arg-Thr-Ser

5 pD;)AAGUUC.ACGUAAAAAGGGUAUCGACA AAAGCAAUUUUCGUACUGAAAGGU CGCACUUC

53 — "~~~ Region1 S\~

72 110 141 —
| Region 2 | Region 3 Region 4 |

AACGGGCAGUGUAUUCACCAUGCGUAAAGCAAUCAGAUACCCAGCCCGCGUAAUGAGCGGGCYUUUUUUY

Aband (140Nt) 70"Ntis G, locates in the single strand

B band (108-140Nt) no G exposes in the single strand
C band (52-94Nt) 52t--70t--94% js a fragment of A band’s

GSZ 694 140 GSZ GQ4

A

Con ()




Alternative pairing scheme of 3 forms for three
| sequence In the trp mMRNA leader.

INS
1
(49

CRIE: 7T (2007) , HBIHEE, #522810)



60- -70--)% &

- = { (',
Tp Iy G £
G €

JUCCUGARALC £

h .
UGG GOGCACH . . G
trp  tr §¢ 8

- LS L
- CUAAUGAS

ALK

55- - 58- - 65- -68- -

<
'y
;
J
Cppe®

20Dy

Non-starved

4

Rho-independent T.

o Y Yel e Nalal Nalalad X

CRIE: AF)

»




QP Attenuator
KAJ A structure
WHAIFVLEG : :
Leac_igr . £VLR Ribosome
peptide

B 7 RNA

polymerase

3

—— L vulu 3

Ribosome pass through Trp cetion
Trp codons

-~ -

B
S S—_—

When tryptophan levels are highthe ribosome quickly translates ORI ATF)
sequence 1 (open reading frame encoding leader peptide) and blocks

sequence 2 before sequence 3 is transcribed. Continued transcription

leads to attenuation at the terminator-like structure formed by

sequences 3 and 4.




trp structural genes

Ribosome pausing at Trp codon

|When tryptophan levels are low, [the ribosome pauses at the CRE: i)
Trp codons in sequence 1. Formation of the paired structure

between sequences 2 and 3 prevents attenuation because

sequence 3 is no longer available to form the attenuator

structure with sequence 4.

F S,



e) The biological significance of Attenuation control

When trp level is low

repressor is not enough to close operon

When trp level is high
little RNApol. Pass through the O site

If anly trp-tRNAP exist in cells, Attenuator will
Interrupt the RNApol. transcription in the L.S.



Protein synthesis

presessssseeesennniaaes trp_tRNAtrp J

| po LV.S. EDCBA A
l ‘ 4 ........ tRNAtP+ AARS

Trp synthetase opron



biological significance

The fine-tuned regulation in the Prokaryotes

!

Enhance the adaptability of prokaryotes

to the environment



The mechanism of Attenuation control

Control the of the operon
finely via t \ of the short
pepti e L.S.

Yanofsky Charles. 1981 . Nature. 289;751-758



(Source:Pique,Michael and Peter E.Wright,Dept.(cover photo,science 245 (11 Aug 1989).))



6.2.1 pre-RNA processing
(for Eukaryots only)

6.2.2 Anti sense RNA and
RNA interference (RNA/ )
T REFETIEZEY (E.coli)
HBAY (plant-mammalian)




22375 TR N

VBN (position effect)

N

AL
5K FRIZEEUTER (transcriptional gene

silencing, TGS)
B3 HEAERRAER AL L

3 57K EHIUTER (post-transcriptional gene
silencing, PTGS)




6.2.2.1 anti-sense RNA control protein translation

(Source:1983. Miruno & Simons )

micF RNA

6S 174 base
(mMRNA-interfering complementary RNA)




L2
-
-

r  
micF-RNA

"

(% |
Ae
oA
?«0
q
R
[

VA
R

o P DAL € G
1 ") Fin "|| " ; ) AN i AT nmn
. LA ! |4

Initiation codon
S.D.Seq
OmpF-mRNA

_ _ . Clcili: i)
MicRNA (anti-sense RNA) binding

5’-end of mMRNA(S.D.seq. & AUG.)




