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—. Physiological roles

1. Ethylene Induces Lateral Cell Expansion Z.J% ) = i triple response:
reducing the rate of elongation and increasing lateral expansion, leading to

swelling of the region®&{t. MNFEFNR_E&E 1<




Induce epinasty 1 4K
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Ethylene effect on adventitious roots formation

From Zimmerman & Hitchcock, 1934



3. B SE LR YT 1EEthylene Induces Flowering in the
Pineapple Fa

i

em axillary ‘f;uds from "Bartola" cabbage heads
led atmosphere.
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4 Ethylene Promotes the Ripening of Some Fruits

+ ethylene

[thylene induces ripening in chimacteric fruit

In chimactene frat (e g.. tomato, avocado. banana). npening proceeds

autocatalvtically once ethylene synthesis begms. So you can pick the frun
ereen. transport it under exclusion of ethylene. and then gas o with ethylene

o get 1t to ripen on the shelf
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Adams and Yéng 1979

Promotes ethylene
synthesis:

Fruit ripening
Flower senescence

IAA
oo Wounding Promotes
| Chilling injury ethylene
HC — NHZE Drought stress synthesis:
l 3 Flooding Ripening
CH,
| Inhibits Inhibits
CH, ethyleng ethylene
I synthesis: synthesis:
i AdoMet  CH3— S + AOA Co2*
' 3 synthetase CH AVG Anaerobiosis
CHy— ' — CHp —CH —CH—C00"_ Z < 2 Temp. >35°C
Methionine (Met) "L .*@ l\/ J— Adenine
R-—CO —COO,
A s-Adenosyl
| g he."°.sy - ol Y HC NH3 v
methionine ;

R—C — COO ACC synthase ACC oxidase ==
| YANG CYCLE (AdoMet) > | /C\ Ty HC=CH,
NH3 H,C 00" 120, cO

CHz— S — CH, ) 2 > 2 Ethylene
CH3—S5 —CH, — CH, — (O — COO" 0 1-Aminocyclopropane- HCN
o-Keto-y-methylthiobutyric acid Adenine 1-carboxylic acid (ACC)
HCOO O O Malonyl-CoA
2-HPO, ik H [
5’-Methylthioadenosine
o, /(
CH3—S—CH, _ CH3—S—CH, Adenine ClO—CHz—COO'
o. OPO3H o. OH Hy i
Ny
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ACC synthase antisense X X ACSRNA: 5] 2

Antisense

Alr CaHg Eth

Flg 3. Phenotype of the fruits used in Fig. 2A
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2. ACCE AL

]

SR, BRREGT, B BEERERA Cot,

green 4 weeks postBr

Al e SR . R e d

als EFE

Figure 3. Phenotypic changes in EFE-antisense fruit ripened on the plant.
(@) Mature-green fruit (top, wild-type; bottom, EFE-antisense) detached from the plant immediately prior to photography.

(o) Fruit ripened on the plant for 4 weeks following the onset of colour change (top, wild-type; bottom; EFE-antisense).
(c) Fruit ripened on the plant for 4 weeks following onset of colour change and then detached and stored for a further 8 weeks at 25°C in air (top, wild-type;

bottom, EFE-antisense).
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In most plant tissues, ethylene can be completely oxidized
to CO,, in the following reaction:

Complete oxidation of ethylene

H H o H H o
Ne=c?{ &4 Sc—c{ -3 —> HOOC—COOH—>(8
Vi X LN 2

H H H H

Ethylene Ethylene Oxalic acid  Carbon
oxide dioxide

Ethzs &1k
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U, EthHIfE 5 FE8R

( ) %'ﬁ: Sclection of ethylene insensitive mutants in Arabidopsis

Mutagenized sced grown in
the dark in the presence of
cthylene vielded the e
mutants. that is mutants in
which the triple response to
cthylene 1s absent.




Cloned ETR1 gene showed similarity with bacterial
two-component regulatory proteins

Bacteria Sensor Response regulator
H N GIFG2 Do D K
Input Histidine protein Heceiver Ou:pgl
domain kinase domain domain domain
Arabidopsis Arabidopsis ETR1
» — T
H N GIFG2 DD D K
Arabidopsis ERS
N Ol W -

Chang (1996) TIBS 21: 129-1

a1
R
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Ethylene receptor mode of action

(B)  Ethylene
H,C = CH, H,C = CH,

Signaling to
—» other regulatory
proteins

Histidine
kinase

".I domain
Response

regulator

The receptor is bound to the ER and ethylene (hydrophobic) diffuses freely into the cells



Screen for ethylene-independent triple response phenotype “constitutive” ethylene response

CTR- Constitutive Triple Response

FIGURE 22.15 Screen for Arabidopsis mutants that constitu-
tively display the triple response. Seedlings were grown for
3 days in the dark in air. A single ctr1 mutant seedling is
evident among the taller, wild-type seedlings. (Courtesy of
J. Kieber.)



The genetic interactions and biochemical identities of components
of the ethvlene signal transduction pathway.

