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Abstract: Tumor is a metabolic disease. The effect of oncogene expression on the metabolism of cancer cells is one of the
hotspots in cancer research. In this study, *H NMR-based metabonomics analysis was used to explore the metabolic
characteristics of glioma cell lines with low expression of SIRT7, and to identify the characteristic metabolites and metabolic
pathways related to the expression of SIRT7. The results showed that there were significant differences in metabolic profiles
between the SIRT7 low expression group and the control group, and 22 aqueous metabolites were found to vary significantly.
Compared with the control group, the concentration of 12 metabolites including lactate, glycine, and glutamate, and so on,
increased in SIRT7 low expression glioma cell lines, while the concentration of 10 metabolites such as valine, leucine, lysine,
et al. decreased. Pathway enrichment analysis indicated that the metabolic pathways of aminoacyl-tRNA biosynthesis, tyrosine
metabolism, and so on, were closely related to the low expression of SIRT7. The results provide a theoretical basis for further
mechanism elucidation of SIRT7 regulating glioma cell metabolism.
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Sirtuin7 (SIRT7) J& T4 L OB RIE, & —PhOme e I 1R (NAD+) HsiPE 1) &
FELRST IO 22 QBEREMED. SIRTT SRR T4 17 Stk K 25 X 347 (17925.3) , Jigitd 15
SERLT M. WF5T ], SIRT7 8 A al LLEXL I 5 80 7 4L (A H3K18 2 AWk, S 541
LREFIRERE, IS RNA Bsg 580, MITEERET:, LA DNA s 5™, sk, SIRT7
EAWATLL S EEA, W p53 (K382dIAC) PG HAEH], W T 512 LA B, i f
WKL SIRT7 E KR T AT 5 WA RS BRE I LAAL, 38 LA 25 KNG 070 A (O 22 % B kA 1 7%
s I T BE, AT ZE 40 57 8 AR A5 A B R e R A TSR . BRI AR, H AT LAIE
S SIRT7 JEDA (05 3K 5 Do A 1505 « WD 0 LA B 22 Tl g £ 24 % FB s A P8 s s,
SIRT7 PRl 25 AL R R (1) 431 ML 5 AR 58 4% ] B . A2 JMgg it o0, R 22 it 5 & I SIRT7
BRI R AR E . AR B FURESEMR A2, SIRT7 BRI R I e 5 H Ris,  HixM
W I IR A P R B4 e A RO e R T gt e, BT e B LE AL SR B, SIRTT
FEKAAE RN 2R (R 2k W R, [RJiRE, AR SIRT7 il 2652k ] LA b 25 00k e o Jeg &0 o Fi) 44 g 452 2%
AE 7. HHUET] CAHEN SIRT7 FEPAAR v] fE 2 A SR e e ek A v i S B N 2 — . R ek i
PHBE A bR 4 B AR AR () 2028, A IR AR e A B . i ELEH T, SIRT7 JE R e o Jea 41 Al
AR 1 5 e S A AL 8 A WAH R IE

AL SIRT7 JE PRI Re 58 % 2 34 A TR 4B kR o BF9e e %, R RESE R A ("H NMR) X
AN ORI 7K B A O AT AT L 2 0 M, R TOR A0 e T 55 SIRT7 S5 R 3 08 AH S R R iE PR AR
AT B, B PRI SIRT7 S R 228 A8 A0 0T J5 5 I8 240 I S5 Pk AR 1k S AR AR 1E 1 s . RS &5
TN DAy (o] O S e v s R A0 AR SRR AIE SR 1) 43 LR R A R R S A

1.1 {HREIES

AU A R shRNA T HH AR Yo E e s 40 s & U251, kA3 T ReRRIA SIRT7 FEH 1
YL sShRNA-SIRT7 JFoki (4 B Rk Sh7 FlIE R IA SIRT7 J& A 55 Y5t [ e 51 il 40 ffu ik ShC, P A
N RR I A PR AT s RANE NG, T 10%I003% () DMEM 52 4R35 973k, #F 37 ‘C LA M 5% CO, 1
FEAENIEATER SR ARSI 1~2 RIATHO: 940 I & FEIA 21 80%INT,  1JEAT 41 ML AX.

