D

Mahmoud Saleh Mahmoud Mohamed (Autor)
Alleviation of oxidative stress and detoxification ol
lipid peroxidation products by flavin-dependent
oxidoreductases in plants

| UNIVERSITAT HOHENHEIM
SCHRIFTENREIHE ZUR PHYSIOLOGIE UND
BIOTECHNOLOGIE DER PFLANZEN

Mahmoud Saleh Mahmoud Mohamed

Alleviation of oxidative stress and detoxification of lipid
peroxidation products by flavin-dependent oxidoreductases
in plants

A. Schaller (Herausgeber) - Band 2

Cuvillier Verlag Gottingen

Internationaler wissenschaftlicher Fachverlag

https://cuvillier.de/de/shop/publications/6309

Copyright:

Cuvillier Verlag, Inhaberin Annette Jentzsch-Cuvillier, Nonnenstieg 8, 37075 Goéttingen,
Germany

Telefon: +49 (0)551 54724-0, E-Mail: info@cuvillier.de, Website: https://cuvillier.de



Table of Contents

Table of Contents
Table Of CONLENLS. .....utt e I
LSt Of FIGUIES. ...ttt e VII
LASt Of Tables. ...onuinei XI
ADDIEVIAIONS. . ...ttt XTI
1. INErOAUCTION ..c.iie ittt 1
1.1 ROS production in different organelles ...........coccveevieriieinieeniennieenieeeeeeee, 2
1.2 OXIdative dAMAZE ..ecuvveeeieeiieeeieerieeeieeeieeesteeete et e e st eessaeessbeeeseeesaeeeseeeseeas 4
1.2.1 Protein oXidative damage............ceveerrieiniieeniienieenieeette et 4
1.2.2  Lipid peroXidatiOn.......ccceeirereerieenieeniieeettesieesieeetteesieeeitessreesieeesseesaseesaneens 4
1.2.3 DNA 0xXidative damage..........cocueeruiiriiieiniieeniieenieesiiee ettt eiee e e saeeenaeeas 6
1.3 ROS SCAVENZING .....eeiiiiiiiiiiiiiiee et 7
1.3.1 The non-enzymatic antioXidants ...........ccceeerueerueeniieerneeriieeiieeseeeseeesvee e 7
1.3.2 The enzymatic antiOXIAANTS ......eevveeriiierriieeiieerieeee ettt saeeens 9
1.4 RES SCAVENZING «.eeeiiiiiiieiiieeeeeeeee et ettt et e 11
1.4.1 Flavin-dependent 0XidOre€dUCLASES ........eeruverrreeriieeriieeiieereeesteesiree e seeeenee 11
1.4.2 Yeast Old Yellow Enzymes (OYES).....cccceoviiiniiiniiiiiieiiceieerieeeee e 12
1.4.3 Old Yellow Enzyme homologues from bacteria............cceecveevieenieenniennnenne 13
1.4.4 12-Oxophytodienoic acid reductases (OPRS) .......ccccevvvviiriieniieniiieneeeieeeee, 15
1.4.4.1  OPR Substrate SPeCIfiCity ......eerueeruieriiieriieeiiieeriteerie ettt eeee st e eieeseeeens 16
1.4.4.2  OPR subgroup II: A. thaliana OPR3..........cccccceoviimiiiniiiiiiiinieceeeee 19
1.4.4.3 A thaliana OPR subgroup L.........ccccoeviiiiiiiiiieeeeeeee e 20
1.5 Aim Of the Present StUAY ......c.eevveeiiieriiiiie ettt e 20
2. Materials and methods .........c.ocoiiiiiniiiiiiniiinii e 23
2.1 IMAALETIALS. ...ttt s e 23

