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1.1 ‘ApaskFIEE LI AR

211 R PAC2EE 5 fa I i AT 4™ ),
% H H 2 PAR B (NIH) G| 3. R4, 2
1 BERRALAE AT R A1 FTENO1 2 IR(ENO1 2 Jik
¥ %: EG-Me: ELRDNDK(Me)TPYLGKG; EG-Ac:
ELRDNDK(Ac)TPYLGKG; EG-Ps: ELRDNDK
(Ps)TPYLGKG; EG: ELRDNDKTRYLGKG) H 55
HWNTEIE . Leibovitz’s L-15 ¥ 983, a1
W T A2.5% MG )9 35 E Gibeo A F] 7= i,
CCK-84 A 1 FEAS X751 £ (Cat.No.C0037) . FLIR
JI 2 Tt 40 A 2 A DU K77 2 (Cat. No.C0016) A 38 =
RAEDIRHA IR 2w 77 i, Bkl ik 44 5057 £ (Cat.
No.E607509). ¥ A& 4 i 771 £ (Cat.No.E607506)
R Bl T YA R AR M. 2-Phosphoglyce-
rate Colorimetric/Fluorometric Assay Kit(Cat.No.
MAK 198)#Sigma-Aldrich/A &7 5t . RT’ Profiler
PCR Arrayif ) #i(Cat. No. PAZF-006Z ), RT2 SY-
BR" Green qPCR Mastermix(Cat. No. 330529) #
RNeasy Mini Kit(Cat.No.74104) 4 Qiagen Germany
/N 7=, PrimeScript’ ' RT Reagent Kit(Perfect
Real Time)(Cat. No. RR037B) ATaKaRa /A & 77 i o
1.2 U Rk 4AnAI AL IE

B B0 K B P A C2. B 1 £ IR Jify ) 41 4 411 i,
FHE 10% 16 2F 0375 AL 1 555 37 J2k 18 5 401 P 2 v % P
1x10” ind./mL, [A1964LHBKLAB-TEK K 45 £LH
JIANT100 L4 &, B T 32 CHFM 7.
Dais" R 70 45 B W 10 T K 2 SR IV 7
100 pg/mL ¥ B Ab B 40 A 24 h A FH 25 SR 5 4f o
DR bk, 25 200 it 25 R TR B8 0% e A+, FHAS 5 I fA) 44
% 77 (Leibovitz’s L-15 K577 55) 73 Al K 450 £ ik
FiBEZ100 pg/mL, HF2PAC24H24h. UAEZ

JOR A R R TR A M Dy 2 1 6 R, BT SR A 34
FAT.
1.3 CCK-8ZEHMPAC24HREETE BE

lf) b T 40 PR RE SR 96 AL BEFL AN 10 L
CCK-8F190 nLE M ML1SH; 773, 32° CHF & i
W . HIBEEFRX (Microplate reader)7E450 nm 4Ll &
AL G FE(ODYE -
1.4 BEAN. RESNFLERRR SES(LDH)FE AR

R fft 3k R Hp 2B B TR R R fELDHP L
W5 AL . LDHAR A I o LDH AT 1A Y
M 2R INT(2-p-iodophenyl-3-nitrophenyltetrazolium
chloride) % {4 Ao At () 21 €0 B, A2 R 40 6 7
Y S LDHM & & R IE H, 72490 nmi K R 24
W S, T AT DLE I b a7 R s LR i U Y
T SEIRHRE TR RN S UL B T . e 4R
2 IR A B M 24h E AT TSR, 08 5 B 2R I 2
i ZEL B ot B RIS PR L) o 380 90 5 G 00 B T £ T
Th, 75 “FF 5 I KBRS M6 R LS i A 10 uL LDH
BERORA . JRAL, WE . Bk E N A5, 40
R FEM400 r/minS 05min. B FIE W 120 uL, BEAT
MIAMLDHAS I . 40 B HTIE A 150 pLHPBSHRE T
1045 FILDHBE BT AE B (1044 1xPBS H A
LA LDHRE JEGA I FF IR 2D), & 488 R 41, 32°C
Y9 7 1h, Fk Fil e B 6] f5, 400 r/min g0 Smin, HX
120 pL b3 F 40 i P9 S LDHAAS I . 4 531 17 B
A1 N LDHAS WAL A A, A 60 pL LDHAZ I T
PR CALER VST I X INTYA R B =11:1), TR,
= IR BECIE A 2h, HEEFR X (Microplate reader)fE
490 nmill WK B . 40 LDHES UK =( £ ik Ab #
Ji 4B L7 W OD—Xt IR ZH 41 L35 i OD)/ (3 K i
T VR 44 P 8 7R O D B 4 B35 B 92 M OD)
100%.
1.5 ZRRAFAERARTTEE A

