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Ethylene: The Gaseous Hormone($RAETH B 52) Structure, Biosynthesis, and Measurement of Ethylene

History: « i
1. 19" century: BRI (I SO & SRR SHTIERNE BE. Structure: the simplest olefin ({5#), Mr=28; C,H, Pl
2. In 1901, Dimitry Neljubov , &k {EIH7E A IE E bRz &%

i we o e g o ‘ ’ Biosynthesis: almost all tissues
ﬁ%ﬂﬂjrﬁﬁgéiﬁfbmiiﬁ ZAHFfE (triple =¥ leaf abscission & B, flower senescence %
response). _

{E, fruit ripening, stress, disease

3. In 1910, H. H. Cousins B G EHHEYAE S & EL 2
.

4. In 1934, R. Gane and others 35HE Z 4% B i P R-4R
EY > D EETEEREEYAER > RIS
TEYMA RS -

Measurement: gas chromatography (GC) & fH @ &
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N-Mnlonyl ACC, a conjuated form of ACC), may

play an important role in the control of ethylene
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Ethylene biosynthesis is promoted by several factors

3. Circadian: ethylene high at midday and low at midnight.
(&¥I%F) Circadian regulates a subset of ACSs, which is mediated by the
TOC1/CCA1 clock in Arabidopsis.

4. Auxin-induced: Auxin promotes ethylene biosynthesis by enhancing ACS activity,

(RS RRATHE)

How to isolate ethylene signaling mutants? (41{o] 75 2 FH2S 85 0%)
Mutagenized Arabidopsis seeds were grown on agar plates with or without
ethylene in the dark. (GESER] - AIEMS » SEfEF-225%) Al +CN,

FIGURE 22.5 The lrig

Ethylene Signal Transduction Pathways \
Triple response(Z}% =11 f€): Etiolated seedlings show short hypocotyls (% (
TTHELY S AR), short roots (4R )and exaggerated apical hoods (7% &5 i1 [H {
Ui & )at the presence of ethylene. ‘

sponse in Arabidopsis. Thio

day-old eti
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2. Constitutive mutants

ctrl: constitutive triple response

Biosynthesis: Signal transduction: -

(SN )
Met = — ACC—> ethylene Receptor > —> — — Transcription factor (TF)
TF

= Ethylene responsive gene

promoter

n in the presence (right)

Inhibitors of ethylene biosynthesis or signaling
Epinasty ({4, RIZERS L 3iampE A Rt > @R TE) caused by

ethylene and high auxin conc.

Inhibitors of ethylene biosynthesis:
AVG: aminoethoxy-vinylglycine (for ACS)
AOA: aminooxyacetic acid (for ACS)

AIBA: a-aminoisobytyric acid (for ACO)
Co?*: cobalt ions (for ACO)

Inhibitors of ethylene action (signaling):

Silver ions (Ag*): silver nitrate (AgNO,), silver
thiosulfate [Ag(5203),*]

CO,: at high conc (5 to 10%)

trans-cyclooctene: a strong competitive inhibitor )

MCP: 1-Methylcyclopropene, a irreversible binding e

trans Cyclooetene

Twa inhibiters that block ethylene binding
@ cis form of cyclooctene is not an of

Ethylene absorbent: Potassium permanganate
(KMnO,) i’

R E R

Bacterial two-component system

—AHTTA EaAEn
Simple Two-Component Phosphorelay
/—\\ 7 N 7 N 7 Y
[ — R
SENSOR HISTIDINE KINASE RESPONSE REGULATOR SENSOR HYBRID KINASE HPtPROTEIN RESPONSE REGULATOR
P: PO,>

H: Histidine4 5 HPt: histidine phosphotransfer

D: aspartate residue k- 2 & fi%

Biosynthesis: Signal transduction:
Met = — ACC—> ethylene Receptor > — — —> Transcription factor (TF)
T z Ethylene responsive gene
promoter
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Ethylene Signal Transduction Pathways

Ethylene receptors (Z.$7%13%2#&)are related to bacterial two-component system histidine
kinase(84H5T A AHSEEHES (HK)

The first ethylene-insensitive mutant isolated was etr1 (ethylene-responsel). The
C-terminal half of etr1 is similar to bacterial two-component histidine kinase.

