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In this study, we focused on the lipo-quality of glycerophospholipids in
skeletal muscle, especially phosphatidylcholine (PC) bound with stearic acid (18:0). We found that
muscle atrophy occurs in fast-twitch muscle fibers of genetically modified mice with excessively
increased amounts of 18:0-PC. Type 2b fibers, fast-twitch fibers, showed a reduction in the
cross-sectional area of the muscle. In addition, the mice had more myofibers containing the central
nucleus, observed during regeneration, and changes in protein expression observed during muscle
injury. These results suggest that skeletal muscle lipo-quality contributes to the properties of
skeletal muscle. A decrease in limb grip strength was also observed, suggesting that changes in
muscle properties via changes in muscle lipo-quality affect muscle function.



B X C—19, F—19—1, Z—19 (m)

1. BB EFIOE R
BAE IS VXU FE OE 9 Wi & A 7 LB X A T ORI Ko T S D, ifRiE Y A 7
DFEN L, WREME Y VXV, HEX VR, R ha v R T BHRIBERD T EOENIC
Ko TR SN TEn, HMiao RNy CTh HIFEICHET 2 FRIT o L 352k
V", Phosphatidylcholine (PC)IZ Al Z kT 5 FHEY VIFETH Y, 7V o — L ERICHES
L CTW B IENR OFEEE(RFE R, —HEiEA OR)RT OMAA bEIC X - TEKRNIC i&%<@
THEPMFET D, THETIZT v bPE FOFEHIZIWT PCIZHEE T D MR NERTED i &
A TR DL ThRObBEG TIE VI F U (CIO)NFES LT PC &%, BT
IZAT T VU g (CI8)M A L= PCEMAZ W Z & A & TV (Am J Physiol 2000; 2010),
T HHEEIL, PC o FREDENVDIER « B ORMECHREO RIS L T\ D lREME %2 R L
TWB D, JEATHISE Tl PC Z KT 5 Z i k> TE U DB A S RE L LTE Y,
Oy FRE A RMEEORE TR TE TWARWT Ln 6, PC 43 FHED SAkME % £ 2 4 ST R%
FOFEEL LV PC HFFEDEN & FHREDBAMR Z MRFE T & T,

2. OB
H G & 5 1% . Liquid

®E%l:t 18:0-PCRASERIZHATE LY

Chromatography—Mass sn- ﬂi sn-16f sn- m
RILSFE(C18) | IRILEFE(C16) ‘ ZTY'JJ&(MS)
Spectrometry (LC-MS) Z H \» TR TR FteriEm
Choline Choline @ Choline

T PC 4y Fli & RAEEDIKEE
T LT 2 A, v URE
KA AFET B4 PC 4y FFl

16:0-PC
(2£PCMDB0%)

16:0-PC 18:0-PC
(£PCM60 %) (£PCD30%)

@BHI<HTHLPGATIN B RE M 18:0-PcREMINETHE S

WETU TR EBTERE
D H B, W TIE 1-palmitoyl TS FE(C16) oH @
. ES LAl T. AEFIERES TAAAER
);Fg PC (160'PC)Z))7f‘\/‘j 80%‘63?) Choline JILIFUE (C16) Choline 1-,—7u,§g CoA Q Choline
o N 16:0-PC Lyso-PC 18:0-PC
% DIZxt LI Tl 16:0-PC =