5 B K PAC2 BT 1 £ IR fifs B 2T 4 20
i it 014 A 0 B4 S (1% 10° ind./m L) it 5]
LAB-TEK# 1, #% FiR i 2 ik ab #7772 100 pg/mL
(1470 22 K43 B AL P A C2 40 i 3 1% #524h . B kifk
AIEBHA G F1<PBSTE BEAHI2—3X, 200 pL
VAR (40 0) AN 2ok A (43 62) TAETR32°C % 5 1ho
R FEGL R, FHL1SKE 772 ' PBS=1 1 1) 42 vk
B2 . FHTRITCAHIFITCJE G 2% 1 5% % B i
(OLYMPUS TH4-200)% 22 Jitg -1 [
1.6 2-BEERHHERQ2-PG)HIN

2-PGIf & Bl ¥ 2-PGHAL NPEPH A4 4L
R TR B R SR S 1) o TR B R A AL, P 2R TR e it
5 (Ex/Em=535/587 nm) 52PG & & RIE L . I FH2-
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PG & m] LU ENO &1 J5 (1) 455 22 Bk ox B
SR AR PR 2 B0 = 4 R B 22 s PR 5 0o

SEEESTRRAE 2R FI975 pLiB 4l /K F# %25 nmol/
L(1 mmol/uL)[F2-B B H il (2-PG) & TR E A
25 pumol/L(25 pmol/uL)1J2-PG #xifE &, IR0 2.
4, 6. 8110 pLI2-PGHR7HE i AR, {3 i 2K FE
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2-PG Buffer & &AMl i AR50 L. FHAFIZ
KA EEPAC24 ffi24h 5, FH96FLAR M B FRAR H HUH,
R B 973, FIPBSIE W2k BANFLAIS0 pLfiffs
T AU B 2T A 3min, A BE 00 S% 40 B AR I S N &
10%FBSHIL1S3; 72 L & bWk, B E B L8,
1000xg 5 0>3min, #3575, HIA100 pL f#11xPBS
BT, O UTEIMA200 pLTiA 12-PG As-
say Buffer, # ¥ I 512K, 12000xg 750> 5min, H4
W E S A E 96 FLE , BEFLF50 pLi
PN IR MR RIRA W, E IR B F 40min. FEAR
IXAEEX/Em=535/587 nm Rl 5% 61l . 2-PGIKE
C=Sa/Sv(Sa. MFRHE i1 £& 75 21 K EFE 5 H2-PGIH
B Sv. AT RE AR
1.7 RNAREUKPCR Array > & EFER 58 R

ERNAREUFACDNAE R  F0.25% 1 R
TH AU ER AN AN [ 1 22 JIK AL 3524 5 1 40 i 22
I TRIZoVEHE HL 41 ffitotal RNA, Jf 2 [ 5 R 4H
DNA; cDNA 4 il: $% 1 TaKaRa/A 7] fiPrimeScript™
11 High Fidelity RT-PCR Kitif 7 & /7 V54T [ 5 5%
4 cDNA. —20CIR-AE#FH o

PCR ARRAY  FJH{PCR ARRAY f I Real-
Time PCRA} 71 2 55 ) ) B AR I 2 844> S e
1221k . FN4 H IIRT® Profiler PCRFE 51 145
B AR AU A 84N S JL PR NS AN KR R . 8
3R & B I cDNA F F-real-time RT” Profiler PCR
Array (QIAGEN, Cat. No. PAZF-006Z) 5RT’ SY-
BR" Green qPCR Mastermix(Cat. No. 330529)f;
Mo KCTH S H B Excel 3T, ULBIECTEE . %
Kb 5 AL 2 QIAGENT J7 H¥a /0 M 11 W i
http://www.qiagen.com/geneglobe, ¥ £ A 43 B 25 %}
B ARG . M GeneGlobe ) QIAGEN] ]/ [ 5
T HAH BB A TR o
1.8 HFRENF

BT UL g R, A F O R AR 2 A 15
i % kAL H24h 2 J5 P AC240 i 33E 47 5% % 4 43
Mo FIFHTRIzoli:HE Bl total RNA, H 4 ME & A= 4Rt
HARAR (ot e Tk B mBl AR A
A7) #ATRNA-seqillJ77, K A Hluminail] J7~F & 58
B S 4 e, #4978 1 lumina PESCZE3E47 150 bpill e .

