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= At A2 AAgFEHR S ALe w9 S,
= e FA I Fafel oM =dE v 259
* Fa A3 A HARZE Akt/FoxO pathwayZ,
07} #=atAl 4gEd Fasol ved + st
Jejvp o] o' HAYSFEC] FoxO$8t Az agstel FHA2TE
FabstEx] ks we R A da gk HAL A Ao mEr,
%382 Phosphatidylserine synthase (Pss) -GAx 7% Aba
=AMl = mEZEFoel o4y Akt €A FAE FEsitta s
olef Pss +XA7E 5ol mA e dFS G| A8, 23 oA
45 Bo|A07 Pss S knockdown(KD) =2 overexpression(OE)AJZT) o] 3
=329 thoraxellA indirect flight muscle(IFM)S 353}
immunohistochemistry (IHC), western blot, paraffin—embedded
section ¢ APS Pt A AP, PssE KD3E 23}
+E Y Aa, vEIZEL o o), Akt B4 4, E|u aT
wolth dobrt PssE KD x3tele] IFMelAM =g A
autophagy”} Web, =gt A ZAPE I autophagy s 7
olojFlth. & A5 A= PSS A#E XA Al ARV &
nEFZ=golel F5FS A8t Trd ol S KHolFrh
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S dheE, 28 AhA, la™ A3 so] ok (Dutt et al., 2015).
nEZTglol= & DNAS9 wEZE=glo} DNA EFolA fafdh

FAA APER FAE o] 9lon o] 3 genomel FHA ZdWol=

abslA Qlaksl Aell, ATP Aal . 5o wEZTEer ARS

op71dt. mEFZ=gel Ao o, AF, o5 g2 w2 qUAE

244 % (muscle atrophy) 8 €@<lo] & 4 It} (Adhihetty et al.,
2008). M EZ =g o} o] o F e MIEANE-S proapoptotic T 7}
reactive oxygen species(ROS) = A% & 4 Qlr}.

uEFZEglol= cytochrome ¢, apoptosis—inducing factor (AIF),
endonuclease G(Endo G) & AMXAZ WEHW MIAES {5380
proapoptotic ~ ©HAES  Zty  Qlth. wEZEotes  WUER

-

cytochrome ¢+ apoptotic protease—activating factor 1 (APAF—1) 3}



caspase— 97 T HFA QA apoptosomes F/J35te] caspase—39]
deteir, Ao

523 (Green et al, 2004). RtHol, mEF=gjololA W AIFS}
Endo Gi= caspased 3ol glo] AA 3 ¢to=z Zo|7F DNA

Hl caspase—3% o E9(7} DNA fragmentations

fragmentatione 5% 4= AT}

MEZEDoL 3&52 EZEC YHe dak de s F
dojdrt. Yy A AY HAHY oS Wi EbAsha,
FAHoz JsE vF F = ROSE A 4 Q). o] wiFo
Ao A mEZ=g ok Aldel ROS Aabzteld, wlEIZ=gob=
Azd R oF 5-10v) %2 ROSE 2Ztil Qlth(Auten & Davis, 2009).
o]gigt wEFZ=go}l ROSE WEFZZZlol Yue] cytochrome &
nEZ=golr wglor WEAA 7] MEAEE  fEskA "k
(Adhihetty et al., 2008). X3t ROS+= mitochondrial permeability
transition pore(mtPTP)E ¥€o] proapoptotic THEES WEA| 7] Ay, theFst
AARIZALE S 3AA A o= A A z

A e FAar ZAES] A7t
ZolE=t}h &4, subsarcolemmal® intermyofibrillar®] "w|EZ =g ol
FE A, AspeAor zpolE HITE o]y 5 AEL AEAE
s XA WFAEE] AolE EE & Qv AR, Z5S A
WA (2520 ARE 2 HARE) o] Whgate] mEF o g 4l
TS HhE it olgd ZEFeA mEEE=gote vk
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Al 2 A 2724253 Akt/FoxO

THFE 25 e A B 2dEE fA44E & v
(Bonaldo & Sandri, 2013). o]e]gt e Agjsto] duido] 3 Es1A
A EAY Gl FAo] AAEH FATo] YERdTH(Ciciliot et
al., 2013). @z E3= ybiquitin proteasome system¥}

g colun, wwd gHe A%

autophagy/lysosome 73

A AE ARE

E

I ZA%e= Akt/TOR/FoxOel <8
ZAHE(Glass, 2010). IHA2Tol dojy+= &<t ubiquitin

offt l-('U

ol

proteasome system¥} autophagy/lysosome®] EF A3}y o
Hg el A4l JAAHES AARIARR] FoxO family (Sandri et al., 2004) <}
nF—xB(Cai et al.,, 2004) ol & =¥t}

Akt Rl 93 Fox09 xHL ZfALTolM Akte] 7les
olgfjst=t] FQstth thaFst A oA A e AE AF9 Tihe
AktE H]EA BFete] Fox09] gqlitstz ofefzltt &lAabstel FoxO+
o Zo7k ME AME, ME F7] YA F
Z4 318k (Tran et al., 2003). Akt7} B4 3t W FoxOxE <143}y o
oA MEAZ o]Fsitt, AT ol doju= &b Akt &4 9

e Fox09 45 3 &@Wd dA4= Adlsta, @Wd 2=

o{}l

S 7FA1 25k, FoxO+= autophagy/lysosome " ubiquitin proteasome
systemell  #ojsl= wEMA ] BHE  fFEste] wAEe] FEE
ZAa3%t(Milan et al.,, 2015; Zhao et al., 2007). 53], autophagy+
pro—survival wWIAYUZOZA, AZUe A wuwlzol} &£AE
A7 AAstE 7lss vk 28y #Ed autophagy+
Gl E A W3l AT S U ¢ Y (Mammucari et al.,

2007).



Al 3 & Phosphatidylserine

Phosphatidylserine (PS) & AA|u-s FAsts AAAY 3 T/F=E
e QA EEof nls] g oz A=vt &A%t 18y PSSy 2
53 A3y 54 wio] AFow EATor AstHor uf¢
& gt PSe AP JAAA o]FFY] inner leaflet
A9k, apoptotic cello|A] AJ3ZEFe] upZ-Z: 33tH ©
2 wE5Ho AAxzgo] doJurE st Fat—me’ A3 2% 2HE-
gtth(Fadok et al., 1998). o]8lel= PSx= AAAE F2HE7]9 w4
7 b 3}loll A Q3 (Naftelberg et al., 2016), AlELFZ 7ol A]
A9 AlEEe] FRtel s Foj stk (Williams et al., 2009).

