Index

L. INTRODUCTION uuttieeeiereesereessssesesssessssesessssssssssssssssssesssassssssesssssssssessssssssssssssssssssssssassssasssssnsssssesssanes 1
1.1 MITOCHONDRIA: EMERGING ROLE BEYOND BIOENERGETICS. ...cuveiuiitieteitieteeneeteeeeereeteereereeseessessesens 2
1.2 NEW REGULATORS OF MITOCHONDRIAL FUNCTION: TRANSPORT OF NCRNA TO MITOCHONDRIA. ..3
L3 MIRNA INPHYSIOPATHOLOGY ..eccttiiiuteeitieesieeesuesenseessssessseessseesssesssssesssssssssesssssssssesssssssssessssssssessssesssnes 3
1.4 MIRNA MODULATES MITOCHONDRIAL FUNCTION IN CELL DEATH. 1evevveitieieieeeeieieresiessesseseeesneseesenes 4
1.5 SPATIAL LOCALIZATION OF MIRNA IN CELL: ASSOCIATION WITH MITOCHONDRIA........cccceeveernreennne 5

2. REVIEW OF LITERATURE ..uettirtiirteireeseeeseseessssnesssnessssessssesssssssssssssssssssssssssesssassssasssssnssssnssssassssans 7
2.1 MITOCHONDRIA: EMERGING ROLE OF ORGANELLE IN DEVELOPMENT AND DISEASE .......cceeveeveereeneerennnns 8

2.1.1 Mitochondria and DEVEIOPMENT.........cceveierieieeticteeieieet et ettt et et ta ettt esae e ssessessearens 8
2.1.2 Implication in phySio-pathology.........cccecereirerieiriinieeeiese ettt 10
2.2 MITOCHONDRIA: IMPORTANT IN CELLULAR HOMEOSTASIS ...eeiuvtirieeiieenieesieesieesieesiseessseesssessssesssneess 10
In inter organellar CroSStALK...........co.eeririeireeeeeee ettt 11
2.2.3 Mitochondria regulates Cell dEALN..........ccueeveeeeeceeeeeeee et 14
2.3 DYNAMIC INFLUX OF NUCLEAR ENCODED PROTEINS REGULATES MITOCHONDRIAL FUNCTION.............. 15
2.3.1 Nuclear encoded proteins maintain mitochondrial biogenesis and function: ............c.ccoecvvvvenne. 15
2.3.2 NGEMP signals release of stalled mitochondrial translation: .............ccecoevevvvvvveieseeeeen, 16
2.3.3 Mitochondrial outer surface: as a PLATFORM for local translation of NGEMP......................... 17

2.5. MIRNA
2.5.2 NON CANONICAI PrOCESSING: ...vvievieereetieieeieetesttestte st et et e et e et e et e te e e e tesaseseassasssssaseeseensenssasseens 23
2.5.4 MiRNA regulate mitochondrial fUNCLIONS............cceveieieieieeseeceeeee e 25
2.6. POTENTIAL ASSOCIATION OF MIRNA AND MITOCHONDRIA...... 2 e e 26
3. AIMS AND OBJECTIVES ..ceiiiiiiniiniininninnisnississssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnns 29
3.1. RATIONALE OF HYPOTHESIS.......cutiiieiitiietrteeste sttt 30
B2  OBUIECTIVES. ...ttt bbb bbbt b e b et b e b et e bt b et ebe b e e eneene 30
4. MATERIALS AND METHODS ... otietieereinesseessnessnessssssssssasssssssssssssssssssssssnsssssssssssssssnsssssssnsssnsasns 31
AL IMIATERIALS ..ttt et ettt sttt sttt sbe sttt st e st e bt b e e e bt e b e s e e bt e b et e bt s b et e st e b e e e bt e b et e bt e b et e bt sbe st eneebesenene 32
o I R O | I 113 1= OO OSSOSO 32
4.1.2. Generation of Stable CEIl INES:.....c..ciruiieieeeeeee et 32
403, CRBIMICAIS ...ttt ettt ht ettt ettt be bttt et et et e nsenae i 32
4.1.4. Patient tisSUE/EthICS STALEMENL: .......ceeeiiieieieie ettt 33
4.2 IMIETHODOLOGY ...teeutteuteeutesutesttesteesteesteenteaatesueesueasseenbeenbeeabesasesasesaeesheesaeenseeaseeaeeeueenbeebeenbeeabesabesanesaeesaes 34
4.2.1. Mitochondrial Preparation:..........cccveeeieiesesiisest ettt e sttt te e st e te e se et e e sessesnessens 34
4.2.2. MItOPIASE PreParatiON: ......co.eoieiiieeee ettt ettt ettt ettt seaae i 35
4.2.3. RNASE A TFAIMENT ...ttt ettt st ettt ettt et sttt et e e snensennenaens 35
4.2.4. PROTEINASE K PrOtECIION @SSAY: ...eoveeueeuieieiisiesieetietteuieiesieste sttt eite e siesta e saeeaeeeesessansessesaeas 35
4.2.5. SMAll RNA TSOIALION: ...ttt sttt sttt st saeaesteeas 36
4.2.6. RNA preparation from tUMOF tISSUE: .......ce.ieieriiiesie ettt ettt 36
4.2.7. sSRNA library preparation and SEQUENCING: .......cceevrereeieiesierireesttetteieiestestesessseseesessessessessensens 36
4.2.8. Bioinformatics analysis of SRNA libraries from mitochondria: ...........cccooeveiiieniiieieeeee 37

