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T, AT ULAE Bl LR A B i 1 T O 5 4
SRR A, EFLRAEAPL, FAR
iz 3 5 FLIR K AR L H LR AR B i AR 2
AR S B R R B LR K PN 2 O LR A A i
ME—HZR, Bl FLRARY I Y e B e 2 4
o 38 Bl A R A B 22 i G ik 5 B it p300/ 38
BERR IR BT 4s & EE A & EH (eyclic
adenosine monophosphate response element-binding
protein, CBP) . il FI#E MR G M 5 K N-2
Mt ¥ % W (general control nonderepressible 5-
related N-acetyltransferases, GNAT) . 2= & /il 4
¢l H WMLl (histone deacetylases, HDACs)
()28 TG PR A B 2 09 R R 2, IRz 3l &
M AARS1/2 (36 PR IR, LR
BHRIETTIE? AR SORE M AARS FY A W24 AE . 40
MR, LW I RE KB BT AARS kAL
W HEATERE

1 AARSHID FEWZ4FE

AARS & & FE Bt tRNA 45 )i B (aminoacyl-
tRNA synthetase, aaRS) MK JBEM b1 Z —. aaRS
SEAMAEG, XA T RE SR A LR 5 X R
tRNA 25 &, TR A FEBE-RNA, S5 A R
VRS JEAZAE M AR 1823 Fh . AW TR
FEZ) 45 FfiaaRS MY 100 AR 1 137 s () 22544 B 2y
REFF IS, aaRS AT LA MIZEFIZE ; AR U0 & 0t
FRAYAHY, aaRS X A4 A, B, C =AY, A
ARSI AR D7 A AR AL LR, B A AT H
Wb R AR, CIR RIS FEEEILmR 7,

AARS 2 11 2 S FEBE-tRNA 45 1 52 5% i 01
F BN AR 5 (RNA JE N 2 BE-tRNA, J &

5 B R IO, AARS A RIE L, 4351
AARS1 FII AARS2., /NELAARST FEP T4 8 45 4
BAREL AL, W& 22400 T, HAE #9684~
RIETRAN, 7 750~763 PR IEHR 2 0] & A3 1 /e f
J£%1 (RRIVAVTGAEAQKA); AARS2 FEA; T4
17 53 Bk B3 4b, & 23 AN BT, HHEMH
980 N ILIRLA IR, TE 1~23 Do Eale 2 Al o A 2 b
(U ik i ¥ 7l
(MAVALAAAAGKLRRAIGRSCPWQ), Wi# /> T
JEHEYIN 107 ku iy o AZRAARS2 FEHEN T 65
Jetafk, 22 MNE A, gl S 985 Nk
TR LR RIK AARS, AARS TEJFAZ AW L) Ja] — 58
& (BRPURIR) e, e B AR R DA
HAREITE AFAE Y o BT SOPMA ¥ 72 % /N il
AARS1 Fl AARS?2 Zfigh 1) 8 11 BT i A T 945 +4) i)
S0, AARSI/2 Gt 8 1 BAT 3 Fh ety , H
o1 AARSI " o B25E (5 LE 47.42% ., SiE 4% A
12.91% . JCHLI i A7 HE 39.67%; AARS2 o I
JE 5 H47.14%; JEMEE (5 E 12.86%;  TCRLIN 4 i
i L 40%.

AARS1 1 AARS2 #5 [ 34 H 4 B A 1 235 44
AR, LGN wifE bS53 . (RNA 255 25 P 5k
Y SR C R m gk 3. b, RIS S5 4435
W AWIE=N L e cap B AN Ry b IR G AR E =)
MR 5 (RNAN G 13445 G 45 40 Sl 70 2 ot b i 72
F RIS IE (RNA SR BEfL ;1 C R umsh
FI 5 (RNAM — R 78 Y, i B s Wb 45 44 3
i s Ay 1, T UniProt 504 04, /ML
AARS1/2 FE R g b 85 (14 0T 45 & ATP, L-IN AR
o, AE GRS AR (£ 1), BT SWISS-
MODEL ¥4 FE43#T, /N AARS1/2 5K 4t 26 11
1) =R IR ARFE (B,