12 EHR%EENE (Western blot) #&MZARES SIRT7 EAFRIX

Western blot #:U4 F iHT4K T CST A a]. 4l fukk Sh7 A1 ShC EERhE 6 LI, 157F 48 h, %
P9 2 40 M S B A IR ETR (BCA) EME SR IR s WIRPEEA > I HL 20 pg MR AT+ 4k
LR R AN - SR IS L R Bt fi bk (SDS-PAGE) , JFHI sk 22 Kk ik (ECL) W52l SIRT7 1A
Pk, Al practin AN NS,

13 FEHF-BEMmERN (RT-PCR) M4 SIRTTMRNA Rik

TRIzol iR 7 & A cDNA 54 S iR ) & T 5 A A4 /8 ) (Takara) . Sh7 Fil ShC /M 4E 6 LR,
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K% 48 h, KA TRIzol 57 & #2140 M L RNA JEI8 5258 %) cDNA. SIRT7 JE K L35 514
524:5°-CAG GGA GTA CGT GCG GGT GT-3’, i #7410 5°-TCGGTCGCCGCTTCCCAGTT-3;
W2 K GAPDH (1) Ef 5 M%)k 5-AGCCACATCGCTCAGACAC-3"; Fif 5|y 5k
5’-GCCCAATACGACCAAATCC-3". sKH>RH] SYBR Green vAHEAT 90 E & PCR §714.

1.4 3-(45-—FAEIEW-2)-5-B-FERAEER)-2-G-HEER)-2 S- TR (MTS) &N EMEILEHE

MTS X7t T Promega A v, Sh7 HI ShC #5796 LA (BEfL¥EF 4 000 N4ifiL) . RKr4i i
MRS R) EE A O h, A SIAEBM S 24 hy 48 hy 72 h = ANINFA] SR I 40 i iy BG 5 68 . 1 B Rh
A AN 96 FLB I 20 uL MTS 5, 1€ 37 CHIFRAHARLEREIE 4 h 5, ££ 490 nm P K F il &
FEAFE SO AL L, 1 b 4 W 40 B 335 5 1 A s

15 JKAMMAEZE LRSI &

Sh7 F1 ShC 434 T 10 cm 5101, RAMMPEAR R E 6 M FATHE. IR AIEL
9096 2N, ) P TR S A A M A IO, R B R R B IR, AR SR I
A2 mL & HEE (=20 “C) X4 MudbAT K%, R 4 Rk 4 i ) B 15 S 0L, 4 40 B P e o e
B3 15 mL E05, JEIA 2 mL &5 1.95 mL fIFB4lK. W% 5 min, §E 15 min; fEHGH
14 000 rpm. 4°CAAF T, B0 30 min, W EEEAR, JFHZMART, SHINA 500 pL D,O H1 50 pL
D,O Bl i+ 0.1% 2,2,3,3-d(4)-3-( = H AL RERL) N R (TSP) MW #h 22 vh i (1.5 mol/L
K,HPO4/NaH,PO,, pH=7.4) , REIAIJG4EH:4 14 000 rpm. 4 ‘C4F FEL 15 min. BB L
500 puL JIAE] 5 mm 1) NMR FE S8t , TR 801

1.6 NMR 1%

'H NMR i 81 7£ Bruker Avancelll 600 MHz NMR i {% |- K4, S2itii i 2 298 K, % ik
MWF50h [(RD)-90°-t1-90°-7,-90°-ACQ] (=K H Bruker Biospin pulse program library) : t;=6.6 ps,
=120 ms, JKUEEHI{EERI ] (RD=3's) AT, RE S (TD) K 32k, %5 (SW) 24 10 kHz,
ZhNRE (NS) K 256 ¥, 45K Ik%E (DS) Jy 16 ¥k. 141 Topspin 2.1 (Bruker Biospin) b ¥ i
B, H RN 2 (FID) 5 5 fE B A8 4k 2 J g AT ¥R 40 i R b 3, 2698 1 (Ib) 28 0.3 Hz.

1.7 HEESH

SNAEHETE . B e AR I (e bR vE 2 (meantSD) KoR, FF4# il GraphPad Prism5 %
PR A B AR S BRI BT AL R ZE -2 20 T, p<0.05 KR H G242 57

