View metadata, citation and similar papers at core.ac.uk brought to you byt CORE

provided by Xiamen University Institutional Repository

FHRGES: 10384 e A B
5. 21720090153557 uDC

B R
[ A S8

MK?2 RSBE{L 1scU B E ThEERY S

MK2 phosphorylates IscU and affects its function
W W A

W/ERFRL: H T B HR
+ b & MR ABFHY)TLEMF
LRI BH: 2012 04 A
WL & FFRR] . 2012 5 06 A
F45 2T B - ¥ A

ERERER:

v A
2012 4 6 A


https://core.ac.uk/display/41422381?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

BiIREZMIL X FE SRR

AN ZAH AR SOEA NAE TR T N L 5E BT TR -
ARNERL G TS HARDS NG R D2 R R AT TR, KIFESC
DA =07 U R AR ], SR RF AR (T TR T AL RS
L GRAT).

T, AR ( PN ) WA (4D
FIWFFUsR, RE ¢ #hEiE ) W (4D AL =1
g, £ C B ) LEESEMN. G LIS NEE RS
B PR 9 DT N BRER IR A FR, A TR A, A AAMERR 5

FEED%O)

PN (Z4):
A H



B IXFEFAIR I EEUE R F A

AN R TTR AR (e N RN 22 7 26 61 247 S 70D
EPUE R B ANAE L2228 00, JF I BB AT e 35 e ML I 2 22 A
W CRFRARF R E RO,  FOVFAALR SCHENJE TR B TE A
L PR B A ) o AN IR SR T TR 22 22 e SN = [ 1
Rl 267 1 SO R B R AT A R, R SR AR S b AR 2
G AR, RASZEN B el He r U E R H A8 5.

AR R T

C D) LaETRERER A EERENRE 2R, T
F A HEE, EREH LR

( ) 2ARE, EH BRI

G FE A EARRLFE 5 TN Bl EAIRL N2 . (R 10 SR
O ETTRARER A2 EL AR, REF TR REER
S EREAR SN AT . LA RS 1), BIAA
NI, ¥IiE M BB

]U

Sln

PN (Z4):
£ A H



B B |
Abstract ... ... ... .. . Il
= - 1
1.1 MK2 ZBEBIEE ...t 1
111 38 B FABEBE IR AT AT oot 1

Lo 1.2 MK2 R BB . ..oovovveeeceese s 4

1. 1.3 p38 (&5 Sl EEAE R T I TT v, 9

1 2 BRI oo 9

Lo 20 T ARB T DM AT oot 9

1. 2.2 BB ORI AN B R oo 10

1.2.3 TSCU THAEIETT vt 11

1.3 RIATERMBERRAIINEE oo 13
13,1 KA IR BRI e, 14

1. 3. 2 ZRAA SR T TF B TR R s 14

1. 3.3 EYHIRK P45 (electron transport chain ETC) J&[A]

BEAD ZE A I T AT v 15

1.3.4 B, BRARIFIREETE TR T oo 15

Lo 305 7B s 16
=k > S 1)~ 17
2.1 SERHRERARTY oo 17
2.2 I FEEEE oo 17
2.3 DNA BHSESEIRFNTTIE oo 18

2. 301 JFRLIRA oocvovoeee e 18

2.3.2 KIGHFT Bi 8852 25 4 PR AR 38 R BRTIE AR, v, 24

R T 1 A 0N T 731 25



2.3.4 J5RE DNA B L BRI oo, 26

2.3.5 DNA FIIEISFIZEAL ..o 27

2. 3.6 DNA FEFE TN oot 28
2.3.7 PCRAHTEIZIR .vvovvoveeeseese et 28
2.3.8 mRNA ZFRIE KT IIAGI ..o 31
2.4 GABAREIEEEIR .o 32
20401 FUPIETE oo 32
20402 BEITEG YL oottt 33
2.4.3 JREFEAE. B AR A R IR ., 34
2.5 BRI 53K e 35
2.5, 1 BIELETTTE covoeveieece e 35

2.5, 2 ARPEENTI ..oovoveieee it et 35
2.5.3 CIAP ALFHSZID oottt 37
2.5.4 KA B FARIE R oot 37
2.5.5 B FABIBETIE TZIE oo 38
2.5.6 ZEHIEAEFIGIEETIT coovcecveeeee e 39
2.6 RBBHERETR ..o 39
2.6. 1 FIETAFE R BIRIERI T o 39
2.6. 2 FIREMIACHI TV (1 L) e 40
2.6. 3 LRI ZH DNA FIFZEL oo 40
2.6.4 I PCR (Inverse PCR) ...occoooiveeiieiiecieeissssise e 40
2.6.5 HEBE RNA RN ..o 41
2.6.6 FEAEFIERR I T ..o 42
2.6, T HFE IR BB RR AL T oo 43
2.6. 8 RMBLERIARAIFRIL oo 44
2.6.9 FIETF AT TT B oo 44
== =Tk 1 b 45