)

PS+ endoplasmic reticulum(ER) % mitochondria—associated
membrane®] A ¥4 & ™ (Rusifiol et al., 1994; Stone & Vance, 2000),
A E PSE mEZEZTEgolz o]Edt AU (Voelker, 1989), plasma
membrane 0.2 HGE T} (Leventis & Grinstein, 2010). PS+= Ups2-—
Mdm35 EIAES E3] v|EZTgolz o]%3dt=d (Aaltonen et al.,
2016), "|EFZTgolzZ o]F3t PS+= 7]ZZA phosphatidylserine
decarboxylase (PSD) ol 93l wEZE=g ot e}t 75 Ao D5
A 9l phosphatidylethanolamine (PE) 2 3 ®t}(Tasseva et al.,, 2013).
o] PSS9 Aol mEZE=got dH &} Vs wAl TLstve A=
omlgttt. AAE HT AT Aol mEH, koA
Phosphatidylserine synthase (Pss) 3728 Md-E& A0S o v
EZ=gote] dHet Ve old= Hole o] HiHi Qv (Park et
al., 2021; Yang et al., 2019).

d¥g Ao g ZHudyx PSE Akt, Raf—1, protein kinase C(PKC)
T B2 9% Mg dwAo] dAstE7] 9%t docking siteEA A&
#oH(Kim et al., 2014). 1 FolA % Akt(protein kinase B)= A 3]
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WE, AR, FA Fow A

o

3t+=d (Brazil & Hemmings, 2001),
a1 7l T shdrF HlE FoxOE dAkst AlAAM ofAlskE Aloltt
(Matsuzaki et al., 2003). o=l Akt7} &3] &A3H7] {4
PDK1# TORel ofs Q14ks} sojof sh=d, ol ddd=e] PS7t 4
Q3tth(Huang et al., 2011). # A5 Aol w=w, 23g] Pss
Azrel e AAlstele W ok Zuteel vls| PS7F oF 20%% 3
Astglon, e wep Akt AL A 2E Flskgith(Yang et

al., 2019).
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ST WY QhE HARRIAFS] FoxO familyt (Piccirillo et al.,
2014) FHZoll 29els 23A2F9 AAYUSES A eked f88 22
Al2~"lo g e 23 At} (Blazquez—Bernal et al., 2021; Graca et al.,
2021; Ribot et al,, 2022). Yol7t EfEE 3} npx7bA 2 Zabe] oA
FoxOF &8 AZS W 2Hd&aTo] s, ol 237t 33}
Hog HEW 24T AUSS 21 S th(Demontis &
Perrimon, 2009). 23y 2745l dist A+7F €23 o|FHR S,
o1d3] olH wAYZFC] FoxO% Asagsto] 2ass fEeteA
= olds] ZEHelit

PS8 PS tiate]l st ma4E9 7les ATske T2 YW
phosphatidylserine synthase (PSS) 2] &S W3stAl 7] &= Zlo|th EH
FollA " 7 7 PS @A &4l PSS1¥ PSS2¢ V|AE
phosphatidylcholine (PC)¢}  PEE  zZ}Z}  AFg3t}(Vance
Steenbergen, 2005). Z1#v} PSS1 X+ PSS2 single knockout

rr

o
10
=
(o

mouset AFE 7Fs3HARE double knockout mouset Hjo} T ol A
x| AFsht} (Arikketh et al., 2008; Bergo et al., 2002). o]#3t A3 &5 &
3 ERFF PSY WA= PSS13 PSS2  AFo]o]  compensatory
mechanism< RolFrh. E479 @] 23el= @4 siue] PS &4
BAhE d33seE FHAA(Pss) S 7FA AL A tH(Yang et al, 2019). =
g x342] 9] Psst ¢13Fe PSS13 PSS2 W7ot eAs Koy, =
2] 9] Pss null mutants XZAF5F9F PE7EA| R wljo} @A oA XA}t
(Park et al.,, 2021). °l= Z3 &7} Pss 34k 71 Aol 283 &
g9 FEolthe e RHost IdERE 29 Pss FAAE] A U
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A2 A 9E 2 AR

A 1A AEE 29

2 ATl AFE® CantonS(oFAR) &t Mef2—GAL4 (v [1]wl*];
P{GAL4—mef2.R}3) Z%32]+= Bloomington Drosophila Stock
Center (BDSC) ol A #9F& Wt} Myocyte enhancer factor 2 (Mef2)
TT 25 3l A AARIAR, Mef2—-GAL4= tE4<Q)
<5 5ol GAL4—driver® W2 Zitg] & Ao &E&¥ Ao
(Yun et al., 2014). UAS—Pss—RNAi(w/[1118]; P{GD2753} v5391
/Cy0) %3}¢]+= Vienna Drosophila Resource Center (VDRC) o4 £
FS ko, VDRC Pss“7 line?] KD &3 AdAolr 155
ATk (Yang et al., 2019). UAS—Pss(w[*]; UAS—Pss (1)) Z3}2] &
AT dyAFelA AFE Q= (Park et al, 2021), 7]1=9]
UAS—Pss lineo] EAaFA] ¢kot el lines ARS8t F387 L@ S
Zz4d3t7] $18l GAL4/UAS AlAELE o] 8383tk (Brand & Perrimon,
1993). 2722 GAL4 controlQl Mef2>+% o] 4392w, KD}
OFE z3al 247t Mef2>Pss™ e} Mef2>Pss® %7|&ttt. £ A+
of AgE EE xdEeE A 2I9EE, X2FE S8 2R
(cornmeal/yeast) HjX|oA, &% 25C, % 50%, 12h:12h
light:dark F71¢] <I5Flo]E el A wijek= gltt.
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Scheme @ to make Mef2>+ (Control)

2 y[1lwl[*]; P{GAL4-mef2.R}3 &® +/Y; + (CantonS) &
l
yv[1lw[*]/Y; P{GAL4—mef2.R}/+ &

Scheme @ to make Mef2>Pss™V4
% v[1lwl*]; P{GAL4-mef2.R}3 ® wl[1118]/Y;P{GD2753}v5391/Cy0 &
l

y[11w[*]1/Y; P{GD2753}v5391/+; P{GAL4—mef2.R}/+ &

Scheme © to make Mef2>Pss

¢ y[1lw[*]; P{GAL4-mef2.R}3 ® wlx]; UAS—Pss () &
{
y[1lw[*]/Y; P{GAL4—mef2.R}/UAS—Pss &

% 1. Mating schemes &



Al 2 A Quantitative RT—PCR (qRT—-PCR)