4.2.9. Analysis of differential association of MIRNA:........ccooiriieireee e 37



4.2.10. Prediction of putative NOVEI MIRNA:.........cce ottt te e e 38

4.2.11. Clustering of MIRNA TAIJELS: .....coveiririeeeierieteterte ettt sttt 39
4.2.12. Alignment of SRNASs to mitochondrial genome:.........ccevevvevvveriierieieiesesec ettt 39
4.2.13. Validation of miRNAs and their targets associated with mitochondria: ..........cccccoeveveinennnees 40
4.2.14. Transfection Of MIMIC:......ccevvvieieieieee ettt ettt te et e te et et e e seeseanenseas 40
42,05, ATP ASSAY: ...ttt sttt ettt sttt sttt nae s 40
4.2.16. Mitochondrial COMPIEX-1 @SSAY: .....cveverierrerriereitietieieiessestesesstestetessessessesseessessessessessessassensens 41
4.2.17. Mitochondrial COmMPIEX-TV BSSAY: ....evveueruerieiirierieiieierieieie ettt sttt 41
T =@ =T 1] 11T LA o] o SRS 41
4.2.19. Mitochondrial trans membrane potential determination: ..........c.ccecevevieercrieiencnceneeenees 42
4.2.20. BN-PAGE QN IGA 8SSAY: ..evvevieveirierieeieieiestieteettettestesessestesesstsssessessessessassessssssssssssessessessessens 42
4.2.21. Mitochondrial DNA COPY NUMDET: .....cviuiiiiieiieierieeeeseeeeseee ettt 42
4.2.22. Analysis of mitochondrial RNA ProCeSSING:......cccveveieierieriesestietieieiestessesesrseseeeessessessessensens 43
4.2.23. Mitochondrial protein synthesis analysis: ..........coceoveereiririerieineeierieee e 43
N [T U g To] o =TodT o] | = LA o] o 43
4.2.25. Biotin-tagged mirNA pull-downs and target validation:............c.ccceveverreneneienenceneecnienee, 44
A ST @0 g {oTor= I ] o] (o STt o)A 44
4.2.27. Cell viability and death 8SSAYS: .......cecerveerierieiriirieieierietete ettt ettt sttt sae e 45
4.2.28. ColoNy fOrMALtioN @SSAY: .....vecvereeereieeiieiieiietietestte st e e esteestestestesseeasseassessesssasssesseesseesseesenanes 45
4.2.29. MIGFatiON BSSAY: .eevevereeueeierieieeteriet ettt sttt sttt sttt ste st eteste st etestestebesaesteuesaestesenseneesenteneas 46
4.2.30. LDH @SSAY . uttieutieeiieeiieeieesieeeite st e et e st e st e s te e st e st e s be e st e s bt e st a e s be e e bae s bee e bt e e abea e tneeareaeas 46
4.2.31. Proliferation @SSAY: .......ccveerieirierieieierieteieste ettt sttt sttt sttt sttt sttt sttt 46
4.2.32. Analysis of tumorigenic potential in NUAE MICE: .....ccvevvveieeieeieeeeceee e 47
4.2.33. StatiStiCal @NAIYSIS:.....c..cveiieieieieeee et 48
G 1 a0 o] [ 1T S 48
5-8. RESULTS AND DISCUSSION ...ciieririrnisserieseesssnssssnessssssessssssassssssssssssssssssssassssasssssssssssssssassssasssss 51
5. ASSOCIATION OF SMALL NCRNA WITH MITOCHONDRIA: ASYSTEMATIC APPROACH
................................................................................................................................................................. 52
5.1. ISOLATION AND ANALYSIS OF MITOCHONDRIAL SMALL RNA ..ottt 53
5.2. ANALYSIS OF SRNA LIBRARIES ASSOCIATED WITH HUMAN MITOCHONDRIA ......ccivveerieerreenveesreesveens 56
5.3. ANALYSIS OF KNOWN MIRNA ASSOCIATED WITH MITOCHONDRIA FROM HEK293 AND HELA............. 60
5.4. ANALYSIS OF DIFFERENTIAL ASSOCIATION OF MIRNA WITH MITOCHONDRIA ......ccveeriieerreenveesreenneens 60
5.6 BIOLOGICAL PROCESSES REGULATED BY MIRNA ASSOCIATED WITH MITOCHONDRIA FROM HEK?293
AND HELA ..ottt sttt ettt et s b e s ae s st e s e et e st e sa e et e saeeseeseensensesseatesaeeseeneensentessentesneeneeneensn 61
5.7 VALIDATION OF KNOWN MIRNA ASSOCIATED WITH MITOCHONDRIA OF HEK293 AND HELA.............. 63
5.8 DISCUSSION ...cuveteetieeeententestessestesteeseeseessessessessessesseassessessessesseasessessssssensensessessessessesseensesessensessessenseensenes 66
6. ASSOCIATION OF NOVEL MIRNA WITH MITOCHONDRIA: MIR-293M80059......cccccceeeeneenes 77
6.1 ANALYSIS OF NOVEL MIRNAS ASSOCIATED WITH MITOCHONDRIA FROM HEK293 AND HELA............. 78
6.2 PUTATIVE TARGETS OF NOVEL MIRNAS ASSOCIATED WITH MITOCHONDRIA FROM HEK293 AND HELA
.................................................................................................................................................................... 79
6.3 ASSOCIATION OF NOVEL MIRNA WITH MITOCHONDRIA .....uvteierieeteeieeieseeseesseesseesseesesssesseesseessessses 80
6.4 NOVEL MIRNA ALIGNS AT MITOCHONDRIAL GENOME .....ceccvtiiiiesieesreesseesreesseesseessesssessssesssessssesss 81
6.5 MIR-293M80059 ASSOCIATES WITH MITOCHONDRIA ....c.veitereieteseeeseeseesessessessessessesseessessessessessessessesssenes 83
6.6. MIR-293M80059 AFFECTS MITOCHONDRIAL FUNCTIONS .....vteiiteesiteesreesreesreesseesseessesssesssseesseessseess 84
6.7 MIR-293M80059 EFFECTS CELL SURVIVAL AND PROLIFERATION ...c.uteiteetereereeeseeerteesseenseeseesssesseesseenses 87
5.8 DISCUSSION ....etettietieeitteesiteestteesteesteesseesteessseessteassseessteasssesssseassseessseessseessseessseesnsessssessseesseesnsesssseens 89