---anti-sense gene of CHS ( Chalcone synthesis gene )

1

red flower == white flower y  red flower

1

dominance /recessive ?
---non complete dominance
---stable inheritance
---D.S. RNA unstable and rapidly degradated



6.2.2.2RNA interference (RNAI ) BRI 5ES

/1N

Andrew Z. Fire, Craig C. Mello
BriEm KRR =g EMEER

"for their discovery of RNA
Interference - gene silencing by N/ e
double-stranded RNA". NP 2

006


http://almaz.com/nobel/medicine/2006b.html
http://almaz.com/nobel/medicine/2006a.html

RNA interference (RNAI )1 & BE-5 il 3¢

e 19904, RichJorgensenZs A\ % Hi
ARFEAR A R A R

|

R

AN
R £H

. J
Y

AR ERARPIYERT, MABKRA T

N




Su Guo 1995 FEJhI/R K%

FIHIZ5 I B /AT R X FRPEFER (par-1)
A
4 N
MRNA (ck) anti-mRNA
\ injection /
L AN RS A
l
Par-13& ‘i%ifﬁﬁi@?ﬁ)iﬂ’ﬁ Par-13£E 3%
KA T R tErERr? ! I e 1 RELIST




Andrew Fire (1998.2 4 B4R Rt AT 5UER)

a4k i A.S mRNA of mex-3— c.elegans — tR5% 55314

aifk i) D.S mRNA of mex-3— c.elegans — & B33
IEBH; Dr. Su Guo
MRNA of Par-1
MRNA il & 75 94 &ED.S RNA
injection l e 2 - %
C.elegans MRNA of par-1

Interruption expression of par-1

Named RNA interference (RNA i)



Double-stranded RNA-induced RNA
Interference causes destruction of a specific mMRNA

No No
probe injection
-ck +ck
Injected dsRNA of C elegans MEXESIMRNA Tnto
C. elegans ovaries after 24 h, fixeel@varies.and
hybridization with probe ( mex-3 mRNA) .
Injection - Injection
antisense dsRNA
RNA NoO
Some detected
MRNA MRNA

(Source: Fire, Andrew. et al. Potent and specific genetic interference by
double-stranded RNA in Caenorhabditis elegans. Nature 391 (1998) f. 3, p,

809)



» Richard Carthew (1998. 12 [GHF£& k%)
» Clemens (2000. 6 Z&HE k%)

Drosophila

« Zernicka-Goetz (2000. 2 ®IBF %)
Rat (mammalian)

» Tehurikov (2000. 8)

E. coli

EE\ M #R, K HGA......

VER M. WESR C.elegans } RNA
HEA., ZAfE —— plantcell interference



RNAIi & X

ANIEER IR P B SUEERNA (dSRNA) i3
AN )G 5 5 FL R mRNA R 5+
RS, FIIAE Y IS R ER R, R
FLERl i 2R R AR I S

/_
Hee o2

H




RNAT-PL 2 R R I8 B B A JR B

XUFERNA (dsRNA) 18 i 48 fa Bt \ 40 i Py
fEDicer (RNA BEIIIZK % 1 —Fh R 3145 7
IR A V) RVERT, #bl# 4 21~22bp
3T A 2~ 3nt R ¥ 5 H KIXUEERNA 707,
X NRISERIRNA 2 TR R N T-30
RNA (small interference RNA ,sSIRNA) .

—




RNAT-PL 2 R R I8 B B A JR B

siRNA [ AR HIBESS &, JTEBIRNA /- R EFITTER
HEY) (RISC RNA-induced silencing complex) ,
RISCTEATP fLRERITEOL T, K H: 7 R B
SIRNA 22 i BL.48% siRNA 7F, B s B ST
FIRISC. X#RASlicer




RNAT-PLH I 2 BB 3R 08 A ZE A JR 2

Slicer [E] H#p¥EMRNA 4 F 4546, 5|

& HPRRNA 7RI, 1
BT

PR iy e i, 32X

N

T AR %
FRITTAR .