F1 NRAARSICEERBEANE S ALLR
Table 1 Comparison of binding sites of proteins encoded by the AARS1/2 gene in mice

AARSI285507F AARSIRIEIR X 75 AARS2EIELR K75
ATP R77. H95. W176. IWN214-216. G243 R105. HI23. W205. LWN235~237. G264
L-N 282 N216. D239 N237. D260
Zn** H605. H609. C723. H727 H627. H631. C744. H748
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Fig. 1 The tertiary structure of the protein encoded by mouse AARS1/2 gene
El1l /INRAARSINERRBEBRN=5KEN
Ao: AARSIHE I =045 £ AARS2HIN =45H . 4 1 B =45 5L T SWISS-MODELKU FEAE i, TR W (2 3/ B S (5 BEE sy
R OFREANE E RS, EOFREAIEEEC, BERREREEREARE I,

2 AARSHYIE 2 R E fiL

2.1 AARSTHEZHMZRAIRIE

TENFVN R Z R A R n 4, s
A0 (HGC-27 40 g ) « A 5% i Bk 40
(THP-1 ZHJf1) . ARG 4008 (HEK293 40 )if) |
AN BB UL A0 B (C2C12 4 i) o /D BRD AL 4 A
(HL-140f) FsACN BT 4IE45, AARS12 ¥4
ik (1,

A, AARST Z 52541 C B X Sl AETE LR ST
¥ E N {55 (nuclear localization signal, NLS),
FLIR e i E 2k AARST A NLS L7 5548 1
1 . % alpha 4 (karyopherin subunit alpha4,
KPNA4) #5 &, i 3 M Bt AARST A # " .
AARS2 A NLS BE7, AREAR, (HIELRA
A AARS2 A ¥, AARS2 J& 4 A7 kLA 1)
FEo R W ARIE . DA FAFSR R, AARSI FEE
YA . ANMOAZ RN, AARS2 W 3= B A0
AR FRIA
2.2 AARSTEZHRESMNE IR RIE

LAE20084F, A WHFEHIIE aaRS Y AL A
i 2 e -tRNA & B 5 08 (0 R 8 0 LA G BRI 9
(melanoma differentiation associated gene-9, MDA-
9), WFRAA M H syntenin 77 76 AH B AEFH
MDA-9 J&SMMAA Y R AR &R T, H 5T
RSN 2 #HEAE 1 X (apoptosis-linked-gene

2 interacting protein X, Alix) W E &Y, =5
N %% U (intraluminal vesicle, ILV) A B A i3
F 200 CANE HIV LU AS7 B s s, 268
KM 2] aaRS (338 10, AT IR /N I -(RNA &
A% B T B W 2 B b 2 9 (extracellular vesicles,
EVs) B EERY 7 0w B A

)5, Chen 4§ 2V BYWFSE N AARS FEAMBA ST
WML T BAEUEYE . AR LW BRBiANE B R
ZDE RV S 1 R B IR AN 9 2 11 o 4 2= i e
A A B, LRGN R 45 Fh & A AR 25 3Rk, P
A7 BN A (parallel reaction monitoring, PRM)
HE— L WHIE T 4R A BT 25 7Rk, Hrhaia s
AARS, UESE T AARS fE7E T A I3 1 41 s 4
H, IR B BT T AR T 48 R . AARS 38
AR s, R AR AR A AE
FRAE T AR, HAEA L RIS P D Re (A
i —RSE .

3 AARSHIAEWIZEIfREE

31 WREINEE

AARS HY 28 HiL D) BE 2R PN R FI XTIV Y tRNA
SERSERK, MEA IR AR, X
BT, B2, WRARREIE . — BRI
(adenosine triphosphate, ATP). NZ L5 AARS [if
a4, R N E R IR ELE X ATP o- W R 2 A1 19 2%
¥, A BTN & R -AMP F1 TG AL £E B R AR
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(inorganic pyrophosphate, PPi). %% ", tRNA
PR A 2 ' -OH Bty 9 24 R - AMP H B4 (14 3R ik
PR ] (RNAFE RS . A5 i TR 2 E-tRN A Fll AMP
MBI AL SR, 8 AARS AT LIS 5 T —5 1
N o 36 AL BT & B —tRNA 5 ZEfifi K - EF-TU
iy, FISHMIARS S8 (82).

