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MR JE AN N R HURS, RN B REG fRIE R R A ) it
AW ARWELN R 1X — 3 R IE L B 2R 1A LA Kz NADPH S84 il [ 7 W v S5 4 1
RBEBURE M ROS, SEAGANG bR R A Hop, 454 GTP MEE %1 Rho
GTP B A XK 7t Racl F1 Rac2 X-T NADPH 4 L0 BH i 41 i 75 ot ok 72 2
VR, ALE=COAMARE, RN CRBAI. BV feg bk
M) SAEPEXGES Mstl AT Mst2 (1978 (Mstl""Mst2™Lyz2-Cre, cDKO)
i, SEFPARINRAREL, AR SRR N AR BE S SR I Hh S R TR
SN 998 A TR R R BB 0 T B /N BRAF 9 30 k3 RIS — R ) G e il
PR BB IR R, Mstl/2 BJsheit a7 Racl iEME R REAK, S
FERRRTCIE I W/ NE SR RIS ROS FURE, IR KA T 7 W AL 40 %
3905 SR A4 1) e

LTS S L R IRITE . LR SNBSS TR S — R A S, RATK
I Mst2 7] 5 PKCo A HARH, I HBERR AL PKCa 2 K i i) Ser226 1 Thr228.
TATVEIL, fig Z 48 LPS (s a] LAXG 52 B 4= BMDMs H PKCau) H B A0 3805
B2 p Thre38 (R /KF, THAEMI% Mstl/2 () BMDMs H &1L #E PKC-a
[ Thre38 H B0 « Rtz 4h, FRATIE KN Mst2 7] LUnsi PKCo 5 LyGDI
MR AR, AR EE PKCa Xt LyGDI (i, #:3, it ik iy Ak oh e
VTR T, FRATR I Mst2 F1 PKCadk&ikslt, f&f2fd Racl 5 LyGDI fi#
B, ik — sk .

gibpnd, EEARERAET, Mst2 @il Bk PKCalf) S226. T228 7
AL, AR PKCodfifl, TMid ki PKCar] I/EH T Fi#5 5 & A LyGDI
S31 {7 s, 1 LyGDI BEFRAL T %3, 3 LyGDIl 5 Racl HAH B A FH sk S5 M fig
BY, AR Racl iEfh. AW 7 ABRA M Mstl/2 P45 Racl B0& H) 4>
THLEL, % FOR BT BRI AR T S AT B 2 T HEAR BT
REF: Mstl/2; PKCa; Racl



Abstract

Abstract

Phagocytes (such as macrophage and neutrophil )are specialized cells of the
immune system that engulf harmful microorganisms and destroy them in phagosomes.
This process is accompanied with the juxtapostion of mitochondria to phagosomes
and the production of large amounts of reactive oxygen species (ROS). Moreover, the

‘GTP-charged’ active form of the Rho-family GTPases Racl and Rac2 is required
for phagosomal activation of NADPH oxidase.

The previous studies in our lab have shown that loss of both Mstl and Mst2 in
myeloid cells caused greater susceptibility to bacterial infection, more release of
cytokines in serum, weaker phagocytosis and clearance of bacteria, less survival rate
than wild type mice. These results indicated that the activation of Rac by Mstl and
Mst2 is critical for innate host defense by positively regulating the recruitment of
mitochondria to phagosomes for optimal induction of mROS. Our study is based on
the previous results, to explore the mechanism of how Mst1/2 regulate the activation
of Rac in Phagocytes.

We found that Mst2 could bind to PKC-o and phosphorylate it at the Ser226 and
Thr228 sites on the amino-terminal regulatory domain by mass spectrometry
identification , co-immunoprecipitation assay and kinase assay in vitro. The
phosphorylation level of PKC-a at Thr638, an autophosphorylation site reflective of
PKC-o activation, was much lower in Mst1""Mst2"yz2-Cre  (¢cDKO) BMDMs
than that in wild-type BMDMs. Thus, phosphorylation of PKC-o at Ser226 and
Thr228 by Mstl and Mst2 was required for the optimal activation of PKC-a. Beyond
that, co-expression of PKC-a with Mst2 enhanced the interaction between PKC-a and
LyGDI and in turn promoted the PKC-a-mediated phosphorylation of LyGDI which
resulted in its dissociation from the LyGDI-Raclcomplex leading to the activation of

Racl.



Abstract

In summary, these results established that Mst1/2 phosphorylates PKC-a at
Ser226 and Thr228, regulates the activation of PKC-o and then results in the
phosphorylation of LyGDI and disruption of the LyGDI-Racl interaction to promote
the activation of Racl. Our investigation provided a relatively complete molecular
mechanism of how Mst1/2 activate Racl in phagocytes, which will aid in the design
of therapeutic agents for antimicrobial infection.