Natural Pathway
\ r Dicer
(doublu':ond d RNA) ;
RNA x
(short in RNA)

[21 23m 9)

“ . Byposs Fuxhwuy
n/PKR raspo

@

A model for RNAI.
 begins with dsRNA,
which a cellular nuclease
cleaves (Dicer) to
fragments 21-23 nt long.

 Active RISC (Slicer)

* the antisense 21-23-nt
RNAs can hybridize to
sites in the mRNA and
dictate cleavage of the
MRNA at or near their
ends, usually ata U

(Source:Zamore Cell
101:32, 2000.)



6.3. Gene expression control

aslation level

(Source:Pique,Michael and Peter E.Wright,Dept.(cover photo,science 245 (11 Aug 1989).))



Protein secretion
(targeting)
Protein degradation

Polypeptide chain folding



6.3.1 &

* Blobel

JR 7386 RS 5 R

X

(signal hypothesis)

INn Prok. & Euk. 1971.-1975

15 — 30 aa leading seq.

In N-end of secretary protein

|_eading seq hamed as signal seq

& signal hypothesis



e signal S. AL

15—30 aa
P A ~ 1—3aa
i I
) 1—10aa 15—20aa '
rich Arg*, Lys* ----- rich Phe, Leu, Ile...
Hydrophilic  Hydrophobic  S.S. &I &S

Helix & Helix

A\ J
Y

K A AT, FERK hairpin




- signal Seq.5| K& AL

---signal S. W IEHEFX BESw A HEPBEEKREE 5|5
EHFRIEN inner M.




- B BN BRISBEA BR T a helix
o JE R B X SR B RO
- BRTGRIAETER L,

DURIESignal S. JF2E5 | 1 2 1 JRITUR] 22




R Yo W B A R IR B AR




AW it B R E RER 7 7

L
\. SRP receptor \ )
. - ’\:-

Y = o _;/ | )‘ -

CRUE: ANTE)

| 250kd SRP




6.3.2. protein degradation
a) protein degradation K2 AR B K FE
HREHFEFIHJLFEZE e.qg.in liver cell of mouse

Ornithine decarboxylase 0.2 hr

RNApol A 0.33 hr
Trp oxygenase 2.5 hrs
Ser dehydrogenase 4.0 hrs
RNA polB 12 hrs

||s

ZiftER, REH AR, SRR
EALEER, fUBEER R, AW
HREEH, RiGHER RS, ROAH

L
\oh|

||«

1 Y,




b) B H A HLH

PN E B H R PR 5 .
» PCDiE#EH fJCaspase (trigger protein-

splitting enzymes)id &

IR SR B A R E R




2 ER M Ea R BH &L (ubiquitin
dependent proteolytic pathway) K #Ub
W12 X2 E/265% @ B AAE B £ AR
TEG. AFALBEHGRBROLALS
LB OHTEZ AT RE,



19534E Simpson
KA f 7 4 i B 5 1A
FEREEH) (Simpson, 1953) .
Aron Ciechanover. Avram Hershko. Irwin Rose
1E201H 22 70E4 K 2 80FEAH)

SR T2 KA T A TR AR
B — ”

R 2

AN

h'r)'l




The Nobel Prize in Chemistry 2004

The Royal Swedish Academy of Sciences has
decided to award the Nobel Prize in Chemistry for
The Nobel Prize in Chemistry 2004 2004 "for the discovery of ubiquitin-mediated
T —— protein degradation" jointly to Aaron Ciechanover,
Avram Hershko and Irwin Rose

oteins that are marked
or hacking into small piece.:

b
A‘ Tl

Irwin Rose Averam Aaron

College of Hershko Ciechanover

Medicine, Rappaport Rappaport

University Institute, Institute,

'Zlf T-:--hrlll_-r‘l = T»:l_hrm-r: =

California, Israel Israel Institute

Irvine, USA Institute of of Technology
Technology Haifa, Israel
Haifa, Israel

The discovery was made at the beginning
of the 1980s at the Fox Chase Cancer
Center in Philadelphia, USA, jointly by the
three scientists,

