ANALYSIS OF SIGNAL PATHWAY
PROTEIN-PROTEIN INTERACTIONS
DURING BIOTIC AND ABIOTIC
STRESS

Submitted by
Jenna Moira Malone

This thesis is submitted in fulfilment of the requirements for the
degree of Doctor of Philosophy

Discipline of Plant and Food Science
School of Agriculture, Food and Wine
Faculty of Sciences
University of Adelaide, Waite Campus
Glen Osmond, SA 5064, Australia

July 2009



Table of Contents

Table of CONtents....cccveiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieiitiiieieeiecinecanecsnessssenss |
1 1] TN VIl
Statement of Authorship......ccoovviiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii i cieeneeaes IX
ACKNOWIEdGEMENES. . .uuiiiiineiiiiieiiiiinrierienetesssteosesssossssssssssssssssssssssssssssssnsses XI
ADDIeviationsS...ccciiiiiieiiiiiiiiiiiiiiiiiiiiiiiiiiiiieiiietiietiiettitecsssccsstcsnsicnssennes XIIT
1 Chapter 1 — General INtroduction.........eeeicccscsnreccsssnsnecsssssssecssssssscssssssssssans 1
1.1 INErOdUCHION aucceeeeeiecnerennercsneecssneecssnnecsssnecsssnecsssecsssnesssssessssssssssesssssesssssessssssssssanes 2
1.2 RAYNCHOSPOTIUNM SECALLS ccuneunereossuveeiosssansiossssnriosssssssecssssssssssssssssssssssssssssssssssssssss 3
L1.2.1  SCald dISCASE ...cuveeueeeieieeiieeitet ettt et 3
1.2.2  INTECHION PIrOCESS ...vvieurieieiieiieeiiieiie et eieeeteeteeeeteeteesereebeessseeseessseenseessseensaens 3

1.3 Barley - R. secalis INtEraction ...........ccoceeecerurecssarcsssnnesssnnsssssssssssssssssssssssssssssssnssss 5
1.3.1  Resistance of barley to scald.........ccoceeiiiiiiiiiiiiii e 5
1.3.2  The NIP1/Rrs1 gene-for-gene based resistance..........ceeveeveeeiieenieenieenienneens 6

1.3.3  The defence response in compatible and incompatible interactions................ 7

1.4 Control of SCAld diSEASE ......ccevueerrurisreiisuenseiisennssnnssnnsseesssecsssnsssnsssssssessssesssssssasens 8
1.4.1  Current treatment Methods........ccovviriiiiiiiiieieeee e 8
1.4.2  Identifying new resiStance targetS.......ccueeeueereerieeneeeiieneeseeenieeseeeneeseneeneens 9
1.43  Targeting defence signalling...........cccoeoiiiiiiiiiniiniiee e 10

1.5 Candidate GeMeS......ccuuerreersrensenssressannssaesssnesssesssnsssassssssssassssassssossassssassssssssssssaass 11
T O 0 0 SRRSO 11
1.5.1.1 14.3.3-protein interaction and SPECIfiCity ..........cccoovvevvvervreseenieaireeeenn, 12

1.5.1.2 Mode of QCtiON/fUNCLION ...........cccueeeeiieaiiiieeieeeee e 14

1.5.1.3 Role of 14.3.3s in signal tranSduction................c..cccceevcueeeeieeenceeencreeannnn 16

1.5.1.4 Role of 14.3.3s in plant stress response signalling .....................ccccc........ 16

L1.5.1.5 HVIZ.3.3C oottt 18

1.5.2 MAP KINGSES ..eoueieentieiiieiieeie ettt sttt ettt e et eseeeebeeeaee e 19
1.5.2.1 MAP kinase families and MAPKK'S ...........ccccoevvveeoiieeiiiieeiieeeie e 19

1.5.2.2 MAP kinase signalling cascades..................ccccoccoveuevveeiieenienasiieenneeennnns 20

1.5.2.3 Role of MAP kinases in plant stress response signalling........................... 20

1.5.2.4 HUMAPKK L ......c.ooveieeieeieeee ettt 24

1.5.3  Immunophilins and FKBP’S ........ccceiiiiiniiiiiiicecceeeee e 25
1.5.3.1 Function of immunophilins ...............cccccceoiviiiiiiiiiiiiiiiieieeeeee e, 25