1.9 HESIToH

L AR HPCR ARRAY @it Real-Time PCR%}
BT T 2 5570 % M AR I R b 84 S B AR IR ) 3R
i5. PCR ARRAY HEL & SHHE SR AL A, JEF ZHDNA
YRR . REBMENOL K £ KEG-41E N X}
B, SR P AN 52 vk ) b 7 AT B A i
Hh 3 TR R A K 28 4k, 38 3 T-Student i 5 P{E .
i ide AR A5 B2 DL B, B it 247 (P<0.05)
122 RIEMEEF . FIFDAVIDAPCR ARRAY
R AR 2 P 2 R R IA R R T Th R E .

S AR i, 225 B A AE H 1) /2 EN-
SEMBL, Danio rerio.GRCz11.100, . *f &4 =2
Hisat2(v2.0.1)BRIN S 4, & & AT 2 Htseq(v0.6.1),
KEGG# I 2 RE B 80 e o i IR 22 S Ay AT A
HiBioconductorfX {3 'IDESeq2(V1.6.3) 347 4347,
o RGN (1 &5 T o R 22 S S S MR AR o (2 S SR TR SRR
A 24% LA | H.g value (fdr, padj)<<0.05)#E4T ik,
Guit SN B E M ERRIE L NREEN . 5L
P AT FACLEE VF 5, R AR AR RE R Hh a1 AT 2028,
AT K EL A A [R] T e B3 DI R 1 i R SR A RS,
PRI A 35 TR 1 T i 2 e R K1 11 o Jen Th A, 1
ML S5 R R FE g i@ s . s A
KEGG(Kyoto Encyclopedia of Genes and Genomes)
RAG0, HL AR 00400 P xof 222 S 6 DAL 47308 B2 (Pathway ) ik
EMEE T, K E R RIAEFS 5 &3
LR BHR RS 55 58 1%.
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S SR FH CCK -8 14t P A C2 401 fitg 184 5 A1 4 Jfa 3%
Mo EXTRRAAILL, FIEA S 1 IR IR B AL B AR (BG-
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PR AL () 22 IR (EG-Ps) 28 I 8¢ 9 B 2 e i3k
Y X EHE; SR SR AT AT B 1) 2 BR(EG) X 41
W IR FHHAS BB 1),

2.2 %R IR A1 AN LDHFR H A 2200

Ff PN S LDH (1) 75 £ — 7 T AT DA S Pl £ i e
fE AR A2 LR (R B8 77, 59— 77 THD e 1R) 42 S e 241
HEMZ /D, dRERE 2): SXIRAML, ENO1
[FJ4F0 2 IRALEEPAC2 J5 1) 3 B0 40 i P9 S LDHIK &
BN, STH R BB .

Hfl #b LD H R J54t DA A A2 200 i e 5 2 42k ) =
FELFEAR, A IR S5 B A 2 1 20 PR R R B RS R
e LDHF)E P, TSI 0 e B s AT
g LG TR 4Fh 22 R AR S 40 LD H AR i B AR,
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Fig. 1 Quantitative analysis of PAC2 cells in different modified
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Fig. 2 Relative content of total LDH in pac2 cells at 24h
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SER, GIAB 1 T 140 2 IR AL B 20 i J5 T A 48
I FIFREE 40 Bk B (K 4). S L Z
JKEG-Mefl 2 WAL AZ A1 1 22 IKEG-A o e b 4 &
AERAE, & R BT FIEG-Ps S AR AE M 1 2 JIk
EGAbBE 5 PAC2 40 i B B 5 B 23 (08 G IR
KAR 5L, AT L2 AR TR AR K, HED S 2 R A kAR
TRE R XL TR YN A 2% A S A 2
INEATRER L R A1
2.5 MR EEER S IEE AN