54 A2 HEFY WslE mRNA levelolA Q1517 23]
qRT-PCRE& X3ttt Mef2-GAL4= Z3+8] 2] thoraxolA &
B sk=d (Yun et al, 2014), 5% 5°]4 22 mRNA level& 113}
71 Sl =342 9] thoraxWhs aff-ste] APkl 5AxF Z3ke] 7wt
2] 9] thoraces®lA NucleoZOL (MN)-& ©]&3}o] total RNAE FE3}
At FE3 total RNAS AXALS Fall cDNAE §Ask7] Slel All-
In—One 5X RT MasterMix (abm) & AF&3th. TOPrealTM SYBR
Green gPCR PreMIX (enzynomics)E AFE3lo] Rotor—Gene Q
(QIAGEN) o/l qRT—PCRE Faat3ith. F42 LdZFL Ribosomal
protein L32(RpL32, Rp49)E reference genel. @ A&k 310 3HH
9] experimental repeat¥ biological repeat2 ZHF3HTE EA EA
<2 two—tailed, unpaired /—test #& 3 olFFth

¥ 1. Primer A€ &

FAA F7 Primer A&

RpL32-F 5 —GGATCGATATGCTAAGCTGTCGCACA-3’
RpL32—-R 5 —GGTGCGCTTGTTCGATCCGTAACC-=3
Pss—=F 5 —ACTGTCCAAGTAATAATCTCG-3’

Pss—R 5 —GGCGACAATTTACCTTTCGAG-3’

Akt—F 5 —CATGTACGAGATGATCTGTGG-3’

Akt—R 5 —AGAATGGATGTGCTTGTATCTC-3’
4E—-BP-F 5 —TGATCACCAGGAAGGTTGTCATCTC-3’
4E—-BP—-R 5 —GAGCCACGGAGATTCTTCATGAAAG-3’

1 3
10 M =T



Al 3 A Western blot

54 ddS A% AU QAkst AE @Qlsty] 918 western
blot& 3Rty 542 232 7vkg] 2] thoraces+ lysis buffero] A
motorized pestle2 ©]-83}% homogenization® 1 t}. Lysis buffer+=
RIPA buffer (150mM Sodium chloride, 1% Triton X—100, 1%
Sodium deoxycholate, 0.1% SDS, 50mM Tris—HCIl, pH 7.5, 2mM
EDTA)°] Halt™ Protease and Phosphatase Inhibitor Cocktail
(Thermo Scientific) & &A)sto] W=t 15pgd] AE G A2 6
=2 10% SDS—PAGE gel= ©]&3to] #2]8t3l L, PVDF membrane
(Millipore) & transfer¥ gtk £ Ao AL¥H A= anti—Pss
(Custom antibody, Thermo Scientific), anti—beta Actin(abcam)
anti—Akt(Cell  signaling), anti—phospho—Akt(Ser473) (Cell
signaling), “12]3. anti—dFoxO (Cosmo Bio) 7} 929 loading control
2 B-Actin® o] &3ttt anti-Akt @A anti-phospho—Akt
(Serd73) A= EF7 Akt A gt FAoIAINE s A7}
Zug]e] Akt @HAL ©Aete= Aoz I th(Yang et al,
2019). o= A7 Akt {lat3k #2]]l Serd 733 Thr308°] =3}
Akt Q14bsl #}2]l Ser5059F Thr342¢} w9 #& AedS HolY
w] o]t} (Scanga et al., 2000).

A4dEsY S

o2



Bl on, EA XS two—tailed, unpaired f—test AYLS E3l ]
H AT

Flight abilityE =743}l7] ¢3l], (Babcock & Ganetzky, 2014) 2] =
HE Hyste] Astqit. 5dx 298] 307k E =©] 46.5cm, &
6.5cm® mass cylindere] @ojrglt). o]w], mass cylinder?] <
WS mineral oils el Z2utElEo] FAAslE W ndd + 3
AT olF, 27t FASE 1A FolE FAsI o,

2 two—tailed, unpaired r—test HAS Zal o]FHF ).

ol,

J kR

ML
%

Al 5 A %3 IFM9 immunohistochemistry ((HC)

Zatg]e] ZSolA wEZEZZoE #EsH] 98 thoraxellA
indirect flight muscleIFM)& aiF-83ith. IFM2 v EZE=2|ofg)
actin fiber7} B3 tA YA o] Qo] xutg o] nEFEgol Ao W
o] o] 53l 3lth(Chen et al., 2020; Katti et al., 2021). 343 [FM2
streptavidin®} phalloidin®. 2 A3}t v|EZ =2 ok matrixel &=
biotinylated protein®] FH-3td], o]& &85} streptavidin® = v|E
Frgots 5ol4 O labeling® < 3tk (Hollinshead et al., 1997).
Phalloidin< Amanita phalloides|*| %% bicyclic peptide®, A€
Ao % F-acting labeling® 4 Qlth(Faulstich et al., 1988). 5=k
g2 w9t IS A AT 4% paraformaldehyde (PFA) 2 A&
oAl 1AIZE FoF nAAIFHY. 0.1% PBST(PBS + Triton X—100) %
washing? ¥, PBSoIA %3] thoraxolAd IFM= sttt a3
g AL 0.5% PBSTelA 5%%F permeabilization A1 ¥, ThA]
0.1% PBST®E washings T 10% normal goat serum(NGS) S =
307t  blockingst ¥, actin fiberi= Rhodamine Phalloidin
(Invitrogen) ©.%, mitochondriat® streptavidin, Alexa Fluor 488—
conjugate (Invitrogen) & Z}7} overnight, 4 CZ A 233lth v d,
0.1% PBST®Z Zx#& washingstil, slide°l Fluoromount—G

12 "':lﬂ_-i _'k.::. T



(SouthernBiotech)  mountingd}3it.  Slidex= LSM880 laser
scanning confocal microscopy (Carl Zeiss)E ©|&3}o] 1,000X Hj&
R EI A

nEZEg ol o)e] wE ROS leveld] WstE #Hlstr] $8 IFM
dihydroethidium (DHE) 2 @4 s}itk. ROSe| €8] DHE7} AF3hs
DNA®] bindingdlo] H24 3PS w=  ethidiume] A ETH
(Kitada et al., 2003). ©]e]l DAPIZ & 37 FMsto] FH24 &go]
FEA FHFY HAEA stk PBSelA 5UA 299 I[FM&

(2

s Fskiek. sfFek xA> wpE 30uM  Dihydroethidium (DHE,
Invitrogen) & 7% 7t A3ttt 222 PBSE washingdt Heoll 4%
PFAZ 8% 7+ nAAFHT. thA] PBSE washingdt X212 slideo]
Antifade Mounting Medium with DAPI(Vector) ® mounting3}$it}.
Slide= LSMRK80 laser scanning confocal microscopy (Carl Zeiss) &
o]-g3sko] 400X W& = dEskqlnt.