Contents:

| Introduction - Proteins that are marked for hacking into small pieces | The cell - 3 teeming

mini-workshop | Ubiquitin | Proteins are life's building-blocks | What proteins are marked?

| Prevents self-polination | How are sex cells forrmed? | Further reading | Credits |




Ubiquitin (Ub)

® A small (8.5-kD) protein with 76 AA
present in all eukaryotic cells

so named “Ubiquitin”

® Highly conserved from yeast to
human: differ at only 3 of 76
residues

® Isopeptide bonds: Ub-C-terminus
Lys48th - a protein (Ubiquitylation)
destined to be degraded

Ubiquitin

C terminus CRUE: ANTE)



Protein ubiquitylation pathway

® Four enzymes participate in the attachment of
ubiquitin to each protein

E1l: ubiquitin-activating enzyme

E2: ubiquitin-conjugating enzyme
. ubiquitin-protein ligase

E4: ubiquitin chain assembly factor

DUB: de-ubiquitylating enzyme (reversible)



Ubiquitylation

O
4

Ubi.~Lys—C—OH

E1-SH zxuwsEms)
AN
AMP + ppi

0
/
Ubi.~Lys—&—S—FE1

E2—SH (zzgam)

E1—SH
O
_ 4
Ubi.~Lys.—C—S--E2

The ubiguiin-activating enzyme E1 uses
ATP energy to activate the ubiquitin
molecule. This becomes bound to the
enzyme via an energy-rich thiol ester
bond

The activated ubigquitin molecule 1s
transferred to a ubiguitin-conjugating
enzyme, £2. Here, too, 1t is bound to the
CNZYMe via a thiol ester bong

CRIs: 7AW (2007) , HAEE, $2740)



O
_ 4
Ubi.~Lys.—C—S--E2

targeting protein
(E3 (zxEassm X HE HNimaal iR Al)

+ Lys- targeting protein (E2-E3 to form a

_ complex that attaches Ubi to a Lys residue
Ubi. on the substrate protein)

| -

(poly-Ubiquitylation

and isopeptide bonding) Enzyme E3 now lets go of the

polyubiguttin-marked protem.

CRIs: 7AW (2007) , HAEE, $2740)



Ubiquitin-activating enzyme

“_ T ADP + Pi

gz Ubiquitin-conjugating enzyme

Ubiquitin protein ligase

Attached
polyubiquitin
chain

I/ G
{
' \
’
PA ~ !
, g
| \ =
e,
' ) E
] /
. |
S

TGk A TEMIE (2007) . HSHEE, S527477)



26SHx H B

Degradation

This ubiquitin chain 1S recognised In the
proteasome opening. Thwe ubigutn 1abed
IS detached angd the proten s admitted
and hacked into small pleces

CRIs: 7AW (2007) , HAEE, $2740)



ThiF UBAC

Poly-ubiquitylation

S .
' thio-ester

O=C

: bond
‘ 2 fJP ADP
ATP  AMP ‘ U
' ] < i

26S proteasome

Recycling

E2-interacting domain Target-recognizing domain

The ubiquitylation pathway and its associated enzymes

From Hatakeyama and Nakayama, Biochem. Biophys. Res. Commun, 2003, 302:635-645



>t

TSR

FHImono-ubiquitylation #% ¥E

B B RAER 26 ST A B FEAF Y, | W HES3 ubiquitin
ligase enzyme complex (EULEC)#HT £ &Rz &4k

From Itoh et al., Trends Plant Sci, 2003, 8:492-497



b

20S Core Protease (CP)

e
e

| uf‘“"“"\\)j

e 113A

19S Regulatory Particle (RP)

v 1'% —Cleavage

I
&‘
/
/

y—

Discharge

26S Proteasome



(a) (b)

2 3
Ub
@ o
E2

W«mﬁ‘”

ES

B B RAER 26 ST A B FEAF Y, | W HES3 ubiquitin
ligase enzyme complex (EULEC)#HT £ &Rz &4k

From Itoh et al., Trends Plant Sci, 2003, 8:492-497




ThiF ThiF UBAC

AWEZ )