1.5.3.2 PLANE FKBPS........ocuoeiiee ettt 26

1.5.3.3 Role of FKPB type immunophilins in signalling.................ccc.ccccoeveuveenn... 27

1.5.3.4 Role of FKPB type immunophilins in plant stress response signalling ..... 27

1.5.3.5 HVEFKBPAL ..ottt 28

1.5.4  Interaction of candidate ZENes ..........cceecueerieriiienieeiieie e 29

1.6 Project IS ...cceeerccercssencssnnncssssncssssncsssnscssssssssssesssssesssssesssssesssssssssssssssssssssssssanes 30



2 Chapter 2 — Isolation of Full Length cDNAs and Expression Analysis......31

2.1 INErOAUCTION couveeeueerieeecneisaecsuecssecsanesssecssnssssesssnssssesssassssessssssssesssassssassssessansssasess 32
2.2 Materials and Methods .......eceeeeinseeisennnensinnsensenisnecsnensenseecsessseessssssens 35
22,1 MALETIALS ...ttt st 35
2.2.2  Plant material ..........ooooiiiiiiiiiiie e 35
2.2.3  Fungal material ........ccoooiiieiiii e 35
224 INOCUIALION ..eutiiiiiieieiieteee ettt ettt 36
2.2:4.1 R SECALLS ... 36
2.2.4.2 INIPI .o 36
2.2.5  Oligodeoxyribonucleotides ........cueeriieeiiieeiiiieeie et 36
2.2.6  Polymerase chain reaction (PCR) ........ccccoeeiiiieiiiiciieceece e 36
2.2.6.1 Standard — Taq polymerase ................ccccccvueveiieeciieeiiiieeiieeeiee e 36
2.2.6.2 EIONGASE PCR ..o 37
2.2.6.3 HIFT PCR. ..ottt e 37
2.2.6.4 NeSIEA PCR .....c...ooouiiiiiiiiit et 37
2.2.6.5 Semi-NeSted PCR...........c...ccccoeveueeiiiiiieieie e 37
2.2.6.60 COlONY PCR........ooieeieee et e 37
2.2.7  Agarose gel electrophoresiS.......ccciiriieiierieiiieeie et 38
2.2.8  DNA and RNA quantification ..........cc.cceerveeriierieeieenieecieeeee e 38
2.2.9  Cloning of PCR Products.........c.cccueriieiiiriieiierieeieesee et 38
2.2.9.1 DNA purification - Gel extraction and PCR purification .......................... 38
2.2.9.2 Restriction endonuclease digestion of DNA............cccccccccovviiioiininananne. 38
2.2.9.3 POIYA LAIIING. ..ot 38
2.2.9.4 LEGAIION ...ttt et e e e e nnneeen 39
2.2.9.5 Transformation of E. coli by heat ShoCk ................cccoovvevvevciieiiiiiraeennen. 39
2.2.9.6 Transformation of E. coli by electroporation ..................cccceceuveveueeennnnn. 39
2.2.9.7 GICEIOL SIOCKS ..ottt 40
2.2.9.8 Plasmid DNA mini-preparation ................cccccceueceeeeienceaniesieeeeene e 40
2.2.10 DNA SEQUENCING....eouiriiiriiiiieiienteeierite sttt ettt ettt et sieesbeetesaeesae e 40
2.2.11  BIOINTOIMALICS ...eeiiiiiiiieiieeiieeiienie ettt ettt 41
2212 37 RACE ettt sttt 41
22013 5 RACE e ettt 41
2213 I SMART RACE .......ccooooveeieeeeee e 41
2213 2RLM-RACE .......oocvooeeeeieeeeeeeee e 42
2.2.14  GenomiC WalKING .......cocueriiiiiiiiieieiiereeecte et 42
2.2.15  RNA EXITACHION ...eeuiiiiiieiieeiieeite ettt ettt st ettt saee e 42
2.2.16  CDNA SYNTNESIS ...oeiiiiieiiiieiiieeciiee ettt ettt e erre e e e sebeeesnaeeensee e 43
2.2.16.1 DNGSE tF@AIMENL.............eeeviiiiiiiiiii ettt 43
2.2.16.2 First-Strand cDNA SYRIRESIS ...........ccccoviieiiiiiiiiiiiieiiee et 43
2.2.17 Quantitative (real time) PCR .........cccoooiiiiiiiieeeeeeee e 44
2.3 Results and diSCUSSION.....uueiuerirreisensseensunnssnenssenssaensnssssesssnssssesssassssesssssssassssassss 45
2.3.1  Cloning of a Hv14.3.3¢c cDNA fragment..........ccccceevveviiieniieeniieeeiee e 45
2.3.1.1 Determining unknown SEQUENCE ................cccoeevueeeecueeeieeeeireesieeesiseeenseeens 45
2.3.1.2 Amplification and cloning of full length Hv14.3.3C .........cccovevvvvevcreannnnnn. 45
2.3.2  Cloning of a HYMAPKKI cDNA fragment ...........ccccovveeviriieniininnenieneeens 45



