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Ethylene biosynthesis

(rene in A. thaliana

L-methionine

SAM synthetase

S-adenosyl-L-methionine

ACC Svnthase

\J

1-aminocyclopropane- 1-carboxylate

ACLC oxidase

Ethylene

Mame (svmbol)

dAM{

ACS2
ACKE
ACES

EATIFACO 1)
ACO2

Acc. number

Atlg02500 (TT6645)+

Atlg0 1480
Atdz1 1280
Atdg26200

Atlg05010 (R90435)
Atlgh2380 (N96535)

Induction factor

Ethylene, cycloheximide, wouding, IAA
Ozone, ethylene, cyanide, touching, cycloheximide, IAA
Cycloheximide

Wounding, ethrel, Fe2'



Expression analysis
of ACS




Transcriptional regulation of ACS expression

Auxin Wounding

-IAA

root cap cell division cell expansion
-l1AA +lAA -1AA +AA -IAA +lAA
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Mutant screens for ethylene pathway genes




Screen for ethylene mutants
|. Genes involved In regulatlon of biosynthesis

Wild type‘air Wild type/ethylene eto=1/an —lethylene  au Vethylene  hisT-Tlethylent

elr1-Jethylene ain2-'othylgne oind- Tlethylene gind/elhylene 2in5-—Tethyleno ‘ethiyler

Roman et aI 1994
* phenotype rescued by inhibitor of ethylene biosynthesis




eto mutants — constitutive triple response

eto2 eto3
ACSYWI ACSQetos

WT eto2 WT ero3 112-5 13-1

|

\

o 4500
§ 40001
» 35004
2000+

25007

oG fiilas
(plSeedling s

20001
1500+

100040

5‘.'0' .
0
WS Col g3 112-5 112-6 112-7 112-8 112-9 113-1 113-2 113-3 112-4 |13-5
ACS(}W‘ I ACSQ‘"“‘?

Fihylenz Production

- overproduction of ethylene



eto2,eto3 dominant mutation results from single
amino acid change in the C terminus ACS5,ACS9

ACSI

ACS9 ACSI12
ACS4 \
ACS10

ACSSE

ACS2

10 PAM

ACST ACS6

ACS4 457 VSNWVFRLSFHDREAFER
ACS8 452 VSNWVFRLSFHDREPEER
etol 453 VSNWVFpgfmdrsct

ACSS 453 VSNWVFRVSWTDRVPLER
ACS9 453 VENWVFRVEWTDRVPLER
eto3 453 VSNWDFRVSWTDRVFELDER

"



eto3 mutation does not affect level of ACS9 mRNA

Table 1. Levels of ACSS mRNA in Wild-Type and eto3 Seedlings

Sample Cynor (Experiment 1)* Cynor (Experiment 2) Cyhor (Experiment 3) Crnor (mean + sD) ACSY mBNAP
Wild type 6.95 6.36 6.53 6.61 = 0.30 1.0
eto2 7.23 6.99 6.07 6.76 = 0.61 0.9

eto2 mutation does not affect specific activity of ACS5
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Effect of eto2 mutation on
ACSS5 protein stability

0 15 30 45

60 120 min (0
\ 0 13 30 45 60 9 120 nmn

mve-ACSsWT ! S =TA4

—-_— e— w—

S . . e i - T

myc-ACS5407 < D YD ahy TS

B .
0- —e— _BA e
——
— - DA
: (] T T T T T
100 0 |4 30 43 6 a0
Time (min)

6()

40 A

20 1

Protein L.evel (Arbitrary Units)

§

J T T
] 5 30 45 &)

Time (min)

Posttranscritpional regulation of ACS

Protein Level {Arbitrary Units)




Etol- recesive mutant with constitutive
triple response
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ETO1 interacts with ACS5
and regulates its activity

a _1._ i —His
Tra —Leu Trp —Leu H'“?"m— - Inp Ft W Elute Ing Ft W Elute
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ETO1 promotes ACS5 degradation through
proteasome dependent pathway

b Endogenous oo
ETOY RGS-ETOT

il A A Hif
ACSS tACSE ACSS tACES

ETE1— ' ‘ H Ant-fac

ACS_| —
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Model for regulation
of ethylene biosynthesis by ETO1

b Htress signals
developmantal signals

?

B Phospharylation
ETOY, .
iy Dapnosphorylation
SAM acG 3AM ACC

|1 mn:tlh-"aiinn Degradation

fig T

—-,E_JJ[;!

