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Biological function of Ethylene in plants

triple response flower development root elongation

defense

fruit ripening leaf senescence root hair development



The Initiation of research on Ethylene signaling

Triple response of etiolated seedlings:
Short, thickened root and hypocotyl

Exaggerated curvature of the apical hook

(Bleecker et al., Science, 1988)



Ethylene signaling pathway in Arabidopsis thaliana
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Ethylene responses

* Triple response
+ Seedling survival
* Leaf expansion

+ Stem elongation (An et al., Plant Cell, 2010)
+ |Leaf epinasty




The phenotype of ein3(ethylene-insensitive 3)

ein3-1

Col-0

(Solano et al., G&D, 1998)



Networks through EIN3/EIL1
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Questions & Approaches

« Questions: The function of EIN3 Is quiet clear,
but less Is known about the relationship
between Its sequence and function.

o Approaches: Use bioinformatic tools to predict
the conserved motifs and post-translational
modifications



Results

e Conserved motifs of EIN3

* Probable post-translational modification sites
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Phylogeny of EIN3/EILs
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演示者
演示文稿备注
利用mega构建系统发生树，可以看出EIN3蛋白与其基因家族中的EIL1亲缘关系最近，生化功能上EIN3与EIL1的作用方式也作为相近。


EIN3 and EIL polypeptides showing
their similarities
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(Chao et al., Cell, 1997)
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Prediction of Arabidopsis EIN3 domaln
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Confidently predicted domains, repeats, motifs and features:

Mame Start & End E-value
Ffam:EIN3 49 422 2 7e-149 il
low complexity 533 558 3

low complexity 67 583 3 il


演示者
演示文稿备注
我们利用SMART对EIN3蛋白可能的结构域进行了预测，可以看出它主要给出了3个motif，一是Pfam，它包含DNA binding domain，另外两个是低复杂度区域。


The MEME Suite
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演示者
演示文稿备注
同时也利用MEME，通过比对它们基因家族成员的序列，找出可能存在的保守结构域。它预测出3个可能的保守结构域。它们与上一预测结果中的Pfam位置基本重合。


The structure of EIL3-DBD




Homology Modeling-Swissmodel
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演示者
演示文稿备注
在这六个成员中，目前EIL3的DNA binging domain的结构已经被结出，我们根据这个结构利用swissmodel对EIN3蛋白的DNA binding domain进行同源模建，序列上，它们氨基酸的相似性较高，并且可以看出它主要也是由a 螺旋构成。


Summary 1

»49-422 aa may be the functional domain of EINS.

»178-301 aa is the predicted DNA binding domain.



Results

e Conserved motifs of EIN3

* Probable post-translational modification sites



The previous studies on EIN3 modifications

February 2008 | doi:10.1038/nature06543 nature

ARTICLES

Dual control of nuclear EIN3 by bifurcate
MAPK cascades in C;H, signalling

Proteomic analyses identify a diverse array of nuclear
processes affected by small ubiquitin-like modifier
conjugation in Arabidopsis

Marcus J. Miller?, Gregory A. Barrett-Wilt®, Zhihua Hua® and Richard D. Vierstra®'

RESEARCH PAPER

A conserved phosphorylation site regulates the
transcriptional function of ETHYLENE-INSENSITIVES3-like1 in

tomato



What we focused on

e Phosphorylation
« Scansite, Netphos, PhosPhAt, DisPhos

o Sumoylation(Small ubiquitin-like modifier)
o SUMOsp, SUMOplot

 Ubiquitination
« Ubipred, Ubperd, BDM-PUB



Description: User—-entered sequence
Notifs scanned: All
Stringency: Hizh
Show domains: Mo

Scansite

Acid ST_kin
z19
Acid_ST_kin
Td2
Predicted
Sites
{Donains not requested}
Surface
Accezzibility
1.0
| 628 an

Acidophilic serine/threonine kinase group

(Acid ST kin)

Gen Card CSNELG2

oite ocore Percentile Sequence Sh
=19 0.3608 0,118 % NDFFSSGSLGEVDRC 0. 576
Gene Card CSNKZB
Site ocore Percentile Sequence Sh

T4z 0, 2932 0,048 % o IVEDDYTODEIDVD 4, 130




centerror NetPhos 2.0 Server - prediction results

REIOLOGI
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=NCEANAT Technical University of Denmark

LYSIS CBS

Phosphorylation sites predicted:

Fhosphoryglation potential

Ser: 13 Thr: 3 Tyr: 4

HetPhos 2.8% predicted phosphorylation sites in seg.l

Serine
Threonine
Tyrosine

ll.|‘||||

T T T
184 2aa 384

Seguence position

]t

&08




CENTERFO
RBIOLOG
CALSEQU
ENCEANA
LYSIS CBS

Phosphorylation sites predicted:

Serine predictions

Ser:

Pos Context Score Pred
\i
16 MDFFSSGSL 0.012
17 L DEFsS3ars 0 217
15 FS5GSLGEV 0.863 *®5*
35  RAEPDSIVED 0.985 *®5*
83 EKQRQSQEQR 0.997 =E*
93  REKMSRAQD 0,915 #5#
131 VIGASDNLE 0.013
188 TTILGSLLSA 0.016
191 GSLLSALMQ 0.008
P73 LVRQSECLQ 0.874 =5%
P85 TAFESATWL 0.618 *5*
V37  NQEESLARE 0.520 *5*
06 LYPESCPPL 0.005
Ell CPPLELEGE 0,703 #G®
313 PLELSGGSC 0.064
316 LSGGSCSLL 0.019
318  GGSCSLLMN 0.020
2 R Lt
36 FEFESHYEV 0.982 *&*
351  KVMNSSNEG 0.045
352  VMNSSNEGM 0.019
374 PAGNSEFME 0.013
405  GCAHSEISE 0.034
08  HSEISRGFL 0.73T7 #5%
E&G LDRNSRDNH _0.964 *#5*
429  PHRDSRLPY 0.237
438  GAAPSRFHV 0.003
459  REVNSVAQP 0.059
474 OFMISELME 0, 271
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a2

bt

Technical University of Denmark

13 Thr: 3 Tyr: 4

NetPhos 2.0 Server - prediction results

Threonine predictions

Tyrosine predictions

Fos Context Score  Pred
v

42  EDDYTDDEI 0.060

128  GEEVIGASD 0.033 .
153 PRAITEYQA 0.768 *T¥|
174  PIGPTBHIL 0.223

177 PTPHTLQEL 0.256

18 ELQDTTLGS 0.168

185 LQDTTLGSL 0.107

253 VGVLIAVIK 0.21%9 .
b+ I Y, ==
287  RESAIWLAL 0.007

388 RDLNTIMDR 0.298

393  IMDRIVFIC 0.037

396 RIVFICENL 0.13%9

467 PIDLIGIVE 0.08%9

494  (SNQTSMVM 0.123

509 LLOPTVHNH 0.012

548  SHNQTFFQG 0.028

564 FEKFDTADHN 0.128 .

613 GVWGIMDGM 0.0

o

0

(1]

3

Pos  Context Score Pred
ki

|41 VEDDYTDDE 0.387 *¥* |
102 GILEYMLEM 0.015

117 QGFVY¥GIIP 0.208

155  ATTEYQAEN 0.195

237 GEAEYEEFRH 0 09F

03 ARELYPESC 0.502 #¥w
27 DCEQYDVEG 0.696 #¥*
38 KESHYEVEE 0.902 #¥*
433  SRLPYGARP 0.406

485  LMSMYDRHWV 0.149%

¢01  ASFDYRDDM 0.338

A




PhosPhAt

“"’ The Arabidopsis Protein Phosphorylation Site Database

Arabidopsis thaliana

AT3G20770.1

EIN3, AtEIN3; Ethylene insensitive 3 family protein

27.3.19 RNA.regulation of transcription.EIN3-like(EIL) transcription factor family
AT1G73500.1 - ATMKK9, MKK9; MAP kinase kinase 9

AT2G43790.1 - ATMPKG, MPK6, MAPK6, ATMAPKE; MAP kinase 6

AT3G45640.1 - ATMPK3, MPK3, ATMAPK3; mitogen-activated protein kinase 3
AT5G03730.1 - CTR1, 5IS1, AICTR1; Protein kinase superfamily protein

5 6 7 § 0 101112131415161718192021222324252627282930 313233 343536373830 4041424344 454547434950
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Common predicted phosphorylation sites

e Ser: 19, 83, 93
e Thr: 42,592

e Tyr:41



Some of these point mutations didn’t affect the interaction with
EBF1/EBF2 and EIN3_(1-384) in yeast