2.3.2.1 Determining unknown SEQUENCE ...............cccccueecueeeeesieaneieaeeeieeeseeaneennees 45

2.3.2.2 3 RACE ..ot e 49
2.3.2.3 5’ RACE —SMART RACE ........ccooiiiiiiieieeeee et 51
2324 5 RACE — RLM-RACE ........ccooiiieieeeeeeeeee e 51
2.3.2.5 Genomic WALKING...............cc.c.ccovueeiiiieiiiieeieeee et 51
2.3.2.6 Amplification and cloning of full length HYMAPKK ............cccccevvenunennn. 54
2.3.3  Cloning of a HYFKBP cDNA fragment.........ccccocueevieerieeiiienieeiienieeieeseeeenne 59
2.3.3.1 S5 TRACE ..o e 59
2.3.3.2 Genomic WALKING...............ccceiiiiiiiiieiie ettt 63
2.3.3.3 Amplification and cloning of full length HVFKBP............ccc.cccoceevvveennnnn. 63
2.3.4  EXPression aNalySiS......ccciieccieeriieeiiieeiieeesiteeesieeesseeesreeesseeesseeessseeensseeennns 63
2.3.4.1 R. SECALLS INfECHION ..o 68
2.3:4.2 ABA oo 71
2.3.4.3 FFOST ottt e 73
2.3.4.4 DFOUZGRL ..ot 76
2.304.5 SQIL....ooeooieeeeeee e 78
2.4 Summary and CONCIUSIONS .....ccuverrerrseensnnssrensnnssaenssnesssessnsssassssnssssesssssssassssaesss 81

3  Chapter 3 — Identifying Interacting Proteins using Yeast Two-Hybrid

Screening and Affinity PUlldOWNS ........ccicueiiineiiiniiiiisseeinssneicssercssnnccssneecsssseesnns 83
R 20 SR 0110 401 11T 2 11 1 OO 84
3.2 Materials and mMethods ........cueievveiciveiissniissnicssnnicssnnessencsssncssssnessssnessssncssssees 87

32,1 MALETIALS oot e e e e e e e e sare e e areas 87
3.2.2  Polymerase chain reaction (PCR) ........ccoeoiieiieriiiniieiecieeeece e 87
3.2.3  Cloning of PCR ProduCtsS........cccccuierieriieriieeieeieeereeieeeeeeiee e eeee e e 87