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



Table of Contents

2.1.1 Chemicals and research products............cccceveeioieiiriiiiere e 23
B B 2| 1110301 1S) 1L A SRS 23
2.1.3  Biological Materials .........ccccueereieriieiiie ettt 25
21301 PLANES .t 25
2.1.3.1.1  Arabidopsis tRALIANG ..............c.coocueeeceeeiiieiieeie e 25
2.1.3.1.2  Nicotiana benthamiana ...................ccccoecueeeeeeieieeseeeseeesiieeneeseeennees 26
2.1.3.2  Bacterial StraiNS.......ccuerieriiriiriieeiieieee ettt 26
2.1.3.2.1  Agrobacterium tUMEfACIENS ...........cceeceeeeeeeeieeeeiee e eeeee e 26
2.1.3.2.2  ESCRETICRIA COlL.nneeaeeaieeiieeeeeee et 26
2.1.3.3 Y @AST ettt et e 27
2.1.4 Culture media and SUPPIEMENLS ......ccovuveiriiiiriierieeriie ettt 28
2.1.4.1 Bacterial culture media ...........cocueeviiiiiiieiiiiieee e 28
2.1.4.2  Yeast culture Media.........ccoeevuierieniieiiinieciieiteee e 29
2.1.4.3  Plant culture Media .........ccoeevuiiniiriiiiiiniciiceese e 29
2.1.5 Antibiotics and SUPPIEMENLS ........eeerriuiiieiiiieeeiie et 30
2.1.6  OligONUCICOtIARS ....eeevvieiieeeiieeiieeiee ettt te e sve et sae e sbeees e s seeenseeennes 30
21T VBCLOTS ettt ettt ettt ettt e e 33
2.1.8  ANUDOGIES ...enieneieniieiieie ettt e e 34
2.2 IMETNOAS ...ttt 34
2.2.1 Nicotiana benthamiana growth cONditioNS ..........covcueeviiieeriiiriieenieeeieeeeeeenne 34
2.2.1.1  Agro-infiltration in N. benthamiana 1€aves .............cccecceevveveevvenieennnenn. 34
2.2.2  Arabidopsis growth and cultivation methods...........cceeeeviiiieiiiieeniiieeeceeens 35
2221 SO CUITUTE ..ottt 35
2222 Media CUIUTE ..ot e 36
2.2.3 Stable transformation of ArabidOpsis ..........ccceeeeeeiieeciiricieeiieeiieeeeeeseeens 36
I

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



Table of Contents

2.2.4  Preperation of mesophyll protoplasts..........ccceevveerieeniieeriieenie e 37
2.2.5 Transient transformation with a particle gun ..........cccoeecveeeiiierieeerieenieeeieens 37
2.2.6  FlIUOTESCENCE MICTOSCOPY veevvreeurreeieerireanureerireenseeessueesseesseesseessaesssesssseesses 38
2.2.7 Preparation of E. coli competent Cells .........cccevveerviirniiiniiiniieeiieeeeee e 38
2.2.8 Preparation of A. tumefaciens competent Cells .........cooceevvieriiennieeneeenneenne. 39
2.2.9 Preparation of Pichia pastoris electrocompetent cells..........occeevrueeenvenneenns 39
2.2.10 Transformation of DNA into bacterial host cellS...........ccovvviviiieniiiinniiinienns 39
2.2.11 Chemical transformation of E. coli Rosetta-gamiB strain ............cccceeecvueennn. 40
2.2.12 Transformation Of PiCRiQ PASTOTIS ........cecueeeceeeeeieeeieeiieesieeeeeeiae e enae e 40
2.2.13 Nucleic acid MEthOdS .......cccueviiriiiiiiiiieieeiee e 40
2.2.13.1 Isolation of plasmid DINA ......ccccceriiimiiinieiieeeeeee et 40
2.2.13.2 Isolation of genomic DNA from Arabidopsis............cccceeeuveeiveeieennunenn. 41
2.2.13.3 Isolation of total RNA from Arabidopsis...........cceeeeevceevieenieeeiieninenns 42
2.2.13.4 Polymerase chain reaction (PCR) techniques..........ccccceevvuieniiienniiinneenne 42
2.2.13.4.1 Standard PCR method ...........ccccoiiiiiiiiiiiiiiiiiceceececce e 42
2.2.13.4.2 Reverse Transcription PCR (RT-PCR) .......cccevvviiiviiieiiieiieeieee, 44
2.2.13.4.3 Quantitative RT-PCR (qQRT-PCR) ....ccccocimiiiiiiiiiiiieieicecee 44
2.2.13.5 PCR product purifiCation ...........cccceeerueeeruierrieenieenieeseeeseeeeieeesneeeseeeenns 45
2.2.13.6 DNA Gel electrophOresiS. .......cueereieriieriieeiiieerieeeieeesieeseeesieeeeesieeens 45
2.2.13.7 Isolation of DNA fragments from agarose gels ........ccccccoevvverveerieennnenne 46
2.2.13.8 Cloning MEthOS ........ceeviiiiiiiriiieiiierieeeee et 46
2.2.13.8.1 TOPO CLONING ...eeieiiiieeiiie ettt 46
2.2.13.8.2 Restriction digest and analysis ........ccceecveerrerecreerieenieienieeeeeeseeee s 46
2.2.13.8.3 Dephosphorylation of vector ends ..........ccceeeeueerviieeneeenieenieeseeeeenn 46
2.2.13.8.4 LIGALION ..eeeiiiieiieeeiieeie ettt sttt e tte e e e e e snb e e sne e nneeas 47
I