3 S 1. LB ICHITZPCHR OB ELPGAT1IC & 518:0-PCA R R
N 0% CTHHINDY T, 1- BB ICETHPCHERDELY 3 IR

stearoyl i PC (18:0-PC)7 30%fF1ET 5 Z & & L L7=(1X 1-@ : J Biol Chem 2023), 7=, &
EEARICHIT D 18:0-PC IAEEDE W Z G TE 5 BLEHED . PC O sn-1 (ZIZHEMRE 2 E AT
DUV MEET VNV IEEEBEESR LPGATL Th 5 Z & % LPGATL K~ U A ZAEH - filght L7
ZETH BT LTVA(X 1-@ : JBiol Chem2023), L7»L. Z#E TIZ PC @ sn-1 (D fiEHGR
VET Y U7 R 2R IIFEE SN TV eholzlzd, LPGATLIZ X % PC OfENEEY £F
U > 7 L AERBEEDBRIZ Y o Ty, EREE R A T D IC, HEEE O LPGATL (2 &
% PC @ sn-1 it~ stearoyl F&DE AN EAEFHHEREOMERF L HHFHICE G L TV D &) B xICE
ofc, AR TR, TEEEZHERT 5 PCITRES LTV 2R OBES e OFE I E S5
T 5] LV FHEENERNL T 5005 A, LPGATL BRI HL~ 7 2 & H\\ CHRGE L 7=,



3. MIROGIE

LPGAT1 mTg = 7 A |3 human a-skeletal actin promoter (HSA) @ il LPGAT1 3 fEA& Lz &
NS RNESREICY A 7 aA P2 ar L, (B ENT-~ 7 X 2 @ISR L7-#%IC
EERICHER Uiz, RS iﬂ@ﬁ@%éﬂmmVWX%ﬁ%Ltowavuﬂngin
O WT w7 2ADEGHO Y CHREMRZE LR ORI - figiE0Z s TR ik
THR L7z,

(1) BHHERY LPGATL BRIRBE~ U RizkiT 5V VIEEMEKRDOEL

LPGATI mMTg ¥ 7 AB L O'WT v A LV RHHFH(EDL, #AGENL)E L O 7 A fi(soleus, i
AL Z TN ENERELL, 7 rafR/V A% ) — /L CHRE 2 L=, #iH L72IEEICE £
50 UNEE % LC-MS Z W TER L=,

(2) LPGATL IBRIF B~ U 2 DB F OF

LPGAT1 mTg ¥~ 7V AR LN WT ~ 7 2 X V) i E 7 (TA, 1BE ). EDL 3 L0 soleus & £RH L
THEILTEA YR RS LT, 7 744 A% v M HWCHGE L7z EDL 35 X O soleus
ZEYT 5 Z L TR AZ1ERL L. myosin heavy chain HTIA % FHTHERRHE # 1 7RI S Yetn
L7 ICHOEBEMEE T 1 S OfUIR > 7 icxt U CEE O BB A ¥ LTz, ¥ L7-E#
BTOMMES A TRIOARLZFH L, BIROBRMEEZ R 2 & TH A TRIOM#MER & 2 5
L7 ENENDOZ A TRIFRHECIS T DEHERIZOWTHRIE L=, AT, TA FHY 5 Ofkk
FREHi L LT~ hE 2 U v s 24 VU (HE) R 2 T WO OB O A2~

() v T A I AEHTIC K B & LRy BRBEBOWEREHMEHT

LPGATImMTg ~ 7 AB L UNWT ~ 7 2 K EDL, soleus & ZNEHAREL L, BRSO L 7= 1c
VR E R L, YTV ERWTE U EERTF R~ L, LCIMS TH AL
SINT=ARTTF REEBOICHIE L, T _X—2ABEBICL->TH LRI EERE - TR LT,

FERR
(1) BreArRe R LPGATL BRIFEH ~ U XiZkiT 2 Y VIEEMR DO
LPGAT1 mTg ~ 7 A® EDL, soleus {233\ T 18:0-PC &3 HIM L. 16:0-PC &3 L 7= (X 2),
— 5T, ELHLOEEMHIZHENTS 18:0-PE &I L, 16:0-PE &AM L7, PSIZRIL Tix
EDL (235 T, 18:0-PS &, 16:0-PS &A% & &2/ L7z, Soleus Tid, 18:0-PS &, 16:0-PS & &
WCHBRELITERD b o T,

PC PE PS
= WT-EDL
80 ® LPGAT1 Tg-EDL 100 100
0 WT-Soleus A
OLPGAT1 Tg-Soleus 80 ” 80
o 60 w g
5 = 60 8 60 - \
S 40 ° P
— < 40 S 40 -
* $ 8 A AB|
=) ¥ |
20 ID 20 5 A 20 - I B B D
. B s , M=mecs Hm |

16:0-PC 18:0-PC

,_.
@
<}

16:0-PS 18:0-PS

&
)