KEZEHaaRS T E “RIKILA (UK,
B R R IK) AR L TIRE, {H AARS
=5, N AARS TEANAE N RA B 454 T LA
IE A, A LR 515 3 AARS - RIKTE
B, HOARF AR TE AR 2, RN
AARS T — RARRI VT AN A B L DIRE, (2
A ) AARS W52 R4k,
32 mERIEINEE

AARS T 12 A 45 Ha) 8 S 30 PR PR 1) e S
UM BOG N (RNA RS ifiiE 82 2o SR, e33R
B, T EIERR FA AR AR, R
e, 22200555 W =R 2A A2 R 2 1 AH
IR, PIRES | AR B RIRG . Rk FlE
(RERATE, AARS BEALH I FPZmAEHLA] . o FEFLRT
S ——E R AR I (RNA Z 0T, @K

FE AT R 0 Z 3 -AMP & 4 W B L 450 )RS
VIt NG SN 5 b. 5578 Ja gt ——4e SR A O
AR A AL (RNA, DL 2 B 4l 5 R ) By 42
fig 2, XA Z )RR GR AL AT AR T 8% (5
AL RRE 0

St 25 A IR Y D BE S B X AARS IR IE B
BREL, TWFTERY, KIGFF I AARS Fif4h
PR E M58 (UNC666A) T FEAL IFEK B
TR, 15 H Z R -tRNAM FI 22 2 R -tRN AN () 5
RERE ET R . [ARERENIE, C666A ZAE K
ALK ATP K fIE T, A R e 3
RAAR 250, BN IR SO o5 4 A IR D B Tl 2L
HEZEEH.

TER Y, AARS S5 b s AR 46
B TG =R AR, B, /N EUBAS H AARS
RS A S EAE (WNAT34E, C723A) 251k
PR AR A TR 2 ML LR A 7 X
WFFE S5 ABRIE T AARS S )) GEAE 2 5 26 11
HEAST I CHER, /R T 5 Ry kA
ML =22 00 R P DB

Fig. 2 The alanylation process mediated by AARS1/2
B2 WERE-tRNASREEL 2N SR EELITE
Ala: WWER; ATP: —BERIRTT; AMP: PABERRIRIT; PPi: JCHLAEBEREY; (RNA: FHZRNA; EF-Tu: HAFRELEMET; Adenine: I

WS

3.3 HMERMILBREBEIIRE
AARSVENFLIRAG AR N FLIRFE AL B, JEN 4
AN FLERK, e AR E SR B, X

BT LR M AR FLBEAH G A BB 2L IR AL R =

iz s SFRB SR B MR .
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331 FLRRFEALEHEH R LI

FLR 5N AR S AR, PR T
BRIRIEAN —AL 5, FEXBIETNAR S
B USSR, WELER A A . T,
WEFEH M 2L AR S5 2R —FF, /2 AARS I9JIK
Yo 55 0[RS R A 200 B 4 PR 4 CRISPR 256 &
M, 5K GMP-AMP & il filf (cyclic GMP-AMP
synthase, ¢GAS) Fl p53 BZLER fLAB i AH G e i
A4 1 5 AARST FITAARS2 1 FIRjIESESR Z
PR, AARS REUEFIFHFLIRIE A IRY), kAR
f e R i LR AL AB 1
332 FLRNAARS12)EY)

I AR 2 e A R Ik S 88, AT
IARSIM AL BT E T FLIR 5 AARS 455t 255 4L
(Kd), B3iF T FLIR &= AARS (Y . BFoE &R,
AARS1 FIl AARS2 5 L-FLIR B 45 G it 25 1 5003 i R
16.7 umol/L 1 7.5 umol/L, $2&/8 AARS2 XF FL& 1Y
SERN S EE R Y AARST XFFLER 045 A i 55 1 B2
KN IR 5 4% (2.06 pmol/L vs 0.45 pmol/L)
)R B-TN AR 9% (35 umol/L vs 4.0 pmol/
L) ", AARS2 5N . FLIRF B-INAMR I Kd
B 5354 1.49 umol/L, 1.64 umol/L F12.14 umol/
L™, ZFMHEAKR, RV AARS2 X ZL R 1 2% F1
JISNATRALL, HAARST B,