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



Table of Contents

2.2.13.8.5 Site-directed MULAZENESIS.....ueerercerieeeieiireeiieeeeeiieeereeeeerereeeenaeeeeneees 47
2.2.14 Protein expression and purifiCation..........ccoeereerierienienienienie e 49
2.2.14.1 Heterologous expression of ATOPRS .......c..cociiiiiiiniiiiiniiceeeeee 49
2.2.14.2 Preparation of total cell protein for SDS-PAGE..........c.ccceviinininnns 49
2.2.14.3  Protein solubility ChecK.........cceeiviiieiiiiiiiiriieeiieecee e 49
2.2.14.4 Preparation of cleared cell ySate .........ccoceeevuiiirieiiieeniiieiienieeeee e 50
2.2.14.5 Protein extraction from yeast (P. pastoris) ........ccceveeeviveereeerneeeieessinens 50
2.2.14.6 Protein purification by affinity chromatography ..........cccccccevveiirennnnn.. 51
2.2.14.6.1 Ni**-NTA affinity chromatography ...........cocooeeeeeeeererreeeeseeeeereesenees 51
2.2.14.6.2 Glutathione affinity chromatography.........cccccecvevviiercieenieeniieeieeen. 51
2.2.14.7 Buffer exchange and desalting of protein solutions...........cceccueevveerneene 51
2.2.14.7.1 DIALYSIS couiiiiiiiieieeiiee et e 51
2.2.14.7.2  UIrafiltration........cooeeeierieiieniieeiinieeic et 52
2.2.14.8 Size exclusion chromatography ..........cccccveevierrieeniieeniiienieeeie e 52
2.2.14.9 Denaturation and refolding of proteins..........ccocceeevueeevierneeeneeenienneeene 52
2.2.15 ENZYME ACHVILY QSSAY 1evveerrreerirreriieeriieeareesseeensreesseeessseessesssessseessseseneesnses 52
2.2.16 Purification of inclusion bodies for production of antibodies........................ 53
2.2.17 Purification of polyclonal antibodies ............cccevvveeriiieerierniierieeeiie e 53
2.2.18 Protein analySis ...c.eeerueeeiieeriieeiiienieeeieeeite et e eiteestee et eesteesabeeeeteesaeeenaeeenees 54
2.2.18.1 Extraction of plant cellular protein ...........cccceeeveenieeriiienieenieeieeseeene 54
2.2.18.2 Determination of protein CONCeNtration ...........cceerueeerveerseeeesieeerueerneeenne 54
2.2.18.3 Preparation of SDS-Polyacrylamide gels.........ccccoeuerriiinniiniiciniinnieene 55
2.2.18.4 Electrophoresis Of PrOtein ..........cccvueerveirieeriiieriieeeeeesieeseeesaeesaeeseneens 55
2.2.18.5 Coomassie staining of proteins separated by SDS-PAGE...................... 56
2.2.18.6  Western Blot analySis ......cccuueevuieeriieniieniie e et esee et e e s 56
v

