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Abstract: [Objective] To clarify the role and molecular mechanism of the host protein solute
carrier family 25 member 6 (SLC25A6) during fowl adenovirus serotype-4 (FAdV-4) infection,
thus providing a theoretical basis for elucidating the pathogenic mechanism of FAdV-4 and
developing novel prevention and control strategies. [Methods] First, we confirmed that infection
of LMH cells with FAdV-4 at different time points and multiplicities of infection (MOI) resulted
in obvious cytopathic effects (CPE). Second, on the basis of the host protein SLC25A6 identified
in previous screening, Western blotting was employed to examine the effect of FAdV-4 on the
expression of endogenous SLC25A6 in cells. Subsequently, transfection experiments were
performed to regulate the expression of SLC25A6 (overexpression or interference with
endogenous expression). RT-qPCR and Western blotting were employed to analyze the effect of
SLC25A6 on FAdV-4 replication from the aspects of mRNA level, protein level, and viral titer.
Finally, co-immunoprecipitation (Co-IP) was employed to verify the interaction between
SLC25A6 and the core capsid protein Hexon of FAdV-4. [Results] FAdV-4 significantly inhibited
the expression of endogenous SLC25A6 in cells. The overexpression of SLC25A6 markedly
inhibited FAdV-4 replication, while interference with endogenous SLC25A6 promoted viral
replication. SLC25A6 could directly interact with the Hexon protein of FAdV-4.[Conclusion] The
host protein SLC25A6 inhibits FAdV-4 replication through its interaction with the viral Hexon
protein. The results provide a theoretical basis for further elucidating the pathogenic mechanism
of FAdV-4 and developing novel prevention and control strategies.

Keywords: FAdV-4; SLC25A6; viral replication; protein-protein interaction
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F1 3, EEN TERARN IR S is I, T8
20t A S AR S SRRy v R A R T
AR HYIRE R R 5P . DU BTN B
S AR UIAOC o BN, AR W A Ak 4
VDACTI J##% SLC25A6 ik LAk HMEC-1 4
i £ R I i KB % LPS 175 5 1Y 2 E i 4512
MRPL13 i i /il 7 SLC25A6 F A A4 i 22 br 1A
30 375 VR A5 FL I S i TR, 2 T i O 9 44
MR SRR BE , 0RO L 1 Tk J
T It 12 2 1Y WF5E Hh & L SLC25A6 T 5 95 2
PBI-F2 A EAE T, 250805 19 40 )4
T3E

A Bt 5% 8 5 S O % 5t PCR. Western
blotting. TCIDso M Sl JLVTE 55 Iy ik, WATE
7 SLC25A6 5 FAAV-4 (141 T AE FHIHLHI,
B 7E46 78 FAAV-4 BYBURHLE, I hPomaE kg
T E SR 2%

1 MRE5rZE

1.1 AR, SHRE TR
LMH 41 A iRt A= YR A PR 7
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FAdV-4 HuBWH #4 i | 0l Ko7 e A 51
$% T 2015 450 B ARFEIT B . pCMV-C-flag Jit
R A IRV E YR R A TR A F]
1.2 EERFIFLEE

2xRT OR-Easy™ Mix il . 2xPCR Hero™
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FREAR &, LiEE S REDFE ARG
BN KIBATFTH DHSa A2 25401, Jbi 4
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MR 2 A A W AR 12 1Y) v 20 B 1L SR Pt T e BR AR
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RAREEREN G, RN = EAYHARARAA .
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TAES, BINERARAR; CO, HiFt
i, R R R RATRA R #8590
W, JE R IL( L) A R A F 5 Mini-
Protean Tetra FELYKFE FREE I AARAX , A SR fws
(A RAE]; 4 Crmsisopl, FE3
CHRBHE AR BXEERRE.ONL, UK
fEh E A RAE
1.3 5|4 siRNA F5i%it

M #it GenBank A i W) XY (Gallus gallus)
SLC25A6 mRNA J¥ %1 () CDS (coding sequence)
X, Wit B A% R IR R pCMV-C-flag 119 [F] 5 &
51 1) RIVREA S Yt N A AR
A FRA T, siRNA B1¥(F 2)f 700 5 7
AR A FRA F e
1.4 EFRIAEHFRRNAEE