S
' thio-ester

O=C

: bond
‘ 2 fJP ADP
ATP  AMP ‘ U
' ] < i

Poly-ubiquitylation

26S proteasome

Recycling

E2-interacting domain Target-recognizing domain

The ubiquitylation pathway and its associated enzymes

From Hatakeyama and Nakayama, Biochem. Biophys. Res. Commun, 2003, 302:635-645



Homologous to E6-associated protein Carboxy Terminus

Really Interesting New Gene-Finger

RING-Finger modified
RING-Cullin-E3

GEEEE2, X UDbI
“HAEEH
X} ¥E B H 58 Poly-Ubi




A. HECT-domain E3

- E3

HEHLE2

B3 Ubi
HAEEEH
#1785 HPoly-Ubi




B. monomeric RING finger
or U-box E3

> [a

RAEEEH

U-box or

monomeric RING #125 HPoly-Ubi




EREE2
R H
BE 8% HPoly-Ubi

1400 EULEC
A FED
SE it P AR T BB
i 4 25 B




A. HECT-domain E3
o — Ub

B. monomeric RING finger
or U-box E3

U-box or
monomeric RING




» #HEULECIEH|AIN-end aa marker of targeting protein

N-end aa of targeting protein half—Iife

. Met, Gly, Ala, Ser, Thr, Val >20 hrs (f&5€ HF)

e lle, Glu ~30° (ARERT)
Gln ~10’
Pro ~T

« Leu, Phe, Asn, Lys ~3 (A RERETF)
Arg ~ 2

- Y8 5 Ubiquitin & 4Eisopeptide bond K% 5 R
- REM E3 RILE S ER

- N BRI EARFMRREMNE, NEZE
BERAEYERE




R R126SEHEAMAERS




Molecular Biology
Gibberellin Signaling Pathway

a de-repressible system
moderated by DELLA-p

degradation induced by GA



What is gibberellin (GA)

normal infected

Eiichi Kurosawa (1926): Rice foolish seedling
(bakanae) disease caused by the fungus Gibberella
fujikuroi



® Promote stem elongation and leaf expansion

' A
. . Sinlc
slender
\ ,\\

Wild type

GA-

deficient

Dwarf peas
P Gl ) Barley GA mutant




6.3.3 Green Revolution
B IR AT s
R EEYIHE =20%




Norman E. Borlaug
Director of wheat program
(CIMMYT)

1970 Nobel Peace Prize




Green Revolution Gene

Semi-dwarfrice cultivars
containingrice ‘G. R’ gene sdl

Semi-dwarf maize cultivars
containing the ‘G. R’ gene d8



Highly conserved in G.R. gene

Arabidopsis: (RGA, GAI, RGL1, RGL2, RGL3)
maize . (d8), wheat (Rht)

rice : (SLR1), barley (SLN1)
grape: (VVGAIl), Brassicarapa (BrRGA1)

LHR2 SH2-like

DELLA Domain GRAS Domain
(GA-response Specific) repressing growth

The DELLA subfamily of GRAS proteins




DELILLA VHYNP LLHR1 NLS LHR2 SH2-like

DELILA Domain GRAS Domain
(GA-response Specific) (Functional Domain)

® A conserved and unique N-terminal domain,
named DELLA, after a DELLA motif

® Wild type DELLA proteins localize in cell nuclel
and disappear by GA treatment

® DELLA domain-mutated are resistant (G.R.gene)
to GA-induced degradation (GA-insensitive)



By using immunoblot analysis
and GFP fusion protein analysis,
It Is shown that GA induces rapid
degradation of the wild type
DELLA proteins,

such as GFP-At-RGA

GFP-Os-SLR1



0 min 15 min 30 min

15 min 30 min

From Silverstone et al., Plant Cell, 2001, 13:1555-
1566




GFP-RGA GFP-(rga-A17) GFP-(rga-A17)

— T — . = e o o L e
:.:: : :.. oe,’ % . ~ e ;
o.. .. - : ...0.. .o ™
$5es 2o 55 o DN X
+HZO .00.:0.. ... ..o. Y AR
. v ° S a
+GA,