ETR1
ETR2 EIN3
CaHy —-'I ERS1 —» CTR1 -—--—---l EIN2 =—» EIL1 —» ERF1 > 7 » RESPONSES
ERS2 EIL?
EIN4
MAP-kinase 2
— Cascade? " EIN3/EIL ‘
EIN2 Transcription A
ETR-FAMILY CTR1 Nramp Metal Factors T '
Two-Component  RAF-like Transporter
Regulators Kinase ERF1 r_-'
EREBP &l‘;&x:;
Transcription l
Factor . AAL

‘

? —> RESPONSES

Ethylene 1s thought to regulate negatively a family ol membrane-associated receptors. The
histidine-kinase transmitter domains of members of the receptor family mteract with the
regulatory domain of the Rat-like Kinase CTRI1. This receptor/CTR1T complex negatively
regulates a membrane protein (EIN2). The cytoplasmic C-terminal domain of EIN2 positively
signals downstream to the EING family of transcription factors located m the nucleus. A
target of the EINGS transcriptions factors 1s the promoter ol the ERFL gene. a member ol a
sccond tamily of transceription factors. | Taken from Annu.Rev.Cell Dev Biol. (2000) 16:1-18]




The RAN1 protein is C,H,
required to assemble the
copper cofactor into the J_
ethylene receptor.

—|

His kinase
domain

In the absence of ethylene,
ETR1 and the other ethylene (GADP)

receptors activate the kinase Activation
activity of CTR1. This leads e
to a repression of the Recslver
ethylene response pathway, dorvialn
possibly through a MAP : &2 N e
kinase cascade. The binding
of ethylene to the ETR1 HOOC COOH CTR1 i
dimer results in its ETR1 ; R_AF-I e
inactivation, which causes histidine kinase
CTR1 to become inactive. kinase

The inactivation of CTR1 MAPK? | MAPKK?

allows the transmembrane
protein EIN2 to become
active.

me signaling in g
Activation of EIN2 turns on A

the ETR1 e the EIN3 family of NUCLEUS _

rane protein o transcription factors, which \

oforms of ethyl- in turn induce the

in a cell; only expression of ERF1. The Transcription
The receptor is a activation of this factors

ide bonds. transcriptional cascade

is-membrane leads to large-scale changes

factor, which is in gene expression, which

ultimately bring about

xceptors through alterations in cell functions. Ethylene response genes



1. In the absence of
ethylene, ethylene

receptors, such as

ETR1, activate

CTR1, & Sex/Thr

kinase. C:H_'_ absent
EIN2

5. Im the presence of ethylens,
ETR1 signaling is repressed
and CTR1 is inactive.

C3Hg present

Lol
"'/‘3’. Phosphorylation of

EIN2 inhibits proteohytic
cleavage; the C-terminal
domain does nat
migrate to the nudeus.

the C-terminal
domain of EINZ.

&. The nonphosphornylated C
terminus of EINZ is cleaved by
& protease and moves into
the nucleus.

7. In the nucleus, the C
terminus of EIN2 inhibits EIN3
ubiguitination and turmover
by the 265 proteasome.

Cytoplasm =
4. EIN3 transcription
factors are ubiquitinated

and degraded in the
nucleus by the 265
proteasome. Mo ethylene

responses are activated. 265 protecsome

Figure 15.30 Model of ethylena signzling in Ara-
bidopsis. Ethylene binds to the ETR1 receptor, which
is 2n integral membrane protein of the endoplasmic
reticulum (ER) membrane. Multiple iscforms of ath-
ylene receptors may be present in a cell; cnly ETR1

is shiown for simplicity. Tll?\e receptor is a dimer, held
together by disulfide bonds. Ethylene binds within
the transmembrane domain, through a copper cofac-
tor, which is assembled into the ethylene receptors.
(After Ju et al. 2012)

e ——— e  — ——— ——— — ——— . ————— . —— . e — 2

8. EIN3 initiates 3 1r%
transcriptional cascade

by activating the MNucleus
expression of
ethylene-responsive
genes, including the
gene encoding the
ERF1 transcription
factor, leading to
ethylene responses.

———* 265 protecsome

ERF1

Ethylene-responsive genes

hormone signal into a transcriptional response. In brief,
brassinolide kinding to the brassinosteroid receptor kinase
BRASSINOSTEROID-INSENSITIVEL (BRIT) on the
plasma membrane triggers a phosphorylation cascade that
causes a repressor protein, BRASSINOSTEROID-INSEN-
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CI—CHZ—CHZ—T—OH+OH‘ > CH, =CH, +H,PO,~ +CI"
on Ethylene
Ethylene release (Ethrel 2-Chloroethylphosphonic acid

OIER]: 2— R LFHETERR)  (ethephon)

Ethrel application in Agriculture:

1. Breaks seed dormancy and initiate germination in cereals

2. Breaks bud dormancy

3. Induces elongation of submerged aquatic species (deep water rice,
Increase GA synthesis and sensitivity to)

4. Induces flowering in pineapple (applied to synchronized fruit
development)

5. Induces leaf senescence (cotton)

6. Femaleness in cucumbers

7~ Induces fruit ripening

8. (eibAR I HEFL AL
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AOA, AVG, Co2+,Ag+
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