ROS Z7bel wE& AzAMES &elshy] Sl IFMelA Terminal
deoxynucleotidyl transferase dUTP Nick End Labeling(TUNEL)
assay s AR A ¥EAFE Fo] DNA fragmentation®©] dojy+=4)|
label® dUTP2} $H7| terminal deoxynucleotidyl transferase& Hh%-
AlZIE AEARE FQl AEE Soldox ©X3 4 glth(Gavrieli et
al.,, 1992). =32] 2] IFMIA AXEAFES #23t7] 98, 5U ) x5
o] IFM< %3t 4% PFAR A&olA 1A12F F2k 2 AIZ T 0.1%
PBST® washing?d %, 0.1M sodium citrate® 65TCelA] 303t A
3l permeabilization A|#th. PBSZ washingd ¥, in Situ Cell
Death Detection Kit, TMR red (Roche) & ©]4-3t% 38CelA 2413t &
QF TUNEL wWh&& dozt). o]% 0.1% PBSTEZ %43 washingslil,
slide®] Antifade Mounting Medium with DAPI(Vector) & mountings}
%t Slidex= LSM880 laser scanning confocal microscopy (Carl
Zeiss) & ©]&3to] 400X wl&= #E3sHITH

#53 autophagys SHATS LT F D}(Mammucarl et al.,

— m[o

3 ii : 1]|
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2007). =329 thoraxolA] autophagy/lysosomeS #Z317] 98l
PBSoIM 5dxf 2ukel o] IFM= si#s3ivh. a3k =22 vtz 100
UM LysoTracker Yellow HCK (Invitrogen) ® 37 Ceoll4 30% 3+ A=
SFATE. Z2S PBS® washingdt F ol slided] Antifade Mounting
Medium with DAPI(Vector) 2 mountingdl$ith. Slidex LSM880

laser scanning confocal microscopy (Carl Zeiss) & ©]&3}o] 400X uj

= PR

14 2 A k._l T ¢



Al 6 @ 238 IFMY paraffin—embedded section

z9g o] HAATE FHgy oz B35ty &, AyYAFolA A
Algt WS £83}o] paraffin—embedded sectionS % 3sF T
(Kucherenko et al., 2010). 54x Z%3}8]E Carnoy s solution
(ethanol: chloroform: acetic acid at 6: 3: 1)e|A AT FH, 40%,
70%, 100% ethanol €95 ol&ste] 2 Hd& AP o]F,
Z 3] o] paraffing HFA1Z1 ¥ RM2235 Manual Rotary Microtome
(Leica) & ©]&3t] 5um T2 Z3it} Paraffin Z¥H-S HistoBond
slideel] &2l ¥, Hematoxylin and eosin staining (H&E staining) 3}
t}. A H slidex DE/Axio Imager Al microscope (Carl Zeiss) & ©|
&sto] dEakqlt.
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A3ZdEd  H

A 1 A Mef2>Pss™ 298] ¢] 2% 7]% o] g

Oll

Z392] thoraxolX Mef2—-GAL49] KD3} OE9 &3E #9la}y|
Q& qRT—-PCR¥ western blotS =3 mRNA level¥} protein level
9013ttt qRT-PCRO] A3}, Mef2>Pss™ x3tel= tjxa %3}
g BT} Pss® mRNA levelo] oF 0.14(£0.029) w2 ZA4st Z1& &9
SATHLY 2A). WA Mef2>Pss Zvtel+ tixd Z3#Hu Pss
°] mRNA levelo] ¢F 39.14(£7.186) 1] £713 22 HAFA. 54
BA1 S unpaired t—test® &3P o Mef2>Pss™ (p=0.0002) 2}
Mef2>Pss (p=0.0008) &% thZ73 mRNA level? #o]l& HAS
EAA o7 sttt Western blote A3}, thxaolA ¢k 40kDa ¥
el A Pss9 band® #ESTH(IF 2B). WA, Mef2>Pss™ =

2ol A band7} BWHEEA kil Mef2>Pss:= s H-of wl$

7% band7} #FHTh ol T &EHAH SR Pss] KD} OE7}
olo_]ﬂ- 74_% 3lol sk z,: 9})\9}4}\1;]_
= 2velel Mef2>Pss =32l &9 53 FdqsA s
I Qe WhA Mef2>Pss™ Zvlel= ‘59 27 #Al (held—up
wing posture)’ & YEUE AS @A (1EH 3). ol& IFMef 9]

ol gtk 2 st 2% ool B $F 53 daT A

mlo

—

¢

2

J

71 $138l climbing assay$} flight assayE X133} th. Climbing assay
Ay, gz 29Es Bk 17.47(20.224) cm, Mef2>Pss™ z3}¢
= ¥ 3.61(£0.797)cm, Mef2>Pss Z38+ 3t 10.50(£
1.017)cmE v (28 4A). A 42 unpaired (—test® %3
Ao, Mef2>Pss™ " (p<0.0001) 8+ Mef2>Pss(p=0.0003) EF tj
%7 climbing ability?] #Folg HAS FAHCRZ gttt Flight
assay 2¥, iz Z23EE Ho 30.88(+£5.898)cm, Mef2>Pss™
vl W 19.67(£11.573)cm, Mef2>Pss =3+ ﬂ?r

Zl'
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26.60(*+8.855)cmellA AR tH (1™ 4B). &4 &4 unpaired

t—test®  RAEF oW, Mef2>PssKN(p<0.0001) & Mef2>Pss
(p=0.0159) ®EF thx=7 flight abilitye] =}ol& HYUS EA KO =ZE
glstaitt

17 S B8 i)
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gRT-PCR Mef2-GAL4
60- + PssRNAT - Pss
2 20-
S 40-
§30-
Z 20+
g
n
@ 34
[0]
O
0_
‘5 7
@"' <° ‘@
s\éq v

I 2. 298 thoraxolA 9] Pss @@ ZF &<l
(A) %92 thoraxelAl Pssel thsh qRT-PCR<E X33kl 3w 2
biological repeats &ttt HOJE|= mean = SDE KoF1, &7
A& unpaired t—testg &3 olFH/T  p<0.05 7 p<0.01," p
< 0.001) (B) %37 thoraxellA]l Pssell tigt western blots 133}
t}. Loading control® g —Acting ©] &3}t

18 a5 ﬁl:! .- Eﬂ .