GFP-(rga-A17) proteins are resistant to GA-induced degradation

(rga-A17 has the same 17AA deletion in the DELLA region as in gai-1)

From Dill et al., Proc Natl Acad Sci USA, 2001, 98:14162-14167



DELLA TVHYNP LHRI NLS LHRII  SH2-like

GA signal
Active form Inactive form
DELLA,
Signal perception -‘}?,‘mp
domain
Regulatory domain Sef.Thr. Val
_/‘ — Degradation
Homodimerization
Leu ZIP
Repression domain
Conserved
domain -

Nucleus

Scheme of the functional domains of SLR1 for GA signaling pathway

From Itoh et al., Plant Cell, 2002, 14:57-70
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A model of GA induced degradation of DELLA proteins

via E3 ubiquitin ligase enzyme complex (EULEC)

From Itoh et al., Trends Plant Sci, 2003, 8:492-497




rga-DELLA

deletion/substitution 669'“'
G.R. gene
Active form Inactive form
DELLA,
space,
TVHYNP
. %’ Degradation

Nucleus

Repressing stem elongation
and leaf expansion




Involvement of the ubiquitin-proteasome pathway in
degradation of DELLA proteins

CRIE: o rAEE (2007) , HHHEE, 52750)

Negative
Growth = | DELLA

34 signal

led
DELLA =Pl

Ubiquitylating

GID] e——
SGF enzyme E3 complex

Profeasome @

In response to GA, DELLA proteins are rapidly degraded by the ubiquitin-
proteasome pathway
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Epigenetic and
Molecular Mechanism
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(Source:Arents, Topography of the histone octamer
surface:Repeating structureal motifs utilized in the docking
of uncleosomal DNA.USA(Nov 1993))




Mg 4E J Ho o HLH]
Epigenetic and
Molecular Mechanism

Epl meas
“outside of ”

“in addition to”

(Source:Arents, Topography of the histone octamer
surface:Repeating structureal motifs utilized in the docking
of uncleosomal DNA.USA(Nov 1993))




The ability of
which may have
consequences, to be
without any change in
the DNA sequence.
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Position effect of variegation in Drosophila eyes
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Cellular Memory :
Arabidopsis Vernalization

A
’%

Summer annual

4
Winter annual Winter annual
w/o vernalization w/ vernalization

CRIE: ANTE)



One X chromosome IS

Inactived at random

CRIE: ATF)



parental
iImprinting

CRIE: ATF)



CRIE: ATF)




- Position-effect variegation

- Inactivation of chromosome X
- Cell-type conversion
- Allelic interaction (paramutation)
- Transgene silencing

- Parental imprinting

- Cell memory: Vernalization

- Heterosis! 7




Molecular Mechanism of Epigenetic

N

SERAMEEER, BgE, KREEW
Zeta R B S A IR I LR?FE i VA
175 3

— ATP —dependent Chromatin remodeling

— Chromatin covalent modification




Epigenetic and Molecular Mechanism

Jufa fJREEE Chromatin Remodeling
Active: NCoR
SMRT HDAC1

o et RE IR
F%” oM A
oo 455 ) Z B A
Ak ETLE 21
VURT...

Repressed:

CRUs: 4y THEWsE (2007) , HHEE, 5528311)




Basic unit of chromatin

Nucleosome (~ 200bp)

Source:Luger,K.,A,Crystal structure of the nucleosome core particle at 2.8A Resolution.Nature 389(18 Sep 1997)f.2,p.233.)