SD/-His-Ade-Trp-Leu

AD

AD-EIN3

AD-K245 Nr

AD-P216S

BD BD-EBF1 BD-EBF2
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000000
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Sumoylation site prediction using SUMOQOsp2 0:

Predicted Sites

Fosition Feptide Scare Cutoff Type
344 EELKPEK 1.256 0.13 Typel: W-KI-E
366 FPVKEEY 1.322 0.13 Typel: W-K-X-E




SUMOplot™ Analysis Program

Developed by Abgent, copyright 2003-2010
Protein ID: gi37078133]5p|024606.1|EIN3_ARATH

Defintion: RecName: Full=Protein ETHYLENE INSENSITIVE 3

Length: 623 aa

1 MMFNEMGMCG NMDFFSSGSL GEVDFCPVEQ AEPDSIVEDD YTDDEIDVDE | [ Motifs with high

51 LERRMWRDEM RLERLKEQDK GKEGVDALR(Q RQSQEQRRRE EMSRAQDGIL  probability

101 EYMLEMMEVC FAQGFVYGII PENGEPFVIGL SDNLREWWED EVRFDENGEL . Motifs with low

151 ATTKYQAENN IPGIHEGNNP IGPTPHTLQE LQDTTLGSLL SALMQHCDFP  probability

201 QRRFPLERGV PPPWWENGKE DWWPQLGLPK DQGPAPYRKP HDLKKAWKVG [ Overlapping

251 VLTAVIKHMF FDIAKIRKLV RQSKCLQDEM TARESATWLA IINQEESLAR | pjatifs

301 ELYPESCPPL SL3GGSC5SLL MWDCSQYDVE GFEFESHYEV EELEPEEVHMN

351 35NFGMVAFM HDFEVEEEVP AGHSEFMRER EPNRDLNTIM DRTVFTCENL

401 GCAHSEISRG FLDRNSRDNH QLACPHRDSR LPYGAAPSRF HVNEVEEVVG

451 FPQPRPVNSV AQPIDLTIGIV PEDGREMISE LMSMYDRNV( SHQTSMVMEN

501 QSVSLLQPTV HNHQEHLQFP GNMVEGSFFE DLNIFNRANN NNSSNNQIFF

551 QGHNNNNHVF FFDTADHNNE EARHANNNNNS SGNRFQLVED STPFDMASFD

601 YRDOMSMPGV VGTMDGMQQE QODVSIWF

No. Pos. Group Score No. Pos. Group Score
1 K366  MHDFP VKEEVPAGN 0.93 4 K219 PWWPN GKED WWPQL 0.67
2 K344  YEVEE LKPEKVMNS 0.91 5 K72 KEQDK GKEG VDAAK 0.50
3 K561 NNNNV FKFD TADHN 0.85 6 K248 DLKKA WKVGVLTAV 047



Common predicted sumoylation sites

. K344

e K366



Bioinformatics in NCTU, Taiwan.

Position

M
63
66
70
12
79
50

45
248

Sequence
DELERRNYRDENRLERLEEQD
FENWEDENFLERLEEQDEGEE
VRDENRLERLEEQDEGEEGYD
NFLERLEEGDEGREGVDALER
LERLEEQDEGEEGVDALKQRY
DEGREGVDALKQRASAEARR
(RQ SQEQARREENSRAGDGIL
RASQEQARREENSRAQDG ILE
ENSRAQDGILEYNLENNEVCE
ADGILETMLEMMEVCEAQGE
KINLEMMEVCEAQGFVIGIIP
FiGIIPENGEPVTCASDNLE
GASDNLREYYEDEVRFDERNGP
SDRLREVWEDEVRFDRRGPAA
FDRNGPAATTETQAENNIPGT
DFPQRRFPLEEGVFFEYWENG
GYPPPINENGEEDWWPGLGLE
EDWWPQLGLPEDQGPAPTEER
LFEDQGPAPTEEPHDLEEAWE
PEDQEFAPTREEPHDLEEAWET
PAPYEEPHDLEEAWEVGVLIA
APYEEPHDLEEAWEVGVLIAY
EEPHDLEEAYEVGVLTAVIEH

UbiPred: prediction of ubiquitylation sites

Ubiquitylation

Score

0.54

0.43

04

0.26 257
0.18 265
026 268
0.33 274
0.28 219
0.63 263
0.4 334
033 344
0.4 u7
0.82 359
0.83 16
= 319
= 381
had 446
& i
037 561
0.53 2l
0.66