B RNA % ] TRIzol % M\ LMH 4 it i 42
W, f@0in)2 . SFHBUUE K ORI,
FHIC G KB i I e W B . IS, B 1 pg A
RNA, i [} 2xRT OR-Easy™ Mix i 7 7E 20 uL
R AT R 5k, A L cDNA. LUtk cDNA
N, SR DNA JREHEY 1 SLC25A6 KA,
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*1 RIREHS

Table 1 Homologous recombination primers

Primer names Primer sequences (5'—3") Product length (bp)
SLC25A6-F ATCGTCGACAGATCTCTCGAGATGGCGGACCAGGCCATC 897

SLC25A6-R CTTGTAATCTCTAGACTCGAGTTAAATGACTTTCTTGAATTCATCGTAC

The underlined sequences represent the homology arms.

&2 siRNAS|4)
Table 2

Primer names

SLC25A6 siRNA#1
SLC25A6 siRNA#2
SLC25A6 siRNA#3

siRNA primers

Primer sequences (5'—3")

AUAUCAGCUCCUUUGCGUCTT
AGUCACUGUCUGUGCAAUCTT
AAUACCUCCAGAACUGAGUTT

FIHBIY SLC25A6-F F15|4) SLC25A6-R (% 1)
4T PCR ¢34, PCR S WA R (25 uL): 2xPCR
Easy™ Mix 12.5 uL. [, F#51%(10 pmol/L)
% 0.5 pL. A (cDNA) 2 pL, ddH,O #h & &
25 L, PCR [ W 451 : 95 °CHl7ZE ¥k 5 min;
95 °CAx 1 30's, 56 °Cil k 30's, 72 °CHE fHi
2 min, 1t 34 MEFH; 72 °CAIEM 5 min, PCR
FE el e T e g2 v RS . A AU
ik 6, SLC25A6 A TEfk = 4K pCMV-
C-flag ', HEEELLFHRL pCMV-C-flag-SLC25A6,
W L3R R Ak 2 K AT T Top10 J8k3Z 25 4 Jifd
H, ZEAEY) KR BIE
1.5 Western blotting 1&MEHRIEA=
PRI TS PBS BEE 3 U5, LA 300 pL
T B A R A A 2L, VK B R# 10 min.
ZU P T 4 °C . 12 000 r/min B5.0> 15 min, U
£ LEIFNEEAWRE . KBEAMESS 5<SDS
FREGE WA, 100 °CHFAE P 10 min, B
30 pg H 4 10% SDS-PAGE /3 &5, KIET
P I EN R PVDF |, 2 5% i ied-1
FAREA 1 h, RS AT R —$T 4 CCHE R I
W TBST ¥k 3 W5, fIA HRP bRic iy =4
FIFE 1 h, FRRUESRSEH ECL fh2e Aotk
AT o SR Image) 3x0F 538 H AR 4500 19
JREEAE, 25 UL E W /NS E R0 1R E
FUIEZR .

1.6 FAdV-4 ¥t SLC25A6 F=iABIS200

DL 5x10° ™4 /LAY 2 BEKs LMH 21 it $2 il
F o6 fLiH, BT 37°C. 5% CO, K5 FEfh v 15
7% 24 ho Bl 5 3 0l LA Bt 52 %K (multiplicities of
infection, MOI)=0.1, 1, 10 f* FAdV-4 J&4* LMH
Y, sk LAARTE] MO G 5 T4 [A] Bif E] 2524
36, 48 hWLHUEE (1, #2218 1.5 3T kb 47
Western blotting 7l , 43# SLC25A6 £ H 15K
STiGIAY
1.7 SLC25A6 %t FAdV-4 £ &R0
1.7.1 T FRiX SLC25A6 %t FAdV-4 & #|H
A

