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2. BRI S At B, i 201306

WE: IR CIRNG T (Siniperca chuatsi thabdovirus, SCRV) & | 18 58 5 45 & Bk e 38 B MR i (reductive glutamine
metabolism, RGM)i&# A EAEF R, LAKIK 4L R (Chinese perch brain cells, CPB) I FHK R, R SLHT 90
SERE PCR ARG 5 2542 DLEOR RGM 3872 B mRNA kK P L, JEil a8 (1 o BNk 7 460 RGM 4
P KR 1 Fh K2R b 5 RR I, MR FR IR R AT SCRV 45 DUBEAR T 99.5%, %I 4 219k i S
SCRV H§F7H it 57 1 SCRV J&H: i CPB 4}l RGM ¥R #2 R R A, FHrh RATE R I 2 BF 2(isocitrate dehy-
drogenase 2, IDH2) L iEf%km AR, £ SCRV Bt LMl T 40l RGM & 12 h SCHE R L R iy 3Rk, [mlAs, 400 4 e
RGM &A% Gl ) 7635 30 SCRV Ji 3/~ it % NI, R RGM &2 AT SCRV & il 35 #F— 25wl b 4n iy
IDH2 SEP 3R 01 0] SCRV N K 1363k, Wit 2k 41 IDH2 JLP v 8 25 {2 3k SCRV N & 141k, # M IDH2
TER RS FE B SR . 25 B TR, SCRV JERYL Al 445 CPB 41 id RGM i ¢ Ll /2 H 1 B350, A5 R AT Ky [
I 3 5 PR 2595 S0 AL 1 AN B0 9 9 SR B A 1 JEL B

KR URINANI R, RO RE; A @ BENGE A R A

FESES: S941 CHERARERD: A

W% (Siniperca chuatsi) 2 E # EZIR K L4 F7
T A0, BEE R AU R IR 58 % i B
Ho 5 () A A ™, PR SRR B (Siniperca
chuatsi rhabdovirus, SCRV)+e&=FE5 B 1Y) 8 Z ik )R,
HEBER L 80%~100%", % —KA
BRI R RNA R EE, SRR/ 11~16 kb,
Iggih 5 ANEH, 88 & H (nocleoprotein,
N). ®i#4k 25 1 (phosphoprotein, P). & Jii &
(matrix protein, M). ## & H (glycoprotein, G)Fl
RNA K1) RNA B4 H (polymerase, L)1,
H SCRV 51 ) SUIR S5 150 43 4F 40 v [ 0 7 7
R E TR, BT SCRV 515 AU AH

ks BEA: 2019-02-28; 1&3T HEA: 2019-04-08.

NXEHS: 1005-8737-(2019)05-0993—-11

HAER, A O L 20 i B IR B
Mo TR M N A AR, DR TE &
MM R LLE R A SR GG, I, e T
W S AR CRE Y, OfF — RS
F= 20 e A Y i, 0 BE 2R A AE S B (white
spot syndrome virus, WSSV)P*! P T 4 55 3
(hepatitis C virus, HCV)P! | A 2 %0 38 B 54 05 25
(humanimmunodefciency virus, HIV)!® | A E 4f i
J5i 7% (human cytomegalovirus, HCM V)1 < 74
IRl 984 #H 5% 9 92 9K 7% (Kaposi’s sarcoma associated
herpesvirus, KSHV)"!| % #5757 (Dengue virus)!'"
4. AWM (glutamine, Gln)JEAN & BEHRFE