{# JT] MestReNova 6.5 ( Mestrelab Research S.L, Spain) %} NMR % & 347 T3 A A7 L1 1F
FFLLTSP Ehr (640.000 J&, BEAT/BAY. B X380k 64 0.2~9.5, JKIEX L (644.5~5.2) ikl
Bk LAY B3 K O 5 N 6 il 2 A o TR s, BRAR TRIR R 1.8 Hz. SR R HEAE—4k 7 048 8] X 46
B, R SIMCA-P12" %%} (Umetrics Inc., Umea, Sweden) % X %H[EHE4T 248 |00, EHiT%
AN Z AT, KHWERHS (Pareto Scaling) o Bl sS4 T4 i 5. FRAEMEAC I 53k 1R
M7 BT B 08 (PCA)Y 125 A1 9 41 22 1) (R A i A o 5 A7 e 0 i
5 AR AT MBI R SN 3R 43 HT (PLS-DA) HE—BI6AIE PCA &5 il Sk, JFilad
7 AR AE H B E (7-fold cross validation) FEHHEFIEGUE (RPT) 77 iLK U PLS-DA BRI A]
VR, 2R IEAS AN 3 HT (OPLS-DA) HEATHRAETEAR & (bin) HFiL. TRt hriE -2
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W 25— T 3= Bl 4> (Predictive component) {78 & ACE | L H P (VIP) HFMHXRE (. H
hSEEGRE SR 12, FTRAE S PE p=0.05 A1 p=0.01 B IAH G RECBE ML X{H N 0532 Fl
0.661. X VIP>1 Fl|r|>0.532 5% 0.661 A H#EAT A4, Mk H X Sh7 F1 ShC W4 2 745 oa ik 1 FF1iE
PEACH . A SR ChenomxNmrSuite % (Chenomx Inc., Edmonton, Canada) , 45&IRATTIRE
21 TR F M SCHR BRI K. HMDB %0# i (http://www.hmdb.ca/) SHEEAE AR SHIREAT(5 5 A Rl
AL AU % 2 AR I3k IR 2% 2% MetaboAnalyst Chttps://www.metaboanalyst.ca/MetaboAnalyst/faces/
home.xhtml) #E47.

2 #REITE
2.1 BRREMBatk SIRT7 EERFRIAK T S5EIERE HEN

BATE S T Sh7 Al ShC BRI ok o SIRT7 FEPHIAE 8 (AT mRNA KV (IREE B, I
HeAUEFR 24 hy 48 hy 72 0 BFRLIN T PR AN AR A RE S Wl 1 PToR, shRNA-SIRT7 Bk 4 nl
DL 25 AR R 41 e b SIRT7 EE BRI 76 8 [ 1(a)]F1 mRNA K& 1(b)] 26k 8. MTS 54 52
B[ ()4 RUESE, SIRT7 kPRI A IA (5 TR 40 bk A B4 BB RE 0 99 T-0) IR = 4%4C08E 9% 48 h
IF, PR AN IR BB e ) CAFE R Gt 72 ¢ (p<0.05) . DAL, AR¥E4A0 A KRr i, R 2RAR
T 2 5200 3 B AR 1 97 48 h (40 R RE B BEAT 20 47

@ (b) ©

<
Z 15, 3
c -e-ShC *
E —_ o | =sh71
Shc Sh7-1  Sh7-2 @ 1 04 =2 2{ =-sh7=2 .
n >
D e — oS o 3
i [a)
i>-’0'5- *k O 14
| ma— — -3Clin €
% 0 ! 0 T T T
2 shc Sh7-1 Sh7-2 0 24 48 72
Time/h

1 Sh7 Al ShC PiFh4il o bk o SIRT7 FE BRI AE 3 (1A mRNA 7K (1 2348 0, LA 95 BE 77 9 LA (a) Western blot #:31] SIRT7
FEARIEAKT: (b)) RT-PCR 1l SIRT7TMRNA £IE/K - (c) MTS S I 41 i 84 5 fit

Fig. 1 Comparison of SIRT7 protein expression level, SIRT7TmRNA expression level and cell proliferation between Sh7 and ShC
cell lines. (a) Western blot analysis of SIRT7 protein expression level; (b) RT-PCR analysis of SIRTTmRNA expression level; (c)
MTS analysis of cell proliferation

2.2 SIRT7 EFE{RFRIXR BB A Rtk aI K IBIR X 4 4f

T B SIRT7 SRR IA A2 75 5 RS e e 4 M AR e, FRAT IR AR AR 97 48 h (P EKIA SIRT7
JEIR4L (Sh7) XA (ShC) (4 Hu AR W A BOR HEAT TH NMR % BUREE 50007, SRAGI% R (B
MR S1) Ja, FATE AT MBI PCA 0. i PCA 543 (] 2) w41, Sh7 4 shC
MR AR B AR B 2 5. 8 PCA 02 G, sk & (1) PLS-DA i — LIl PCA 45
FR AT SEE. 1 PLS-DA #5343 B[ 3()1nT %0, 76 LSS — 32 s FH A — F e st i % ] (tplitp2)
L, Sh7 FI ShC v DAL UF X 43, 1M HL RPT 45 [1&] 3(b)]ZR ] — /RN A L &%, Af
AR (A TR GE 7 . DA g5 5308, 5 ShC I ZLAH L, Sh7 40 B dk AR A =k 4 7 11 AR 4k
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Fig. 2 PCA scores plot of aqueous metabolites extraction from Sh7 and ShC cell lines
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Fig. 3 The PLS-DA results of aqueous extracts from Sh7 and ShC cell lines. (a) The PLS-DA scores plot, LDA represents linear
discriminant analysis; (b) Response permutation test