FIFHPCR ARRAY 73 #1254 A pEA U 2
84NN I N R IE . 45 B BRI AL B 1 I EG-
Me 5|2 13RI R IE FIRAZAN R RIE T
. ZMHALIBIEG-Ac A6 FF ik i
MANFER R RIE N & BB mimEG-
PsZH A 3N L () 2 TA _E T4 1A JE PR i 0k T A
(K 513 1)

W DAVIDATPCR ARRAY % 7 % A 4 1 1%
22 R RIS R R I (ER DRI, TEAE
MHEG-MeM Z AL B HREG-Ackb 3 5 IRIPAC241 i,
FiE LEMERHEZ T T RMZER. MKk, R
B EG-PsAL L5 IPAC24H iy, ik b i 5k
DRI 5 22 T R A 3R . X3 B 22 IR S B AN
[F) 2 55 b, 57 00 PR P A R S A R R AR
PR BRI AR . R A BORRE IR o . B
Pt HE AR SRR 1R .

2.6 EEZEZFFTEAMBE DM

T R R AR U 4 B B G ER, A SOK A R
8 LE TR 2 B AL S T I EG-Ac b BR AP A C240 g F
TSR AN E . IR ER B EEREERERNER
KA A245 L L H.g value (fdr, padj)<<0.05)3E4T 77
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Fig. 3 Relative content of 2-PG in peptide-treated PAC2 cells at
24h
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Fig. 4 Fluorescence image of mitochondrion and lysosome staining of PAC2 cell after 4 peptide treatments
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Fig. 5 Effects of four peptides on relative expression level of specific gene in glucose metabolic pathway
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Tab. 1 Enrichment of differentially expressed genes in glucose metabolism pathway
" EG-Me(F2£1b) EG-Ac(Z.Hk1k) EG-Ps(#F&1k)
& 1% Pathway : . ; ; . ;
i T A i A T
i aldoab, aldob, aldoca, galm, gck aldoca, gapdh, Eno4 aldoaa, aldoab, aldaoac, bpgm,
eno4, hk2, pgm?2 gapdh pgml enola, eno3, galm, gapdh, gck,
gpia, hkl, pgml, pgm2, pklr
Bl A2 pckl pexb Fbplb pexb fbpla, fbp2, gbpc3, gbpca.l, idhl,
idh3b
HE AR pdk4, pdp2, pdpr pdpr pdkl, pdk3a, pdk4, pdpr
R R 1B 1R G6pd rbks thtb
=RIRIEIA ac01, didh, pckl aclya, dist, fh, mdhlaa, ogdha,
pdhala, pdhb, sdha, sucla?
W5 545> i pygma pygma agla
W 5 ays2 gys2
SR AR gsk3ab, gsk3b, phkb

T RIBHUFHTENO1Z ks AL, A FR LR [ — 2 8 2 5 A R A g R

Note: Unmodified enol polypeptide is the control group, and the bold mark represents that the same gene participates in different

metabolic pathways

Significant DEG (234)
Down: 189
NoSignificant
Up: 45
40
°
=
<
>
S .
L0
I
20
-
b :‘ ":?‘ -
0 -

log, (Fold change)

K6 ZMALBITENOL 2 IkAbBE 5 ABPAC2Z 7 R iK1l ]
Fig. 6 Volcano map of differentially expressed genes induced by
acetylation modified enol polypeptide in PAC2

MHC-12841 )i 2. S TREs. ATPO M
G FE . BB s, 52290 R 9781 € L
ATPE G RE . HFALIE . JHMEIEERE . B2
HYTEARHER A . GOFE LS REIR, —LATP
SEL RN i FEFINAD+ADPRE F 7 7 B G M 3 52
BT s, U R A U A BE AL 1 2 IKEG-
Ach] DL AR 20 i 1) e F A R T

KEGGIH % & £ 0 0k & £ 2 1) —LEDEGs K
BB — S A MR Tl . SXTIRAMLL, ikl
Je RE RGBS A G (S Sl R LA A 2 . 59k
TR R E 5 I A NFL LR B R

T2 ZEAUBIFENOIZ ARSI EPAC2ERRIAER
KEGGE & DRI XHER)

Tab. 2 KEGG Enrichment analysis of PAC2 differentially ex-
pressed genes between acetylation modified enol polypeptide
treatment and non-treatment (disease related pathways)