Octamer + core DNA of 146 bp
1.75 cycle

Histone 1 + linker DNA of 20-60bp
(diff. From diff. creature)

(Source: Panyim and Chalkley.Archives of
Biochem.&Biophys.130,1969,f,6A,p.343.)
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~ Heterochromatin
Euchromatin

—

CRIs: A (2007) , HIHHE, 5280MW)
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 habal

THHE S Lyst, Arg.*

=X, #ETF, 5DNALEE—HEEE

X

Source:Luger,K.,A,Crystal structure of the nucleosome core particle at 2.8 A Resolution.Nature 389(18 Sep 1997)f.2,p.233.)
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Histone Codon

H28B O-term

H3K79 @
119 H2BK123\ &
Histone globular )
regions

H2A|

X
=t

® acK Lys 6 20

O meR Arg g 12 " I

® meK Lys -
B PS ser 9

O uKLys ORI A TFHED% (2007) , XHARE, #28170)

Histone acetyl-transferase (HAT)
Histone deacetylase (HDAC)
\ Histone methyl-transferase (HMT)



HEH—M

KB, X7
M. X7

v A AT DB BRI 5 — M
5 S RHE M UIERLERFRELS

HE WK A A E

T HE
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chromatin IR -5 REFRIE K

Euchromatin== geneon Heterochromatin== gene off

Heterochromatin;

Constitutive Heterochromatin: 28 g2 ¢ e 68, )i
BRDNAE LA, —EHATRERE R E2RE,
DNAMAR R (BMEERFI, FLR, WHE)

Facultative Heterochromatin: 45724 e Gy 4 i
Fit b TFREERES, AN ERETIRRES




s G I TR s 75 A X
Chromatin [ 45 f4) 7 5+

In transcriptional activated region

Dnase®

Nucleosome incomplete

No Histonel in linker DNA
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Pazin & Kadonaga

MEEREH 73

1997 Cell. 89;325-328

HEHZELBALEEAB
DA R AH N ) 4L 2H 43 HDAC1 / RPD3

HDAC1 / RPD3%: P

N

513

TR
(% SBLACBE A HIT)D

524 BB H3/HAKE 2. Bk 4L

SR HFFHURE

Hela cell 80%H3,H4 Z. ¥4k
Over acetylation

ST E e




Model for

participation of histone deacetylase in transcription repression

Active: NCoR
SMRT ‘| Nucleosome

relaxed

RAR—-RXR

histone deacetylase Histone
cooperator HDACL | ||deacetylation

CRIE: 7AW E (2007) , HHHE, %5283M0)

Repressed:

Nucleosome
reconstructed




Histone methylation causes

Inactive chromatin

Histope histone
deacetylase  methyltransferase HP

H3

—

Active chromatin _ Inactive chromatin



HP1 may propagate heterochromatin

HF1 binds to methylated H3
e |E NE

HF1 5elf-aggregat:e-5‘




Genome / gene Imprint

» Genome Iimprinting affects a small subset of
genes and results in the expression of those genes
from only one of the two parental chromosome

 This Is caused mainly by differential methylation
of the two parental alleles of the imprinting gene
and trans-action of small RNA
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Genome / gene imprint 250 fI4F
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One X chromosome is
Inactived at random

Both X chromosomeas ara : ;
active in precursor call Two X chro. Euchromatin in

16 day precursor cell
+ A
Q

One X chromosome
inactivated in each cell

@ active + allele KD

One X chro. inactived at random

— active — allela =

Variegation
Exprassion
of wild-type
coat color
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Paternal Dominance of Trans- eQTL

SCience Influences Gene Expression

Patterns in Maize Hybrids

AVAAAS| Ruth A.Swanson-Wagner et al. Science.
1118 (2009);326

204

We identified expression quantitative trait loci (eQTL) that
allowed us to identify markers linked to variation in expression.
We found that over

and that 86% of these differentially regulate transcript
accumulation consistent with gene expression in
the hybrid being regulated exclusively by the paternally
transmitted allele.



CRIE: 2 THEweE (2007) , HHEE, 4528370)
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Without vernalization

HYRER
WIS K77
THLE

CRIE: 2 THEwsE (2007) , HHEE, 452897T1)



After

Vernalization
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Without vernalization

Vernalization
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genes
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CRIE: 2 THEweE (2007) , HHEE, 4528971)



Regulation of the FLC by
histone deacetylation (FLD)

FLC Flowering
expression time

| T.. ) 2—‘2
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Chromatin modification & remodeling

as the epigenetic basis

Chromatin structure and remodeling

DNA methylation

Histone modification (Ac & Me)
Relationship between DNA Me and HistoneMe
Creation of repressive domain
Heterochromatin formation

NCRNA




No-coding RNA ncRNA

EFZRNA
rRNA, tRNA, UsnRNA, telomere RNA...