7.1 ALIGNMENT OF SMALL RNA TO HUMAN MITOCHONDRIAL GENOME ....c.eeertteiieitieneenreenreereereseeseee e 103

7.2 NUCLEAR ENCODED MIR-4485 TRANSLOCATES TO MITOCHONDRIA ......cccvtiiieeniieeseieenireesreesveesneennnes 104
7.4 MIR-4485 MODULATES THE PROCESSING OF MITOCHONDRIAL GENOME ENCODED TRANSCRIPTS ........ 108
7.5 MIR-4485 REGULATES MITOCHONDRIAL FUNCTIONS ....c.uvtietiesiteeniteesieessseessseessseessseessseesssessssssssesssnes 110
7.6 MIR-4485 NEGATIVELY AFFECTS THE TUMORIGENIC POTENTIAL OF BREAST CANCER CELLS............... 114
] LU 3] (o ] N SRR 118

8. ASSOCIATION OF MIRNA WITH MITOCHONDRIA IS STRESS SENSITIVE: MIR-320A....121

8.1 ASSOCIATION OF MIRNA IS STRESS SENSITIVE ..ccuvvteeuvieiereesireesireesteeesseessseesseessseesssessssessssessssessssesssees 122
8.2 ASSOCIATION OF MIR-320A AT HUMAN MITOCHONDRIA .......uvteeeitieeeeitreeesenreeesireeessseeessnneeesssseassnns 124
8.3 MIR-320A REGULATES MITOCHONDRIAL SUPER COMPLEX-| ASSEMBLY AND FUNCTION......c.cccceeveennee. 125
8.4 MIR-320A REGULATES NDUFALO AT MITOCHONDRIA......ccoiitieeeitieeeeireeesssreeestreesessseeessnsaeessssesesnnns 127
8.5 MIR-320A REGULATES CELL DEATH AND TUMORIGENICITY ...eciuvtieiieiieesereesieeesereesseessseesseessseessesssnes 129
8.0 DISCUSSION ....ceitteeittetteestttestteesteesite e sttt e stteesateesseeesbeeessteessseessteabeeessteeseeesseeebasessseesseenssaesasesaseensees 132
9. SUMMARY AND CONCLUSION ...cccccrrerrettiieeccssnnneesessesessssnnsesssssssssssnnssssssssssssssnsssssssssssssnnssssssssas 136
Q. L SUMMARY ettt e sttt e e ettt e e e tta e e e st taeeeebtae e e abaaeeastaeeeassaeesasseaeeastseesanssaeesssaaeeasteeaeannns 137
9.1.1. Association of small ncRNA with mitochondria: A Systematic approach .........c.ccccecevevveennnee. 137
9.1.1.1. Association of MIRNA With MitoChONAIIA: .........cveiiiiiiiiiceeeee e 137
9.1.1.2. Association of miRISC components with MItoChONAIIA: ..........ccvvveerieeriiirinercrc e 137
9.1.1.3. Association of MRNAS With MItoChONdria: ...........ccooieiiiiiiieeceeeee e 137
9.1.2. Association of novel miRNA with mitochondria: miR293m80059 ..........ccccevvevivvvvveervereee, 138
9.1.2.1 miR293m80059 targets mitochondrial genome to regulate its fuNCtion: ........ccccovveeveenvernccincceees 138
9.1.2.2 miR293m80059 potentiates cell death and inhibits proliferation: ...........cccccooeeiieineieniinre e 138