BEEWHE: HFEARBI ARSI H (31872589); ) A4 ais S Aol r= b & B £ W (B4 (2017117 5); | HREIEHELF &
R IUGE 43 (Mg 22 0 & e 7% )(GDME-20181007); ™ JH T BR VLR #7 £ 35 H (201710010087).
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AR TR AR, ATt ATP FAEY) K o1l
Pz Br g U120, R e g3 20 B b 2 2 I T A
N — P Z ) EIANRY), BEA TCA §3F T ATP
R 77 A A W) R o 1 AR i e A i bR
B fi g 2 e A e e T 3 e P I T
fift iR AR AN A R AR (reductive  glutamine
metabolism, RGM)id 721 1 [ 88 2 ffd Bk 4 5 oy
. L RGM 4% & 45 0 i B i /R U, 2 b
20 Hf AE B AR S P B R AR D RR R G I, 5 4
T RGM IBARATA RFT IR B b il S L il A F
FIRE A ™ 2, 5 g A e AL, — e 7 44 i
AR 73 R AT, B A i 4 B 1
K EE Bl Wy B 14 58 A R AR SRR, A 14 gy
P4 9B PR BE 5% B (infectious spleen and kidney ne-
crosis virus, ISKNV)m]\ 1, {8 550BR 95 7 (snakehead
fish vesiculovirus, SHVV)*¥ 17 B 1 il 28 IR LS5
7% (red-spotted grouper nervous necrosis virus,
RCNNV)P % {H 75 2 J9k i o Al 4 ik 722 77
TR GH A B R FEAE I, R R A Ak RGM
AR5 P TG FE 1 O R AT R WLARGE

7RI RGM BARTE SCRV K i34 5 Hh i)
YER, ABF5E N B SCRV 45 52 W)
SCRV B X RGM 344 Gl i L) K el 422
RGM & X% SCRV 351 1Y 5% Wi 55 7 T AR 1 T
RGM 427k SCRV 5 BIME I, B SCRV
PR A T A0 B A =R A QY AL ) B8 Sehi,
A S T B 5 5 R B s EOR AL S BT R IR T R
A AT 1) S

1 #MHEFE

11w

5 Ji%i 1 fifd 25 (Chinese perch brain cell, CPB)Hi
AR S 3 g ST TR B, 6% SRR 5 B (Siniperca
chuatsi rhabdovirus, SCRV)H 48 525 % 43 B A 4R
7, 8% IDH2 FENTHLEAR | IDH2 BN S 0k 5
IR A SR S E  L-15 8597 5L . DMEM B 573t |
JEREE I . LT . BT . PBS Al Hank’s W
H Gibco 2wl 4% 24 Mt M B 41 1 57 [bis-2-(5-
phenylacetamido-1,3,4-thiadiazol-2-yl)ethyl sulfide,

BPTES] . # & & 4 il 7 [(-)-epigallocatechinmo
nogallate, EGCG]. CWtHHiE A BRALHEHN S [5-
(tetradecyloxy)-2-furoic acid, TOFA RIS iy iR & it
1 #l 57 (4-methylene-2-octyl-5-oxotetrahydrofuran-
3-carboxylic acid, C75)¥JIlg H Sigma 2y d]; ZHjE
DNA #2HULH & 3 Magen A F]; 58 DNA/
RNA 2 B0 &0 B At AR A LR A R A
A); PCR #l qPCR W5 W AI4RET I A 4 TAY) T
(B AR F]; Trizol, & 5. FNEE.
W B T4 2] 5xAll-In-One RT Mas-
terMix 137 & . Abm OneScript cDNA synthesis Kit
(with AccuRT Genomic DNA Removal Kit)if7| &
W H Abm A w]; FEEATUER . HIKZMR . &H
IR v B Life 23\ AR Wk I 13 2 B
Sk i) A BRA ] bt GLS. GDH. IDHI .
IDH2 #1 ACLY DL K FR$T B-actin Z FEREHTIAN H
Proteintech 23 #); SCRV N & H i fpfE gl T 2
B bR B 5 AR E e (HRP)FRICHY —
U H KPL /A Al DAB ik 4 H b KR A= 1k
BHEA R AT,