Froteasome




Screen for ethylene mutants
ll. Genes invoved In signalling pathway

2y | = lethylene

Wild type Wild type/ethylen tethylene A

LJ.'fJLf.'{.lll“lylE?rl{.l ain5 Trethylono ! -.'.'.I!r'|?1h1,'|| L 5] girntSethylene

Roman et al., 1994



Ecotype Phenotype’
A, Strains”
auxl-7 Columbia Aux”
auxl-21 Columbia Aux”
auxl-22 Columbia Aux”
xetrl-1 Columbia Ctr™
ctrl-5 Wassilewskija Ctr™, kan'
* ein2-1 Columbia Ein~
en2-6 Wassilewskija Ein~
* ein3-1 Columbia Ein~
ein3-2 Wassilewskija Ein~, kan"
* eind Columbia Ein~
ein3-1 Columbia Ein~
ein3-2 Columbia Ein~
einé Landsberg Ein~
ein7 Columbia Ein~
eirl-1 Columbia Eir™
eirl-2 Columbia Eir~™
efol-1 Columbia Eto™
* etrl-3 Columbia Ein™
hisi-1 Columbia Hls™
ein2-1 14 Mixed Ein~, Tt™
eirl-1 apl Mixed Eir™, Ap~
DP28 Landsberg Dis™, Clv’, Tt”
w2 Landsberg Dis™, An™
WI100 Landsberg Tt, and more
M10 Landsberg Ap~, Clv™

Roman et al., 1994



Quantifying the ethylene response phenotype

Ethylene
Root Hypocotyl Total Hook Root Hypocotyl Toral Hook

Strain length length seedling angle length length seeding angle
Columbia 1.6 = 0.1 3.0 0.1 4.5 £ 0.1 250 + 8 30=02 48 = 0.1 B7T+02 114 £ 9
Landsberg 21 =01 27 +0.1 4.8 + 0.1 233 + 18 nd’ nd ndl nd
Wasslewskija 1.0 = 0.1 3.1 =01 41 £ 0.1 270 £ 6 40202 61 = 0.1 10.1 02 166 = 7
auxl-21 4.7 02 34 0.1 8.1+ 03 197 ~ 8 63x03 6.0 = 0.1 123 * 0.3 126 * 6
etrl- 08 = 0.0 28 + 0.1 3.6 = 0.1 247 £ 5 0.9 * 0.0 31 =01 4.0 = 01 246 = 10 |
ctrl-5 0.4 = 0.0 1.9 = 0.1 23 +0.1 252 = 5 0.6 + 0.0 24 = 0.1 3.0 > 0.1 237 = 8
ein2-| 61 =02 6.5 + 0.2 126 £ 0.2 94 58 £ 0.2 69 = 02 127 03 43 £ 7
eind| 36 = 0.1 52 + 0.1 88 + 02 118 + 7 54+03 59 + 0.1 113 + 04 717
eni-2 3.1 = 0.1 2.0 £ 0.1 8502 176 = 6 5203 63 =02 114 * 03 152 = 8
end o e 7303 144 + 0.3 6 =9 6.8 = 03 69 = 03 137 04 455 |
ein53-] 25+ 0.1 48 £ 0.1 7.5 £ 0.1 144 = 10 56 =02 53 +02 11L.0 =03 89 £ 8
eans2 26 = 0.1 46 = 0.2 7.2 £ 0.2 156 = 10 43 =02 .6+ 02 99+ 03 113 = 10
enb 35+01 62 =02 9.7 £ 0.2 95 = 6 70x02 6.0 x 02 130 =02 47T =4
anl 29 = 0.1 52 = 0.1 8.1*02 176 + 4 52 =02 6.7 02 119 = 0.2 137 =8
etrd-I 34 £ 0.1 31 =01 6.5 = 0.] 282+ 7 52209 .2 = 0.1 11.4 = 0.1 106 =7
eirl-2 30+ 0.1 3.1 01 6.1 = 0.1 261 = 7 48 =03 57x02 105 04 109 = 10
rlol-] 1.4 = 0.1 33 +0.1 4.7 + 0.2 244 + 10 1.9 + 0.1 33+ 0.1 53+ 01 239 = 8
etrd-3 46 + 0.2 61 8l 10.7 = 0.3 89 £ 7 49 = 0.8 B x 02 104 ~ 0.3 9 = 5
hisi-1 0.9 * 0.1 34 £01 43+t 02 - 1 33=0.1 5.1 = 0.l 8402 4+1