2.3 SIRT7 ERE{R ik FUE A AR £ 08 A AE TR 2 4

BAr1dt— Dt OPLS-DA #3705 3ArEl (I 4>, XFIX 4y P9 2140 M A RIS =0 sk (1 4 1E
f&*ﬁlﬁﬂ%lﬁﬁT e, LRI 22 NMRAETEREY (3R 1 . 2P DX SR AR PR AU 7 & AR
A — A0S IR AR A HAR R BEREAT ¢ 5000, 4 R S8 B — 30 S AL,
SIRT7 & PRI 20 fe JooJed 4 B ik v 75 S8 AR 03 12 Fh: TR R (butyrate) . FLEZ (lactate) .
MM (alanine) . A% (glutamate) . A& B (glutamine) . 2B H ik (glutathione) . AL
(creatine) . TEMRLER (creatine phosphate) . ZFifIR (taurine) . HZ R (glycine) . JRPEMf%Z
WRZTTR (AMP) | ZESHZRIRE: (fumarate) ; FEFHEHARIIYIA 10 Fr: 4R (valine) .

2 (leucine) | 552 1R Cisoleucine) « HiZA &2 (lysine,) « L1/l (acetamide) K 4% E&(aspartate)
BERIEGL (PC) B2 (tyrosine) . ARNZIR (phenylalanine) FIHRELE (formate) .
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Fig. 4 The OPLS-DA scores plot (left) and the coefficients-coded loadings plot (right) of aqueous metabolites extraction from Sh7
and ShC cell lines. LDA (left) represents linear discriminant analysis. The red color (right) indicates that the variables are very
significant (|r|>0.661 and VIP>1); orange color indicates that the variables are significant (0.532<|r|<0.661 and VIP>1); blue color
indicates that the variables are insignificant (NS)

R1 BEEREBVRAXER

Table 1 Characteristic metabolites information

No. Metabolites Sn (multiplicity) |r] VIP
1 butyrate 0.90(t), 1.50(m), 2.10(t) 0.587 1.280
2 lactate 1.33(d), 4.11(q) 0.731 1.258
3 alanine 1.47(d), 3.78(q) 0.578 1.472
4 glutamate 2.08(m), 2.12(m), 2.34(m), 2.37(m), 3.75(m) 0.905 1.854
5 glutamine 2.13(m), 2.45(m), 3.77(t) 0.892 1.832
6 glutathione 2.15(m), 2.54(m), 2.97(dd), 3.78(m), 4.20(q) 0.984 2.584
7 creatine 3.04(s), 3.93(s) 0.942 1.248
8 creatine phosphate 3.05(s), 4.05(s) 0.982 1.109
9 taurine 3.27(t), 3.43(t) 0.964 2.163
10 glycine 3.57(s) 0.632 1.726
11 AMP 6.10(d), 8.58(s) 0.877 1.287
12 fumarate 8.46(s) 0.759 1.297
13 valine 2.26(m), 3.60(d) 0.966 1.156
14 leucine 0.96(d), 0.97(d), 1.69(m), 1.70(m), 1.73(m), 3.73(m) 0.964 1.688
15 isoleucine 0.94(t), 1.01(d), 1.21(m), 1.42(m), 2.00(m), 3.67(d) 0.980 1.208
16 lysine 1.43(m), 1.49(m), 1.70(m) 0.910 1.060
17 acetamide 2.01(s) 0.975 1.022
18 aspartate 2.68(dd), 2.81(dd), 3.90(dd) 0.740 1.518
19 phosphocholine (PC) 3.22(s), 3.60(t), 4.18(m) 0.705 1.243
20 tyrosine 3.05(dd), 3.19(dd), 6.92(d), 7.19(d) 0.957 1.739
21 phenylalanine 3.12(dd), 3.30(dd), 3.99(dd), 7.33(d), 7.37(t), 7.43(t) 0.962 1.210
22 formate 8.46(s) 0.759 1.024
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XL 5 SIRT7 R I IAAH G I RFAE PR A A P A 1R 22 42 TR 19 Jise g 206 1k 3R AR AR DG 1 e s
PEAC . A7 SCERT MR, R R TR 4 P P LR o T I L A P e R v AR R e A B0
ToAEJIAN G, SIRT7 JE PRI 2 30 e S8 4 o (¥ 89 A 422 2 e ok Y, e e AR A8 Ak B T R4 K
TR G N, AL A AT AE FAESE TIX—HEM. Dhah, e R R e e A e P A R
B RARAR 1T RS 5 JLHUR TR D et s A e SIRT7 JE DRI 3 32 102 J5 08 41 it v 1) 2 1k 1 7
Bn. HEM SIRT7 K5 KR AL ] B8 23 5% 0 41 i 4200 B S0 T i 470 38 171 35 v Jg i 89 &40 i 110 8 5 422 28
BEJ). LR AN e mAr i AR B E b 4. SLIR AR R AR ORI 19 n, 78 A =AU
I IAEAEG . e o P I R A e b LR 5 1 S IR 35, T SIRT7 i DRG0 3K Jise Jo e 4 i v JULIR
SN, XRATEES FLRE AR AR AT 0G4 b, IR SIRTT K DR R 2 00 it e Jo 90 4 Mt 144 5
MG 2SR PRI RISt Al 753 b 76 40 L Py — S0 P A A DG (R AR ) 2 B R AR g
24 REHEEEESH