3.2.3.1 Restriction endonuclease digestion 0f DNA.............ccccccceevveiviiiiiienieannnnn. 87

3.2.3.2 LEGATION ... 88
3.2.4  Generation of Y2H CONSIIUCES ......oovuieiiiiiiiiiieiieeieeeeee e 88
3.2.5 Generation of a Y2H prey library .......ccccoevvieeiiieiiiiiieeeeeeeeee e 90
3.2.6  Bait/Prey VECLOT SWAD cuvveeeeiieeriieeiiieeriieeeniieeesireeesreessaneesseeesseeessseeensseesnssens 90
3.2.7  Yeast transformation............coceeriiiiiiniiiiieiieeeeeeee e 92
3.2.8  Screening for putative protein-protein interactions .........c..cceceevveecvereenuernne 92
3.2.9  Yeast DNA eXtraction......cccuieruieriieriienieeiieeiieeiee sttt ettt et 93

3.2.9.1 Zymolase treQtMeNt ...............cccocueeiueeiiuiaiieiii et 93

3.2.9.2 Phenol/chloroform eXtraction .................cccceucueeeieeeiieieniieesieeesieeenneeens 93
3.2.10 PCR amplification of interacting prey and identity determination................ 94
3.2.11 Large scale PCR purification...........cccccuveevieeerieeeniieeiieeeiie e evee e 94
3.2.12  Transformation into E. COLi. .......cccccurvuiriinimiiiniiiieieneeie et 95
3.2.13 Self activation and co-transformation to confirm interactions ...................... 95
3.2.14 Generation of Hv14.3.3c E. coli expression CONStruct .........c..ceevvverveeeeennee. 95
3.2.15 Expression induction in E. coil using IPTG .........ccceeeviieiiieniiiieieeee e, 95
3.2.16 Purification of His-tagged protein .........cccccueeevvieecieeeiiieeieecee e 96
3.2.17 SDS-polyacrylamide gel electrophoresis (PAGE).........ccccceeveiviriveenieeennen. 96
3.2.18 2 dimensional PAGE (2D PAGE) ......cociiiiiiiniiiiiiiceeeeccceee 97
3.2.19  Silver staining of ProteINS .........cccuierieriiieriieiiieiie ettt 97



32200 WESEETT DLOES e e e e e e e e e e e aeeeeeeeeeseaeeeeeneaanenenaaananas 97

3221  Antibody Production .........cc.ceeuieeieeriienieeiee ettt ettt 98
3.2.22  Antibody purifiCation............coceeeiieiieiiieiiecieeieee e 98
3.2.23 Affinity Pull-downs using recombinant Hv14.3.3C........ccccceeveiiinciieenieeenen. 98
3.2.23. 8 DYRADEAAS ... 98
3.2.23.2 8epharoSe COMUMM ..................ccceeeiiieeiiiecieeeie e 99
3.2.23.3 SEPRATOSE FOSIN ... 100
3.2.24 Affinity-pulldowns using anti-Hv14.3.3c antibody .........ccccceverienenvcnnenne. 100
3.2.25  MaSS-SPECLIOMEGIIY ....eeeuerieeiiieeiitieesitteeiieeeriteeeiteeeireesteeesbeeesebeeenaseeennseesanee 100
3.3  Results and diSCUSSION.......ucierueiiisiicirriissnricssnnisssntessnecssnecssssesssssnessssnesssssssnns 101
3301 YZ2ZH SCTEENS ..ttt ettt s 101
332 HVI4A.3.3C Y2ZH SCTEEN ...ccouiiiiiiiiiiiieieeeeeeeeeee et 101
3.3.2.1 Identifying iNteraACOFS ............ccocceeeceiaieieeiieeiieee e 101
3.3.2.2 Confirming the iNteraCtiON ..............cc.ccceeeeueeeeeeieieeeeeieeeie e, 109
3.3.3  HVMAPKKI Y2ZH SCIEEN ....cevuviiiiiiiiiiiiiiieeiteeeeieeeeeee e 110
3.3.3.1 Identifying iNtEFACIOFS............ccovueiiiiiiiiieie et 110
3.3.3.2 Confirming the iNteraction.................c.ccceciecuirieniioienieiieieneeie e 110
3.3.3.3 REPEAL SCTEM ...t 110
3.3.4  HVFKBP Y2H SCIEEN...c..eeiiiiiiiiiiiiiiiiitecieete ettt 115
3.3.4.1 Identifying iNtErACIOFS ...........ccoceveeceeaeeieeieeeiieeeeeie e 115
3.3.4.2 Confirming the iNteraCtiON ..................ccoeeeueereeecieeeieeeieeeie e eee e 121
3.3.5 Affinity-pulldOWns......cooiiiiiiiiie e 122
3.3.6  Heterologous expression of Hv14.3.3¢ protein ..........cccoeceevvvienieesieeniennnens 122
3.3.7  Affinity-pulldowns using recombinant Hv14.3.3C .......cccccoeviiniiiiinninnnenns 122
3.3.7. 0 DYRABDEAAS ... s 122
3.3.7.2 Sepharose COMUMMN ..............cc.cccoveeiieeiiiieee et 124
3.3.7.3 SEPNATOSE FOSIN ... 127
3.3.8  Anti-Hv14.3.3¢c antibody .....cocuevviniiiiiiiiiiiiinieeccceceeeeeee e 130
3.3.9  Affinity-pulldowns using anti-Hv14.3.3c antibody ..........ccccevvereenercicnnenne. 130
3.4  Summary and CONCIUSIONS ...c.ueiervriiisricssnnisssnrisssnressssnesssnessssnesssssessssssssssssanes 136