DEGs with
Pathway pathway P value Q value
annotation (79)
Human
papillomavirus 13(16.46%)  0.0000113 0.000451
infection
Influenza A 14(17.72%) 0.000107 0.00214
Herpes simplex 7(8.86%)  0.000433363 0.006117737
infection
Hepatitis B 5(6.33%) 0.00539 0.043
Kaposi’s sarcoma-
issomat,ed 5(6.33%) 0.0135 0.0748
erpesvirus

infection
Viral . 6(7.59%) 0.0137 0.0748
carcinogenesis
Hypertrophic
cardiomyopathy 116(1.35%) 0.0216 0.0996
(HCM)
Hepatitis C 5(6.33%) 0.0281 0.113
Small cell hung 2(2.53%) 0.0973 0.212
cancer
Arrhythmogenic
right ventricular 1(1.27%) 0.216 0.371
cardiomyopathy
(ARVC)
Transcriptional
misregulation in 3(3.80%) 0.242 0.383
cancer
Pancreatic cancer 1(1.27%) 0.264 0.401
MicroRNAs in 2(2.53%) 0.29 0.424
cancer
Colorectal cancer 1(1.27%) 0.335 0.457
Proteoglycans in 1(1.27%) 0.797 0.811

cancer

& RARZ R, SRR RITE R
MR E WA R 8UE . LR RO LR
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(HCM). R 2. /N i . Soc kw1
A= UR(ARVC) FEAE LS R AR
J& . microRNASIERE . 45 E . EiETHEA
Z S G TN, S CE SImEgEA KA
R R R 55 2 PR SE R AR . AE ] AR 34
FEAU AN 8 B AR S5 5 S, FrE £
RGHE B S5 PCR array 45 BAHSRF. 0 E £ R — LK
L fAE S B RS, A KK DNABN RS N RRH
o, N SRR R & . RIG-
[ BESZARAS Sl % . ECMBZARM HAE . MR
IEREp il = R il
3 g
3.1 GEEUEBIAREME ISR EPAC2AAE K
R

2SI 4 7K T R 2 A i 7K ST A 56 SE
T 4% % FKENO 1% PAC2 40 fifg A= K ARt ) 52
B I8 CCK-84H M % MEAS I, AT DA k4 Fh 22 ik
AL FR AT S5 40 PR MR RS AR RE Sy, B iE st i Ak

L DHR 50 I 60 A 0 1% K 40 70 00 o 8% e S 2k, 1
FH ERRLAAR (230 £0) FN I B AR (40 €0) % — 1t e k) X 4 Fh
% JUR A B ) 4 Bt A7 S £, ARSI AT e 28 TS A AR Y
Ihfg, SR GBI 2-PGHIPCR Array S5 46 AR A U AH
FIRE, B Ja R FIRNAN 73475 e IR Z T Re b o

S R AR R 75 It A o 44 45 240 i ) A s T B R
FIAE I, 7EAR 22 500 w40 00 22 B At AT ) Th B8 B B o
LR A FUAZ AT D G40 2%, 24l i A AL B R
FIATP A B IT = B3 i, LRRLAR 5 A 2 P50 1K
L RIRL VRIT B Rk R
A BN EERI RS, AbATTIE AN B 2 24 A
AlE SR IATT B B, THLRR NS 1. 5
LRORLAR T I8 5 e B R R R H R A S Ry, 7
—ERRPE SR BRI, M ae . R R A
Rl G A BT L R A TR 25 Th RE#A 1R K IR 15 1
FHRY Vi A AL 0 L e 5 ) e e e, R
— ) A R AR K ) EE AR R,
TE LML [ Wat A 2R A 7 s it v, 28R A4 R 5 g
AR SR A o R AART 1 i R AR A Sl T e

*3 CZEMLEIHFENOIZIRALIESEPAC2E RFIEEEKEGGE & N (XIS HH X AIEBE)
Tab.3 KEGG Enrichment analysis of PAC2 differentially expressed genes between acetylation modified enol polypeptide treatment and

non-treatment (metabolism related pathways)