Mef2 > + Mef2 > PssRNAI

A=

3. =999 wing posture &<l

542k 23¢9 whole body image. (A, A) W% %3g] wing posture:= &9 %3 Haslt}, (B, B) Mef2>Pss™™ %

B

2]

B o
Eilsy

+ ‘held—up’

A G F& B 2o,

19

wing posture= 7}A 1 Yl (C, C) Mef2>Pss Z3+2] wing posture= 2] =3 FHalstrh, AR 9]



A Climbing assay B Flight assay

20 50-
_ — 40
5 151 E
% ¥k ke EEj 30_
£ 10- pS
g 2 20-
2 g
6 5_ *kk ilu 10_

0- . 0
‘7X Q-\x?} Q‘IJCJ
S 7 )
W {L,,Q% \&a\“" W
%)

a9 4. 2989 %5 78 33
(A) 7} genotypedll W& 5YxF =32]¢] climbing abilityE 573t

A
t} 7} line< 2078 9] xutg] 2 5W 9] experimental repeats 3F T}

(B) Zt genotype°] WE 542 %929 flight abilityE =735k}
Z} line 9 30vhe] 8] xdglz Ade WA Hlo]H & mean *
SDE RAFEH, A 42 unpaired —tests T3l o]HF Tk (¢ p <
0.05, " p<0.01, ™ p<0.001)
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A 2 A Mef2>Pss™4 z3}a] o] n|gZtgo} oy} &l

Zy2] IFMollA nEZ=ol e} actin fibers #&s7] 918
[HCE Xaatqict. iz x3g]e] vEZEgols i A42Ql
719} tubulardt FelE FAE A (T2 5A), actin fiber T3 ZAA
A FASE ME FAsA EAE AS FAsUTHCE 5A). ¥
Mef2>Pss™ z3tg] o] n|EZEg o= 782 23 circulardt FHE
#AZE 9o (1Y 5B), actin fibers t)F ol vlal kol on s EF
2 AHE EAPH(aY 5B). Mef2>Pss Z3d= tlxd v 9
H|=3tAl tubularst PJEFZEotob (27 5C) A42Q1 actin fiberE
HATHI® 5C). olF Tl <F 5olHo=® Pssg KDatd 7%
nEZEg o}l o]io] A7= RS Felekel

nEFZ=go} o]Ate] wE ROS level 712 &¢laly] Y& Zvtg
IFMellA] DHE staining= Z18Fith xw 239218} Mef2>Pss %3
2= % DHE 3% 2137 A9 yepbA] skt (ad 6A7, C). 19
el o2 232 8F Mef2>Pss =342 9] DAPI 8% 4159 DHE ¥
FoAETE AAE FRS wdsk X" 6A7, CY). Whd,
Mef2>Pss™ z3tg)o| = w9 73 DHE 333 A&7} #F=900
(1% 6B). &3 DHE €% 257 43 F&°] DAPI €4 Az 9 #
A AL FASFAT(IH 6B). o5 3 28 5olFOoT PssE
KD3}lH ROS levele] &7st= 7S 5l

ROS level S7tell m& AxARE 7t A3t 98 =vk8 IFM
ol TUNEL assays &qeAqt. tix= Zatel e} Mef2>Pss %3¢
+ E% TUNEL &% Aa7F A9 yehA] ekstth (e 7A, O). ¥,
Mef2>Pss™ zytgloM= vj$ 73 TUNEL 3% 237 3259
(29 7B). 3 TUNEL 8% 2157} DAPI 33 459 HA+= A
& ERlsit(ad 7BY). olF& B I SolF o= PssE KD3HH

AEAEe] F7kske e FRIsnh

ol

-1 {4

o
ol
i
32
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i
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Streptavidin Phalloidin Merge

¥ 5. 2398 IFMY nEZ=3g ol U actin fiber & &<l
Z} genotype°l W& 543 2989 IFMS &% 94 A2, (A, B, O)
H RRS ugEZcgoltt (A, B, C)

BELS actin fiberE YERATE Scale

Mef2-GAL4

Pss

Streptavidin (&) o7 o

Phalloidin (FF2) o2 A

RN

bar, 2 ¢ m

29 ,3245 -:‘:3|- 1_'_“ 'cfj]l_ 7L



DAPI Merge

3.
3|3
2|
S | &
=
c C’ c”
2
Q,

a3 6. 238 IFM9 ROS level &2l

7} genotype°l W& 5UA 23 9] IFMe &% A4 AR (A, B, O)
DAPI(dpsta) = i 4e o] diojrt. (A, B, C) DHE(HSM) =
g BFE2 ROS levels WERAT. DAPI®F DHES Al&7F HA&
(B S slekAl A= o 7 EAEHQI T Scale bar, 5 xm

4z o2
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TUNEL DAPI Merge

Mef2-GAL4

Z3-2] 9] [IFM& ¥4 94 A1z, (A, B, C)
DAPI (gt 2 JAlg BFo] do|t) (A’, B, C) TUNEL assay
(HF2AE d8E FiE2 MEAES yEeRdth. DAPI®F TUNELS

AE7F AAE PR Ee) S skl Ba%os wASUTh Scale

24



Al 3 A Mef2>Pss™ 298| ¢] 224% ZEY <

o

Z3g] IFMellA vlEZ= ot Jej9l actin fiberE #2sk= 34
N Mef2>Pss™ Zulglout Eo]8 07 33 vacuolationo] U
ot Zs Flsvh(ad 8). A3 Aol =1 %3] Pss loss—
of—function®] ectopic lipid storageE Z7}A]ZIttal 3t} (Yang et al.,
2019). Vacuole® A7} B]gialzl lipid dropletl#] &<ls}7] &3l
Nile red® IFM< stainingatith. A8 A3, Mef2>Pss™ zote)+=
actin fiber disorganization< X.91 2w ¥}E3t intramuscular ectopic
fat(Nile red staining)& UYEMIH(IEH 9B). ol& F3l Pss
knockdown®] intramuscular ectopic fat accumulationS Z#|3tt}=
Ae A& WE + Sdrh

