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A = EE-tRNA & B BB FLER $E 5 B
e R ES5EHHNXE

EZE M OE FREL KR
LSO 8B, L5 100875)

WE LB (lactylation, Kla) JfEFLBER 58 A U 2 Bk AL I — R CURUIB W =X, fEA IR 27 1E
Z 5 —FRYVHEE MM AP B o (AFLRRAIE IR BEORSLIE A T A TEAN A IR FEARMR ,  ELAR AL IR AR AR U 00 R e el v AN
G, BURFLRALIE G AR B A RIS, BT o A 80, EHEME-RNA & HEE (aminoacyl-tRNA synthetase, aaRS) FkAL
A TAE N (RNA & ¥ 1/2 (alanyl-transfer t-RNA synthetase 1/2, AARS1/2) TJ{ENE AR R R FLERERLEE, IFLRR NV E

IRV S AR, A ROB 2 SR R FLIE R A, HEShFLRRILIT S AT B BL . ALZRAN 4 T AARS Y731
AR AR E L . AR Iife, UHAR AL R DIRE, HARIEBUA TS, HEHRT Tis3hH1E AARS £k

AT RENLI, Az shal (U, (et e s R e .

XA =5, IRk, AARS
FESES G804.7, Q753

B H LR A 2019 4-7E Nature L85 E
UOHGE Y, R B S E OGRS SARR,
FLIRAAE i W 5% 8 2 ¥R 5 Nature . Science Fl Cell
ek, HOE Y — R E LAY cE it
B, WAEGE ST ERFREE . RS
P, RMBAL RPN, S5 . P
BT . O | A S S E S 2 P K
PR R AR J 20,

A AR —FF, FLRRI BRI 5
YL B KT | R 7% i R 25 It 1 T 1) 3 A
Ko VR EEZLEE T A Reie LAARR0Y 7 2L A 2
HBRFLIR ML, (ATEMFLEh P AAe, FLIEHEE A 7K
R B A B9 1/1 000 70, FE iR 40 A LT
WIS LB A, SACRIRYIRE S 2 L LR
B IF AL . Uk, BARA TIN5
E1A #H 19 300 kDa & 1 (adenoviral E1A binding
protein of 300 kDa, p300) REF¢FPEMfEILZLIR{L
RA, ABTEATDIRET, OB e & 41T g
e TR, & H p300 5 FLmEAHEE A 4% A0
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JIg 1 2L 48 25 o 85 5 1749 37 A5 U R o FLIER A 1B
i, AH RIS 22 B R BT AY 27 A 2R 7 5 L
FRAL TR IH 1), AT Uiz Bl FLER fh 184 5 9 1 IR
SR G IRATE—3 1Ak, TEFLRRA BRI,
BARIEE G FLRK PR, EFLRRL B AR ek
A S R R I LR KO AS SR T LR A i
ME—H &, Bahx LRy 2 B A M2 4E i
(o 3z I A WA PN A 22 i 5 2 % il 4 p300/248
B MR 1 S BT & E a5 E 1 (eyclic
adenosine monophosphate response element-binding
protein, CBP) . i F# il 4% 11 W2 G WL 5 HHEN-2
Mt ¥ # B§ (general control nonderepressible
5-related N-acetyltransferases, GNAT) . 2= [k 3 i
neH 8 H Mk ES  (histone deacetylases, HDACs)
FFR IR TG A W T ER Y, IRz a2
MR AARS1/2 B3E P sl kK, F S FL IR
BRI E? ASOKE N AARS A2 451E . IE2H
JERL . AW Dfe e Has BT AARS I HIHL
Tl A TR

1 AARSHIDFEYFIFIE

AARS & & Ft it tRNA & i i} (aminoacyl-
tRNA synthetase, aaRS) MY RKEM 51 Z — . aaRS
SRR, XA T RE R A 2R 5 X1
tRNA &5 6, WAL -RNA, S5 & A #
PSRBT A 1823 B LAY T
FEZ 45 FaaRS W AY "¢ ARYEIE ML S 4544 K )
BEES, aaRS AL HIZBAITIIZS; RN E R
FRIYZEHY, aaRS X A7) A, B, C=FEAL, A
PRI E i D7 e s 2 5L 1R, B AL
WM R AR, C WA 57 & R AR 7,