AN, ARSI A5 A4 2 TR SE T 3L
iR 5 AARS12 (I ELIEA EAE T, AAUHG 2 T 7R
5 AARS12 4557 a5, 38 FI H Z R 007 45 A8
H—LAE T ENMAAHEER .. FLIR5 AARSL (1)
TR ES G, FEEA A AR EHE R77. M100,
W176, V218 Fi1D239, ik 54 s & R AR 5E 4
THBE T LR G M . LidE Y Fl Zong 45 10
RIS B, AARST FIFLERAYSS A0 A R7T.
D239, £ A M46 Fll N216, X L& 4 FE iR v s5 %t
AARSI LT E E 62, AARS2 FIFLERSS &
() 48 Ak 45 #4388 H M79. R110, N242, D265 Fl
G267 J SR

IRAETE N AL 2= 0 £ BER N T FLIR 2 AARS
MRESEIRY), . TR, FLBHEG A AR
AARS Z5 6, AARS & FL R b 16 1 R 5 0 1) A b
fitf o L-TN 202 A1 B- TN 2 7R 3 2o JC 47 56 4 P 4 o
AARS1/2 FIZLIR W 45 A, 5 700 5 AR P 19 10 ol
AARS1/2 Jr- R LRk
3.3.3  AARSI12M#ELRYFLIR L

AARS1/2 Ak 1 ZLIR fk B2 1 1A 22 A 46 L 1R

ATP. AARSI2 FIRME AT, ERVARRTINA
AARS1. FLE& . ATP 5 40 g 24 figt oy 3 W] 9% & 1
AT D S s R A 2 R LR Ak, TS BR AARSI
Jo . FLERAL RN Jovk & A 100 JusE ORI L g T
IR A5 R RIREIESE , HA Y R NAR R R B AL
ATP., LR . JIKPE AL AARS 20, LRk
A BEHEAT o

5 AARS b TN & Ik £k 5 R A5 B A [
AARS1/2 473 A ER B LR b S L5 20 58 B
95—, FLERTE AARS12 AL TR Bk ATP %, TE
B A FL O B R AR Y b R P W 3L R R R
(Lactate-AMP) , J-BEi CHLEERERREE (PPi). 27
=, TR ELRRAE RS AMP (W [RIET, G AR
AR ARNEE L™, U R REN,
AARS1/2 &—Fp ATP AR I FLIR A2 B, BRI
WIFEEA TR, JELL ATP NAER R FLIR 1L M
FREH RS, AT A R U 2 R Y LR 1k
Bt (E3),
3.3.4 AARSI12¥FEF RN FLIRLE

AARS1/2 TEVR P FLIR AL A& M o 72 p 2L AT S s
YEH, Rk AARS1/2 Tl & PR AR LR TL K-
TE B 0095 40 I P R IR AARST R IA, K29 80% Y
Z IR AR 1 P FLIR A KT S 25 B AR, o 10% 1Y
Z RN 1 BT F LR b K R i 9/10 10 KAk,
TENIRNG B 20 A AN 5 i 2 A Ik AARST YRR,
W T IR TR FLRRIE RN 2 Y AR
R, MR AN . NG T4 . JRACARAL
G0 DL B NSRS BB AT i A AIC AARS2
J& . 40 R R R R Y 2L R Ak B i K T B
N A

MR, #EFik AARS12 25 F 4R m AL bk
Vo BERFLRRICE R LS R A, RIS
A IT #35 AARST, 90% 1) 22 JIK Fl4E 1 5 A4 FL IR
PR B 38, ARt 50% B 2 3K R4 L
FRAb A4 1T 10 A5 L 0y [RlRE, e AR L
T ik AARS2, e EJHFLIR LK. 1E
AN ECE B LR R S e i #3k AARS2 23 B E 1N FL
Rk AE 1,