0.58

VEVGVL TAVIEHNFPDIAKTR
VIEHNFFDIAKTRELVRASKC
HEFPDIAETRELVRQSECLQD
ARTRRLVER SECLODENTARE
LVRQSECLADENTAKESATVL
SECLQDENTARESATWLATIN
CEQTDVEGFEKESHYEVEELE
EESHYEVEELEPEEVERSSHF
HYEVEELEPEE VNN SNFCHT
M5 SHEGHY AKNEDFPVEEEY
M LENHDFPVEEEVPAGNEER
YPAGHSEFEREREPNRDLATI
AGNSEFNREREPNEDLRTIND
APSEFHVNEVEP VWG FPQPRE
LTGIVPEDGQENISELMENTT
QGHNNRRRYFEFDTADHNRFE
¥VCTEDGEQQEQQDYSIWF

0.3
0.39
0.63
0.4
0.32
0.4
0.37
0.60
0.33
0.3
0.41
0.58
0.68
049
0.16
0.5
0.5



UbPred: predictor of protein ubiquitination sites

Residue Score Ubiguitinated
39 0.50 No

63 0.28 No

]3] 0.31 No

70 0.31 No

72 0.42

79 0.80 \= Medium confidence
90 0.35

a1 0.35

101 0.34 No

105 0.38 No

111 0.48 No

125 0.58 No

139 0.46 No

141 0.34 No

154 0.55

208 0.70 \= Medium confidence
219 0.55

230 0.59

238 0.32 No

239 0.23 No

244 0.10 Mo

245 0.12 No

248 0.14 Mo

257 0.27 No

265 0.18 Mo

268 0.13 No

274 0.13 Mo

279 0.29

283 0.64 p=4 Low confidence
334 0.92 High confidence
344 0.94 High confidence
347 0.87 High confidence
359 0.75 Medium confidence
366 0.78 (= Medium confidence
379 0.15

381 0.43

446 0.49 Mo

476 0.54 No

561 0.81 j(= Medium confidence
620 0.62 (1 Low confidence




* BDM-PUB: Prediction of Ubiquitination sites with Bayesian Discriminant Method

Go back to BDM-PUE prediction page
Predicted Ubiquitination sites:

Peptide Position = Score  Threshold
FREMWRDFMRLERLK 58 0.78 0.3
WRDEMRLFRLREQDR % 1.42 0.3
FMRLRRLFEQDRGRE 1 1.84 0.3
RRLREQDRGREGVDA 70 0.83 0.3
LREDRGKEGVIAAR 72 0.80 0.3
REGVDARRGRQSQER 78 1.33 0.3
SEQARRXRMSRAGD 90 1.54 0.3
QEQARRRRMSRAQDG 91 2.38 0.3
GIIPENGKEVTGASD 125 1.05 0.3
NGEAAITKYQAFNNI 154 0.75 0.3
D{GPAPYXRPHDLRK 238 1.37 0.3
OGPAPYRXPHDLRRA 239 2.43 0.3
YRREHDLEREWRVGY 244 0.78 0.3
RRPHDLEFAWRVGVL 245 0.41 0.3
HDLERAWKVGVLTAV 248 2.61 0.3
GVLTAVIKHMFEDIA 257 1.12 0.3
PDIAKIRKLVRGSRC 268 1.65 0.3
RRLVRQSKCLQDRMT 274 0.40 0.3
QSRCLQDRMTARESA 279 2.71 0.3
SEFMRRRKENRDLNT 381 1.37 0.3




Common predicted ubiquitination sites
Lysine

e 59,79, 244, 245, 248, 268, 344, 561, 620



245K— N IS the ein3-3 mutation site

This mutation could stabilize EIN3 protein



Discussion

* Hint from the bioinformatic analysis:

The conserved motifs and some sites may be
necessary for the EIN3 function.

* More experimental evidences are needed:
Construction of truncation and point mutations, then
observe the phenotype and test the protein interaction


演示者
演示文稿备注
首先，我们从生物信息学的预测上找到很多线索，比如说EIN3蛋白的DNA结合结构域以及EIN3蛋白可能存在的磷酸化，泛素化和sumo化位点，暗示它可能有这样的功能。但是，我们更加需要实验证据，根据这些预测结果设计实验，如domain缺失，点突等，以证明其是否是真正的功能位点。
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