AARS J& 11 25 0 FEBE-tRNA 45 1l 52 5 i 51

FERAN AR S (RNATE N A BE-(RNA, N
I A B I IR, AARS A R ES, 435K
AARS1 F1 AARS2., /NELAARST FERA; T4 8 5 4t
BAREL AL, W& 224050+, HAR BT H 968 1
RIERRAINL, 7 750~763 NR IR 2 8] & A ¥ g ir
J¥% (RRIVAVTGAEAQKA); /Nl AARS2 KEPH fif
FHN17TSREMEBIA, BF23MMNET, B
i 980 MR IEIRAL AL, 7F 1~23 MR ILIR Z 7] A 2
BAK T A7 55 (MAVALAAAAGKLRRAIGRSCP-
WQ), &S FHREH N 107 ku 24 . N2
AARS2 B EAL T 6 Y ik, 22 oh i F4
W, GRS A 985 A & L R 1 £k R IR AARS.
AARS TEFRZAE Y P DLE Bk (Biusik) mie
KAFTE, e EAZ AL b U DA SR B I 207 e
HT SOPMA ¥4 i 7 INE AARST 1 AARS2 4 (1)
BRI T RS TN AT, AARS1/2 it 8 (A
R A 3R 45, AARSI oo B2 E 5 L
47.42% . FEAREE 5 FE 12.91% ., JCRE ) 5 il 5 E
39.67%, AARS2 1 o 88 HE 7 Lk 47.14%; JEffiEE 5
Lt 12.86%; TCHLIIE 5 HE 40%.

AARS1 A1 AARS2 25 34 H 4 > BEA 10 35 4 38
A%, ALHE N S AL 25 A 3 . (RNA 255 254 35
YR EE IR C A, Jorh, BTSSR S
PR AT A 2 A 25 P 3 mT A A TN 2R
5 IRNAM I Tz s daiB 45 0 I e A kA f v
PUNIFRLIE (RNA PSR B2 Ak s 1 C o4l F4 3k
5 IRNAM T YW, 8 B2 s Ik A 45 44 35 0 4
B by B 2L T UniProt 208 & 20 ¥, /D Bl
AARS1/2 FEH g i 85 (14 0] 45 & ATP, L-IN AR
o, AE GRS AR (£ 1), HF SWISS-
MODEL ¥4 FE43#T, /N AARS1/2 5K 4t 26 1
) = AR (E1).,

Table1 Comparison of binding sites of proteins encoded by the AARS1/2 gene in mice
&1 IMNRAARSIRERERHEEANES A LLE

AARS12%5545 T AARSI145 G0 1T IR K5 AARS2ZEEAL i N IR T
ATP R77. H95. W176. IWN214~216. G243 R105. H123. W205. LWN235~237. G264
L-NH R 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
Bl /INRAARSIZEFERIBE B RHI =KL
7i: AARSUEFI =S5 £ AARS2EE A =45 . & I =455 T SWISS-MODELEUE AL 1K, BRIE (I BBl B 5 AR =
i ORIV E fF RS, ORIV E R, B ORI E R IR R R

2 AARSHIIE 2 BERE i

2.1 AARSTEERAIFRIL

TENF/N B Z Fhai i R A di L B, A
KAk H % 40 e (human gastric cancer cells,
undifferentiated, HGC27) . A G HA% [ i 40 A
(human acute monocytic leukemia cells, THP-1) .
NG 'E 40 M4 (human embryonic kidney cell,
HEK293) . /NUSLAIMNE (C2C12) . /NG JULEH
L (HL-1) FoJs /N L%, AARS12 44
Fak vy

Ak, AARST ZHERR T 41 C v X S A7 7E DR SF
HI# E A {55 (nuclear localization signal, NLS),
FLRRRENS 5 I UF AARST [ NLS 3L /5 5 %18 5K
H I % alpha4 (karyopherin subunit alpha4,
KPNA4) 454, 5SM AARST AR ¥ AARS2
WA NLS H )7, AAEA, HIELR KD AE
AARS2 HIFIE ¥, AARS2 75 & Lok (A 1] ¢
HIARWAGE . DL EBFFEERY], AARST F2AEAH
MR . AR s, AARS2 W E SR04
IR SN
2.2 AARSTEZHRESMNE R RIK