B — 3 BT BE R0 AR A9 B 1R o, AR M A T S AN B A AR A R IE 1 AR AL . A T S G HUE 5
SIRT7 i PRI 2 a2 fisd o 98 400 M PR ARG AR i (9 A 30, BRAVT R P I il i 55 4 b R 48 2B 2 B 3 A2
MetaboAnalyst T T 3575 1) 41 i 7K ¥ 0 46 HO mh A A SR AT 3 45 IV B 4 20 A 011, 4 S
Kl 5 .
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Fig. 5 Pathway enrichment analysis

T SRR AE A R B AT, FRATT R B SIRT7 J5 DRI 26 58 o) 152 5 9d 41 e A C 3 F S i 4 o £
ZE-tRNA YA BEE R R AR Z R . RN EIRICH . SO R SEMR B gAY
SR F. Hob SIRT7 FEMK R IA 5 & BE-tRNA A4 & AU 4% AT S I8 ST 9 2% R B
2 S1) B A5 SCHRVYRIE , SIRT7 JE 08 58 0 T4, SIRT7 JE R 3 /K7 5 ok & i B B0 AH 6. 1
AR JE FAZ RS AR (1) A e 1 2 1 BRI B PR . R 1 O R e R v R R 1 Ak S IS AN T
-tRNA FIFEH . BEAh, g Az A OEZBEAARVE I iY 3= 2835 P, 02 I 0 40 e N s S 2 . 5
Ab, W E ST R SIRT7 & PRI R A X 22 Pl S IR AR 1) 30 B 04T W 35 52, X Pl AR T g 5
SIRT7 & F 102 BB IE YA . RSB m], SIRT7 LR 254 T LU 15 40 0 P S5 ) v 38 2%
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R RE B ACUE . BIFFUE KB SIRTT 3 1 ) R X Z AL bR it i 55 5~ GABPBL, 5EMA JLHE s 1,
PR AN N RE R AT . TR SIRT7 3t DRI R G2 SR 4 AR AT RR A (1 20 AT, JRAT T A BUAR I 2L 2% 73
Pras Rty SIRT7 FE D REWF 7348 REAWAER — B0k, 4 73— i B SIRT7 I8N K5 4i AR
WA FERLR], i SBT3 T e O A A O e PO AN LA A i O i 60 A 25 AH G T A=

3 #ig

FATF AL T NMR A2 22 0775 70 8 7 SIRTT kIR 11 T 4l RO RR (R AR AE , R
T 22 P 5L SIRT7 RARATAHSCHE MR AE AR, JErP AR SLIR . /P BRI A I R s 1 e Y
R AbR S VEACSY . AR 27 20 45 2R B 7 50 40 B P e B A SIRT7 2B AR T fig Al i 42
BE-tRNA BV Sl B PR 2R AN RN E RIS . SORE = IR IR A A %
AR 30 S DT S5 W0 JU R A P O M L L AR AR AR B . BSR4 A ik — 2 b W R[] SIRT7
R TR AR A ) A PR3 01t 1 PRI KA

S 30k
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