4 Chapter 4 — Isolation of Interactor Full Length ¢cDNAs, Expression

Analysis and Confirming the Hv14.3.3c-HvEPSP Interaction ..........cccceueeennee 139
4.1 INErOAUCHION cuueeecneeiircnrinienessnressnnessssncsssnncssssessssssssssesssssesssssesssssessssssssssssssssses 140
4.2  Materials and methods ..........eiiiniinnuiiseiisensenninnnneinsnecsnisnesssessessseeses 143

421 MALErIals .ooeeeeiiiiiieiiee e 143
4.2.2  Quantitative (real time) PCR ........cccooiiiiiiiieiieeeeee e 143
4.2.3  In Vitro Transcription/Translation using wheat germ extract...................... 143

4.2.3.1 In Vitro transcription/translation..................ccccccooeceeveeeecianceenieeenieeen, 143

4.2.3.2 Co-immunoprecipitation from wheat germ extract....................c.ccoo....... 143
424  Western blot analysSis ......cceeeriieeiiieeiiieeiie ettt 144
4.2.5  Generation of HVEPSP E. coli expression construct ..........ccceeeeveeennveennneen. 144
4.2.6  Expression induction in E.coil using auto-induction media ...........c..ccc..... 145
4.2.7  Purification of His-tagged HVEPSP protein ..........cccccoeeveeviieniiiiiienieeeeee. 145
4.2.8  Co-immunoprecipitation of recombinant Hv14.3.3c and HVEPSP ............. 145



4.2.9  Generation of BRET expression CONStruCtS........cceevvverieeiienieeiiienieeieeene 146

4.3  Results and diSCUSSION...cuiiieeiieeiseensserisensseeiseenssnecssesssasssseessssesssssssesssessssessaens 147
4.3.1  Cloning of a HvEPSP synthase cDNA fragment.............ccccevevvveiienieeneennen. 147
4.3.1.1 Determining unknown SEQUENCE .................c..cccueereeeeeceeercreeenireeeeireeenenens 147
4.3.1.2 Genomic walking and 5" RACE ..............cccccoooveievciieieiiieeie e 147
4.3.1.3 Amplification and cloning of full length mature HVEPSP........................ 155

4.3.2  Cloning of a HvWound cDNA fragment...........cccccoeeveriieriiencieeniieeieeieeene. 155
4.3.2.1 Determining unknown SEQUENCE .................cccoeceeecueeseeeeeeeeeeeeaeeeeeeen, 155
4.3.2.2 Amplification and cloning of full length HvWound..................c............... 159

4.3.3  Cloning of a HvGTPase cDNA fragment...........cccccecoeeeeirieeecieeencieeeree e 159
4.3.3.1 SeqUENCe ANALYSIS.............cccceeevieeeeciieiiiiieeie e 159