1.2 XWHE

1.2.1 ZHREFMFESEM  CPB IS 10%
MY L-15 Ji 4L, BT 28°C .G CO, Hi A
Figt. B T25 KRRt CPB 40 MU {5 e 2
12 LMk, T 12 FLAR TP 40 B 22 90% A4, 4l
£ 10%BHT ML ) DMEM 55383, BT 28CH
5% CO, ¥EFRAATTIG TR il i, Fidadhandk, &ALn
A 0.3 mL Ji§ DMEM #3546 B 1) SCRV JH 75
(MOI=1), Xf B4 fin A 0.3 mL A58 KW
DMEM }iFi 3k, BT 28°CH 5% CO, 553554 s
A2 ho RJE, FEWEWRGEMW, B0 1 mL
£ 5%3% HT LT B9 DMEM 15 57 48, & T 28°C & 5%
CO, B R %, BRI E 3 N EE,
1.2.2 RNAREEE#E¥F CPB4iffi4ft SCRV
J5, AP PITEIEYE 4 h R 12 h YOS 4 R IR 4
FEA (D E SCRYV g #E38 FH I 4B 43 31 H 2 h (4 h,
6h,8h, 10h, 12h, 14h, 16 h 1 18 h /),
MEMIE 3 MEE . ¥ 3 MRS LEERRS
5], [ TIANGEN TIANamp Genomic RNA
Kit 57 &5 RNA /B4 E3E s RNA & &
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FESh; FEMRTFRIE, A PBSPE2 Wk, FHH® JTHIHL
3 AEILANNE, I Trizol BHEHUANME N A RNA
YE ML ETE RNA SE A . $20 RNA 5, filf
JH Abm OneScript cDNA synthesis Kit (with Ac-
cuRT Genomic DNA Removal Kit)i 5] & 17 5%
&, BAFERH 1 pg RNA #H7 R 5.

1.2.3 SLHFEEEE PCR 87 SCRV fREE# I
5B SCRV YL 4 h il 12 h SEH 2 Rt R4
cDNA F i (W32 SCRV ik 1515 78 T 27351 B 2 h
4h.6h.8h.10h,12h, 14h, 16 h #1 18 h cDNA
FEf) o SR Vazyme #EHEIH &I E SCRV i
BEPE DB, YOt R PCR G MAREF LR 1, )
MAKZ U T : 2xAceQ qPCR Probe Master Mix
10.0 pL, Primer F (10 pmol/L) 0.4 pL, Primer R
(10 pmol/L) 0.4 uL, TagMan Probe (10 pmol/L)
0.2 uL, Rox Reference Dye II 0.4 uL, #iflz cDNA
2 uL, dd H,O #MFE % 20 pL. W& H: 95°C
5 min, 1 PMEH; 95C 105, 60°C 30 s, 40 PMEH

*1 ZMREAFEANEE PCR 5|49

Tab.1 The primers of RT-qPCR used in this study
SRR A R RIS

primer name gene name sequence (5'-3")
SCRV-F SCRV-V87 GGCCGTCATGGTGGCGAAT
SCRV-R GGATAAGTGGCCTGAGCTTC
SCRV-Probe AGAACTGCCTTGACTTCGGCTCC
q-18s-F 188 RNA CATTCGTATTGTGCCGCTAGA
g-18s-R CAAATGCTTTCGCTTTGGTC
¢-GLS-F  glutami- TCCTGCGGCATGTACGACTTCT
g-GLS-R ~ %%¢ CCAGCTTGTCCAGTGGAGGTGA
q-GDH-F glutamate  AGGTCCGTCACTATGCCGATGC
q-GDH-R gﬁﬂzg‘;"' AGATCCTCCACCAGCTTGTCCTC
¢-IDHI-F  isocitrate  TTGTTGGCGTGTACGTCATCTCC
g-IDHI-R ggﬂzjgj’ AGGCCATCATCTGCAAGAACATCC
g-IDH2-F  isocitrate  GTCATCAGTGTGGTCACGGTACG
q-IDH2-R gjﬁzg‘;;’ TGGAGATGGACGGAGACGAGATG
g-ACLY-F  ATPcitratt GCTAAGCCACTGGACACTGAGTTC
GACLY-R Y& GACTGTGCCGTCTTGGACTGTG
g-SCRV/N-F SCRV-N  ATGAAATCAATCATTGCACTTACGT
4-SCRV/N-R TTAGGGAACAAATTGATACTGCTGC