HRAE 2008 4F, HUA WFSEHRIE aaRS 1955 K 51
A T -tRNA 5 B -5 7R 2 20 A SR A 9
(melanoma  differentiation  associated  gene-9,

MDA-9, WHAEMEH (syntenin) ) FF7EAHE

ER . MDA-9 J& AN AR A= W A i) 56 i 2 1
B, HE5@ET-@##EN2MHEEHEAX
(apoptosis-linked-gene 2 interacting protein X, Alix)
MR EY, S5ENEN (intraluminal vesicle,
ILV) BIE R FE 2 AME N e B b 3 1
% (human immunodeficiency virus type 1, HIV1)
Joa B AN 57 1 RVRE S B2 T, BTREAG DU 3 aaRS 19K
ik U, MR R BE-tRNA 5 0 ] RE I o
HhEEUY (extracellular vesicles, EVs) Bk 5% A J5
KW E A .

IEJ5 . Chen %8 2V BIWTFE Ay AARS AT B A7)
WAL T BHEUEYE . ATTE LU BUSAMAE . BT
PR/ RE RN 1 AR IR A M AR i 2 11 2 25K
P, LRI R] 45 B A AR 2 R AR, AT
SV K6 (parallel reaction monitoring, PRM) i
— IR T 4RV R A 22 R RE, s
AARS, JIESE T AARS fF7E T ALK (Y 0 A AR
IR B B AA PV AER TS bR . AARS i
UMM i, SR AT 2 A2 AE
FRAE T AR SR, HAEA L RIS TP A D Re (A
PRI

3 AARSHIAEMI=TIhEE

3.1 WEELIbEE
AARS 1) 25 LI RE S8 TN 2 R A1 X6 I 1 t(RNA
TR, A AR BIERAL R, X—ad
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BT T, B2, NRARRMIE. R
(adenosine triphosphate, ATP). NZ R AARS [if
55, R TNRATRRILEXT ATP o~ It A 1055 %
o, RN A R -AMP R TG BL A B R R
(inorganic pyrophosphate, PPi). %% ", tRNA
HEEHF 1 2'-OH T i 7 22 R -AMP H [i] 14 14 72 Lk
2R ] (RNA S48 . AE LA TN Z4 5t -tRNA F1 AMP
MEERIEAAL SR, [ AARS T LIS 5T —3e1E
N o IG AL TR & - tRNA 5 #OA TR ZEfif
“F (elongation factor thermo unstable, EF-TU) %%
G, FEEEAEZ 58 (Bl2).

KREZHN S aaRS 72 RIKIEA (SR IE,
B SRR ZRAIK) Afig kb oing, [HAARS
T MMEFR . N AARS FEZH ALY B8 A4 T LA
WX AETE, MEAATESET AARS ZRIKE
B, AR T RIR ML TR PEAR ] Y, RIIA
AARS T R AR RN AT RN = Btk thee, H
TR I A 1 AARS W52 Ak
32 HERIETIRE

AARS i 1 HARE A 25 3l ST N 2 R R S
UM JOG I (RNA RS i e 82 2. SR, 7R 3R
Birh, o TEERR AT EE RS, RelE
HEMR . 22555 5T R A RIS [ R 7 1A

\—>
\\
N\
/—> b
0 0 0
I 1A
0'—1‘>—o—}‘>—0—1>—o—CH20 RIS
0 o 0
OH OH

IEHRR, "TRES R IEYIAER N . AR UE B
RGTATE, AARS HELH IR SRS . a 50T
i ——FE IR A B (RNA Z R, K
AT 1 1 2 I L -AMP & 2 W BHL 1L 55 15 1R RS
Yk NJG SN 5 b. RS I it ——e SRR A
e Y WAL (RNA, DL 2 5 4l 108 TR ) iy 4 ik
fig 2, XA Z RN GR AL A AR T 8L (5
SAGB HAE TR

YR ZE AR D BE SR X AARS IR IE fE
FOCHT, LR RY], KIGFF I AARS Fift4h
MBS 78 (U1 C666A) T SBUR IFRR 3%
TR, (Hi75H 2 2 -tRNAN Fl 22 2 1R (RN AN 1) 55
R BR R ET S . (HAERENE, C666A ALK
ML ATP K iG 1, AR R b 3
RAAR 250, BN TR ST 7 o5 7 4 R A 1E D e i
HEBEEH.