4.3.4  EXPression analysSiS......ccccieeciiieiireeiiieeeciieeeiieeeeieeesreeesreeesreeesseeeseneesnneas 164
4.3.4.1 R. SECALIS TNFECIION ..o 164
G.3.4.2 ABA ..o 166
G.3.4.3 FFOSE ittt 166
4.3.4.4 DFOUZGRL ...t 169

4.3.5  Co-immunoprecipitation from wheat germ transcription/translation........... 169
4.3.6  Heterologous expression of HVEPSP ..o 171
4.3.7  Co-immunoprecipitation of recombinant Hv14.3.3c and HVEPSP ............. 172
4.3.8  Bioluminescence resonance energy transfer (BRET).........ccccooeveevienenen. 177

4.4 Summary and CONCIUSIONS ......ccocvvrereercssnicssanisssanisssanssssssssssssssssssssssssssssssssnsess 179

5 Chapter 5 — Conclusions and Future Work ..........cccoeeiccsicnnrccsscsnnerccscnnes 181
APPENAIX.ueeiiniiiniiiiniiietiiiiieateestetsstsestssssssssssssssssssssssssssssssssasssssssssssseses 185
ReferencCes....cccvieiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii i c e e e e e e 189



Abstract

The overall objective of the work described in this thesis was to characterise the three
genes Hvi4.3.3c, HHMAPKKI and HvFKBP41, in terms of a role in defence and stress
response signalling. These genes had previously been found to be differentially expressed
in compatible versus incompatible interactions of barley with the fungus Rhynchosporium
secalis, suggesting a possible role in the plant defence response, while current literature
suggests these genes may also play a role in signal transduction, possibly under a broad

range of stresses, including abiotic as well as biotic.

Two main approaches were undertaken to characterise gene function: expression analysis
and the identification of protein-protein interactions.

To facilitate expression analysis, full length cDNA fragments of each gene were first
obtained using bioinformatics, RACE and genomic walking techniques. Expression was
then investigated using quantitative real-time RT-PCR. The results of the expression
analysis confirmed that the candidate genes were in fact differentially expressed during
infection, suggesting a role in the defence response of barley against R. secalis. Analysing
their expression in the context of other stresses and treatments, namely frost, drought and
ABA, indicated their role may not be limited only to biotic stress, but include abiotic stress
as well.

To investigate the possibility that these genes are involved in signalling during the defence
response, protein-protein interaction techniques such as yeast two-hybrid and affinity
pulldowns were used to identify interacting proteins in an attempt to place the genes within
a known signalling network and build and extend on these networks.

Y2H screening was used successfully to identify two putative interactors of Hv14.3.3c; an
EPSP (5-enolpyruvylshikimate-3-phosphate) synthase and a putative wound-induced
protein, and two interactors of HvVFKBP41; a Rab-type GTPase and the same wound-
induced protein. From what is known about the function of these genes in the literature,
they fit well with a role in stress response signalling and the potential to be involved in
signalling networks with the candidate gene products and also with each other.

Through the trial of many different affinity pulldown techniques, a method for identifying
interacting proteins from plant extracts was successfully established, however, issues with
protein identification meant that interacting proteins were not identified using this
technique.

Steps were then made towards confirming the interactions identified using the Y2H

system. Full length cDNA sequences of the identified interactors were obtained and

Vil



expression analysis performed, in the aim of investigating co-expression patterns between
the genes encoding the interacting proteins and the three candidate genes, to support a
potential interaction.

To confirm the Hv14.3.3c-HVEPSP interaction, co-immunoprecipitation and BRET were
then used, however confirmation was unsuccessful due to issues with non-specific binding
in co-immunoprecipitation and technical issues trying to establish the BRET analysis

system in barley.

In summary, the results of this study place the candidate genes HvI4.3.3c, HYMAPKKI
and HvFKBP41 as players in signal transduction during the plant defence/stress response.
With the identification of previously uncharacterised protein interactions, some progress
has also been made towards placing these genes within known signalling networks and
identifying potential downstream genes that could possibly play a more specific role in
defence response signalling and therefore be potential targets for the generation of resistant

or stress tolerant plants.
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