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Ubiquitin-Proteasome System(UPS) 



What Determines the Specificity of UPS? 
---Recognition of E3&Substrate 

Universal E1, E2 and Proteasome with 
Substrate Unique E3 



Diverse UPS in Plant  



Diverse “SCF type” UPS in Phytohormone Signaling  



Auxin as “molecular glue” Regulates TIR1(F-box, 
Receptor)–AUX/IAA(TF) Interactions 

COI1(F-box)  Interacts with JAZs and  Percepts                           
Jasmonate as  co-receptor  
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F-box Proteins in Plant Hormone Response 



NLS F-BOX LRR 

General secondary structure of F-box protein in Arabidopsis 

Which region contributes to the specificity? 
     >Response to different hormones 
     >Recognize different substrates 



What happened to EBF1&EBF2?  Nature (2007) 446:640-645 
Nature (2010) 468:400-405 

3-D structure of SCFTIR1 &SCFCOI1 in Arabidopsis 
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Major Goals 
• Take TIR1&COI1 as templates to predict 3-D 

structure of EBF1   

• Predict the region in EBF1 that is responsible 
for EIN3 recognition and binding specificly 

• Predict the secondary structure of EIN3 and 
the possible 3-D conformation 

• Speculate the possible interaction mechanism 
between EIN3 and EBF1 

 



Approaches 

• Sequence Alignment: 
ClustalW, Muscle 

• Secondary structure prediction: 
PSIPRED V3.0,MEME,SMART, 

• Protein Modeling: 
Swiss-Model,3D-JIGSAW,Swiss-PDB viewer 
 



Results 

• Structural information of EBF1 

 

• Structural information of EIN3 



• 1、Sequence information of EBF1/EBF2 

EBF1 

EBF2 

EBF1 structural information 

Obtained from GSDS 



• 2、Prediction of the Secondary structure(EBF1) 

EBF1 structural information 

Obtained from PSIPRED 

Obtained from SMART 



• 3、Multiple sequence alignment between 
EBF1/EBF2 and TIR1、COI1 

EBF1_ARATH    1 MSQIFSFAGENDFYRRGAIYPNPKDASLLLSLGSFADVYFPPSKRSRVVAPTIFSAFEKKPVSIDVLPDE 

EBF2_ARATH    1 MSGIFRFSGDEDCLLGGSMYLSP.........GSCPGVYYPARKRLRVAATSFYSGFEEKQTSIDVLPEE 

TIR1_ARATH    1 .........................................MQKRIALS...F..............PEE 

COI1_ARATH    1 .....................................MEDPDIKRCKLSCVAT..............VDD 

 

EBF1_ARATH   71 CLFEIFRRLSGPQERSACAFVSKQWLTLVSSIRQKEIDVPSKITEDGDDCEGCLSRSLDGKKATDVRLAA 

EBF2_ARATH   62 CLFEILRRLPSGQERSACACVSKHWLNLLSSISRSEVNESS..VQDVEEGEGFLSRSLEGKKATDLRLAA 

TIR1_ARATH   13 VLEHVFSFIQLDKDRNSVSLVCKSWYEIERWCRRKVFIGNCYAVSPAT.....VIRRFPKVRSVELK... 

COI1_ARATH   20 VIEQVMTYITDPKDRDSASLVCRRWFKIDSETREHVTMALCYTATPDR.....LSRRFPNLRSLKLK... 