Subfamily 1 Ethylene FIGURE 22.7 Schem:
thyl X matic diagram of
binding GAF Histidine kinase  Receiver five ethylene receptor proteins and
e @D<T > ~CE D@ S - coon  their functional domains. The GAF
— ~oD
domain is a conserved cGMP-binding
< domain, found in a diverse
bl >~ ; ol i
A~__> i T of proteins, that generally acts as
Siganersts hidikdine small molecule-binding regulatory
Subfamily 2 Kinase domaids domains. H and D are histidin

aspartate residues that partici
in phosphory'ation. Note th
ETR2, and ERS2 have degene
tidine kinase domains, meanin
they are missing critical, highly con-
- served amino aci are required
for histidine kinas Iytic activity.

EING

ETR2

ERs2 T

ERS: ETHYLENE RESPONSE SENSOR 1
EIN: ETHYLENE INSENSITIVE

All of these five receptors share at least two domains:
1. Membrane-spanning domain at N-terminus.
2. Histidine kinase catalytic domains.

Developmental and Physiological Effects of Ethylene

Ethylene promotes the ripening of some fruits

Vit = SR

Fruits that respond to ethylene exhibit a climacteric (SEAEM:RE)

S MR AL BRI 2 AR K RAYIPIR (R & ZS67E 4, such as apples,

bananas, avocados, and tomatoes

Nonclimacteric fruits(JE 5= 5L E): grapes

Daps o
FIGURE 22.11 Ethylene production and respiration.

n banana, ripening is characterized by 2 climacteric
ation rate, as evidenced by the increased

CO, production. A climacteric rise in ethylene produc-
tion precedes the increase in CO, production, sug-
gesting that ethylene is the hormone that triggers

the ripening process. (After Burg and Burg 1965) L

Practical application: B[4 & FH
ININZAE B A e — B S B -

ZIFAHMEYRAE R R B -

. HEFIEHRI ACS or ACOREIRI I F5HL o LA S BT st AN Z KB HI T LA
TR © (FEAFFER, gene silencing)

Ethylene Signal Transduction Pathways

Receptors (ETR1—etc) = CTR1 —| EIN2 = EIN3 —etc—> ethylene response

CTR1: constitutive triple response 1
EIN2 encodes a transmembrane protein EIN2: ethylene insensitive

EIN3: a transcription factor

/|
| January 201 Plant 8(4)
| DOI: 10.1016/j.molp.2015.01.003

Developmental and Physiological Effects of Ethylene

TABLE 22.1
Climacteric and nonclimacteric fruits
Climacteric 544 Nonclimacteric] [ 5 - [:
Apple Olive s Bell pepper
Avocado Peach Cherry
Banana Pear Citrus

i5%/L  Cantaloupe Persimmon 7 Grape

= Cherimoya Plum Pineapple

Fig Tomato Snap bean =g
Mango Strawberry

Watermelon

MR IR E AR

=
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Developmental and Physiological Effects of Ethylene

The receptors of never-ripe mutants of tomato fail to bind ethylene

60 DPA (days after anthesis, ¥Z§}1%)
B
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Developmental and Physiological Effects of Ethylene

Ethylene breaks seed and bud dormancy in some species

1 H— Ry

H o ZIH T DT PRI A A T35 2F
2. Z¥H A DTSR ORER; 40 Z A% PR HE 1] DU THRATUEIE SRR - 106845 -

Ethylene induces the formation of roots and root hairs

1 ZIG A DA T R AR RE

Weoo®
-C,H, +C,H,

hours before
sion of

LA2453  LA2455

Gr: green-ripe mutant
Nr: never-ripe mutant

FIGURE 22.16 Promotion of root hair formati
ylene in lettuce seedlings. Two-day-old seed!
treated with air (left) or 10 ppm ethylene (rig

photo was taken. Note the profu-

root hairs on the ethylene-treated seedling

(From Abeles et al. 1992, courtesy of F. Abeles.)