DL 5x10° A4 /L 5% B2 LMH 204 5h
F 6 fLMrh, BT 37°C. 5% CO, B F: 4 vh &%
e 24 ho KM 24, Al Y 1 g
pCMV-C-flag-SLC25A6 # 41 5t ki (i 48 21) A
1 ug pCMV-C-flag 25 #JTUkL (O BREH) . % G it
R AR BT Opti-MEM™ T f 3£/ A P3000™ 3%,
# 5 [l B K Lipofectamine™ 3000 5 Opti-
MEM™ 1 521R%5), ZEiRFHE S min, B -
2 M IRRRIRS, EEIEE 15 min JBNE
W, IESE M MR R . Yk 24 h
J5, UL MOI=1 f#) FAAV-4 JRYL 400, Akseis s
24 ho WCEEHMLER FIRE AL, JE 4 Western blotting
Rl SLC25A6 M 15 Y KA Ko s b
5T TCIDso MAE : K5 LMH 40 LA 2x10* 4~/AL
PERRT 96 fLMR, 1595 24 h I, ¥piwdE LIS EAT
10 A5BEEERGRE, HeA R D 2 I A 4t
BAMRER 8 MNESL, BB E; %K
BRI 2 h 5, BRI SRMCE A 2% Waymouth
FIGEFR, dRSeIETE 5-7d, TGS T W4 i
AR RN, I K H Reed-Muench ¥ i1 80K 5
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TR

1.7.2  F 3t SLC25A6 FTIiEX FAAV-4 &l
oAl

2 1 Lipofectamine™ 3000 RNAi Max %% 4
WA A5, F+ 25 pmol 4% SLC25A6 KL Y
SiRNA J X} HE siRNA 435l 5% Y 2= LMH i ffg .
YL 48 h IR AEAH L, ik Western blotting 16
M SLC25A6 #FRIBIKF-, LATEAL siRNA 9T
WABCE . R HT SLC25A6 Bl Ik X 5 I8k e (1) 5%
Wi, 764 48 h J5, L MOI=1 f) FAdV-4 Jgk#L
Yif, dRZEEEFRE 24 h 5 BISCEE 4 AR 7 L
W, KTk 17075,

1.8 % 7% £ 7 JE (co-immunoprecipitation,
Co-IP)¥iERE EH Hexon 5 SLC25A6
KM E (5 F

HEHIE flag-Hexon 1P EPE SLC25A6 141
HAEA, BRRAS RIFH LMH 4ifERZ 6 fLik
R SE e EESS , K pRKS-flag % pRKS-
flag-Hexon #4422 LMH 4ifi . %Y 24 h J5,
JH 500 pL 24 SR AR 1, 12 000 r/min 2§
L 15 ming B 50 pL _F¥EAE N Input, 43 241

A
Mock

WA A 10 pL flag bric sk Hexon bric R
B, AER T S5HEMET 4-6 h, K5 H
PBST Vi 3 K, EBRIEFERMEGEA, &0
7 %, H 2xSDS-PAGE ®&VLHE, 100 °Cll
10 min ffi 55 (1A PE )5, #4T SDS-PAGE X
Western blotting £ ] flag-Hexon 1{ FAdV-4
Hexon 5 1 SLC25A6 (ARE AR
1.9 BB+ HHh

% F GraphPad Prism 6.02 % {f, G o Jd 7
FEAS ¢ o B0 X B 06 A 7 4 1) 25 S Wb 2 P o A R4
K, ISR LSF AR E2ZE R IR, P<0.05 3%
NESRE, P<00]l FRESREE,

2 HERG0H
2.1 FAdV-4 B LMH @ARiESHES
capi e

180 B 0 i WA A B s, FAdV-4 Jiden]
%S LMH 474 B8 e A . 5 ARy
A% IRZHAH L, FAAV-4 JB3Y)5 12 h, LMH 40jf
FFaf B AR s ELRE A YL B ] A SE K, 4 g
AR TR FE AW (] 1A). DAk, 4 2 2

FAdV-4 infection

(experimental group)

(control group) 12h

Mock

FAdV-4 infection
(experimental group)

24h 36h 48 h

ot &

(control group) MOI=0.1

E]1 FAdV-4BSELMHZAREZSYEL(20%)
Figure 1

MOI=1 MOI=10

Morphological observation of LMH cells infected with FAdV-4 (20x). A: Cytopathic effects observed

in LMH cells at different time points after infection with FAdV-4 at an MOI of 1; B: Cytopathic effects observed
in LMH cells 24 h after infection with FAdV-4 at different MOls.
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JE S B A G B A SR R R
20 o 728 R IR (8] 1B) o 400 B 78 AR
I HAMMIESAER | 4545 . WEERE S F R
I, RPN AR U KA B4
2.2 33 pCMV-C-flag-SLC25A6 kI