Pathway DEGs with pathway annotation (79) P value Q value
Phenylalanine, tyrosine and tryptophan biosynthesis 2(2.53%) 0.0000252 0.000757
Phenylalanine metabolism 2(2.53%) 0.000459 0.00612
Vitamin digestion and absorption 2(2.53%) 0.00206 0.0206
Fat digestion and absorption 2(2.53%) 0.00573 0.043
Cysteine and methionine metabolism 2(2.53%) 0.0112 0.0717
Mineral absorption 2(2.53%) 0.0145 0.0756
Arginine and proline metabolism 2(2.53%) 0.0224 0.0996
Folate biosynthesis 1(1.27%) 0.0385 0.131
Oxidative phosphorylation 3(3.80%) 0.0375 0.131
Nicotinate and nicotinamide metabolism 1(1.27%) 0.0427 0.131
Tyrosine metabolism 1(1.27%) 0.0449 0.131
Alanine, aspartate and glutamate metabolism 1(1.27%) 0.0517 0.141
Glycine, serine and threonine metabolism 1(1.27%) 0.0662 0.166
Tryptophan metabolism 1(1.27%) 0.0792 0.19
Valine, leucine and isoleucine degradation 1(1.27%) 0.0902 0.208
Glycolysis/Gluconeogenesis 1(1.27%) 0.163 0.321
Ubiquitin mediated proteolysis 2(2.53%) 0.163 0.321
Cholesterol metabolism 2(2.53%) 0.185 0.353
Central carbon metabolism in cancer 1(1.27%) 0.203 0.364
Pyrimidine metabolism 1(1.27%) 0.26 0.4
Protein processing in endoplasmic reticulum 2(2.53%) 0.28 0.414
Carbon metabolism 1(1.27%) 0.342 0.457
Hippo signaling pathway 1(1.27%) 0.548 0.616

Metabolic pathways

11(13.92%) 0.687 0.73
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Fig. 7 Enrichment analysis of pac2 differentially expressed gene go caused by acetylation modified enol polypeptide treatment
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Go enrichment histogram. The ordinate is the enriched GO term, and the abscissa is the number of differential genes in the term. Different

filling are used to distinguish biological processes, cellular components and molecular functions



1666

KR R

46 %

Act] DLESR 4 B i A AR X, (H AT AN 2 e 2k 4n
Mo e i £ E R R . 1 — DR S S R EOR,
GO'HE £ R LLATP L A 7 it iIL FEFINAD+ADP#
TG B B s MR AR 52 2] 7 52 M, L PAC24H i 14 RE
EACH R A T AR, FRATTHREIN 2, A4 A8 1 4 A T
1% IKEG-Ac ] LA AE PAC2 4 o i) g A i A2 o

ok 145 A PCR Array R il 25 5 8 R, 185
PR 1 W 18 4% P i rbks 3[R Rk B, rbkes i K] 2 Y
()8 A2 PR PR B SR I — N R U o i 1) B
JFAE ATPHIMg” FE7E N WL A A% W T F A% W - 5-
R, 25 BRI PR R . rbksIE K FRIX LR
BH R A AZ 1 22 JOA T i 350 Tl I 1 s 4 SFe 184
YU RZ FR AT . #5445 BB TR 2 Bk Ak 15 i
Z Kb B IS 2 5 R R TR AR i AR 1T 2 (R B
A RATHED X LA ] BE A L WA 121 £ ik
A T i T SR 3 P A LA

4 ZHip

IEEALEE(ENO) 2 A& AR I — N 2 R
FIlE, At — AN 2IREEE . AT ERRA
NGRS PR AN RS B S, X4 i A=
Koo ARUBHRAR, X Y2 AR B AT 5 45K
SERVERE R R . AR /KT L, HIEAL i
2 BRI A RS 5 . Z B AL AR IR AL 12 1
R EHEH I3 TE . EG-Ps A b pE R,
MEG-Acfie it 2 2 BRAC U, 5 SACH A BE R Jah i
Pl gt i A, I Y45 — S G — LR RE A
BRRGER R AR . AFRMEMIFENO1 £ ik
AN PR B AR 53 5 LSRR R 481 4 A6 A QT i 1
R, AT HE— BT . A SCRATRIRT I 75 1%
Xt ELEENOTE 1 BLKR 2 ik (2 ThEemT FLi fit 17—
ANET BB, A B T AEYEVE 2 IR T REAE R4
I -

SE3CH:

[11 Merkulova T, Dehaupas M, Nevers M C, et al. Differen-
tial modulation of alpha, beta and gamma enolase iso-
forms inregenerating mouse skeletal muscle [J]. European
Journal of Biochemistry, 2000, 267(12): 3735-3743.