TERZAE YT, AARS S 25 Ah e ) s 88
B TG AR AL B, /N EUBAS H AARS
AR ZE I ALY (UNAT734E, CT723A) &5k
FEEE R R T PO FLO LR R P ke
WFSES5 BABRIE T AARS B D) BETE 243526 11 T
RS EEE, R T H SR Eep0R & A
ML =2 o) A P A DB o

Fig. 2 The alanylation process mediated by AARS1/2
E2 WEE-(RNAGHEBI2N SHREMLERE
Ala: HEMR; ATP. =BERRIFT; AMP: BSRRMIRTS; PPi: HLAERERREL; tRNA. $4ZRNA; EF-Tu: PRFEEIEMHH T,

3.3 BRI EEIIAE
AARS R LR L I FIFLIREL AL, R0 40

MENFLERAK, AR A A AR FLRR A, X
BT RLR AR FLBEA G A 1B B ZL IR AL R 4
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{12 5 SRR ALIE B RIS %
331 FLRRFEALEEHE IR KR

FLIR STV AR5 = BEAR L, PIE IR T
BRIRIEA N —AL 5, FEXBIETNAR S
A USR], MELRR S AR, BT,
WG EHEM ZL AR 5 N2 R —FF, /2 AARS HYJIK
Yo 5 IR I R B4 40 At 4 2 R 41 CRISPR 3256 A&
M, IR GMP-AMP & Wi (cyclic GMP-AMP
synthase, cGAS) Flp53 iYL R fb B4 A OC B i =
8 5 AARST FTAARS2 101 FIRGIESE 3R 21
P28, AARSREWEFIHZLRRVE RIRY), Mfbs Ak
S R W LR A 1B M
332 FLER NAARSIZJEY

I FH A T T AR B R IR S 56, ARk
HARAHTNGE T3R5 AARS Z5 5/ B8 (K,),
e T FLIR & AARS YY), W98 &3, AARSI
T AARS2 5 L-FL R (4 45 & i 5 5 2053 3 R 16.7
umol/L F17.5 umol/L, $2&/8 AARS2 X ZLM (1) 55 1
JieER o AARST XS FLIER 25 A fff B8 A2 T
SR 5% (2.06 pmol/L vs 0.45 pmol/L) . 254 B
WA B9 A5 (35 pmol/L vs 4.0 umol/L) ",
AARS2 SR & . FLIR A BN AR K, (E 55 A
1.49 umol/L. 1.64 pmol/L F12.14 pmol/L ¥, =
MIZEARK, FWH AARS2 XFFLIR I 35 A1 11 5N R
AL, b AARST BT,

WAL, J3FRHESC I S A2 J 2 TR SE T 5L
fiz 5 AARS1/2 M EAEH, MU 2 T 7R
5 AARS12 4567 05, 30 R Z R 67 R A
BE— A AE T EATAI AR . LR 5 AARST 1Y
TEALZEES G, FEE A AR ASE R77. M100,
W176, V218 F1D239, ik 54 s AR AR 5E 4>
TR T LR G . Li%E Y il Zong £ 10
FIRFFE &% B, AARSI FIFLER AYLE A 0054 RT7
D239, it A M46 Fl N216, X &b 50 Fk /g {37 5 %)
AARSI LT ZECE 2 . AARS2 FIFLIRSS &
() i b 45 #4380 h M79. R110, N242., D265 Al
G267 J s

IR AETE N AL 2 1 BE RN T FLRR & AARS
RESIRY), . TR, LA A XA GES
AARS 454, AARS J& FLIR b 18 1 5 5 M 1 i Ak
Mt o L-TN 20 R RN B TN 24 2 a8 2k VS ) o 4 M 41 1
AARS1/2 FIFLIR 454, 5 7] o AR P b 10 )
AARS12 -8 H TFLRL .

