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Ethylene biosynthesis

(rene in A. thaliana
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Expression analysis
of ACS




Transcriptional regulation of ACS expression
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Mutant screens for ethylene pathway genes




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

Vild type’a Wild type/ethylene e I-1/ethylene

Ir1-3/ethy ethylene né'ethy

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




eto mutants — constitutive triple response
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eto2,eto3 dominant mutation results from single
amino acid change in the C terminus ACS5,ACS9

ACSI1
< b
ACSI10

ACS9
ACS2
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ACSS8
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ACS4 457 VSNWVFRLSFHDREZEER
ACS8 452 VSNWVFRLSFHDREPEER
eto? 453 VSNWVFpgfmdrsct

ACSS 453  VSNWVFRVSWTDRVPDER
ACS9 453 VSNWVFRVSWTDRVPDER
efo3 453 VSNWDFRVSWTDRVEDER
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eto3 mutation does not affect level of ACS9 mRNA

Table 1. Levels of ACS59 mBNA in Wild-Type and eto3 Seedlings

Sample Crnor (Experiment 1)2 Crnor (Experiment 2) Crhor (Experiment 3) Crnor (mean * sD) ACS9 mRNAP
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
ACS5 protein stability
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Posttranscritpional regulation of ACS



Etol- recesive mutant with constitutive
triple response
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ETO1 interacts with ACS5
and reqgulates Its activity
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ETO1 promotes ACS5 degradation through
proteasome dependent pathway
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Model for regulation
of ethylene biosynthesis by ETO1

b Stress signals
developmental signals

9 ACC SAM

Proteasome



Screen for ethylene mutants
ll. Genes invoved In signalling pathway

. l l l '
his 1-1'ethylene

Wild type/air Wild type/ethylene elc N 1-1/air ¥ 1-1/ethylen 1/ethylene

*nlﬂ Jethylene 21/ ethylene SMh3-1/ethylene eind/ethylene
Roman et al., 1994




Ecotype Phenotype’
A, Strains®
auxl-7 Columbia Aux”
aux]-21 Columbia Aux”
auxl-22 Columbia Aux”
woirl-1 Columbia Ctr™
ctrl-5 Wassilewskija Ctr™, kan'
* ein2-1 Columbia Ein~
ein2-6 Wassilewskija Ein~
% ein3-1 Columbia Ein~
ein3-2 Wassilewskija Ein~, kan"
% eind Columbia Ein~
ein5-1 Columbia Ein~
eins-2 Columbia Ein~
einé Landsberg Ein~
eins Columbia Ein~
eirl-1 Columbia Eir™
eirl-2 Columbia Eir™
efol-1 Columbia Eto™
* etrl-3 Columbia Ein™
his1-1 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 Air
Root Hypocotyl Total Hook Root Hypocotyl Total Hook
Strain length length seedling angle length length seeding angle
Columbia 1.5 = 0.1 3.0 = 0.1 4501 250+ 8 39+02 48 0.1 B7+02 114=*9
Landsberg 21 =01 27 =*01 48 = 0.1 233+ 18 nd’ nd nd nd
Wasslewskija 1.0 + 0.1 3.1+ 0.1 4101 270 %6 40202 6.1 *0.1 10.1 = 0.2 166 = 7
auxl-21 4702 34+ 0.1 81+*03 197+8 6303 60=01 123 =03 126 * 6
ctrl-1 0800 28+01 36 = 0.1 247+ 5 09 +00 31=*01 4.0 + 01 246 = 10
arl-5 04=00 19=*01 2301 2525 06 00 24 =01 3.0 = 0.1 237 = 8
en2-1 6.1 202 6502 126 = 0.2 39=4 5802 69 =02 127 * 0.3 43 £ 7
anil 36 = 0.1 52 0.1 88 = 02 118 = 7 54+=03 59 = 0.1 11.3 = 0.4 (N
ani-2 3.1 = 0.1 55 = 0.1 85202 176=6 52+ 03 6302 114+03 152 +8
eind 71 =02 73 =03 144 *+ 0.3 64+ 9 68 = 0.3 69 =038 13.7 = 0.4 45 =5
en5-1 25 = 0.1 48 £ 0.1 73+ 0.1 44 =10 56=02 5302 11.0 = 0.3 89 =8
en5-2 26 + 0.1 46 * 0.2 72*02 156 = 10 43 £ 0.2 56 = 0.2 99+ 0.3 113 = 10
einb 35+01 62=02 9.7+ 0.2 95 = 6 70202 60*02 13.0 = 0.2 47 =4
an7 29x01 52=x01 8102 176 =4 52=02 67 x02 11902 137 =8
eirl-1 34 =01 31 =01 6.5 = 0.1 282 = 7 52 =09 6.2 * 0.1 11.4 = 0.1 106 = 7
eir]-2 3.0 = 0.1 3.1 =01 6.1 =01 261 =7 48203 57202 10504 109 =10
etol-1 1401 33=01 4702 244+10 19=0.1 33 = 0.1 5.3 = 0.1 239 ~ 8
etrl-3 46 * 0.2 6.1 * 0.1 10,7 = 0.3 89 + 7 49 = 0.3 55 * 0.2 104 + 0.3 9 = 5
hisl-1 09+01 34=01 43 = 0.2 5% 1 33 =01 51 =01 8.4 = 0.2 4 =1