 

EBF1_ARATH  141 IAVGTAGRGGLGKLSIRGSN.SAKVSDLGLRSIGRSCPSLGSLSLWNVSTITDNGLLEIAEG.CAQLEKL 

EBF2_ARATH  130 IAVGTSSRGGLGKLQIRGSGFESKVTDVGLGAVAHGCPSLRIVSLWNLPAVSDLGLSEIARS.CPMIEKL 

TIR1_ARATH   75 ......GKPHFADFNLVPDGWGGYVYPW.IEAMSSSYTWLEEIRLKRM.VVTDDCLELIAKS.FKNFKVL 

COI1_ARATH   82 ......GKPRAAMFNLIPENWGGYVTPW.VTEISNNLRQLKSVHFRRM.IVSDLDLDRLAKARADDLETL 

 

EBF1_ARATH  209 ELNRCSTITDKGLVAIAKSCPNLTELTLEAC..............................SRIGDEGLL 

EBF2_ARATH  199 DLSRCPGITDSGLVAIAENCVNLSDLTIDSC..............................SGVGNEGLR 

TIR1_ARATH  136 VLSSCEGFSTDGLAAIAATCRNLKELDLRESDVDDVSGHWLSHFPDTYTSLVSLNISCLA.SEVSFSALE 

COI1_ARATH  144 KLDKCSGFTTDGLLSIVTHCRKIKTLLMEESSFSEKDGKWLHELAQHNTSLEVLNFYMTEFAKISPKDLE 

 

EBF1_ARATH  249 AIARSCSKLKSVSI.............KNCPLVRDQGIASLLSNT..............TCSLAKLKLQM 

EBF2_ARATH  239 AIARRCVNLRSISI.............RSCPRIGDQGVAFLLAQA..............GSYLTKVKLQM 

TIR1_ARATH  205 RLVTRCPNLKSLKLNRAVPLEKLATLLQRAPQLEELGTGGYTAEV.RPDVYSGLSVALSGCKELRCLSGF 

COI1_ARATH  214 TIARNCRSLVSVKVGDFEILE.LVGFFKAAANLEEFCGGSLNEDIGMPEKYMNLVFPRKLCRLGLSYMG. 

 

EBF1_ARATH  292 LNVTDVSLAVVGHYGLSITDLVLAGLSHVSEKGFWVMGNGVGLQKLNSLTITACQGVTDMGLESVGKGCP 

EBF2_ARATH  282 LNVSGLSLAVIGHYGAAVTDLVLHGLQGVNEKGFWVMGNAKGLKKLKSLSVMSCRGMTDVGLEAVGNGCP 

TIR1_ARATH  274 WDAVPAYLPAVYSVCSRLTTLNLSYATVQSYDLVKLLCQCPKLQRLWVLDY.....IEDAGLEVLASTCK 

COI1_ARATH  282 ....PNEMPILFPFAAQIRKLDLLYALLETEDHCTLIQKCPNLEVLETRNV.....IGDRGLEVLAQYCK 

 

EBF1_ARATH  362 NMKKAIISKSP..........LLSDNGLVSFAKASLSLESLQLEECHRVTQFGFFGSLLN....CGEKLK 

EBF2_ARATH  352 DLKHVSLNKCL..........LVSGKGLVALAKSALSLESLKLEECHRINQFGLMGFLMN....CGSKLK 

TIR1_ARATH  339 DLRELRVF..PSEPFVMEPNVALTEQGLVSVSMGCPKLESV.LYFCRQMTNAALITIARNRPNMTRFRLC 

COI1_ARATH  343 QLKRLRIERGADEQGMEDEEGLVSQRGLIALAQGCQELEYMAVY.VSDITNESLESIGTYLKNLCDFRLV 

 

EBF1_ARATH  418 AFSLVNCLSIRD..LTTGLPA.SSHCSALRSLSIR.NCPGFGDANLAAIGKLCPQLEDIDLCGLKGITES 

EBF2_ARATH  408 AFSLANCLGISDFNSESSLPS..PSCSSLRSLSIR.CCPGFGDASLAFLGKFCHQLQDVELCGLNGVTDA 

TIR1_ARATH  406 IIEPKAPDYLTLEPLDIGFGAIVEHCKDLRRLSL...SGLLTDKVFEYIGTYAKKMEML.SVAFAGDSDL 

COI1_ARATH  412 LLDREE..RITDLPLDNGVRSLLIGCKKLRRFAFYLRQGGLTDLGLSYIGQYSPNVRWM.LLGYVGESDE 

 