3.3.3  AARSI12M#EALBYFLIR b0

AARS1/2 {1k 1 LR fb s AR R A 8 FLIR
ATP, AARSI12 FEYIE AR, TERMARR A
AARSL, FLE& . ATP 540 it 24 fife 4y 44 ) 8% & 0,
AT D 2 b s A S R LR Ak, TN S BR AARSI
Jo, FLRRAL RN ok A M. Ju % R Li g Y
MRS 25 R RIREIESE A Y AR & i[RI AE
ATP, FLER . JKYIE LI AARST2 1, FLRILIR
N A BEHEAT o

5 AARS b N & Bk 1k I R A5 B A T
AARS1/2 A 31 8 o LR Ak S o 75 25 58 1
W—2, FLRRAE AARS12 AL N 8k ATP G, P
B A FLIBE R B ) T (B P FLIR AR TR (lactate-
AMP), JFRECCHLERRREL (PP . 22, I
TR FLER 76 B AMP [ [RI B, 3l 3 A 2 5 )
AR EILE B LSRR, AARS12 &
— Bl ATP M I FLIR FE A2 B, BRBPUNIT45 & 3L
i, DL ATP by B 50K 2LER 55 £k b v B b [R) 43
T, DT i AR IR R A R Y FL R 1L B
i (E13).
3.3.4  AARSI2ET RN A RRILE

AARS1/2 7EMR N FLIR A8 1 o A v HLAA
YEH, Rk AARS1/2 ] i 3 PR AR SRR TL K-
TE B 0 A0 I P R IR AARST 3K, K2 80% Ay
22 RN 1 BT FLIR ALK T i 3 BRI, b 10% 1
Z WM BT FLRR AL AT R R It 90% 10 Ak,
FE NG B A0 AN 1 e 40 P eI AARST 93K
WA T FRA T ELRA R R . AR
K, FERGRRE MG . NG T4t . AR AL
G0 L L S NSRS BB A I A4 A v I AARS2
J& . 20 R R R R ) 3L R Ak A& i K O B
TR s

MR, 33k AARSL2 25 i FHiR m IRtk K
-, HEIRFLIR LR R 2 R R B, e AR S
A IS #35 AARST, 90% (1) 22 JIKFl 46 1 5 A4 3L IR
PR B 1, P T 50% 1 22 Ik R4 R AL
FRAL AR = T 1065 A 1 1y [RlRE, e JEAR R
AN it ik AARS2, AE EIHFLRR LK. 7E
/N L R S 1 o ek AARS2 4 i 3 B FL
R AE M ™,

Zi 1, AARSTERNFLIREE SR M/E 0 B
58, HAriz szl Ve R I SE
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Fig.3 The catalytic mechanism of AARS1/2—induced protein lysine lactylation

B3 WEB-(RNAGRKEELFSHNEQRBIIERILEL A EL T
Lac: FLBEIE; ATP. =WERRNRTY; AMP. BARERRERIF; PPi: JCWLAEWEEAEL.

4 AARSHURIBAIEEN

41 AARSEMEXR®E

AARS12 e B . FLIE . I ges LA SO 20
i 95 25 Z2 g A B vh i R GR K B TH
AARS1 /K- TH i 5 i 1835 1 AN RIS 2% D0 AH
K, BARFERIYEEM ", MK AARST Al i 2
Il /D R A B Y AR R S AR VR R RE ) . TR
FE, AARS2 5 K 5 RE 0% W3 2 o I 40 g
(hepatocellular carcinoma, HCC) g iy34%E, i
LS DU 1 200 P P G BRI RS

AARS (R4 i AE 5 30 R o 7% il 1) B g
Ko JufE R, YA N TR B T S A
AARSI 2 5 r ZAMIA%, IF4HE Ak Hippo i % 5C 5
57 Yes #H &5 H (Yes-associated protein, YAP)
Ml TEA % ¥ 1 (transcriptional enhanced
associate domain 1, TEADI) 7£ K90 F1 K108 {1/ &%
LI AL, DT T e AL R Y Rk . B At
AARS1 AL p53 1Y DNA 454 5 202 120 F1139 11
FLIRACME , DT FELAS H DNA 45 & K58 s B0 )
AE, IZARHE I A
42 AARSE&ZHER

cGAS JEAI M P T ZL A DNA 2 2%, il 51
40 it 5 P A £ 7R DNA (mtDNA) %5 53 % DNA
Ja ., ik 54 = #i M (guanosine triphosphate,
GTP) Fl ATP &5 W ¥ Ik GMP-AMP  (cyclic GMP-
AMP, ¢GAMP) , il o T #f R 5 K ) i 7