T RNA
microRNA (miRNA) , siRNA,
anti-sense RNA...



What is microRNA?

MicroRNAs are a newly identified class of small single-
stranded non-coding RNAS;

MicroRNASs regulate their target genes via two main
mechanisms:



The characters of
MIRNA

Length: 18-25nt;
Single-strand;
Conserved among species;

Encoded by internal DNA sequences, which are
located in the whole genome, mostly in the interval
regions of coding genes,centromeres,or,occasionally In

the Introns;
Temporally and tissue-specifically expressed



Transcript degradation
(requires perfect complementarity)

Katie Ris

Target f\ u......@;ﬁ
Cytoplasm transcript or yﬁm
__j Translational
% repression
requires only partial

complementarity)

/ \
| Mature-22-base-miRNA

(Source:Review: Geogre S Mack, Nature
Biotech., 2007)

Nucleus
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SIRNA

MIRNA

KIETFMRNA, JRFERNA,
BEF, SMERNA
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Mucleasa clegveas dsRMNE

dsRMNA 7 I 5"‘_; o b o *"'-5..-"'{-51"

1
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(Source:Molecular Biology(2002),Robert F.\Weaver,Page504 )



fin14 codes for a single protein

FLANY AN LN NN

] Lin14% A A B B2
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!

SN NN Lind 455 22Nt i)
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gQiiQ.com No protein

(Source:Molecular Biology(2002),Robert F.Weaver,Page504 )



common mechanism for microRNA,
RNAI and heterochromatin formation

RdDM, chromatin modifications

DNA
O Ty,

chromadin factar

DS-RNA

pri-miRNA

DICRT |\ it ﬁ

mMRNA

PTGS/RNAIf

quelling

coding reglon l

[defanza]
+
[devalopmant?]

miRNA

l 3-UTR

mRNA degradation  transiational repraselan
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6.5. Programmed Cell Death (PCD)

and development

2002 Nobel Prize
John Sulston USA

Sydney Brenner Japan
H B—

H. Robert Horvitz Switzerland
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a) PCDHIHES
90 L I BE T

» necrosis (accidental cell death) 13t

 Programmed Cell Death (PCD)
i e g T

R By B, Apoptosis & T-
4 A%%%ﬁ%ﬁﬁﬁﬁ% (51%?),?: ST (2007) , B, $530151)

AFEHT, 4R ESBEERERFERT, FxEFEEML
WRIE, SR apoptotic bodies, BEWIFET-HIPLE

b




Apoptosis

Mild convolution
Chromatin
compaction and
segregation

Condensation of
cytoplasm

Nuclear
fragmentation
Blebbing Apoptotic

body

Cell fragmentation

Phagocytic
cell
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ladder of 180-200bp

CRIE: o rAEwE (2007) , HBHHEE, 55302M0)



Confocal 3d images of nuclel from apoptotic
and necrotic cells

Apoptosis: Necrosis:
"active" cell "accidental" cell
death; death;

"cell suicide" "cell murder™

I |
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%

CRIE: o rAEwE (2007) , HBHHEE, %5301M0)
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CRIE: T EDy (2007) , HHHE, Z530211)
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---TEHY)PLw KIPCDIRIL,

Acd |_sd

(Accelerates Cell Death)  (Lesions Stimulating Disease Resistance)

Constitutive
Neg.
control

Programmed Cell Death



Pathogen BT IEF K
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Control 50 mm H,0,

H,O, induced
cytoplasm shrinkage,
a typical marker
of plant PCD.




fERBIHES, PCOMBTE3I? WiffHke
X—41 4T PCD?

I

VAN R BEEEERTFER (Killergene) ?

Killer RZEPCD4Z fifi Rk !
=Yyl {E 40 B e ) FE T !

PCDHIfE S, f&&?

PCDHIBFE 5 PR
BAR, B4y =