. EDL. SoleusiZB!T % U v 5B AHALDE



(2) LPGAT1 IERIFEEH ~ U 2 DB HAEI i DR
O A T RIFHRRHEE A~ DR
EDL, soleus (Z& F 15 ke % & A 7 BN ARG T

LPGAT1

mTg

e/ iF T 1Y Tz o X EEM O mig & s L (K EDL "
3). A TOMMERIS L OF A TRIORER & R L7, 5, e
EDL. soleus & &2 Typel(7). Typella(ZR). Typellx(£) E"."‘. "‘
‘\ . s R LR
BB L O Typellb(ik) & DX A THHE L ~ w7 AR CAEE] ;!P‘\"‘..i,‘
TNAL AT
BITEERD SRR o1 3A,38), TOTEpne Soleus 2 tﬁ!.:s:.p'@:g
: AN
LPGATL 03B e & 1 7Bl I LA oS T
WIZ ERHABLNTR T2
: o ©® 99
@‘ | type | | [ typella I I type llx | I type llb I i;‘
iRt 1 T BIEIE
A EDL B e soleus
100 = = 100 = o
° ns ns
o 801 o' | p 807 | 1
° ] o (]
r..'% 60— ° v..'% 60 - ns
| Ei
E 407 N.D. ns oo :2 409 o°l 2 °
L ! I | = .04 |°9° ° \ N.D.
" B " g "
0 I 1 1 1 I 0 L] L] T ﬁ L] 1
WT Tg WT Tg WT Tg WT Tg WT Teg WT Tg WT Tg WT Tg
Type [ Typela Type I x TypeIb Type I TypeIla Type I x TypeIb
X3. 8 oYetafg L EDL (A). soleus (B)Z 51T 5 e Z A 7 RIlEIE

@45 & A T RIRRHME D BT I R~ D

3
R

EDL (238 T, LPGAT1 mTg ~ 7 A Tl Type IIb #HE D FHRRTRIFE S WT ~ 7 2L THE
\ARME % 78 L2 (K 4A), — 5 C Typel., Typella 3 K O Typellx e D kil A5 1% LPGAT1 mTg
< ABLPWT v 7 XD TRERZEITFRD Hi7e )y - 7=, Soleus (22Tl Typel, Typella,

Typellx, Typellb & D% A FIZBW\T & LPGATL @RI B LE 5 MmO 2T R S i -
72(X 4B), TN B DFER KV [ LPGAT1 O )% BLI Tl A T db 2 Typellb ## O ¥ A X 2 ffi
INSED ZEDRHLNITR 0T,

A R )L
A EDL B soleus -
%k %k %k %k ns s
400 250 = T
° n
0o 2004 ° | s
300+ ©
3 n £ 150- ° e |
< $ oo o
. 200 n b 9Q
B s 1 2 100 ool o
i ND 1 0.0 g w ° N.D.
i -D. o
100 — ﬁ ~ 50 ]
0 r T r T T 0 T T T T T
WT Tg WT Tg WT Te WT Tg wWT Tg wT Te wT Tg WT Tg
Type I Typella Type I X Typellb Type I Typela Type Il x Typellb

[X|4. EDL (A). soleus (B)\Z351F 5 it & A = BIRENT i fil



@HE Yefa iz X 2 k=R REAm

BRI L72 TA J O BRSO Z2F 3 L, HE ea %1 T 572 & 2 A, LPGAT1 mTg v 7 A TIEHLEL
e G T oRAME (T ARAE O M B DMFAE L TV 2R E8) 28 WT ~ 7 AT TEH L B S 7= (X
5), FOMEIT T AERTE OB RAE CR 5D Z E D, LPAGTL ORI BLIX A SREN FA-
LD EMBRVIREBEZ G| X 252 LAVRIR S Tz,