3.1 dMK2 AJLLE dliscU HHE1EAH, HEREBIEEIMNEERIL dlscU BISE 20



3.1.1 dMK2 AT LA dTscU A AEH o 45
3.1.2 dMK2 A AZEARAMEERIL dTscU [R5 20 L2 TR oo, 45
3. 1.3 dMK2 BEMSAEAR I BERRIL dTSCU.uiiniiiiiieccesecseee s, 48
3.2 dMK2 5 dlscU SEEERMBHRAVE, PAKHEXAIIRE REFEE Rk
BUBEIL.....coocveieeece e 49
3.2.1 dVK2 55 dTscU RAFIEMRIIMIEE ..cooo 49
3.2.2 dMK2 PRI FEAR I FE IR BB AR T B AT s 50
3.2.3 dIscU AR RAZHE B DR MR I EE AL e, 51
3.3 dMK2 Z&Z5H dlscU-S20A ZEAREWSB LRI FIEREE complex | Y
FEME, MIE aconitase FEME ....cccccoovevvevecc e, 52
3.3.1 dMK2 RAZFN dIscU-S20A RAEAN LR aconitase HIETE.......52
3.3.2 dMK2 RAZH dIscU-S20A ZEALREMS R & complex T HVEME.......54
3.3.3 LRI AMK2 ANEFEMK complex T FHIETE .o, 55
3.3.4 HBA LI AMK2 AR R WK F complex T JEMERIEAL.......56
3.4 dMK2 SR RIBFES dlscU-S20A RIBKEGRTFEBRIBE ... 58
3.5 dlscU-S20A SEB A EHUESIRBTE ....ccoovvo oo, 59
3.5. 1 dMK2 B HkXT paraquat UK, dIscU-S20A Pk RAZ b bk LR
T e 60
3.5.2 dMK2 ZAFRAT dTscU-S20A P& 58745 FLg AR T 1.0, 51 A2 [ S fk
FIFITEZR T o 61
3.6 WHELENHIAR MK2 1 1scU BIZEER oo 63
3.6.1 hMK2 BEfi8 5 hIscU2 AHELAE M oo, 63
3.6.2 pmIscU BEBRALTUIAR AT ..o, 64
3.6.3 hMK2 BERSBEERIL hISCUZ v 65
3.6.4 mMK2 Bk REAEFZIE MEF A/l complex T Mg, HAZR
M) aconitase FITETE oo 69

3. 7 B oo e et 70



E3E 3 1 oo 84
e Ay SRy U 87



TABLE OF CONTENT

ABSTRACT (IN CHINESE) ... |
ABSTRACT (IN ENGLISH)......o.ooioeeeeeeeeeeeeeeeves e Il
CHAPTER 1 INErodUCTION........cooovvvirieissieseeeesseesesessessessess 1
1.1 MK2 Protein KiNASE........coiiiiicisiiieiiiie e 1
1.1.1 Introduction of p38 protein kinase family ...........ccccconiiiniiiiinn, 1

1.1.2 MK2 Protein KiNASE.........ccuiieieieieiiesie et 4

1.1.3 The study of p38 signal pathway in Drosophila..........c.c....ccoovninnnnnnn, 9

1.2 1rON-SUITUE CIUSTET ..o e 9
1.2.1 Introduction of Iron-Sulfur CIUSEEr ..ot 9

1.2.2 Biosynthesis of lron-Sulfur CIUStEr ...........c.ccoveviiieiiececcceece e, 10

1.2.3 The function Of ISCU ...t 11

1.3 The Function Of Mitochondrial In Drosophila Lifespan .............cc.......... 13
1.3.1 The change of mitochondrial function in aging..........cccccoevvvvveiennn. 14