<5 249 B2 vacuolation AT 2dE T shuoltt.
olo] %y}g] IFMES FZAstA o7 A7) Y3 paraffin—embedded
sectione 233} TE Longitudinal sectiono|A thx %38 IFM<
thorax?] 2 F3& AT Ao (29 10A), transverse section
ANE AAHQ A7 IFME 7FAal YTH(ZE  10A) ubd,
longitudinal section®l|X Mef2>Pss™Y %x3}a] [FML tjzxdel H] 3|
¢~ gkopglom Folx FEo]l #HAHQ (YW 10B). Transverse
section %  IFMo] w9 xIZFE BEHFE HIATH(IHE  10B).
Mef2>Pss 23]z vz 2ve]eh vedt 4719 IFMe] 2= 3l
(1% 10C, O). °ol& &3l <5 Sol¥ o PssE KDstd Azbd &

Hagol et A& sk

25 3 2 i



Mitochondria
Actin filament

a9 8. =3 IFM9 vacuolation &<l
7} genotypeo] W& 5dxF xug]o IFMS 33 I AR, (A, C) Yz 2989 Mef2>Pss =38+ actin filament
Atol & mEZE oty walA EA stk (B) Mef2>Pss™Y %z3te]l= actin filament7} #1-$- kol 91o™ | vacuole©]

ZA 3t} Vacuole 32 ¥WHx 2 F AT Scale bar, 2 #m

26 2 X 2t gk



Nile red Phalloidin

Mef2-GAL4

Pss

a3 9. =38 IFMY ectopic fat accumulation &<l

7} genotype°l W& 592k 2392l 9 IFMe &3 94 AL (A, B, O)
Nile redFeM) o2 A9 FEL lipid droplete]lth. (A', B, C)
Phalloidin(254) 2 dME B2 actin fibers UERATE Scale

bar, 5 ¢ m

97 "':lﬂ_-i _'k.:: T



Transverse

Mef2-GAL4

I3 10. 298 IFME 37 T4 89l

(A, B, C) 7} genotypeel W& 543 =322l [FME longitudinal
sectiond @I} (A, B, C) transverse sectiondt @S bt
Section ¥ H&E staining= 3ttt 24 shabsis [FMeo] 42tshAl

Hadt 38 YeRd Aot Scale bar, 100 #m

2 TRalh e AT

.



Al 4 B Mef2>Pss™ 23] €] Akt/Fox0 A% AL 1

r

& 5Bo]H 07 PssE KDsHW A To] yelhis F44 vA
U=s st western  blot¥}r  qRT—-PCRS  23)&}9ic)
Phosphorylated Akt(P—Akt)e°l t3t western blotg a3t Ay} tj
%33 Mef2>Pssol B8] Mef2>Pss®™ o] P—Akt oFo] wj$ 7
e FAT F Ak (Td 11A). ¥4, total Akt(T—Akt) & F2
ZT, Mef2>Pss, Mef2>Pss™" B5 w58 ke 21 Qe AS
F AA Akrel i qRT-PCR A3}, Mef2>Pss™ 3¢ = oz
Zag Bt Akte] mRNA levelo] ©F 1.04(£0.593)u, Mef2>Pss
= xe 29E Rt Akre] mRNA levelo] ¢ 0.81(+0.491) 4
2 27 YT (2™ 11B). 34 4 unpaired —test® 33}
o, Mef2>Pssf*NA"(p=o.9254>9} Mef2>Pss(p=0.5766) F% oz
7 mRNA level?] #po]7} glgs BAACRE gRlsilnt. ol &3 &
F 5ol o7 PssE KD, Akre] WaFo= W37F AT Akt
2y =

Akt 84 o] wE FoxO &4 71

—

A

mméu

4

P

32

ol

FYo] FASMA Base AL

A il

J {
ol

i
fot

stelst 1A+ western blot

7} qRT-PCRE A3t} FoxOeol thdt western blot2 R8st A}

Nz Mef2>Pssol H&] Mef2>Pss™4¢] phosphorylated FoxO
(P—Fox0) o] mi-¢- Zast A& &1 5 (2" 110). ¥4,
2w Mef2>Pssell W8l Mef2>Pss™ o)A 279 4|2l FoxO7} ¢
e AE B F AT Fox02] tiiE4Ql target gene?l 4E—BPe] Hf
gt qRT-PCR A¥, Mef2>Pss™ Zzvtel: vxy ZaeRtt 4E-
BP2 mRNA levele] ¢k 2.48(£0.315)4) S7}3tH 3L, Mef2>Pss %3}
gl &7 29eRtt 4£-BP2 mRNA levelo] ¢F 1.50(£0.450) 1l
2 YER (" 11D). A 42 unpaired (—test® 133l o
Mef2>Pss™ " (p=0.0039) = WHZTI mRNA level?] #o]E HAS
FAARCR  FAsnt. HMH, Mef2>Pss(p=0.1358) ﬂ?ﬁ%i}
o L
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mRNA level? #}o]7} Qo8& EAHC=
EolF o7 PssE KD Fox09 @Ao] 3%

QlskAtt.
FoxO &4

LysoTracker®

=7}

Mef2>Pss 38| BF
STHIE 12A, O).
4 punctaZ} ¥ #]
o
=

=
Elas]

0] =
AN L

.

=z

.

Y

32

o,

o] -3t

o x99} Mef2>Pss Zvte]olA e B2 EA gkt o

5 5ol4 0% PssE KD3I autophagy’b S7Fsh= 2

ol
2

Y
o fo

e

lysosome <

autophagy S7F&  E<lstr] 13l

AAEFL. xR e}
LysoTracker &% A&7} v <kshA LhEF
, Mef2>Pss™ Zz3ulg]o| = IFM Ao 4

A

S drAstg (2" 12B). o2 3 puncta

i

[}

=
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Mef2-GAL4 aRT-PCR
- 2.0
+ PssRNAI Pss a ns
70 3 1.5
70 £ 1.0
TA [ S . S &8 &S]
B-Actin [N o
['4
0.0~
> & P
@“’0@?"9 Q&’
\‘\0
Cc D
Mef2-GAL4 QRT-PCR

+ PssRNAI Pss kDa 3 *

2% 11. 299 thoraxo| A9 Akt/FoxO/4E—BP A% Ag &<l

(A, C) %3}g] thoraxellAl Akt, FoxO°ll tfdt western blot2 %183}
t}. Loading control® B —Acting ©]€3th. (B, D) %3+2] thoraxel
A Akt, 4E-BPell W3 gRT-PCRE ket 3¥<] biological
repeats B3It HIOJE|E mean * SDE HAFH, FA EAE
unpaired t—test2 E3] o]FAZ . ¢ p < 0.05,  p < 0.01, ™ p<
0.001)

31 i ﬁr} 2 Eﬂ =]