Zi b, AARSTERFLRRFE R H/E I C Uk &
B, HAEZ SR ZLR L b FE FH SRHIESE
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Fig. 3 The catalytic mechanism of AARS1/2-induced protein lysine lactylation

B3 WEE-tRNAGKEE2IFESHNEQRBRERIL L ELTLE
Lac: FLMEIL; ATP: —BERRARTY; AMP: HBFMRMRTY; PPi: TCHLAEBERREL; Adenine: RIS

4 AARSHURIBAIEENX

41 AARSS5MVEL 4%

AARS12 75 B 95 . FLIRIE . i B 9is LA K- 2
JHi 9 5 22 B g A0 B T Y 3RO OK O B 3 T
AARS1 7K1 T+ 25 15 e £ 55 1 AS 1R I 25 U0 AR
X, BHABFEAREEMN ", ELAARS] AT 2%
I/ e A ) AR A B B AR TR R e 1 e TR
B, AARS2 mRIA NS 0 RS4RI (HCC)
2 L %) 14 A, T R g 2R D A R g 200 A 7 3 A AN
iR,

AARS ()42 95 15 FH -5 H 2L R % 7% Il 119 T g
Ko JuFEY LB, Y0 H P LR e R T R,
AARS1 25 (i UM%, 41k Hippo i % ¢ 8
%43 Yes #H & 25 1 (Yes-associated protein, YAP)
M TEA AT 1 (TEAD1) 7F K90 FlIK108 {37 5
P FLIR AL, DA% N W B R R ak o ILAb,
AARS11#4k p53 i) DNA 45 &5l 22 120 1139 Ay
FLER LB, AT PHAS I DNA 256 M sk s o
fig, AL LA
42 AARSH5REZ R

cGAS JEAi P T Z A DNA B2 2%, il R
20 Jif 5 v f Z6 kK DNA  (mtDNA) %5 5% DNA
Ja ., AL S H =B MR (guanosine triphosphate,
GTP) HI ATP & % ¥ Ik GMP-AMP (cyclic GMP-
AMP, cGAMP) , i i 1 #b 3 5 5 R 3 N 1
(stimulator of interferon gene, STING) i, KI%F

B %8 WL ) RE L 2 4 M 1 OGS A S TS X
o 7, FEL-FLAR o FLIR SN (NaLac) FiAbEEAYA
KHV/NRANET, AARS2 HAEN S cGAS K EFLME
MBI LR TS, JOIRA 34 & mtDNA,  #i]
cGAMP )G B, DA T4 il AR 1) 58 K 78 W R
Trag

WFRAIESE,, TERGEHEA TR (systemic
lupus erythematosus, SLE) 09 % ¥ J& N H
mtDNA {F 2 I Pk 4 95 ) 3 5 38 3 cGAS-
STING 43Kz T4 % (interferon, IFN) ffid A=
A, R B B PN LR A R Y S R i Y
AARS2 AL FLIR S S 1 cGAS FLERTL, 17| cGAS
5 B3 2 FZALE G S5 A, B cGAS 1 B i,
M HEI IEN-U5 515 F o X — 5 UMIR 7 XF
SLE Joa BEMLTI A BRAR , 38 R LA R S I o
FRYRYT RSP TR i
4.3 AARSEHZRFELT

R R, AARS fE4ERIE R &g HAy
HEMEH, HRASZMME RGN &%)
FHIC

AL EM & LZE 45 (Charcot-Marie-Tooth,
CMT) J&—Ff o Yo £ A fnb P a5t 4% 1 Bl 28 1 289
A2 VU R ALA TC T . T F s S22 4 2, W
LRI AARS 1Y 10 Fpoe A8 5 5 CMT 2N WA 1) & A
A, o, SRP S AR K A A A AL A5 4 352
o, 4 FE AARSYY, AARSY® AARS®HV
AARS™MHT AARS®7*, HA 5 Fp 548 K HEAE C R
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ui 45 f B, & AARS™M. AARSHMO,
AARST™ | AARS®SR I AARSPYN B4 Bff 5%
P71 B8 58 A5 IR mRNA I 338 i 59 21 B 5 0 iR iR I
WELFN A CMT s g (40