[2] Cutruzzola F, Giardina G, Marani M, et al. Glucose meta-
bolism in the progression of prostate cancer [J]. Frontiers
in Physiology, 2017(8): 97.

[3] Jiang X Y, Jiang Y. Advances in lactate dehydrogenase
and Warburg effect [J]. Progress in Physiological Sci-
ences, 2017, 48(5): 352-356. [ e A, VLBL. FLER IR SR
AW arburg RS K BF TEHERE [J]. AEHRL 20, 2017,
48(5): 352-356.]

[4] Shen AH,LiY H, SuCJ, et al. Study on the expression

(3]

(6]

(7

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

and meaning of FBXW?7 and ENO1 in high and low grade
serous ovarian adenocarcinoma tissue [J]. Clinical Medi-
cine of China, 2018, 34(6): 496-502. [[L B 4L, 2= A 41, 15
HAF, A BN SR R ) SRR i 4L 4 FBX W 7 AT
ENO1RIAFZE X [J]. FELZEEIGIK, 2018, 34(6):
496-502.]

Sun L, Lu T, Tian K, et al. Alpha-enolase promotes gast-
ric cancer cell proliferation and metastasis via regulating
AKT signaling pathway [J]. European Journal of Phar-
macology, 2019(845): 8-15.

Zhu W, Li H, Yu Y, et al. Enolase-1serves as a biomar-
ker of diagnosis and prognosis in hepatocellular car-
cinoma patients [J]. Cancer Management Research,
2018(10): 5735-5745.

Yan T T, Ma L N, Luo X, et al. Role of enolasel in hepa-
toceilular carcinoma and possible mechanism [J]. Chinese
Journal of Hepatology, 2017, 25(6): 429-434. [E1E 1,
LN, AR, S o-J I A B JEE A0 B e o AR
FHHUH] [J]. PAeRTIE 2% &, 2017, 25(6): 429-434.]
Chang G C, Liu K J, Hsieh C L, et al. Identification of al-
pha-enolase as an autoantigen in lung cancer: its overex-
pression is associated with clinical outcomes [J]. Clinical
Cancer Research, 2006, 12(19): 5746.

He P, Naka T, Serada S, et al. Proteomics-based identifi-
cation of alpha-enolase as a tumor antigen in non-small
lung cancer [J]. Cancer Science, 2007, 98(8): 1234-1240.
Chang Y S, Wu W, Walsh G, et al. Enolase-alpha is fre-
quently down-regulated in non-small cell lung cancer and
predicts aggressive biological behavior [J]. Clinical Can-
cer Research, 2003, 9(10): 3641-3644.

Zhang K, Tian S, Fan E. Protein lysine acetylation analy-
sis: current MS-based proteomic technologies [J]. Ana-
lyst, 2013, 138(6): 1628-1636.

Jiang Z, Wang F, He X, ef al. Progress on protein/peptide
phosphorylation [J]. Letters in Biotechnology, 2009,
20(2): 233-237. [#8, 175, M, %&. EARBERILE
MR FURE R [J]. AR EORIER, 2009, 20(2): 233-
237.]

Chalamaiah M, Yu W L, Wu L P. Immunomodulatory
and anticancer protein hydrolysates (peptides) from food
proteins: A review [J]. Food Chemistry, 2018(1): 205-
222.

Li X, Wu HJ, Su X L, ef al. New bioactive peptide re-
duces the toxicity of chemotherapy drugs and increases
drug sensitivity [J]. Oncology Reports, 2017, 38(1): 129-
140.

Follo C, Ozzano M, Montalenti C, et al. Similarities and
differences in the biogenesis, processing and lysosomal
targeting between zebrafish and human pro-Cathepsin D:
functional implications-ScienceDirect [J]. The Interna-
tional Journal of Biochemistry & Cell Biology., 2013,
45(2): 273-282.