Keywords: Mstl1/2; PKCa; Racl
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1.1 Hippo {5 S E#A

Hippo 15 51 B8 A2 1T AR A8 R MAR A R B — 2B (M 4 A5 Sl eg, il
VAN TE VAT LA B 40 A ek A K3 52 5 T SE BN A 1 K/ 4a T
Hippo 15 51 % 1 1 BR 1l 48 P s 5 A (2 g 40 B T LR s 8 B RN R, %ol
% 1) - E K : Hippo( Hpo ). Salvador( Sav ). Warts( Wts ) #1 Yorkie( Yki) %.
A5 5 I PR (R 0 PN 252 HH MR #0157 Hippo (W L3040 H [RIVRY N Mist1/2) 51
RV R T U R Ik S Ok R 4 e s AL WOTE T Yorki (W FLBh W R RR Y N
YAP/TAZ) T2t — VAT A 1 B9 58 S A7 3% . IF ARt e R W, 12 H
R R S N L R A KB IR T, KB TS AR KO B I AR e B
WHL NSRS B, X5 TR AR 5838 Nl S K & )
FHIREFIT ) 18 7T [0 FF H D9 $0 0 e 1 R A2 R R AR AL T VB AE FOHE 55

AV AER KBRS, RIRET RN, RZ 485 AMUGRERIEESERE
AE T H AT [ 7€ B0 R A o & 5 RN BRI 25 400 5 AR I R rh R AR 0
R, G, fExNR 203 MAFEEEAT R DI TR, & T U3 M40
S IRTE I I L E AR AR B EOR AR, X — AR R R 2
KT BRI AR P AR —E KAMESF LR AV EILH 24570
HIED,

LEZH B Ak 400 ) 7 T, IS b R A A ) AR AR IR S AR R ER SR, a4
SapumE, s S EERIRR A EAEH, DA AR EA R — e RS, i
SC o I I P A A A R A LR A PR o2, T AR A PR R B . AR 2 R A R R TR
25 T ERAbANE], AT AT AT RSG5, AR AR 1) 4 B B S, AT TCRR
ST o L A 40 o) ) S B A RS A A R 7 A e R 2 B R AR bR

AR A SR W] Hippo 5 5 1M BRAE 1 Al 4 M O FE Al ], 2% B /N 4%
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1.1.1 Hippo {5 SiER R

Hippo 15 5 3 2% A2 75 S 0 Ji 8 401 o] PR PO 8 4% i 0 b i S i R T HL el e
HEAY 1 AR AR S A R B B AE AP - Hippo 15 5 38 7 v (1 32 2 53 45 NDR
FE FPEF Wts (Lats1/2) \WW-domain 548 Sav(WW45), STE-20 K%
i Hpo(Mst1/2)A1iE ¥ 8 4 Mats(Mob1A/Mob1B), H A 455 QR IH L sh4)
B EJE SR s I DY L i R B A B L 52 54, Sav/WW4S i 5
Hpo/Mst1/2 #H B AE FBEER AL - 350E T i Wis/Lats 5 Mats/Mobl 12 &9 .

1995 4, G.M.Rubin WF5¢/NEA Justice, R.W. W78/ Nim i A FLP/FRT
B 20 R GO R AL 1 S A AT SR R I T — AN MR A B R, RN
Wts, L4 - [ YE JC a4 4 Lats (Large tumor suppressor gene). 1% 498
K b O BE 2 NDR SRE XK, 2 Wis DR ki & 32 M b
HIRAM) H R ESETE;  Lats/Wis (4016 R A8 (E R G & & i 12 h R BOE 1,
FERS R I FE A Re 51 2 AR 38 B (A ORI 5, R BEHE Y Lats/Wits
] BE BA A 8 e NIRRT R REM. 2002 4E, Taponetal &L T 1%15 5 i
F3 T ANK R Sav, Sav [fk 2 G EHUE TN T DIAPL SR 1% R IAP, B 5
2003 4, Duo jia Pan AT 78 /NH XA S Hh R B dn 44 1 9w STE-20 25 H g 5 ik
Ry Rg M B R Hpo, HLRARARL I i FERG BRI R AL, An4pRs ISR He . 3
KIEIRANY RARBES, (AR IXEE AR & & 7 I3 E 3 w2005 4,
Zhi chun Lai %5/ 3 Mats & 7] 5 Wts /EH H30E Wts 4L TE 7. Bt Hippo
5 SEBR O A3 R E, £E4 Hpo. Sav. Wis 1 Mats!’).