q-SCRV/M-F SCRV-M  ATGCCTCTGTTTAAGAAGAGCAACA

q-SCRV/M-R TTAATGCCAGCTATGACCAGGGTC
q-SCRV/G-F SCRV-G ATGGAAAACCAAATCATCAAGAG
q-SCRV/G-R TCACAAAGCTTGGTGTTTCAG

1.2.4 SLH%EEE PCRIET RGM 2 RHEXAE
ERRIE  4MH SCRV JEYLJ5 4 h Al 12 h L5
ZURIXTARZL cDNA BEdh, RH] Vazyme Jelehikia)
EME RGM iR CHEIE R Rk, SR 14 2
Pk e it (glutaminase, GLS)., 22 FRAR i (glutamate
dehydrogenase, GDH) ., PRI AU 1(isocitrate
dehydrogenasel, IDH1) . SATE R I Z i 2(isocitrate
dehydrogenase2, IDH2)F1 ATP #7145 IR 24 fift fitf (ATP
citrate lyase, ACLY)%¥ 5 1~ RGM & A8 A el L [A,
PLG% 18S rRNA LR NZ:, & PCR BT HISI
YLZ 1, PCR KW AKRZR AT : 2xChamQ SYBR
gPCR Master MIX (Low ROX Premixed) 10.0 uL,

Primer F (10 pmol/L) 0.4 uL, Primer R (10 pmol/L)
0.4 uL, Template DNA/cDNA 2.0 pL, ddH,0 #M7¢

%20 uL, S &R0 95°C 3 min, 1 MEFF; 95°C
10 s, 56°C 30 s, 72°C 60 s, 40 PMEFR; 95°C 15 s,
60°C 30's,95°C 155, 1 MEFF,

1.2.5 EARENITHRN RGM £RFREXEBEAR
Fix o HIHCSCRV G 4 h A1 12 h SEE0 41
X B CZH A0 AR o, A R A e B i A
RGM & 12 A0 STl 2 11 2R3 o B ST A 1) At LA ot
7 1% PMSF 1) RIPA Z&fi%, F 12%M 5 N 15 BERE
EEWC A TR VK AT 5, T I I ] b -P-R Al — 9 &
IS, ARG 20 K S dt-GLS(1 : 200; proteintech,
12855-1-AP) . %t $t -GDH(1 : 1000; proteintech,
14299-1-AP) . i Pt -IDHI(1 : 1000; proteintech,
12332-1-AP) . & $t -IDH2(1 : 1000; proteintech,
15932-1-AP) . % $i-ACLY(1 : 1000; proteintech,
15421-1-AP). EJi-SCRV N (1 : 500)F1 Bt
-B-actin(1 : 3000; proteintech, 60008-1-Ig)Z ¥ [
Bk 4CWE K, PBST WiREWE —
(1:5000)1 h, fJri1T DAB .,

1.2.6 ZBAREEL K CPB 4004 Fh T 6 fLb, 1%
2N 5% B TR B 70%~80%, 4354 IDH2 JER T4
B IDH2 FEH R IR AR Yy CPB 4ifl, B
RS IR 2 2 PT Jrk

1.2.7 BEMMARIE RANKEN 2 pg/mL I
SRR EE IDH2 e TPk s s e i iy, Ab3
24~48 h, ¥ IEAL, FRANME 2 100%, &
B LR, ARk IDH2 B mRER
ERE YN R, R 1000 ug/mL &6 & &
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526 %

(geneticin, G418)Fiiik IDH2 Ft K ik 318 2k (A e
Yff, AbPE 3~5 d, FRANMEINZE K S B TE AL A,
FEHR R IR 3 FRANBRING B IS, 77 L EVR AN,
FH PBS Uk 2 Wk, HemrfiiIRIk; RRAnMK =
100%, EXE iR LT, HEiikilh IDH2
PR i SRk R S YL A M 2R o O BB AR 7 G 1) 4 g
FH T R
1.3 it