—3L AARS fatE AR Sk B RAAE G, R
ARy 7B L R R T o . R R T R AR
Bl M e 28 o fE B R BT AARSYIO,
AARSMOHI AARS™ T H YL R B PE AR . Jeok,
AARS 1 SRS F QA IR R E RS (AARSY™S
FIAARS®™) FEMEATHE/NKIRE | BEMA B AR
FIVET P4 10 95 15 b g & B e DL SERHIE
PR, AARS I ZFPRARIZ 5 T M R G 05R
(&

AARS v 5 2878 ] Dl i PR BE L Th e, =k
g . TR DIRE, S5 ZMMER
iy o T AARSYY FIl AARS™™M ™ g i 3 g v
P, FEEABCR IR Z B AR AARS 19 1/4 130
F11/50 4 K81T MIRT51G 57843 Wit s kAL SR
R 2 JF ke Y 172 F11/10, AARSYS il AARSY'™
SR A BEL T AR AR EJFOR M 14 LLF i
AARS*" | AARS" ™ X L 58 AR RN 25 52 1) AARS
B IE P, E E ad R i LA 25 A S D RE
HEHHS CMT A ENE. IR AARS %
ARG S FHLEL, A BT 2T AR 2 A 1
HLEE, JE AR AT HmS 0 & SRR A

5 EIITAARSHIFTRIZFI= K HLE

51 EEFATAARSHIRIE

iz 2% UL AARS T il AARS2 45 % AN [R) A 1%
TR, /ANEAESEA TR R T 2 T L 5 8 50
Ja . BEALT AARST B8R K- AR R B
Ak, T AARS2 BYEE I UK B2 . IR
2| AARS2 A THIML BT AR, Hizohifi s
() FL IR b 0 =8 2207 1 40 e o Rn 2R R A, R
AARS2 I] BEJEA Tz shiE I FLER b iy = Z A

BB LT AARS2 1) 3R 3k 515 Bl I [R] A OGS
Western blot 4538 W/~ , /DERAEZL T 10, 20, 30
min WM HZ 5, BT AARS2 & Kk
BRI, SIS m

BRI AARS2 193K 3K 5 LA 4E 28 BUAH G
iz g TR ILET 40 £ % e H f L AARS2 3
IKEAPTEN . R ey %8 (WG EE 6
m/min & 3 min, Ff5LL 18 m/min FF4E 30 s, 4k
1M AR 15 s 338 2 m/min (1) 75 088 22 32 m/min) ()

/NS SR 7R, 30 min 2 sh 4l H H L
AARS2 FIRECL A B LA, R ILET 4y 2L
TR A KT L BRI A1 i, 1T LA TT B ALET 4y
FERYHER AL AARS2 (35 JCHH s
S Ta] | OR5R B2 iz g b Y B i UL AARS2 il
T EACENR AR O, 20 P R PR U E 1o 7
(pyruvate dehydrogenase complex El alpha subunit,

PDHA1) F1 A #d ¥ 8 Bt 5% % [ 2 (carnitine

hie S, A e R A NS P 2R (reactive
oxygen species, ROS) /53 [0 PN T 7K 1 #2151
A Bt Ak A S IR s, Rz sh R
M, TR A AIZs % (195 minik
14 5 m/min % 20 m/min J5 4ERFIEE ST, W45
min ¥ FE 5 2 g ) A Y/ Bz B A G
7, /NRIE 3N v RS g Lt AARS2
R IAKF 2 B ARG, 7 AARS2 mfik/NER,
iz 8] 2 Sy i RSB, AARS2 i ik | 5| d2 AH
RN

H iz 3% AARS #9357 R WL B HGE, BT
B, FEEAMAZ B SR R FLRR I 2 B 2L,
WENEDT . BFIIE. OIS, AARSHIFEHINER! ., 2
SIATE TR FEFLIRAAE T T B TS A 5C
o Bk, B, 23X AARS {5 R /E -
far . RARERON IR A A IR TR IR SE -
52 EIHFSHREEFEAARS2HIRIE