9.1.3. Mitochondrial DNA aligned MiRNA: MiR-4485...........ccoovimeirineieireeeseeese et 139
9.1.3.1. hsa-miR-4485 affects mitochondrial genome encoded proteome and mitochondrial functions: .......... 139
9.1.3.2 hsa-miR-4485 regulates ROS mediated cell death and tumorigeniCity: ........ccocvcerierinerereecieeeerenes 139
9.1.4. Association of miRNA with mitochondria is stress sensitive: MiR-320a.........ccccoeevevvvenreenneene. 140
9.1.4.1. hsa-miR-320a associates at outer surface of mitoChoNdria:..........ccoeveveriereiieecee e 140
9.1.4.2. hsa-miR-320a regulates NDUFAZ10 to modulate complex-1 assembly: .........cccocevvrirerereecieceeieneneenns 140
9.1.4.3. hsa-miR-320a regulates ROS mediated cell death and tumorigeniCity: ........ccccocevverineneienienicniencene 140
9.1.5. PICLOFIal SUMMAIY: ...eoeieiieiieeeeeeeet ettt sttt et et e e et e et e st et e e seetaeasasstasasasseanseeans 141
LS 61 ] N[0 I 11 [ N SRR 142
9.3 LIMITATIONS OF THE STUDY ..ottt ettt e e ettt eette e e e s ta e e e eate e e sabaeeesntaeaeennns 143
QA FUTURE PROSPECTIVES......o oottt sttt ettt ettt e s e e saae s rae e saa e s aaa e nae e saaeennnas 143
10. BIBLIOGRAPHY ..eiiiicicineeeetiiicicssneeeesessecssssnnssessssssessssnssassssssssssssnsessssssssssssnsesssssssssssnnnssssssssssnnn 144
LiST OF PUBLICATIONA. PUBLICATIONS FROM PH.D. THESISWORK .......cccooiiiiiieeceeeeeee e, 154
A.PUBLICATIONS FROM PH.D. THESIS WORK ...t ettt sttt ete et e st e e e srae s 155
A, RESEAICN ATTICIES: ..ottt ettt te et e e e e tae e et e e easeeetsaesssesasesessenasen 155
c.  Poster Presentation in National and International Conference:.......ccccveeveevvevveeveevecveereeneenn, 155

Lo E Y a 0] I g (=TT-Y 1 = Lo TS

Poster Presentations: .........ccevveveeveevieseerieseeseseesie e

B. PUBLICATIONS FROM OTHER ASSOCIATED PROJECTS DURING PH.D. TENURE. .............. 157
A, RESEAICN ATTICIES: ..ottt ettt te et e e e e tae e et e e easeeetsaesssesasesessenasen 157
D, REVIBW ATTICIE ottt ettt ettt e et ev e et e e e e atestseatseateeseeanas 158
c.  Poster Presentation in National and International Conference:.......cccceeveevveeeveeecvvecveeecreeennen. 158

REPRINTS OF PUBLISHED ARTICLES ....cciniiiitiitiitintinnisnisnississisnissiseississississsssissins 162