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



Table of Contents

2.2.18.7 Immunological protein deteCtion ...........cceeeveieeesiiereriieeeeiiee e 57
2.2.18.8 PONCEAU SLAIN .....eeuiieiiiieiiteeiieeie ettt ettt see e 57
2.2.19 BiolOZICAl ASSAYS ..ecuviieiiriiiniiiniieeiteeite ettt ettt sttt st st 58
2.2.19.1 High-light treatment.........ccceoiirieniiiiiinicieeeee e 58
2.2.19.2 The variable-to-maximal chlorophyll fluorescence ratio........................ 58
2.2.19.3 Methyl Vinyl Keton (MVK) Treatment...........ccceevuerviieeniieeniiieeiiienneennne 59
2.2.19.4 Trypan Blue staining for cell death...........ccoccovviiiiiiniiiniiinieieceee 59
2.2.19.5 GUS staining of ArabidOpsis ...........coceeeveeevuiineeiiiieinieenieeeieeeee s 59
2.2.19.6 Bacterial Zrowth CUIVES ......ccceevuieiiiiiiiiniiniieie st 60
2.2.20 Statistical ANALYSIS ..cveeeruvieriieriieeeiieeiie et et eeee et e et enee 60
3. RESUIES .. e 61
3.1 Molecular characterization of AfOPRS/6.........coccoviiiiiniiiiiiiiniiiceieecee, 61
3.1.1 [Isolation of transformants showing OPRS5/6 silencing ...........ccccceeveveevueennnen. 61
3.2 Phenotypic characterization of transgenic plants.........c..cccceeeeeneenienieneenn 66
3.2.1 High-light stress induces photoinhibition in OPR5/6 silenced plants............ 66

3.2.2 The high-light stress response correlates with expression levels of OPR5/6 68

3.2.3 Photoinhibition in OPR1-5/6 transgenic plants ..........ccceeeveeeviveerveerveenveennne 70
3.2.4 Plant cell death in response to methyl vinyl ketone (MVK).........cccceveuneenee. 73
33 Cloning of AOPRS/6 CDINAS ....cccueeeiieeieeeeeee ettt 75
34 Subcellular localization of AfTOPRS/6........coccceviiiiiniiiiiiiiiinieccceeee 78

3.4.1 Expression of AtOPR5/6-GFP fusion protein in Nicotiana benthamiana by

e Lo R 0N 1 15 ;110 ) (SR 82

3.4.2 Expression of AfOPR5/6-GFP fusion protein in Arabidopsis........................ 84

3.5 AtOPRS5/6 PrOMOLET ACHIVILY ...eevueiriieriiieiienite ettt ettt 86

3.6 Biochemical characterization of recombinant AfOPRS/6 ..........cccccoevienienne 88
A%

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



Table of Contents

3.6.1

3.6.2

3.7

3.7.1

3.7.2

3.7.3

3.7.4

3.8

3.9

4.1

4.2

4.3

4.4

4.5

4.6

Expression of AfOPR5/6 recombinant protein in E.coli ...........ccccccveeeuveennnen. 88
Extraction and purification of AfOPR5/6 recombinant proteins.................... 89
Overcoming protein aggregation ............cocueeeerierrieerierieesieeieeieesieeeeeeeennees 92
Expression of AfOPRS5/6 recombinant protein in yeast ........c..cceceevvervennnenne 94
Improvement of AtfOPRS5/6 solubility in E. coli by co-expression with

molecular Chaperones...........occocveeiiniiiiiiiinii e 97

Enhancement of A#fOPRS5/6 protein solubility through the use of GST as

FUSTON TG .0ttt sttt et e st e e e saes 100
Refolding of GST-tagged AfOPR5/6 recombinant protein...........cccceceeenee. 103
Recombinant AfOPR5/6 mediate resistance to paraquat.......c....cceceeeeueeennee. 105
ENZYme aCtiVity @SSAY ....c.eeevuveeriiieeiiesieeeiiie ettt e eeeesieeenieeeteeesaeeenaeesnseeenneas 108
DISCUSSION ...ttt ettt ettt sttt sbe e s 109

Arabidopsis OPR genes are stress inducible...........cooceeeiiiiniienieeniiieinien, 116
Arabidopsis OPRs are probably RES detoxifying enzymes ............ccc........ 117
Susceptibility to exogenous MVK treatments ...........ccceeevveeveeennieenieenneeenne 118
ATOPRS ..o e 120
AtOPRS subcellular localization .............coceevierierieinienienicieeiceeeeeeiee 124
SUMMATY <.ttt ettt e et te e ettt e e et e e e e eeeeeeabeeeas 127
ZusammEnTasSUNG........cocveiiiiiiniiiiiieieeie ettt 129
RETEIENCES ...ttt 131
ACKNOWIEAZEMENLS .....couviiiiieiiiieiieeeiiee ettt ettt 157
CUFTICUIUI VIEQE. ..ottt st 159
VI

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.

Es gilt nur fir den persénlichen Gebrauch.