WHFE KRB, BRI T AARS 2 B R
Z—o WIHEPEBEALIRO, 2. 4. 8h, SEAIEIHM
PEHE T AARS2 TR/ U AL it v iy 58
FAESEE B WLANA C2C12 40/ . /N BUHL-1.0 L4
O INER AWANY Wi DR A % NS 1 5 T R U =S v
1M AARS1 3 F A /KF R R I B W28k A%
WL AR FE AL 30 min, {35 FRV/INERCR R L
1 AARS2 B I FRIA KT, TESREIEIG M 542 5)
INE, BEE S SRR R (WG 3R 6 m/min #4
B3 min, BfJELL18 m/min 542 30s, 4kifi LA 15
s 1% 3% 2 m/min & 32 m/min) , H #% PR LG G
Z ., BEIEEE S H F lo (hypoxia inducible
factor 1, alpha subunit, HIF-1a) Fl1AARS2 [ H
KSR B ™, 1 AARST 2 R I KE R 3
B BB, iz s E kAL A R s Bl E T
AARS2 # HIKFAIBLAE Z —

B E LR I & B2 LB (prolyl hydroxylases,
PHDs) - ff J& #0 #] [ -+ (von hippel-lindau,
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VHL) -#it% %5 F K+ o (hypoxia-inducible factor
o, HIF-o) RS 00 B () S 2B E i v 7E
IEHE AR T, MR EIES (prolyl hydroxylase
domain2, PHD2) i %] AARS2 f P377 J¥ 51 1
DVEAON IR FERR AL, B S PRk B3 15 1L
VHL BUNIZ RACREME, OREFIKF-A AARS2 28
FKT-. EBAIRAEE T, RsREEZ i), PHD2
TCIEXT AARS2 iE 78540, dEMIFEff Ik D, S5
AARS2 E K FIE . 1 AARS1 A PHD fY
BT

KAMFFRUETE S5 T E4A, I Hak Rk
RSB sk | B shita UG . BUEAE S
AARS2 F3AHIALEI T fE7E iz 3475 AARS2 25 /K
P REEEEM, it —-PHRESHY
AARS2 TR Z A R T HELR R,
53 ZEEiFSIBEMETAARSHFRIL

AARS W] UIAE R A0 N FLIR 15 %, LR
BT Z 2L /K TR R o /N BUS IHERA L
SrElmEh (2 gke) J5, B ENLA LT HIF-10
AARS2 FEARB/AKFBE LM, M, HESAmR
i &0 A (lactate dehydrogenase A, LDHA) i
FIFX-11 (2 mg/kg), Wb /NEaz s i LA Y i
PEAZLIRAE A, PT LA 212 i T 04 N B
JULrh HIF-1a A1 AARS2 25 I KGR 7K V- DL K FLIR 1k
MK o 2 mmol/L FLIRIFH C2C12 40, 5%
HIF-10 Fil AARS2 357K K FLIR AAE i 7K ~F- 74 I
A, T A R A FLRR A B, TSR B SRRk
R, HGC27 4l MufeFLIR A )5 , 4 M h AARST
) mRNA FlEE 1B 8 & T & 2 Bl
PRFLR K5 AARS BYZE IR 5L i 2 EARE

A, JudE PE A RSO R M, FLIR
AbHEHGC27 4, 55 AARST 4G m) 41 A A 1Y
Wefr, ANERIEIRFHEIIRE, W AE MM
FLRtk, S 53HMFRRE.

gy, JLHJE KA, FLER K AR,
Al RE B s ¥ AARS EikALH Z —, HFLIR
JAT AARS FRik AL i TR ARG

6 RESREIE

AARSHER—2K Iz ik HiLORSF IO, BB
R HILRIE R, S 5AEASEHEdER
R FLRR B, JEmiS S5 kA N
% BB SR R . B EE R
AL FLIRA A R BB iF AARS (R IR,

A RBSEIE B LA E R B F B

SRIMT,  EATA 2 3T AARS IIF5E iR A 1R
LR, NEhEX ., BahsmiE | FEgntEx}
AARS IR SE PR = AR 52 5 BB
WAL, iz FHAbZLRL S R4 2, Wk, O
IS5 1) AARS 2 P= A2 (B RERIRE IR 5 iz 887 AARS
PR RAEFL SRR AR SR IR KF 5 AARS 7812 5l
WFLRAE I RER X 230 AARS A T3
TR ) T W SRR RN o A ke s B shX)
AARS AN R B 15 ELA AN ) R 2500 . s
AHOCI R A LA A R T2 455T