1.3.2 The relationship between oxidative stress and lifespan...................... 14

1.3.3 Knock down the gene of electron transport chain (ETC) can extend

Drosophila ifeSPan ..........cveieeii e 15
1.3.4 Diet, mitochondrial electron transport chain activity and lifespan .....15
1.3.5 SUIMIMAIY 1eiiiviiieciiie ettt st e e e et e e s eeanneas 16
CHAPTER 2 Materials and Methods...........cccoociriiinnciiineeenns 17
2.1 Chemicals and reagentS........cccccveieiieie i 17
2.2 INSTFUMENTS ...ttt 17
2.3 Experiments and methods for DNA ..o 18
2.3. L Plasmids VECTON ........ccueiuiriiiiiiiiiieiee et 18
2.3.2 Preparation of competent cells and transformation ...............ccccce.... 24
2.3.3 Preparation of plasmid DNA ... 25
2.3.4 Enzymatic treatments of plasmid DNA ..........cccooeviiiiiciie e 26

2.3.5 Recovery and purification of DNA ... 27



2.3.6 LIQALION ..ottt 28

2.3.7 PCR eXPEIMENTS ....vocvieieeie e sieeie et e sttt 28
2.3.8 Detection of mMiIRNA expression [evel ..., 31

2.4 Experiments and methods for Cell ... 32
2.4. 1 Cell CUIUIE ... 32
2.4.2 Transient transteCtioN ..........ccoviieieieiec e, 33
2.4.3 Virus packaging ,infection and stable line establishment ................... 34

2.5 Experiments and methods for Protein .........cccoovveienieniieiiiieiieee, 35
2.5.1 Co-ImmuNOPreCipitation...........ccccveveieene i 35
2.5.2 WESEEIN DIOL ... 35
2.5.3 CIAP treated eXPeriments .........cccoeoeiieniiiiiiiiieiee e 37
2.5.4 E.COli 8XPreSSioN SYSEM ........ciiueiiieiiiriiniesie e 37
2.5.5 1N VItro KiNASE @SSAY .......iiieiviiiiiiieieiieiie sttt 38
2.5.6 Isoelectric focusing and immunoblotting...........ccccceveiiiiiiiiiceen, 39

2.6 Experiments and methods for Drosophila ...........cccccooiiiiiniiiiccn, 39
2.6.1 Fly keeping and fly StOCKS ........ccccveviiiiiiiecee e 39
2.6.2 FIY FOOH (LL) 1rvrrveeveeeeeeerese s s es e eeeeeeseeeseeeseees s esse e eeseeeseses s 40
2.6.3 Preparation of fly genome DNA ... 40
2.6.4 INVEISE PCR ...t 40
2.6.5 Preparation of fly RNA ..., 41
2.6.6 Methods for mutant fly iNes...........cccooviiiiiiiii e, 42
2.6.7 Methods for transgenic fliesS. ..., 43
2.6.8 Preparation of fly mitochondrial protein samples.........cccccceevvevienee. 44
2.6.9 FIY [IFESPAN......ci it 44
CHAPTER 3 Results and DiISCUSSION............cccoc.miimrrieeneeseeieneeens 45
3.1 dMK?2 can interact with dlscU, and phosphorylate dlscU at Ser20........ 45
3.1.1 dMK2 can interact With dISCU ............cooiiiiiiiie, 45

3.1.2 dMK2 can phosphorylate discU at Ser20 in Vitro..........ccccveevevvenenne. 45



3.1.3 dMK2 can phosphorylate dISCU in VIVO..........cccccvevviieeieeie e 48

3.2 Preparation of dMK2 and dlscU related mutant and transgenic flies....49

3.2.1 Preparation of dMK2 and discU mutant flies..........c.cccoovvininiinnnne. 49
3.2.2 Preparation of dMK2 rescue transgenic flies..........cccooivniiiinennn, 50
3.2.3 Preparation of dIscU related transgenic flies............cccovviiiiinenen, 51

3.3 dMK2 mutant flies and dIscU-S20A transgenic flies can impact
mitrochondrial complex | activity but not aconitase activity .................. 52
3.3.1 dMK2 mutant and dIscU-S20A mutant can not impact aconitase

10 1L V71 o SRR 52
3.3.2 dMK2 mutant and dlscU-S20A mutant can enhance the mitochondrial
COMPIEX T ACTIVITY .. 54

3.3.3 dMK2 overexpression can not decrease complex | activity ............... 55
3.3.4 The complex I activity of dMK2 mutant flies can not be induced by
NeatSNOCK At 377C ... 56

3.4 dMK2 mutant and dliscU-S20A mutant flies have a shorter lifespan
compared to WT and rescue FHES........cocoviiiiiiiiiieeeee 58
3.5 dIscU-S20A mutant has no contribution to oxidative Stress.................... 59
3.5.1 dMK2 mutant but not IscU-S20A mutant flies are sentivite to paraquat
treatment compared to WT and rescue fHeS.........ccoevvveeiienievie e, 60