(stimulator of interferon gene, STING) i, K4%#
B P WE AL D RE L SR A b % G B A i S X
2 B FEL-FLIREFLIR SN (NaLac) FAbFRM A
KAVNRAIM T, AARS2 HIE S cGAS & 7L
AB AT R TG, ToEAT 8456 mtDNA, {1l
cGAMP f 5 1, DT 0 T BILAA 19 2 K A e W 41
g s

WFRAUESE,, TERSGEHEA TR (systemic
lupus erythematosus, SLE) B % ¥ J& N H
mtDNA =y P 5 G % 30l 8 I 1 3l i cGAS-
STING #i3Ksh 49t Z (interferon, IFN) Ff A4
B, TR) B R B P FL R A R i S 2 G i B
AARS2 AL FLIR 15 T 1) cGAS FLIiR L, #1Hi| cGAS
H5E3Z RIS A, P cGAS 1R
MR IEN-L{5 5% S o 3 — WP AU 1%
SLE S IL 3, I AR DR S A o
(AT RIS 707 L
43 AARS5HZRT

WREW, AARSFELERFIE R M tiaeh BAA
HEAEN, HRARSZMMa R & £ %)
HHX

AL TE M A LZE 4 (Charcot-Marie-Tooth,
CMT) J&— Pl e o 14 b P it A% M il 52 220
HAFEZ VAR LA TS T . I A 524 . BiF
FERL, AARSH 10 FPRAERL 5 CMT 2N JE AL %
ARG, Hidr, SRR AR K A TE A I AL 45 #) Sk
o, 4 FE AARSYY . AARSOR | AARSM*Y,
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AARS™MHT AARS®®, HiA 5 Fh 548 & A 7E C i
ERIER, fU3E AARSS™E, AARS™SS AARS™™,
AARSSRFT AARSPSN 2941 A HIF 561X S S AR (A
mRNA 50 3 23 SRR S, 8 2 2 )
CMT ¥R

—2L AARS fatE R AR Sk B R OC, R
IRy 7 ) SR R PR R A T R AR
Bl #4878 BB b & L T AARSYS,
AARSMOHI AARS™ T H YL R B PE SRR . Jeok,
TESEA T/ INSKIRTE | BEHE A N BRI 2 o 11
WA LI T AARS 155 SNH A~ e (o A et 28 AR
(AARS™™" Fll AARS®HP) 121 DI E SR IE 45 42
N, AARS I ZFRAER S S T4 RGN
e

AARS ] #2878 7] DU i IR 2k Ak DB, ok
g . TR DIRE, S5 ZMMER
iy o T AARSNY FIl AARS™™M ™ g i 3 il i
P, SRR SCR K E B4 AARS 19 1/4 130
F11/50 ) K8IT MIR751G 27553 il & kAL 3R
R 2 JF R Y 172 F11/10. AARSYS Fil AARSY™
S A AL T RE AR = ORI 14 LIF . i
AARS*" | AARS" ™I $L 58 AR RN 23 52 1 AARS
MR BEILTE M, B R b & M S T RE
HEHNS CMT A EYE . IRAMBIT AARS R
ASRAYFHLE, A BT 4 v B 20628 A0
BUEL, SR AT RIS AT R SRR 2 A

5 EIITAARSHIRIZFI= R HLE

5.1 EFFHTAARSHIFRIE

iz 26 L AARS T FI AARS2 45 2 AN [R) A 1%
TR, /ANEAESEA T R T 2 9 L 58 B0
J&, EEL AARST B A BUKE AR B B
Ak, T AARS2 BYEE UK B 2 IR
£ AARS2 EZA THIML BTG bifR, Hizahifi s
() FL IR bt =8 2207 1 40 o o RN 2R R 1A, R
AARS2 M BEJEA Tz shiE I FLER iy = Z A

B WL AARS2 )35 Hiz st Al AOC . R
FI R ENE (Western blot) 2539w, /NEUFE 2t
10, 20, 30 mn WM HGiEah G, BT H
AARS2 EHHARIBIZY T, BTSN ™

BRI AARS2 [ K35 5 LA 4E 28 AR ¢
iz g% TR ILET 40 = %) e H f LT AARS2 3
IKEAWEN . Ry 2 (ViR
6 m/min P& 3 min, [E)5 LA 18 m/min FF4E 30 s,

Ak 1M LLAE 15 s 32638 2 m/min A9 75 2044 % 32 m/min)
/N B2 BB R 7, 30 min iz s 41 b H Al
AARS2 FRIR B HRA B35 B, Rl JILET 2 i L
FRALAG AR H BRRI L3 . Tig DA TR LSR8
F MBI AARS2 PR TCH i B 2E