DL LMH 41 A $ HAY B RNA 28 ) 55 53R 15%
) cDNA MK, PCR ¥ 3 SLC25A6 4 It
R, W 2 fros, B KN4 900 bp,
5 SLC25A6 JEK W) & o K415 7y 1l ik
Ji, 54 Xho 1 PRI AR UK, pCMV-C-flag
PEAT RN A i 3, W P Y A T R AL A
7% PCR %5¢, BHM:sE R I)FIE . )P4
F O], 45K pCMV-C-flag-SLC25A6 #4
B
2.3 FAdV-4 #l &l AR M SLC25A6 BY
Ri&

43 LA MOI=0.1, 1, 10 4 FAdV-4 J& J
LMH 4iffl, #{PL MOI=1 4 FAdV-4 J&Y )5 TN
[] B} 8] 5 (24 . 36, 48 h)CHR AN & 1, it
Western blotting K1l FAAV-4 JE&4L X} 15 3 40 i Y
SLC25A6 T HFBM M . g5 R ExR, ANHEF

%
&0
@oo
%&\4
bp
2000
1000 < chSLC2546 897 bp

750
500

200
100

B2 SLC25A6EEPCRY &~
Figure 2 PCR amplification products of the
SLC25A6 gene.

1Y FAAV-4 B3R B W 4 i SLC25A6 #H
)21k, H SLC25A6 & 1Y ik & fifi FAdV-4
JEYL R 1 A G T2 BT (] 3A . 3B). BLAE,
TR0 ) 507 S S (R AR A, R i o R L ) ]
FIIE K, SLC25A6 £ [k a it — 25 PRI,
2 48 h B HFR I EI W T (& 3C, 3D).
2.4 3T 315 SLC25A6 #H&] FAdV-4 B9
b=kl

i 4A . 4B firs, 3Kk SLC25A6 7] i
£ [%AG A B Hexon 5 PX FE K A mRNA 7K.
51—, %57 Hexon f1 PX & A AYF k73]
A AN (] 4C—4E), HE— 5 18 15 2577 B 72
UESE, 13363k SLC25A6 BEA R IAARE i 12 (K
4F) FIRZERALEIRH], 133k SLC25A6 A1)
il FAAV-4 1958 i .
2.5 siRNA Fif SLC25A6 EHHIKRIA

Western blotting £ M 25 I i /8 (& 5A),
SIRNA#1 XJ X SLC25A6 HE[H 1Y TPk 3 i3 35 s
F siRNA#2 Fll siRNA#3 (& 5B), [HI )5 225256
P siRNA#1 .
2.6 T SLC25A6 1Ri# FAdV-4 HIE I

) FH 7 8 3R A5 19 75 A1 siRNA#L m fik LMH
Y SLC25A6 9335 )5 1Y FAdV-4, qPCR
K R, Bk SLC25A6 7] i 35 T =ik 55
Hexon 5 PX FE[H A mRNA #% 5% /K F (8] 6A .,
6B). Western blotting 5 #ll 45 & W 7~ , i AIX
SLC25A6 1] B A2 #F FAdV-4 & 4 Hexon 5 PX
()35 (8l 6C—~6E), [n] i ik 57 i 2 - {35 1 fin
(Kl 6F). iRZ5HRERM, @ik SLC25A6 Al
FAdV-4 ), 5k 335 5050 4518 A1 B ERE
Ifr] K W] SLC25A6 /245 FAAV-4 &2 ifil it ¢
15 EH T
2.7 Co-IP & iE SLC25A6 5 FAdV-4
Hexon ERMHEEIEA

£ LMH i jfg % %¢ pRK5-flag-Hexon,
A5 Hexon 5 P4 54 SLC25A6 1Y #H H.1F
Mo 850 E£H, 22l SLC25A6.
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A FAdV-4 infection
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Expression of SLC25A6
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C
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Mock 24 36 48
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D ;
Expression of SLC25A6
o
1.5~
[ e |
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§10F —
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=
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2
T“j 0.5+
o4
0.0 . .