Roman et al., 1994



iJ

B. Double mutants

auxl-21 ctrl-1 Aus—, Cur™

auxl-21 eirl-1 Aux”

cirl-5 ein 2-1 Ein~

cirl-1 ein3-2 Ein~

cirl-1 ein3-1 Ein

cirl-1 eitn7 Ein~

ctrl-1 eirl-1 Eir , Ctr°

ctrl-1 etrl-3 Gr™

ctrl-1 hisi-I His™, Ctr™*

ein2-1 eirl-1 Ein~, Eir

ein2-6 girl-1 Ein~, Eir™

ein2-1 etol-1 Ein~

ein2-6 elo 1-1 Ein~

ein2-1 etrl-3 Ein~

etn2-1 hisl-1 Ein~, Hls™

ein3-1 eirl-1 Ein—, Eir™

ein3-1 eirl-2 Ein~, Eir™
Fir~, Hils™

eirl-1 his 1-1

Roman et al., 1994
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ETR1 codes for histidine kinase

etrl eind ers2 etr2
INT aFhi " Col eind-1 eind-2 eind-3 Col

ethylene

ers2-1 ers2-2

Bleecker et al.,1988 Hua et al., 1998 Sakai et al., 1998

3000 Kinase Receiver
i ETR1 H  NGFG 0
3]

2 | [
*E’ 20007 ERSA1
3
o - ETR2
3
2 10001
£ Il}= ERS2
o

o lmi—1 =~ EIN4

Vector ETR1 ERS1 T S T, 71



His-kinases in Arabidopsis

Ethylene receptors

ERSZ

ETRI ETR2
ERSI

AtHK | | /

CKIl ’

EIN4

CKI2

CRE1/
WOL/AHK4

AHKZ ) Hk3

Cytokinin receptors Phytochromes



Ethylene signalling
— homology to two component system ?

A
Simple two-component system /"\
P s
<> D
input transmitter receiver output
Sensor histidine kinase Response regulator
B
Phosphorelay m /—\
P P P P

7 —<I»— GD b

Hybrid histidine sensor kinase Hpt Response regulator
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Ctrl — codes for protein kinase of Raf family

Jr.l' '-.-.‘l'i'l"-.
fish errl-& G334F rcird -4 ESask
A A
CN bos -ﬂ-lﬂc OOH
L I# - a
errf-8 1 bp msertion cirl =3 .'-t-'r.’l."~[|:l_'.|l' Kinase domain

cird=2 17 A



ETR1 interacts with CTR1

326 583 612 738 551 821
ETR1 | | CTR1 |
326 587 613
ERS |
C
DB FUSION AD FUSION p-gal units 1 2 3
ETR1 293-729 CTR1 33568 71 50
" CTR1 538-821 0.10 £0.02 =
v vector 0.07 +0.02 - -
ETR1 293-610 CTR1 53-568 0.10 +0.02
" vector 0.04 +0.00
ERS 261-613 CTRy 3568 44 +0.20
" vector 0.05 +0.01
lamin CTR1 53568 0.05 +0.01

Clark et al., 1998



CTR1 has protein kinase activity

CTR1 ctrl-1

ctri-7 K69IN
etrel-1 DOO4E

(c) crrl-§ G354E ctrl-4 ES96K

A

| CN box

¢ * l Kl i
—_— nase domain
ctr]-9 1 bp insertion  efrl-3 R435stop I o

ctrl-2 17 bdA




a
Col cir?-1

Current Biology

-ethylene receptor dominant mutation > ethylene insensitivity
-ethylene receptor loss of function mutation > constitutive ethylene response
-ctrl loss of function mutation > constitutive ethylene response



a) Air by C it
(a) Loss of function (b) CzH, etr1-1
A L B : mutants WT =l
ki -
ER Cu {7 c:? ER
ETR1 ETR2
ERS1 ERSZ
EIN4
ATP
ADP

i
!

Currert Opinien in Plant Biology
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EIN2 - contains domain similar to Nramp metal
transporters protein.

A wild type ein2-5 Mgn%gﬂ}a in2:10
Air CaHy Air CoHy 7y E F e

5 5 B : :
FERAIIE VA
B8 A% B \T 7
%?‘- ?;?:?-; ein2-5 " ain2-1
EfraLrp;gahlﬂll |deletion) i
Ww o & groa® %m% ein2.4
=S WWMﬂ”_WJHMM ift)
ffragggh?g%fw
{rr:m:Lfﬂ} :-' i wigE
W {1mmeshiﬂ}
ain2- 'H -m‘-'x‘““u.
(stop) in3- cﬁmtr:; % :“:'
:m?eunul Nﬂﬂ 1.1'
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EIN3 codes for transcription factor

CDI O Col-0

ethylens

eind -1

ethylene

Length Chromosome
Errich
[ ] sa84aa 2 {middle)
-riich
| | G28aa 3 {middle)
| 52088 5 (middie)

] 567aa 1 (bottom)

Chao et al.,

1997
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EIN3 protein level is controlled by ethylene

0 0104 2 10 50 ACC (uM) -Ag*  +Ag*
' e e «EIN3 0 4 0 4 CeHa(hr)