Roman et al., 1994




B. Double mutants®

auxl-21 cirl-1 Aus—, Cur™

auxl-21 eirl-1 Aux”

ctrl-5 gin 2-1 Ein~

cirl-1 ein3-2 Ein "~

ctrl-1 ein3-1 Ein~

ctrl-1 ein7 Ein~

ctrl-1 eirl-1 Eir , Ctr°

ctrl-1 etrl-3 Crr

cirl-1 hisi-1 His™, Ctr™*

etn2-1 eirl-1 Ein~, Eir-

ein2-6 eirl-1 Ein~, Eir™

ein2-1 etol-1 Ein~

ein2-6 elo 1-1 Ein~

ein2-1 etrl-3 Ein~

etn2-1 hisl-1 Ein~, His~

ein3-1 eirl-1 Ein~, Eir™

gin3-1 erl-2 Ein~, Eir™
FEir~, Hls™

eirl-1 his 1-1

Roman et al., 1994
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ETR1 codes for histidine kinase

etr2

etrl ein4
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His-kinases in Arabidopsis

Ethylene receptors

ERS2
ETR1 ETR2
ERSI
EIN4
AtHK 1
CKII ,’
CKI2
CREl/
WOL/AHK4
AHKZ  spk3

Cytokinin receptors Phytochromes



Ethylene signalling
— homology to two component system ?

A
Simple two-component system /"'\
P P
) —<—> D
input transmitter receiver output
Sensor histidine kinase Response regulator
B
Phosphorelay /—\ /_\ /_\
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Hybrid histidine sensor kinase Hpt Response regulator
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Ctrl — codes for protein kinase of Raf family

cird-7 KAGYIN

e cerl-8 G353E 1-4 ESOAK A, ! DEGSE
4 A
| CN box COOH
\ ana 2
cerl-9 | bp insertion crds3 ‘( I5stix l Kinase domain

etrd



ETR1 interacts with CTR1

326 583 612 738 551 821
ETR1 | | I CTR1 |
326 587 613
ERS | T
C
DB FUSION AD FUSION B-gal units 1 2 3
1 ETR1 29729 CTR1 53-568 71 +50
» CTR1 538-821 0.10 £ 0.02 —
" vector 0.07 +0.02 -— -
ETR1 293-610 CTR1{ 53-568 0.10 £ 0.02
" vector 0.04 +0.00
ERS 261-613 CTR1 53-568 44 +0.20
" vector 0.05 + 0.01
lamin CTR1 58-568 0.05 + 0.01

Clark et al., 1998



CTR1 has protein kinase activity

CTR1 ctrl-1

ctrl-7 K69IN

@ |o '8;35”‘ cirl-4ESHK Aoyl D694E
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Y v ; :
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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
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EIN2 - contains domain similar to Nramp metal
transporters protein.

A wild type ein2-5
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EIN3 codes for transcription factor

Col-0  Col0  ein3-1 ::,':: K

ethylene  ethylene
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Chao et al., 1997



EIN3 protein level is controlled by ethylene
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Guo and Ecker, 2003



EIN3 accumulates in nucleus upon ethylene or MG132 treatment
ACC MG132
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Mutation in EBF1 and EBF2 results in hypersensitivity
to ethylene and accumulation of EIN3 protein

Col ebf1-1 ebf2-1
0141 4 0141 4 01/4 1 4 CyHy(hr)

cnemaamid s REE

bt 1 1 L0 11 L0 et
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Guo and Ecker, 2003



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

proteasome

A
C”f_’, ---|ETR1 = CTR1 — SIMKK --3»MPK6 --3» EIN2 ------3»
2" '4 (MKP137?) EINS
EING
B EIN3
C,H, — ETR1--3CTR1--- SIMKK —3» MPK6 —3» EIN2 ——3» Bl
(MKP13?) EIN5 { Target genes
EING EBS

Receptor MAPKKK MAPKK MAPK Positive Transcription
regulators factor

Guo and Ecker, 2003



Ethylene signal transduction pathway
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Ethylene Modulates Stem Cell Division
INn 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

araet binding 4 (CDNA library)

protein partner  transcriptional

DNA-binding domain activation domain

RECOMBINANT GENES ENCODING
BAIT AND PREY INTRODUCED INTO
yeast cell YEAST CELL

CAPTURED PREY

BAIT

—y | TRANSCRIPTION
ranscriptional activator OF REPORTER
-]

binding site =
reporter protei

Fig. 11-39

Figure 8-51. 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)

prntein X

GST | fusion protein bound to
glutathione-coated beads ®

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

glutathione solution
I,—.% elutes fusion protein

together with proteins

that interact with
protein X

Figure 8-50. Molecular Biology of the Cell, 4th Edition.

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 ni/ -

* Lyse cells and IP protein X using co-IP
S50 conditions (1% triton X-100, 1% Brij96,
2% digitonin, or 2% CHAPS, etc.)

A Ao & A

IP 1 P2 IP3 P4