L
Barry et al., 2005; Plant Physiol 138: 167-75 13
Developmental and Physiological Effects of Ethylene

Ethylene promotes the elongation growth of submerged aquatic species(7K 4= f&E}H)

1. Although usually thought of as an inhibitor of stem elongation, ethylene is able to
promote stem and petiole elongation in various submerged or partially submerged — L
aquatic plants.(—H Z KBTI ZEATAE R » (B —EK 40 KR - ZIBEr(E 5 e
HELEEEIIER - ) A | g

submerge

Deep-water rice: /K /KRG RMEZER)
Submergence induces rapid internode elongation, which allow the leaves or upper parts
of the shoot to remain above water.

—

%‘ ‘\v{
Ethylene | %
Ethylene stimulates internode elongation in deep-water rice by increasing the amount of, \

and the sensitivity to, GA in the cells of the intercalary meristem. SK1, 5K2 ABA SUBIA-1

Ethylene-mediated expression of SNORKEL1 and SNORKEL2 was identified to trigger the

dramatic internode elongation. (snorkel:/K Fif i)
Deep-water rice

X GA b——— SLRI, SLRL

r G
FAOKTE(RTMEEE) l P
TR H

Elongation growth

JE Y

Ethylene and flooding-tolerance strategies in
rice

From the following article:
Plant biology: Genetics of high-rise rice

Laurentius A. C. J. Voesenek & Julia Bailey-Serres
Nature 460, 959-960(20 August 2009)
doi:10.1038/460959a

— PR BRAR /KRR (E AT 1L SRS - BV RE B

-

PRAKZKRE(E AR SR - SRTER —E IR
FEKEE - FIEATEEIER -


http://www.nature.com/nature/journal/v460/n7258/full/460959a.html

How rice with the SNORKEL gene survives a flood

https://vimeo.com/6208007

Movies illustrating the deepwater response to
rising water levels. Deepwater rice has evolved

and adapted to flooding by acquiring the
ability to significantly elongate its stem.

Credit: M. Ashikari

Developmental and Physiological Effects of Ethylene

Ethylene regulates flowering and sex determmatlon in some species

(ZSHFRE— Lt VIR R CRIFCATIER)
Promote flowering: pineapple and mango

IEE e EE /K AR R )

Sex determination:{EAY ML bR

On plants that have separate male and female flowers (monoecious species), ethylene may

change the sex of developing flowers. e.g., cucumber(&/[1).

Ethylene mediates some defense responses

Zkﬁ*ﬁ*ﬂ*ﬁ% A 5¢jasmonic acid (GRATER) & S LI PIHEARAER

» EFIHURE IS

Water depth (cm)

Deepwater Rice: A Model Plant to Study Stem Elongation
Hans Kende, Esther van der Knaap, Hyung-Taeg Cho

Published December 1998. DOI: https://doi.org/10.1104/pp.118.4.1105
Plant Physiol. (1998) 118: 1105-1110

Promotion of growth by submergence and

ethylene in deepwater rice
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Developmental and Physiological Effects of Ethylene
Ethylene acts on the abscission layer
Abscission(#§/E): The shedding of leaves, fruits, flowers, and other plant organs.
Abscission layer: Abscission takes place in specific layers of cells.
birch tree (fif)
Transgenic plant expressing
Arabidopsis etrl mutant
gene
¥ 7
FIGURE 22.18 Formation of the abscission layer of jew-

elweed (Impatiens). (A) Dur abscission, two or
10 lls in the absci zone undergo cell

wall breakdown because of an increase in cell wall-

hydrolyzing enzymes. (8) The protoplasts, released from the characteristics

the restraint of their cell walls expand and push apart when fumigated fo

the xylem tracheary cells, facilitating the separation

of the leaf from the stem. (After Sexton et al. 1984.)

: mutant trees is eir leaves
ith 50 pem ethylene. (From 7 Vahola et al. 2003]
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Developmental and Physiological Effects of Ethylene

Schematic view of the roles of auxin and ethylene during leaf abscission

Z$% (ethylene)RIAHREAE R (auxin) B X AL -

Separation layer

Yellowing
/

Leaf maintenance phase Shedding induction phase Shedding phase

High auxin from leaf reduces A reduction in auxin from the Synthesis of enzymes that

ethylene sensitivity of abscission leaf increases ethylene sensitivity hydrolyze the cell wall

20ne and prevents leaf shedding. in the abscission zone, wihich polysaccharides results in cell
triggers the shedding phase. separation and leaf abscission.

Removal of the leaf blade promotes petiole abscission.
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