EBF1_ARATH  484 GFLHLIQSS...LVKINFSGCSNLTDRVISAITARNGWTLEVLNIDGCSNITDASLVSIAANCQILSDLD 

EBF2_ARATH  475 GVRELLQSNNVGLVKVNLSECINVSDNTVSAISVCHGRTLESLNLDGCKNITNASLVAVAKNCYSVNDLD 

TIR1_ARATH  472 GMHHVL............SGCDS................LRKLEIRDCP.FGDKALLANASKLETMRSLW 

COI1_ARATH  479 GLMEFS............RGCPN................LQKLEMRGCC.FSERAIAAAVTKLPSLRYLW 

 

EBF1_ARATH  551 ISKCAISDSGIQALASS.DKLKLQILSVAGCS......MVTDKSLPA.IVGLGSTLLGLNLQQCRSISN. 

EBF2_ARATH  545 ISNTLVSDHGIKALASSPNHLNLQVLSIGGCS......SITDKSKAC.IQKLGRTLLGLNIQRCGRISS. 

TIR1_ARATH  513 MSSCSVSFGACKLLGQKMPKLNVEVIDERGAP......DSRPESCPVERVFIYRTVAGPRFDMPGFVWNM 

COI1_ARATH  520 VQGYRASMTGQDLMQMARPYWNIELIPSRRVPEVNQQGEIREMEHPA.HILAYYSLAGQRTDCP...... 

 

EBF1_ARATH  612 ...STVDFLVERLYKCDILS 

EBF2_ARATH  607 ...STVDTLLENLWRCDILY 

TIR1_ARATH  577 DQDSTMRFSRQIITTNGL.. 

COI1_ARATH  583 ...TTVRVLKEPI....... 
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EBF1 structural information 

Obtained from Muscle 



• 4、Prediction of 3-D structure(EBF1) 

TIR1 as Template COI1 as Template 

EBF1 structural information 

Predicted from Swiss-Model and viewed by Swiss-PDB viewer 



• 5、Analysis of the predicted 3-D structure 

TIR1 as Template; 
EBF1(RED) fit with TIR1(BLUE) 

EBF1 structural information 

Share high similarity 



• 5、Analysis of the predicted 3-D structure 

EBF1 structural information 

Special 
Region~ 



• 5、Analysis of the predicted 3-D structure 

EBF1 structural information 

COI1 as Template; 
EBF1(RED) fit with COI1(BLUE) 

Share high similarity 



• 5、Analysis of the predicted 3-D structure 

EBF1 structural information 

Special 
Region~ 



EIN3 structural information 



EIN3 structural information 

• 1、Sequence information of EIN3 

Obtained from GSDS 



EIN3 structural information 

• 2、Secondary structure of EIN3(putative motif) 

Obtained from MEME 

Obtained from PSIPRED 



EIN3 structural information 

• 3、Predicted 3-D structure(146aa-329aa) 

EIL3 as template(1WIJ), 
predicted by 3D-JIGSAW, 
Viewed by Swiss-PDB viewer 

De-novo prediction has failed~~~  
i.e. conformation of full-length protein is still totally unclear~~~ 



Discussion 
Hint from the bioinformatic analysis: 

• 1、The putative region in EBF1 that is 
responsible for EIN3 recognition and binding 

    The special loop between different LRR domain! 

     The unique sidechain residues that contributes to the 
pocket size and the hydrophobic atmosphere! 
     Point-mutation that can disrupt EIN3&EBF1 interaction!  

 
 



• 2、The putative interaction mechanism 
between EIN3 and EBF1 

EBF1 EBF1 

EIN3 



Questions Remain: from predict to prove! 

• Accuracy of the prediction? 

 

• How to confirm the possible model? 

 

More experimental evidences 
are desperately needed!!! 
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