KOs LOF B+ b5 M 22 (Y £SD) &R . R
GraphPad Prime 5 #4712 50 45 4 4% A 41
fii ] SPSS 21.0 Rk 4722 7 b 4% 40 Hr, P<0.05
FOREFRFE, P<0.01 FREFHEE.
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K SEIF 98 6 2 & PCR 5%l %E T SCRV 1E
CPB #Hfu & Ml gh J12, 455K WoR, AN
SCRV &R ZH 48 DB UL IS 2~10 h ¥,
10~12 h WEW/A (K 1A), EifH SCRV R4
P& DVBCAE 2~10 haZ @i in, 10~12 h L35 i ds
DUEL 2080, HEM 10~12 h4b T SCRV 45 —# &
il 38 B 25 oRRI SR e 5 T 1 B 04 T R B B 2z (]
(1 1B), LA 455 SCRV 1 CPB 4ifitg b & il
HaE A 12 h, Forr, 4 h #1112 h 535 J& SCRV 14
B 1 LA ARG A

2.1
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Z’ 2
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ﬁ3§§2000
K g g
H 52 £ 150
KSR E
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Q
i@i&'aé
T8 s00

2 4 6 8§ 10 12 14
JEYLRs} ] /h hour post infection

16 18

SCRV 7£ CPB 4 4 iy & il 3l 712

A. CPB ZH I N 5 5 K 2H 45 DLEKG B BE 7% B3 b ik DR 4 5 D14

Fig. 1

Kinetics of SCRYV replication and multiplication in CPB cells

A. SCRYV genomic RNA copy numbers in CPB cells; B. SCRV genomic RNA copy numbers in medium.

A RBAE A SCRV EEMHE

R SE IR 25 AR I, B A 2 e CPB 4l
JT 3 A S P 2 I Bl A
SCRV #5274 U1 BUAIK 99.5%, TMifE 5E a8 373k vh
TR0 A G2 I e I ) 77 BPTES(10 pmol/L), SCRV
I 7 75 DUBUAAR 69.3%(I81 2A), FHH SCRV & il
W RN ARG . N T HiE SCRV & il B4 1)
WA By B AT Ik e, T S I 5 e v i 2k
A% F Bk e % i B 5 DR B S s e, A5 R WOR, Y
KRS rp R 5 & e, N & A LR SR oKOF 7R
SCRV /&Y 4 h 3% L, 7EYL5 8 h Ml 12 h
B E IR (& 2B); MR 3 R SR OK O AR
SCRV &Y J5 3 A a] 5 488 70 1 (] 20); G HHH
F R 5% K EAE SCRV YL J5 4 h ik 2% IR, 7%
Yuf5 8 h f1 12 h ot E 21k (&l 2D), 45K WIEk
KA ZBERAD T SCRV JiHE M N & 3R % 5

2.2

SRIE, RrEE R rh SR B Z e X SCRV 4514
EHA RN, 2R 0K, YEREPHZ A
MR, SCRV [ N 35 35 T B (& 2E),
Ui SCRV & 1/ & BT B MR A A I 1 2
5, sk BEH], SCRV Hi#E7E CPB 4y
A2 T 4 T T A E N
2.3 SCRV B A RBE RGM iREHRXE
g FE B R ik

KD E 7 PCR EME T SCRV B 5
GLS. GDH. IDHI. IDH2 il ACLY % 5/ RGM
IEARAE SR IE R e SR KO-, 253 R SCRV Jgkje
Yifie)5 4 h, GLS. GDH Fl IDH2 $:HN#Fik B 3¥
V&, T IDHI M1 ACLY JERFRIXTC R EH X R, Ui
SCRV 7E5EH 4 & il b Bt 2L RGM isf2
GLS. GDH M IDH2 1) #iA(&l 3B). SCRV Jg&H
4iffif5 12 h, GLS. GDH. IDHI . IDH2 Fl ACLY
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S é <
N < SCRV/N
g # '€ 400 B SCR_V/N o é 150 1 C OReplete n=3;%+SD
521500 A < E wx  n=3;%£SD % 8 ’
N n=3; X+ SD > © il ’ Ko = -Gln
S ) .2 300 B *k *k *%
%p(E g 5 2 Replete .8 1001 =
2= 100 £E = ok
=& i & 200 A
3 < % *x = K25
mcs 50 *% % glOO — = 2 g
: ANIIERIEEl
g 5 %