3 * — -« EIN3
E  Col eins1 ein25 F cal ctri-1
0141201412 01412 CoHa(hr) 0 1 4 12 0 1 4 12 CzHglhr)
- <EIN3 P ———" ! |

THsE e Swww <CRY! SR §) SPanane < SUBT

EIN3 is rapidly degraded by a proteasome-mediated pathway

Cqu 2hr = air
005 1 2 4_ ”5 20 (hr)
= .—rT < EIN3

o

Guo and Ecker, 2003



EIN3 accumulates in nucleus upon ethylene or MG132 treatment
ACC

A

0 1 4 12 CzHs (hr)

EING-
- = @W «cr
o W «EIN3

# " ¥% "W < CRY1

hypocotyl

-ACC

root

C

MG132

D
0 hr 1 hr

EIN3 interacts with F-box proteins

Cad
II

e
1

Expression level
ha

0 L
EBF1

4 - .ﬂir .E2H4

- EBF2

AD-fusion

vector only

EBF1
HIIIITIIN ==

DBD-EIN3

proteasome

Guo and Ecker, 2003




Mutation in EBF1 and EBF2 results in hypersensitivity
to ethylene and accumulation of EIN3 protein

Col ebrfi-7 ebr2-1
014 1 4 0141 4 D14 1 4 CoHalhn)

BT T | o
e emmaTgEEm o

1.0 1.8 32 551238 40 B5 1.3 52 3.2 7.5 (EIN3/CRY1 ratio)

ebf1 v

Col ebf2 ctr?
"~ ' -— EIN3

_— e . g CHY1

Guo and Ecker, 2003



Overexpression of EBF1 and EBF2 results in ethylene
Insensitivity and reduced accumulation of EIN3 protein

A
ein3 Col  35S:EBF1 eind Col  355::EBF2
C Col 35S::EBF1 35S::EBF2
014 1 4 0 14 1 4 0 1/4 1 4 CyHy(hr)
= -
ol -] - <€ EIN3

.'ﬂnrtﬂrhn—'ﬂn*“ﬂﬂ‘ﬁ

Guo and Ecker, 2003



MODELS

proleasome
A ﬁ
ENI?I --- ETR1 —» CTR1 — SIMKK -- 3 MPKE - EIN2 --~--- »
24 (MKP137) EINS EIN3
EINE
B EIN3
CH,— ETR1--3CTR1-:- SIMKK —3» MPK6 ~3» EINZ ——3» ™
(MKP137)  EINS Target genes
EING EBS
Receptor MAPKKK MAPKK MAPK Paositive Transcription
regulators factor

Guo and Ecker, 2003



Ethylene signal transduction pathway

ETR1 ERS1 ETR2 EIN4 ERS2
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Ethylene Modulates Stem Cell Division
IN roots

Olga Ortega-Martinez et al., 2007



Ethylene promotes
QC cell division.




QC cell identity and function are maintained Ethylene stimulates
in etol mutants formation of additional columella cell layers




Yeast two hybrid screen

arget pinding 4 (CDNA library)

protein partner  transcriptional
activation domain

DNA-binding domain_|

BAIT ‘ .

RECOMBINANT GENES ENCODING
BAIT AND PREY INTRODUCED INTO
yeast cell ‘FEAST CELL

EAF'TUHED PREY

/ PREY

- |
h—
[ : TRANSCRIPTION
ranscriptional activator OF REPORTER
binding site R

EE—— e —
| I |

reporter protei

Fig. 11-39

Figure 8-61. Molecular Biclogy of the Cell, 4th Edition.

See also MCB




recombinant DNA techniques are used
to make fusion between protein X and
glutathione S-transferase (GST)

prﬂtein X

GS5T | fusion protein bound to
glutathione-coated beads ®

when cell extract is added,
interacting proteins
bind to protein X

glutathione solution
elutes fusion protein
together with proteins
that interact with
protein X

Figure 8-50. Molecular Biclogy of the Cell, 4th Editian.

GST “pull downs”

+ GST protein is usually
expressed in E. coli as
microgram quantities are used
in typical assays

« Detection of bound proteins
are usually by western
blotting, using antibody to the
putative interactor

« Used extensively with GST-
domain fusions in structure
function studies

* New proteins can be identified
if metabolically labeled cells
are used




To be implicated in signal transduction, the

Co-IP’s interaction should depend on activation of
the signaling pathway (compare co-IP before
and after stimulation/ligand binding)

L\
For regular “
IP, lyse cells
using harsh % "
conditio ns‘/ -

J\ Lyse cells and IP protein X using co-IP
S0 conditions (1% triton X-100, 1% Brij96,
2% digitonin, or 2% CHAPS, etc.)

IP 1 P2 IP3 P4