Srut M, Bourdineaud J P, Stambuk A, e7 al. Genomic and


https://doi.org/10.3969/j.issn.0559-7765.2017.05.007
https://doi.org/10.3760/cma.j.issn.1008-6315.2018.06.004
https://doi.org/10.3760/cma.j.issn.1007-3418.2017.06.008
https://doi.org/10.3969/j.issn.0559-7765.2017.05.007
https://doi.org/10.3760/cma.j.issn.1008-6315.2018.06.004
https://doi.org/10.3760/cma.j.issn.1007-3418.2017.06.008

11 REASCEE: IR 1 22 BN B U 53 20 I (9 A R AR G 1667

gene expression responses to genotoxic stress in PAC2 oAk, kil S bR g [J]. EYEY LIRS
zebrafish embryonic cell line [J]. Journal of Applied Toxi- R, 2016, 20(3): 328-333.]
cology, 2015(35): 1381-1389. [20] Tong C. Mitochondrial defects and premature ovarian
[17] Dai Y C, Prithiviraj N, Gan J H, et al. Tissue extract frac- failure [J]. Journal of Shandong University (Health Sci-
tions from starfsh undergoing regeneration promote ences), 2018, 56(4): 23-27. [{&HA. Lekifh g 5 op 5
wound healing and lower jaw blastema regeneration of % [J] R KRR (EE AR, 2018, 56(4): 23-27.]
zebrafsh [J]. Scientific Reports, 2016(6): 38693. [21] Youle R J, van der blieck A M. Mitochondrial fission, fu-
[18] Hong Q T, Song Y T, Tang Y P, et al. Determination and sion, and stress [J]. Science, 2012, 337(6098): 1062-1065.
application of leakage rate of lactate dehydrogenase in the [22] Saftig P, Klumperman J. Lysosome biogenesis and lyso-
cultured medium of cells [J]. Chinese Journal of Cell Bio- somal membrane protein: trafficking meets funtion [J].
logy, 2004, 26(1): 4. [HEIR¥E, K&, HE—I, &, 4L Nature Reviews Molecular Cell Biology, 2009, 10(9):
B R UL P S U L AR A Ll e S LRI AT (). 4 623-635.
fAE2E 2R E, 2004, 26(1): 4.] [23] Wong Y C, Kim S, Peng W, et al. Regulation and func-
[19] Pan L L, Pan D, Lei K L. Advances of mitochondrion and tion of mitochondria-lysosomal membrane contact sites in
mitochondrial diseases [J]. Biomedical Engineering and cellular homeostasis [J]. Trends in Cell Biology, 2019,
Clinical Medicine, 2016, 20(3): 328-333. [{& &7, Wik, 29(6): 500-513.

COVALENT MODIFICATIONS OF ENOLASE 1 POLYPEPTIDE CHANGE CELL
GROWTH AND METABOLISM PROFILE

SONG Xue-Wen', LI Wen-Ling', ZHU Li-Wen’, PRITHIVIRAJ Nagarajan’, WANG Jun’ and YAN Ji-Zhou"’

(1. Institute of Marine Biosystem and Neurosciences, Shanghai Ocean University, Shanghai 201306, China; 2. National
Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai 201306, China)

Abstract: Enolase 1 (ENOL1) is a rate limiting enzyme of glycolysis, and participates in a variety of physiological and
pathological processes according to its cell localization. In this study, zebrafish embryonic fibroblasts (PAC2 cell line)
were used to study biochemical functions of ENO1 polypeptide and its covalent modifications. At first, methylated,
acetylated, phosphorylated and unmodified enol peptides were artificially synthesized, and separately transduced into
PAC2 cells. Then the treated cells were collected and examined by using CCK-8 assay, intracellular and extracellular
lactate dehydrogenase (LDH) assay, mitochondrial and lysosomal integrity detection kits, as well as quantitative PCR
Array. The results showed that the four polypeptides differentially changes cell proliferation, morphology of lysosomes
and mitochondria, and glucose metabolic pathways. Furthermore, RNA-sequencing were conducted for the cells treated
by acetylated Enol polypeptide and vehicle control Transcriptomal analysis indicated that acetylation modified Enol
polypeptide significantly changed metabolism profile of sugar, lipid and protein, and is closely associated with carcino-
genesis, viral infection and cardiomyopathy. These results suggest that multifaceted functional diversity of Enolase 1
may result from its various post-translational modifications.

Key words: Polypeptide; Post-translational modification; Cell growth; Metabolism pathway; Enolase 1(ENOT1)
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