S ol = I o e e R o BN A
8 Replete —Gln RepletetBPTES < § = e
la epi%%%/cm?me ﬁfeﬁiim g Bt [A]/h hour post infection % = JBG4B} [E)/h hour post infection

-

<

X % 1500 D SCRV/G

ﬁ & n=3;x+SD
3

e K 3 Replete

Eg g 1000 = —Gln

&8

=% 500

25 u

ES ol — -

5”% E 4 8 12
= JE&Heit[E]/h hour post infection
-

AR FRIK R AR

E —GlIn Replete
£ NEH — _,
Q
] P-actin —
&5 n=3; ¥+ SD
-E %%k
=]

E 1.0 CIReplete
2 ©=-Gln
205

: [ ]
(o]

g 0 .

k| SCRV/N

-

P2 SCRV A2 il 13 5 XoF 43 22 I e 14 TR
A. AFAEFEL] SCRV J§ 7= ht; B-D. A[RILLHIL] SCRV 45440 %K (4 mRNA /KF-2ik; B, M1 [ G s B
J7 R A AL BEAL N 2K 09 8 A R KK P Bactin fE NN S, GFHMEARE 3 MEYHEE.
*P<0.05; **P<0.01). Replete: 32358 & ML —Gln: 3537 Bl 2k 25 S Ik iz
Fig. 2 The requirement of glutamine for efficient SCRV replication
A. The yield of SCRV in different experimental groups. B—D. The expression analysis of SCRV structural protein by
qRT-PCR. E. The expression analysis of SCRV N protein by Western blotting. Actin was used as an internal control.
For each target protein, three parallel samples were pooled as biological replicates. *P<0.05; **P<(0.01. Replete means
the cell culture media with the presence of glutamine. —Gln means the cell culture media with the absence of glutamine.

FERI A W LR, U] SCRV TR BCRENY
Bl L iE RGM iR AH G ZRI8 (& 3B), 2R
Ja A T SCRV &4 )5 GLS ., GDH, IDHI , IDH2
Ml ACLY & HK -5, 4558 B8 SCRV &L
YifiL)5 4 h, GLS. GDH Al IDH2 )ik i & 14
(K 3C)s SCRV /EYL4Hffif5 12 h, GDH. IDH2 #lI
ACLY Mk W% FIH(E 30). £5 LArik, SCRV
YL CPB 210 B e E RGM & 1241 ¢ fif mRNA
KBRS
2.4 A% RGM E R EXEHRIAXT SCRV £ Fl
R A

TEAR S 2 jif AT 92 H 26 B 77 BPTES
M EGCG B FHHE M54 10 pmol/LP,
JE Xt SCRV 45 A B E MEIVER . 52kt
Hgs i GLS % 415 BPTES (10 pmol/L),
ghE L B R SCRV JEYLJG 4 h g A% 74.3%,
YL 12 h B R FEAR 99.5%(K] 4A); EGCG