LysoTracker DAPI Merge

Mef2-GAL4
PsgRNAI

Pss

a3 12. =398 IFM9 autophagy &<l
7} genotype®] W& 54xF 31kl 9] IFM=S 333 94 AL (A, B, O)
lysosomes GA37] 98] LysoTracker (FH&M)E o] &3t9th (A

B, C) DAPI(gt&t) = e F&2 ojr}. Scale bar, 10 #m

32



=
2|7} abnormal wing posture$} +%5¥ THAE UEh= S EAH

T} ZE3F actin fibere sarcomere® ZAolet HWH|7F fHAskglon, A
el o] IEMe] AzstAl Fase] A=, ol ZHaT 8 %
=

=
o}, B Ao 28 Eo]4 Pss knockdown Z3e= Z8oA

AT e Mef2—GAL4E ©)&3to] 25 5ol ox Pss 4
2] WS A AT AARE Mef2-GAL4= Zvte]E o] &3k =

L AFOA dgxAor olgEHE IS 5olF  GAL4—driverth
(Graca et al.,, 2021; Yoon et al., 2019; Yun et al., 2014). %3}g
thoraxollAl Mef2—GAL42] KDZ} OESl a¥3s #elstr] 9&] gRT—
PCRE 3t A3}, Mef2>Pss™ = thz7 | v8] Pss mRNA levelo] oF

90% #Aaslgltt. ol xR =389 &8 ZF oM Pss F-4A7}
gats] wEEu Qv s ¢ gl g2 HHow st
western blot® B3 A9E BT Zw|E2L ALS Zylg] Pss W

S
22| band7} QIZF PSS1 @Ay} 22 40kDa FolM A= v
Zloltk(Sousa et al., 2014). o]&= Z3¢ Pss$ QI7F PSS17F =2 4
45 v F4E AXFH (Park et al, 2021).

9] S BFsts RGN Mef2>Pss™ Zatelwt 3x8lA 2l
£ 51 e Ess 24
zype) o] IFMel| o]/dol & W YeEldH (Clark et al., 2006), <5l
ojo] Qv W& %y oA ‘held—up’ wing posture & o] H
153 At} Fuger et al, 2012; Yoon et al., 2019). °o]& %3l
Mef2>Pss™" Zsk2] &= IFMell A2hgh o)de] Sl Zow oista,

SE5ES 3. AE Ay, Mef2>Pss™ %3219 climbing

3k o8] ‘held—up’ wing postures

33 f-! ﬂ_, L ]I



abilitys thx7 2389 ok 20% JE=E 7FA3F T} Flight ability =
°F 60% dEE Ao, 2 xuef= FA A xeta vige] 49
ojAl= flightless XdId= YEHZIE  s3lv ol&  Fal
Mef2>Pss™ zntg] o] &2] 7]F0] AztaA "Wolx AL geld &
AW, o] Pss7b FHolA TR Ves drhe As & 3

ol thalzp gaksth 25 =4
A9 mEFZE ot ool AW thFe L5 Adke o7l o 3
tH(Chen et al., 2022). IFMZ "EZEgo}$} actin fiber7}
UdEo] Qlo] Zug]e wEFZE=gol dAqte] Wo] o]gxi it
(Chen et al., 2020; Katti et al., 2021). Ao w2 Z1}2] o A
Pss 7|5 A& mEZEgol o] o oojXith= Aol A ¥ o
A 2k Zy ars FH ok (Park et al., 2021; Yang et al., 2019). 2kA 213 o A]
Mef2>Pss™ Zzvhe] &5 o]e] dQle] nEZEz o}l o]Fo Rz g
A Fletr] fla] 292] 9] thoraxelA IFMs& sff-stditt. A3 2
3 Mef2>Pss™ z3tg] o] nmEZEgol= fFiE 23 circulardt &
Bz AT FEE AS oldd wEZZgole] FE o]t
PE 4 ZA4Z Qlst n|EZE=g ol fragmentation¥} A= A
o]t} (Steenbergen et al., 2005). PEX= m|EZ=¢g|olo] PSDef 98] g+
A=, PSD7F 71AR o] &dte Zlo] miE PSSelx FAdE pSth
(Tasseva et al., 2013). =, PssE KD S u] ves= nEFE =g o}
FH o] PS A4 Har % mEFZTole] PE AR SN T
T At

Mef2>Pss™" zv}2] ] IFMollA v EFZ=e]oksl actin fibers o
ZH3l= A oA actin fiber7} QFolA 1l EEH R R A= S
WA skelth ol 2t actin fiber?] o]/ AT UEF Q1 RdHY ]
Ch(Katti et al., 2021). =3, Mef2>Pss™ Z3tg] IFMellA] wl§- e
9] vacuoles AT F AT kg IFMolA dojv= HEg
vacuolation <59 ¥ 3tE Y=t (Yun et al., 2014), A¢ A3,
Mef2>Pss™" zst]e] IFMo] wi-¢ AzbaiA Zad Ae dAd +

of

34 ___:rx | _'k.:: - -l_-]i X
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188t Ao Mef2>Pss™ z3ba)7t 2734255 Yehit =
walsl =2 oko] AF}el  ‘held—up’ wing posture$} %
2 59 d9dog M 4 U

THAETES 25 2 AEAE SR opjE 4 9l
(Dupont—Versteegden, 2005). R|EZE=glo}l= o]t A EA}L
A3} programmed cell death(PCD) 2] F4lo o, Z£52] 1
Eeof oo IR MEANE Tk IE AV Aashs 24a
=9l Fo 9 F F}o|t}(Adhihetty et al.,, 2008). H|EZ=¢glo}
ool A7 ROS7F mlEZEgol Htow WEE=dH, oldA H=4
ROSt #7] AEAPES fastA foh(Li et al., 2003). Mef2>Pss™"
Zakg] IFM2 4lZhsk mEFEejo} o] s RojFal Qluh oo mEF
=glo} oo wE ROS levels FHsA 0w, Mef2>Pss™ zv}d]
[FMellA ROS levele]l F7het A& &1 4 gl3ivh E3 TUNEL
assay Ay, Mef2>Pss™ Zvtg]9] BE IFMe] TUNEL positive
g #ET F AT, ol Mef2>Pss™ xve]e] IFM| #xg
AsEAbdoe]l dojutal Slas guidth oldd Adss FTHHMEH,
Mef2>Pss™" Z3te]e] 24+4aFo dRlor wEFZ o} o] <%
AZANE S7HE & F Sh