Wik 1.1 frzs, Horh Mstl f Mst2 /28 STE-20 S E IR ERRR, 53R
() Hpo J& T~ [EVE4 . WWA45 KRR g hd— N5 WW S, ErRE s
R R A K, 5RE ) Sav 2 FIJEY . Latsl A1 lats2 /&5 DBF2 A
RIZEABEER G, HE R0 Wts 8 T FJEY. & R IR SO
FH MoblA/1B JL[EFR{E Mobl, H 5 Rk jE K Mats J& T FVEY . YAP & Hippo
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S FBERNE T, SRR YK JE T FEEY) . X L0 R Rk SO
M A4, D REFAT PR AE I T R #8734 SR T

Drosophila: sav Drosophila: hippo
Mammal: ww45 Mammal: mst1/mst2
Drosophila: mat Drosophila: wats
Mammal:Mob1 Mammal: lats
Drosophila: Yki
Mammal: YAP

Downstream
Transcription factor

0SS 2

A 1.1 Hippo 8 #7E S5l F2 i FLah ¥ 1 2L Rk

Fig.1.1 The compositions of the Hippo pathway in drosophila and mammals

Mst2 Ny - cCh TR
.
A
VWw4s \\_—\)@ F—u“:
STK X
LATSI @ SIke —
.
Mobl bl
’ v
YAP o O=TCh
.
P-rich o
TAZ = W=CCH

&l 1.2 Hippo 15518 A%0 B 5 1) EE S HAFE
Fig.1.2 Schematic illustration of domain organization and key structural
features of human Hippo core components and YAP!

G 5@, WK 1.2 B, Hippo/Mst/2 /£ STE-20 £ 3 5 i 1%,
g (H N Rl & — N 2LZ R E R E QM Re, RERmSH — DR
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N SARAH IhAEIMIRE X ) 5&F WW S5 S8 H A Wwi4s
( Sav/iWw45 EHBA WW TJRES, AT A —1 SARAH Thagik) @it
SARAH Zhaes A T AE R, BEERAL T NDR SRR A A Lats1/2 FEEfEAL 348
HH MoblA/B, WHMR{LH MoblA/B 5 Warts /Lats 54 R &0 )G e dk
Wis/Lats 1) F 5 B R0 08 ST 1, 330 (5 S LS T YAP B IR
1t

— 51, 14-3-3 HARBIEL G TR BERRIGI YAP, HE T R ELH A
Jridr, AT YAPIYKI HIZhRE. fEANMUAZIN, YAP/YKi 5% %P5 TEAD fE
FH ., R 4 e G AN A B BB T 53— D7 T, BERR AL I YAPITAZ T CK15/e
BEmRAL, KL SCFP-TRP NS YAPITAZ 12 ZALIEME. Mstli2-YAPITAZ 55
BT TS YAPITAZ AREWERRIL,  Hippo {55 8 P AT — 4% 0k
BEZE IS, #K T80 YAP MO AN Mo B 4 1) R BLA TR ES B R AR
Ko & L0501, Hippo {55 @ %0 DhGe 2 40H] YAP/YK 751, BHLIEHZEH
it o AR

1.1.2 Yap & Hippo 5 SiEE FHFHEEEREF

2005 4, Huang 45 HBERERURAS )75 KDL Hdr 4 1 Ykio Yki H 54k if
) Wts.  Mats 255, Wts ATk Yki 380000, MImfE Yki ThREF3E
R, ERALGBEREAR; MIERE Yki 258U EGE, &Y
Yki A1 A Wis [IR08E 5 A1 Hippo 15 5 38 B b e 42 B8 1 i h el

YAP {ER YKi (EWFLS R B REA), 3 BT AL & 10 45 44 BLZE B
DI RE AT A AL T o YAP B3 1 WW S5 Ki5(RT 5 PPXY motifs #HH.
ER, JFHH C i TWL #ikn] 5 PDZ S5l BHAEH . IR =B RE
CLE W], Hippo {5 Sl ikimat 842 YAP SKSZHUN 4 fu iz, 385 /N
DL RS RE 2 26 R TR (4% 00, Guan 5 A IBIF FE R B Y AP T4 i /KT ) i 7
FH I PR P G R P o 42 MU P AR %, YAP TR BEA7AE T4 % P AT {3
B F SRR T RE . AdN IR TR, A0 BRI f], YAP 741