J& GDH AR, 58473 ain 10 pmol/L
EGCG, %53 /R SCRV IRYLJ5 4 h ji 5/~ m AT
Bom, ARG 12 h JRET K 40.7%(A
4B); FHHMIH RGM #42H GLS 5{ GDH 241
SCRV & 3458, HMFEAL SCRV 5 #E ™ &,
SCRV J&— B aE, 2 F 1 400 6
RATE UL R LA 58 1 A B 1B, TOFA & & Tk
L A R 1L (acetyl-CoA carboxylase, ACC)FJ4F
SEAEIF, C75 ZAEWilR A M (fatty acid synthase,
FAS) 5 S 13001 si i MTS A6 40591 8
0~20 mg/mL TOFA F1 C75 X4 i 1% 1 JC i & 5 il
(Kl 4C, 4D), FESE AR IR 40 JIA N 10 mg/mL
TOFA F1 10 mg/mL C75, %5 %% /= & 4 9 F A
59.3%7F1 22.2%([&l 4E, 4F), B RGM N5
HE UG Rk 2| SCRV B ldgss ., 25 b
FIFiR, 0 RGM 38 % G5 g i 22 35 7T #ll i) SCRV
S HGHH
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ﬁ Lipid sym.hes\is( C75 \
eyes Mal T1IA ® z 1 Mock =3, %+5D
o o o TOA @% 25rB S4hSCRV M3 =
Pyruvate—s AcCoA AcCoi OAA Q_J % 2.0l ** -:2 h-SC"l}V —
® % T Tex T
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Malate \ @ Hﬁ % 1.0
T\ |
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Fumarate il A \/ [BPTES -'I;<' E 0 1 1 1 L
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G ! h H:[H gene
—> RREBHGAFE AR reductive glutamine metabolism
* £ —Mock
C GLS GDH IDH1 IDH2 ACLY 2.0 T T E‘l‘zhifgggv
SCRVMock SCRVMock SCRVMock SCRVMock SCRVMock 15| ax p=3ESD R s
4h T — t_. — g e | _-.,.E’v — — — —

factin — " W v G W e w— — —

12h e . o i ~.'*h-—‘%_.—..—
ractin — et - — — —

o
W

—

TR Rk B AR AEAR

relative expression fold of protein
S

GLS GDH IDHI IDH2 ACLY
FH gene

53 SCRV BYL 2 i 28 2 Ik e a0 Jr A A 3 428 A DG 356 R A S /K S LR K T B 258
A BB JEVEACH T TCA 7R3 R ATk R B IEL; B, 28 2 B e i Bk A 8 42 T OGS mRINA R3k/KF; C. AR Bl Ji
PR AR P OCEE A 8 (1 R A K T Bactin YEA NS, MR EME AR 3 MEYFEE. *P<0.05; **P<0.01).
GLS: B & Bti%NE; GDH: A AN A ME; IDH1: FATERER B S8, ACLY: ATP-FTE IR R MENE; ACC: LBtHiNE A FRILEE; FAS:
He Wi B2 & % ; Glutamine: &% BEA%; Glutamate: A% HR; o-KG: o-fi/% —ER; Citrate: FriEEZ; OAA: HifE L#R; Malate: ¥ R R,
Fumarate: ZE 5] &% 2 ; Succinate: 3511 ; AcCoA: Z 5 A; Pyruvate: Pl B&; Malonyl-CoA:7H . ME4#EF A; Lipid synthesis: 2%
4, BPTES: A& Wil B30 %157, EGCG: 4% W A BEHIHI 7, TOFA: ZBiiiEs A FRALEEA SR, C75: He iR A B4 5,
Mitochondria: £&}i1&; Cytosol: HEJf.

Fig. 3

SCRYV promoted the expression of mRNA and protein of RGM pathway related genes in CPB cells

A. Simplified schematic of reductive glutamine metabolism and the TCA cycle. B. The mRNA and protein levels of RGM pathway
related genes were measured by qRT-PCR. C. The protein levels of RGM pathway related genes were measured by qRT-PCR. f-actin
was used as an internal control. For each target protein protein, three parallel samples were pooled as biological replicates. *P<0.05; **P<0.01.
GLS: glutaminase; GDH: glutamic dehydrogenase; IDH1: Isocitrate dehydrogenase 1; ACLY: ATP-citrate lyase; ACC: acetyl CoA
carboxylase; FAS: fatty acid synthase; a-KG: a- ketoglutarate; OAA: oxaloacetic acid; AcCoA: acetyl CoA; BPTES: glutaminase
inhibitor; EGCG: Dehydrogenase inhibitor; TOFA: ACC inhibitor; C75: fatty acid synthase inhibitor.
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Fig.4 The reduction of SCRYV viral yield by inhibition of RGM pathway