Mock 2 36 48
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[E]l3  Western blotting#& ;M FAdV-4 B2 fFSLC25A6E A RIAE
Figure 3  Western blotting analysis of SLC25A6 protein expression following FAdV-4 infection. A: Western

blotting analysis of SLC25A6 and Hexon protein expression in LMH cells infected with increasing MOI of
FAdV-4 for 24 h; B: Quantitative analysis of SLC25A6 protein levels shown in figure A; C: Western blotting
analysis of host SLC25A6 and viral Hexon protein expression in LMH cells infected with FAdV-4 (MOI=1) for
the indicated durations; D: Quantitative analysis of SLC25A6 protein levels shown in figure C. *: P<0.05, **: P<

0.01. The same below.

flag-Hexon & GAPDH YJRe#iA k2], I
IR RN EE . ESLERAL T, flag-Hexon TN
AR, RIS B W] i) SLC25A6 K 114541
< B flag-Hexon 5 SLC25A6 17 7£ A1 H.AE H (&
7A). H T 517 %5 Hexon 1 8 7= A= IR BH 4 44
R, TTERTE HAREYLREE T i — LBk FAdV-
4 Hexon /275 5 MM SLC25A6 fETEAHELAEH .
PRI, 7E FAAV-4 BRYWIRET, H5AbERIR
Hexon 258 —%, Hexon fEWSH I E 4, AR
o 2 B W f SLC25A6 & [ 4, R WITE
FAdV-4 A RIEGLRZS T Hexon {515 SLC25A6
FEAEAHEAEHI(E 7B),
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3 itib

FAdV-4 J& 5] HHS i) 3 % i . FAdV-4
R kLT ORI R A ARG, A
2554 70-90 nm, = EEH /S EBIAREE 1 (Hexon),
LI 1K B IS 25 1 (penton base), £F %€ £ [ (fiber) .
EM VI (pVID), E I VI (pVIDEELEH E R
HiAr, Hexon J& FAdV-4 fix W E H & &+
B EAZ—, K/ 109 kDall, L5
LIRSS, Hexon 5 =& % FAdV-4 (HPFAdV-
HFIBORER IS . Zhang VR R 1) gt
TEAAE RGN AEBUR MR R ONT 19 Hexon JE[A
Bedth 2 B EURTER MR HLIFAALS H, oty et 1
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Figure 4 Overexpression of SLC25A6 inhibits FAdV-4 replication. A, B: Overexpression of SLC25A6 inhibits
the mRNA levels of viral Hexon and PX genes; C: Overexpression of SLC25A6 suppresses the expression of
FAdV-4 Hexon and PX proteins; D, E: Quantitative results of figure C; F: Overexpression of pCMV-C-flag-
SLC25A6 reduces the viral titer of FAdV-4 (After transfecting LMH cells with pCMV-C-flag-SLC25A6, the cells
were infected with the virus for 24 h, and the viral titer was detected by the TCID5, method).
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Figure 5 Knockdown of endogenous SLC25A6 protein expression. LMH cells were transfected with SLC25A6-
specific siRNA. After 48 h, the protein expression level of SLC25A6 was detected by Western blotting, using

tubulin as the internal loading control.
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Figure 6 Knockdown of SLC25A6 promotes FAdV-4 replication. A, B: Silencing SLC25A6 promotes the
mRNA levels of viral Hexon and PX genes; C: Silencing SLC25A6 enhances the expression of FAdV-4 Hexon
and PX proteins; D, E: Quantitative results of the blot in figure C; F: Silencing SLC25A6 increases the viral titer
of FAdV-4 (After siRNA transfection for 48 h, cells were infected with the virus for 24 h, and the viral titer was
detected by the TCIDsy method).
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Figure 7 Detection of the interaction between Hexon and SLC25A6 by Co-IP. A: LMH cells were transfected
with pRKS5-flag-Hexon or empty vector [At 24 h post-transfection, cellular proteins were harvested, and

co-immunoprecipitation (Co-IP) was performed using an anti-flag antibody. The expression levels of flag,
SLC25A6, or GAPDH were detected by Western blotting]; B: LMH cells were infected with FAdV-4 at a
multiplicity of infection (MOI) of 1 (At 24 h post-infection, cellular proteins were harvested, and Co-IP was

conducted using an anti-Hexon antibody. The expression levels of Hexon, SLC25A6, or GAPDH were detected

by Western blotting).
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