=
ull

55, SO S ILEUE T ReE AN . X Fh B 4 AR B2 0 3 801 YAP (148
LT B 25 I R 5 B R ALK 1 AR O

YAP/TAZ & Hippo 15 il i F 2 F e L BoR A 5, o TAZ & —
AN FBEORBIE A, B RETAR DR . YAPAER TAZ (155 2R [F)K
HH, 5 TAZ BAMBEAEH, IF AR D ae A E AL 7 .
YAP/TAZ #EL&H WW Z5IRA1LE 14-3-3 ARSI, 14-3-3 AW
W25 A R ) YAP, T YAP/YKI BIThfe. 1ERN— AN LB A
T, YAPITAZ %A HES DNA 45ic, 128 TEAD/TEF FEIN A 1
V¥ YAP % S A4 4P, TEAD 15 YAPITAZ 1R sk 8 1, #E41H
%NS YAPITAZ 454 JERIIR A K I T R R 4% ¢, ISl YAPITAZ
S-S A0 B I T AN AR B AE T . 24 Hippo {3 53 B B0 I (Ol 2 200 432 fi 0 1
L), STE-20 SKRIMEE R A Mst1/2 58543 WW &5 F (1 37 4838 19 WW45
LR, BEERL T NDR ZEMEG AL A Lats1/2 FIEfEAGEE 1 MoblA/B; i
MALH] Mob1A/B 5 Wis/Lats 4545 > (23t Wis/Lats i 5 S BERR AL IO AL
TEPE, BRI YAP B . 2 YAP TRHE R 127 AL B Lats BERRIL S, YAP
RE 5 14-3-3 RS &, TEYAP AN, R B, Lats BRI
YAP (55 381 Wi 2R, (R4 CKI BRI ILBERR LB A o5, kT 51 & SCFP
TR AG YAP 2 RGBT YAP M FKT. 4 Hippo {55325
T, YAP/YK BENAHAEAZ N, ¥ SE T TEAD YER], ATt 4H ped g Al
AR . Hippo {55l T — oL HEEH M I R, 380 YAP K
PRI RIS R FVR . P TR e AR R O, b RIA — AN A2 Hippo (55
VA5 YAP JAB f, AT 5| 8 K 41 i A0 O 5 S SR (0 Rk AL 22 BT,
Hippo 15 5 Bk % O D BSR40 YAP/YKi 3E1E, BHIEAZR B mr it A K.

FEZ0 M JE A4 05T, Cyclin E BA{REA M GL dEN S IMER . A
MR, 24 Hippo A AA FHES, Cyclin E FIA K& A 5 84
ML BEXG A . FEWITCJT I, Hippo {5 Sl B a5 T i R T4k K7 DIAPL,
DIAPL NJii3d caspase HIZiEPRHIH T . FHRBEF RN, Yki 0% 22533 Cyclin E
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A DIAPL [ZIEIG N, Mk W] Hippo {5 5 18 H n] LA 2 40 ) 389 5 1
ToH E A 1 R AR R R,

1.1.3 Hippo {5 5@ _ iR T

VAT I AL T S 7T 77K W, 7E Hpo B Wats b 2=/ LRl g
IR 75 Hpo 538 Wats TR AHC . B TEFE S FERM 458381 85 1 Merlin
(Mer) #1 Expanded (Ex), Hi£5H5 8 H 2K 01 Fat (Ft) f1 Dachsous (Ds), CK1
Kt Disc over-grown (Dco), L& WW 531 C2 45#i & A Kibra,
DA 5 EE ) Crumbs (Crb). 3X 26 57K 75 Hippo {5 5 1 2% A S i
WA AR R R A%, JE R R AR MARIE R 1 o B2, 700X Lt R34
FHRLHY R AR W] P H— € B AR, iR L B 73 AT 562 55 Hippo
&S B REta,

2006 4, Hamaratoglu 5% 3, JEAHCHEH Mer. Ex 5 Hippo 1@ #% % UIAH
KM, Mer fil Ex #5#545 FERM Z5H038, I3k iz ik, AT ar LRI 2 A0 40 i 52
ZEE. BEEAM LA, NEAREREE S EEIIRESE 1R, £
H1, Mer FIIRIEER A B NF2 il R gntd, & R SEH XA R4
R . AW T ] Mer A1 Ex IR BRI — 3R, A Dy g 400 o 2 R 471
K, HIZA5 AR KBS Mer 1 Ex BEAEA I RUFR 1. EREF, &
Mer 1 Ex XURACHIAMEA Hippo {55 @i b R ] K 1 R4 —H, Gk
CyclinE A1 DIAPL YLLK, My S giflid FERIE . ARy, dRi&E
Ex W] i A=A g AR A 4 H 5 22 Hippo A1 Wis K25, foRix it
HEE Ex R BEAREARKITHLHEE ARG, H2 Mer 1 Ex Al g i
Hippo #1 Wits [ ER 17K T, T Hippo {5 58 2 23 S ad K| Mer 1 Ex 2
F1 /K 3 R A7 S R AL, TR R 4% Hippo 155 5 38k i P IR AT,

Fat 2 i W) 1E R Y R I RTAS B 8 B KRR oL, A — N BRI 4H L oh 45
Pk, 0055 34 MNFEAELE, MRS ES SA RS AR AR
B, SEAESRA HF IR Fat FTREL S 57 Hippo IR, 5% Fat AT AN
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