3.5.2 Both dMK2 mutant and dlscU-S20A mutant flies have no phenotype

under H,0, treatment compared to WT and rescue flies........c.ccoovevvennnne. 61
3.6 The relationship between MK2 and IscU in mammlian cells .................. 63
3.6.1 hMK2 can interact with hlscU2 after overexpression ............c.ccc....... 63
3.6.2 Evaluation of p-mlscU antibody...........cccceviiiiiiiiiie e 64
3.6.3 hMK2 can phosphorylate hISCU2 ..........cccoooveiiiiiiice e 65

3.6.4 Knock out of mMMK2 in MEF cell can enhance the complex | activity
but NOt ACONITASE ACTIVILY .....oveviiiiiiiiieee e 69

3.7 DISCUSSION ...ttt eeeeeeee e e eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeneneeneennens 70



RETEIEINCE ... 72
Index of figures and tables ... 84
ADDIEVIATIONS ...t s s 87

ACKNOWIEGEMENT ... 91



RS

R

P38/ 5 I 6 A T 2 A i S S R P A TR TR 1, AR L 3h
A KR AT FOR SR 7R FAE FHLER, 1 £ R I — I AR T 1 A I
W AIRICEEEFT 7 AR p38HY N i EEEdMK2, BT A BT LN MK
MEIER . AR 7R B L AR R RS T A IR EE A ThRE . TR
I FUR I T — 2B R IscU, FATIESE £ R i th dMK2#E5 L dIscUAH
HAEM, I HAERSMRE W B b dIscU R 38 — A 2 SR i, EAR XS dIscUH)
PR AAT — e RE LIS o B ORFAT T ILAMK2AS A2 RENS B AL discU g ME— 35k
Wi, (A FATVIIRIED] 1 dMK2RR FRAZ R R I 5 dIscU BB AL 1 i SR A R R A
EMFE AV ZAIREARAL, AL s BTG 2 SRR, X5
HIMK 25 IscU H B R AL 2 A5 T E

R B FATR S g 45 RABIE, FATANAMK2/EJyiile, Res e ftdlscU
(RIS A 2 IR A s, BETT W] RESZMA BRI 0o ik O AL B e 1, 205
TR IR complex RIS, B2 R RERZIA 1 ARIE 075 fr o T FLAIYITH
FHSL B4R 3 1A — B 45 R, Ui MK23F IscU I IR A & — A EL A R = i A2
Yot i, ANRAEET R .

FegtiE]: p38; MK2; IscU; WiEafh



Abstract

Abstract

The p38 signaling pathway is one of the most important pathways in intracellular
signaling transduction. It is well studied in mammalian cell, but not so clear in
Drosophila, here we try to know more about the p38 signaling pathway in Drosophila.
We focused on the downstream kinase of p38, dMK2. As we already known, MK2
regulates gene expression at the transcriptional and post-transcriptional level, control
cytoskeletal architecture and cell-cycle progression, and are implicated in
inflammation and cancer.

Here, We found a new substrate discU, which can interacted with dMK2 after
overexpression, and can also be phosphorylated by dMK2 at Ser20 in vitro and in vivo.
IscU is one of the scaffold proteins of Iron—sulfur (Fe-S) clusters biosynthesis.
Iron—sulfur (Fe-S) clusters are present in more than 200 different types of enzymes or
proteins and constitute one of the most ancient, ubiquitous and structurally diverse
classes of biological prosthetic groups. Three distinct types of Fe—S cluster assembly
machinery have been established in bacteria, termed the NIF, ISC and SUF systems.
Along with a few additional components, the ISC system constitutes the eukaryotic
mitochondrial machinery for Fe-S cluster biogenesis. IscU is the scaffold protein of
ISC system.

We found that even dMK2 was not the only kinase that can phosphorylate dlscU,
dMK2 mutant flies had the same biologyical function and phenotypes as dlscU-S20A
mutant flies, such as higher complex | activity and shorter lifespan. The results
indicated that dMK?2 affected the complex | activity and lifespan may go through the
phosphorylation of discU at Ser20. Farther more, we found that MK2 can also
phosphorylate IscU in mammalian cell, indicated this phosphorylation regulation was

a conserved process, not only hanppened in Drosophila.

Key words: p38; MK2; IscU;phosphorylation
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