[X5. TADHEYL A {5
PO [T DBEOIFEEZ R L TN D

() v T A I AEHTIT K B F Ry BRBE RO

EDL. soleus ZNZN OB T, LPGATL OimEIFE I ENE L LTz & v 327 513 EDL
[ZFUNT 1,248 431, soleus (233 T 1,001 43+ CTh-o7-(X16), X5 DFERL Y | EAHENL 72 E
i Td D TA THOE 2 8 TefMEN LPGATL Tg ~ 7 A TEL BB SN0 T, HEt~—7h
— & LTHIEESNTWD Myozl, 2, 3 DR BIE %A EDL OffFT#ER X 0 BN HEE L=, LPGAT1
MR~ 7 ATl Myozl BE O3 ORBFENFEZICHL LTEY, Myoz2 ICELTHLAEET
IRV AME A AR D7z, Myozl, 2, 3 XA EEHIHIC BRI BLEN B 3501+ CTh
52 DD, LPGATLIEREIREBUMEWFRFEDIR G E L TV D Z L vRR S LTz,

WT vs LPGAT1 mTg (p<0.05, n=5)

ALL=3,987 Myoz1 MyOZZ MyOZ3
ns
150 200 150
c *k °
> 150
Soleus) § 1o | 1001
% 100
Q
566 | £
o
0- 0- 0-
/> &g &g

N N
& &
N N

EDLTZAL L =5 F=1,248
(6. 7'a T A I 7 AENTRE R & Myoz & o X 7 RSB



14

sn-1

75

2021

LPGAT1

86

2022

LPGAT1

76

2022

76

2022




LPGAT1

2022

2022

Sae Takita, Shuhei Umebayashi, Tomoki Sato, Nanami Senoo, Takumi Akahori, Noriyuki Miyoshi, Yuki Sugiura, Naoko Goto-Inoue,
Hiroki Kawana, Atsushi Hatano, Hideo Shindou, Yasutomi Kamei, Takao Shimizu, Junken Aoki, Shinji Miura

LPGAT1-mediated remodeling of sn-1-acyl chain profiles in muscular phospholipids affect endurance capacity

The 27th Shizuoka Forum on Health and Longevity

2022

Akane Soga, Hiyori Ichida, Yuki Shimba, Noriyuki Miyoshi, Tomoki Sato, Shinji Miura

Overexpression of acyltransferase LPGAT1 induces skeletal muscle atrophy

The 27th Shizuoka Forum on Health and Longevity

2022




LPGATL @

95

2022

LPGATL @

95

2022

Shinji Miura, Tomoki Sato, Shuhei Umebayashi, Nanami Senoo, Takumi Akahori, Noriyuki Miyoshi, Yuki Sugiura, Naoko Goto-
Inoue, Atsushi Hatano, Masaki Matsumoto, Hiroki Kawana, Hideo Shindou, Yasutomi Kamei, Takao Shimizu, Junken Aoki

LPGAT1/LPLAT7-mediated regulation of acyl chain profiles in muscle phospholipids affects endurance capacity in mice

22nd TUNS-ICN International Congress of Nutrition

2022

Tomoki Sato, Akane Soga, Hiyori Ichida, Noriyuki Miyoshi, Shinji Miura

Over expression of acyl transferase LPGAT1 changes muscle character

2023




Shinji Miura, Tomoki Sato, Shuhei Umebayashi, Nanami Senoo, Takumi Akahori, Noriyuki Miyoshi, Yuki Sugiura, Naoko Goto-
Inoue, Atsushi Hatano, Masaki Matsumoto, Hiroki Kawana, Hideo Shindou, Yasutomi Kamei, Takao Shimizu, Junken Aoki

Myofiber type-specific phospholipid remodeling and muscular function

2023

Tomoki Sato, Shuhei Umebayashi, Nanami Senoo, Takumi Akahori, Hiyori Ichida, Noriyuki Miyoshi, Takuya Yoshida, Akihito
Morita, Yuki Sugiura, Naoko Goto-Inoue, Hiroki Kawana, Hideo Shindou, Takashi Baba, Yuki Maemoto, Yasutomi Kamei, Atsushi
Hatano, Masaki Matsumoto, Takao Shimizu, Junken Aoki and Shinji Miura

LPGAT1/LPLAT7 regulates acyl chain profiles at sn-1 position of phospholipids in murine skeletal muscle

11th International Singapore Lipid Symposium

2023