Intramuscular triacylglycerolIMTG) & =4 A UFe 3+
g, IMTG= v]EZ=eoksl ¢ 7h7tolel Q1= lipid dropletell #7%=|
H, 5 Fol BoF oYX E AlFdth(Roepstorff et al., 2005).
Phospholipid homeostasis®} lipid storage: w-¢- 2 A A#TFo] Q&=

d](Takeuchi & Reue, 2009), HT A5 Ao m=", Pss

g
Ho >
M o S

=

knockdown©] phospholipid homeostasisE 7HE# 3L, ectopic lipid
storage® FT7MAIFH T o} (Yang et al, 2019). o]d o]f=, &5
5o]4 Pss knockdown Z32]¢] ZFo|X % ectopic lipid storage”}
= 7Fsk Ao =® Blth Skeletal muscle®} &2 non—adipose tissue®]
/9] ectopic fat accumulation< cytotoxicst effectE UEFATE
(Unger et al.,, 2010). 542 ectopic fat> mEZE=Hol 7|eS

35 f-! -ff,- ]
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E£4A17130 ROSE] AAES F31¢th(Bondia—Pons et al., 2012). <%
2 largest glucose—metabolizing organ®® insulin—mediated
glucose M2l 75-95%%E =}A]%tt; (Jensen et al.,, 2011). 17+ A
<5 W AL AR 542 daed AT 9D A2 dela 2
< AW S o718 4 Stk (Nadeau et al., 2006).

{ A F oE st BE¢h autophagy® 1S
tF(Mammucari et al., 2007). £3], Z7A2Z5olA
autophagy s S7M715 @4 Q4o AARIAGl FoxO7F 3ed)
(Piccirillo et al., 2014), FoxOt /I&®/IGF-1 A& Ad 4= F
Aktell 9@l Aol 2HHTH(Glass, 2010). AFAF= Zuba] 9
Pss A5 FA So]A o & KD 39S wl, Akt /o] Fadts 4
S HAFEAY(Yang et al., 2019). o] =3+2]9] Pss FH1AE &5
Eolx o7 KD %S wWol® Akt &Xo] 74 3d=4] western blot=
Tl A8, Mef2>Pss™ e Al Akte] B0 Hasts & 24
o 4 QASlTh volbrb Akt 4 fHael e Fox09] 4] $7t%: ¢
sk 4 gtk AARIARR Fox09] WA Q] target genedls 4E-—

binding protein(4E—BP)7} St (Puig et al., 2003). 4E—-BP &3t

4

translation repressor® T A4S A sl= S sl=d (Lin et
al, 1994), FoxO° #4d& F7HHe=z =Qlshy] 98 4£-BPe
mRNA levels F3FeQaL, Mef2>Pss™ o)A 4E-BPS] mRNA level
ol dizxwrel Hls oF 29 o F7kE As dHsidlt olE FSl
FoxO7F AARRIZLZA A4 SAS 2t S & & At 71 8t
o] FoxOi= autophagy/lysosomee®l ¥ofsl= thekst whaiza o] wky
& skl @d FeE EdT(Milan et al, 2015). AAR
Mef2>Pss™ zwtg] o] IFM Aol A4 autophagy’} dojvb= A
S gRlstsion, ol A ZHATORE o]ofA= FoE HIth
FoxO& Akt 219 theFsh kinaseol 93] &Aool 2ddAY. 1 %
stress—induced JNK& Fox0° &S xA3st=dl (Essers et al,
2004), oxidative stress+ stress—responsive JNKZ A 3A)A
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Fox02% &AS =23ttt (Huang & Tindall, 2007). ¥ AFE Pss
knockdown Z3}2]7} nlEFZEgo} o] o= ROS levelo] HE3HA <
7hek A& gletglh. A=, o] s ROS 717 FoxO2 &A4de 43
= e TR vk E=E Al mEr, ROS Tkl wE FoxO
9] =3 &Ao] muscle atrophyE 28 4 At 3tk (Dodd et

al., 2010). ©J]°] Pss knockdown Ao ROS 7o wE JNK

signaling pathway &2deof ojgt F7}&el A7} F e s},
Pss¥ muscle mass 54 &o® 289 Wdox FQ3 7107
RQlth 259 g o] JAe] A e QJS w| X =d], A

2 AT FGAHoA 28 Eo]& Pss knockdowns viability A,
developmental delayE ¥##3}th A7Fe A, PTDSS19 =AWol+=
LMHD (MIM 151050)& oF7]sli=dl, ©]i= developmental defects,
severe growth retardation® HXoJ= Ago|t}t.  Zebrafishol A
PTDSS1E #4d AJAE development ©]Ao] A7]H (Sousa et al.,
2014), miceold PTDSS1/2E knockoutdl® prenatally lethale|th
(Arikketh et al., 2008). H* Ao 4+= loss—of—function PTDSS1
w3l developmental delayES X.Qlthal 3t} (Gracie et al., 2022). o] &

st Ay 2 A7 #ES Pss7t @A vital roled i RS 9

nlate AT 9] Pss9 specificd ool thdk F1A el AT}
& g sttt

AU ol PSTh BHAZ BoldT: AFAS S WA o]
o, PSsh Ang AAd gt AR 2HEFS HTF 5 Qe o
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Abstract

Loss of Phosphatidylserine synthase
Causes Abnormal Mitochondria
and Muscle Atrophy 1n Drosophila

Sangseob Kim
Department of Science Education, Biology Major
The Graduate School

Seoul National University

In the endoplasmic reticulum (ER), Phosphatidylserine synthase
(Pss) produces phosphatidylserine (PS), which is then transported
to the plasma membrane (PM) and mitochondria. PS delivered to
PM is engaged in numerous signaling pathway, and PS supplied to
mitochondria is essential for the construction of the mitochondrial
membranes. Previous studies have shown that Fss mutations in
Drosophila affect Akt signaling pathway and mitochondrial
abnormalities. Here, we report that muscle—specific knockdown of
Pss in Drosophila results in abnormal mitochondria and muscle
atrophy. For this study, we used MefZ2—GAL4 as a muscle—specific
driver and indirect flight muscle (IFM) from adult flies were
dissected. Muscle—specific PFss knockdown flies exhibited
decreased locomotor activity, abnormal mitochondria, increased
ROS, and muscle atrophy. We also observed an increase in FoxO
activities in muscle—specific Pss knockdown flies, which is a key
factor in muscle atrophy. These finding suggest that muscle atrophy

1s brought on by upregulation of FoxO via Akt signaling pathway.
¥
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These studies show that the Pss affects a number of physiological
functions in muscles and PS may play a significant role in the health

and performance of muscle.

Keywords : Muscle atrophy, Phosphatidylserine synthase,
Drosophila, Mitochondrial dysfunction, Akt/FoxO signaling
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