A—B. Effects of two inhibitors of BPTES and EGCG on the production of SCRV virus. C—D. Effects of different concentrations of TOFA and
C75 on the viability of CPB cells within 72 hours. E and F: Effects of two inhibitors of TOFA and C75 on the production of SCRV virus.
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Fig. 5 Inhibition of RGM pathway reduced mRNA and protein expression of viral structural protein
A—C. Effects of four inhibitors of BPTES, EGCG, TOFA and C75 on the expression of structural protein mRNA of SCRYV virus. D.

Effects of four inhibitors of BPTES, EGCG, TOFA and C75 on the expression of N protein of SCRV virus. Actin was used as an inter-
nal control. For each target protein, three parallel samples were pooled as biological replicates. *P<0.05; **P<0.01.
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Fig. 6 The promotion of SCRYV replication in CPB cells by /DH?2 gene expression
A. The effect of IDH?2 gene on the production of SCRV virus. B-D. The effect of IDH2 gene on the expression of structural protein
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Reductive glutamine metabolism promotes the efficient replication of
Siniperca chuats rhabdovirus in Chinese perch brain cells
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Abstract: Viruses rely on host cellular metabolism for energy and macromolecule synthesis during replication.
Therefore, there is a close relationship between viral replication and cellular metabolism. Siniperca chuatsi rhab-
dovirus (SCRV) causes significant economic losses in the Chinese perch (Siniperca chuatsi) industry. Thus, it is
important to address the interaction between SCRV replication and host cells to prevent and control SCRV. How-
ever, little is known about the relationship between SCRYV replication and cellular metabolism. In addition, gluta-
mine is an abundant amino acid necessary for energy generation and macromolecule synthesis in cells. Glutamine
is also essential for the infection and replication of some viruses. Glutaminolysis and reductive glutamine metabo-
lism (RGM) are the main pathways of glutamine metabolism. Particularly, the RGM pathway plays an important
role in tumor cells. However, the metabolic pathway of glutamine involved in viral replication remains largely
uncharacterized. To clarify the interaction between SCRV replication and RGM, we analyzed the expression of key
enzymes in the RGM pathway in Chinese perch brain (CPB) cells following infection with SCRYV, using quantita-
tive real-time PCR (qRT-PCR) and western blotting. Our results showed that SCRV replication was decreased in
CPB cells cultured in a glutamine-depleted medium, indicating that glutamine is required for efficient SCRV rep-
lication. In addition, SCRV infection promoted the expression of key enzymes involved in the RGM pathway in
CPB cells, particularly the expression of isocitrate dehydrogenase 2 (IDH2), indicating that RGM in CPB cells is
altered during SCRV infection. SCRV proliferation was also inhibited in CPB cells cultured in the presence of
bis-2-(5-phenylacetamido-1,3,4-thiadiazol-2-yl)ethyl sulfide (a glutaminase inhibitor), (-)-epigallocatechin mono-
gallate (a glutamate dehydrogenase inhibitor), 5-(tetradecyloxy)-2-furoic acid (an acetyl-CoA carboxylase inhibi-
tor), or 4-methylene-2-octyl-5-oxotetrahydrofuran-3-carboxylic acid (a fatty acid synthase inhibitor), suggesting
that the RGM pathway is beneficial for SCRV replication and proliferation. Furthermore, downregulation of the
IDH2 gene, the product of which converts a-ketoglutarate (a-KG) to citrate, significantly inhibited the yield of
SCRV and the expression of the SCRV structural protein. Conversely, overexpression of the IDH2 gene signifi-
cantly increased the yield of SCRV and the expression of SCRV structural protein, indicating that IDH2 plays an
important role in SCRV replication and proliferation. These results indicated that SCRV infection induces RGM to
accommodate the biosynthetic and energy needs required for its efficient replication and proliferation. These
findings provide new insights into viral pathogenesis and antiviral treatment strategies.
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