Kmpa] . Ko EE iz Bl A B L AARS2 G
PHE AR R A OCRERE ,  an P TR R I 01 E 1o 7B
(pyruvate dehydrogenase complex El alpha subunit,
PDHAL) F1 A 8 £ #H Bt %% #% B 2 (carnitine
palmitoyltransferase 2, CPT2) FJFLERfL, 551z
SHRE Sy, W S R P U2 (reactive
oxygen species, ROS) 531N WK F- 1942 &
F Bt AL S R LA, &Rz S A1
M BT RSRE B IS AT iz 8 7 % (4 5 min i
14 5 m/min £ 20 m/min J5 4EFRE 2 R B, R AT A
5 min BN Se 2 J13) A HEAY /N Bz SRRl
R, NIz B 2 ) v A5 o UL AARS2
HHRBKFEBENAG, £ AARS2 MR/,
B 2 IR G, AARS2 3 R385 EAH
RS A

HETIZ 3% AARS fH 35 R WE B AGE, BRT
HHNL, FEHAZ B s SR 5 L,
WO e, OIES, AARS RIS, 2
SRR, . TEFLRRAG B T /R I SE (A C
o MeAh, B, 3% AARS iR VE R a0
AT o RAFRN IR SR TR
52 EBEIHFSHREEFEAARS2HIRIE

5 LB, BAEJE T AARS SR RIBH R
Z—o WIHEPEEEALIRO, 2. 4. 8h, SEATIEMOM
Pt B9 T AARS2 7R/ BB SO AH L i 2635
T AE S5 BCLAN AR C2C12 41 . /N BUHL-1 0 L4
JHL R A0S B A0 L 2 R R B b g e s 1
1 AARS T # H R IKKPFARFZIH A B8 8%
WIBRAEE AL BE 30 min, 35 BIR/NEUR BCE#AL
H AARS2 8 F IR IK K o TESR I M 55 3)
/N, BERIZ R BRI R (W46 6 m/min 4
& 3 min, B DA 18 m/min £F%E 30 s, 4k DA B
15 s34 2 m/min % 32 m/min), HEEILASHEL B
Z ., BEIEEE S H F lo (hypoxia inducible
factor 1, alpha subunit, HIF-la) F1AARS2 f¥%E
JEKE A EIE B, 1 AARST 2K IR IR KRR
PR I BARAL . HERIE B B LR A S
AARS2 HHIKFHIHLH Z— .

B L I 20 72 AL (prolyl hydroxylases,
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PHDs) -VHC (von hippel-lindau, —7F0 &4
F) -5 F T o (hypoxia-inducible factor o,
HIF-00) i 400k 3 11 B B2 J i % 7, AEIE
WA T, WA FLE (prolyl hydroxylase
domain2, PHD2) H %] AARS2 [ P377 JF 51| ',
PVES IR YL R 34, RS 8% B3 14
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FIKV-o fEBAIREE T, RssEEiZ s, PHD2
ToikXT AARS2 EF1 #3864k, SRR, F3
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FRN Sz shak B | sl BRI S
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i U7 A (lactate dehydrogenase A, LDHA) il
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MIFLERA B, AT LA 08002 3 T 1 /N R B L
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MizK . 2 mmol/L ZLIRF & C2C12 4L, 5=
HIF-1a F1 AARS2 Rk 7K S FLIR A A M 7K~ 1 I
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WA, JudE P E A RO R, FLIR
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Lk, S 53HMFERE.
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AARS IR SAFE MR AR5 BRa gk
WA, izt T HAb LR L o) A1 2L, WifFE ., O
WESERT AARS &7 AR ERERYSE M 5 32 31517 AARS
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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

* This work was supported by a grant from The National Natural Science Foundation of China (31871207).
## Corresponding author.

Tel: 86-10-58808038, E-mail: zhangjing@bnu.edu.cn

Received: February 27, 2025 Accepted: April 11, 2025



1348+ EMUZESEYYIERRE  Prog. Biochem. Biophys. 2025; 52 (6)

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
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. Elucidating the regulatory mechanism of exercise on AARS can provide new ideas for improving

metabolic diseases and promote health through exercise.
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