UEAh, AARS AT B AR IZ B iR S 50 1B
LR FEZAMCEH BT, g . AE
BE. mBERT, A0 R LTI R, AEEr
FLERALE M AS , 28 A R L T AARS (193
IRHETTR T LR A R, BT AFaEIRSE

M2, AARSTEPH T HUAZLRRfL R I E 4 2
BEMEH, MHZ 3% AARS BT ALE],
1B AT AARS JH T I AEYpIEEE, i . 1R
BRI B Z R E TR & 1B BT IL T,
S HES) AARS TE32 Bl 15527 AT i A N B 158
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Abstract Lactylation (Kla), a protein post-translational modification characterized by the covalent conjugation
of lactyl groups to lysine residues in proteins, is widely present in living organisms. Since its discovery in 2019, it
has attracted much attention for its role in regulating major pathological processes such as tumorigenesis,
neurodegenerative diseases, and cardiovascular diseases. By mediating core biological processes such as signal
transduction, epigenetic regulation, and metabolic homeostasis, lactylation contributes to disease progression.
However, the lactylation donor lactyl-CoA has a low intracellular concentration, and the specific enzyme
catalyzing lactylation is not yet clear, which has become an urgent issue in lactate research. A groundbreaking
study in 2024 found that alanyl-transfer t-RNA synthetase 1/2 (AARS1/2), members of the aminoacyl-tRNA
synthetase (aaRS) family, can act as protein lysine lactate transferases, modifying histones and metabolic enzymes
directly with lactate as a substrate, without relying on the classical substrate lactyl-CoA, promoting a new stage in
lactate research. Although exercise significantly increases lactate levels in the body and can induce changes in
lactylation in multiple tissues and cells, the regulation of lactylation by exercise is not entirely consistent with
lactate levels. Research has found that high-intensity exercise can induce upregulation of lactate at 37 lysine sites
in 25 proteins of adipose tissue, while leading to downregulation of lactate at 27 lysine sites in 22 proteins. The
level of lactate is not the only factor regulating lactylation through exercise. We speculate that the lactate

transferase AARS1/2 play an important role in the process of lactylation regulated by exercise, and AARS1/2
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should also be regulated by exercise. This review introduces the molecular biology characteristics, subcellular
localization, and multifaceted biological functions of AARS, including its canonical roles in alanylation and
editing, as well as its newly identified lactate transferase activity. We detail the discovery of AARS1/2 as
lactylation catalysts and the specific process of them as lactate transferases catalyzing protein lactylation.
Furthermore, we discuss the pathophysiological significance of AARS in tumorigenesis, immune dysregulation,
and neuropathy, with a focus on exploring the expression regulation and possible mechanisms of AARS through
exercise. The expression of AARS in skeletal muscle regulated by exercise is related to exercise time and muscle
fiber type; the skeletal muscle AARS2 upregulated by long-term and high-intensity exercise catalyzes the
lactylation of key metabolic enzymes such as pyruvate dehydrogenase E1 alpha subunit (PDHA1) and carnitine
palmitoyltransferase 2 (CPT2), reducing exercise capacity and providing exercise protection; physiological
hypoxia caused by exercise significantly reduces the ubiquitination degradation of AARS2 by inhibiting its
hydroxylation, thereby maintaining high levels of AARS2 protein and exerting lactate transferase function;
exercise induced lactate production can promote the translocation of AARS1 cytoplasm to the nucleus, exert
lactate transferase function upon nuclear entry, regulate histone lactylation, and participate in gene expression
regulation; exercise induced lactate production promotes direct interactions between AARS and star molecules
such as p53 and cGAS, and is widely involved in the occurrence and development of tumors and immune
diseases. Elucidate the regulatory mechanism of exercise on AARS, providing new ideas for improving metabolic

diseases and promoting health through exercise.
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