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Abstract: [Objective] This study aims to reveal the effect of the long non-coding RNA (IncRNA)
CTO-S on the replication of pseudorabies virus (PRV). [Methods] We employed 3’'RACE and 5’RACE
to identify the full-length sequence of CTO-S, and verified whether CTO-S had the ability to encode
polypeptides. After constructing the CTO-S deletion and complementation strains with the Red
recombination method, we analyzed the differences in the replication of wild-type, deletion, and
complementation strains. We used RNA pull down combined with mass spectrometry to screen out the
host protein interacting with CTO-S, and then adopted RNA immunoprecipitation (RIP) method to
verify the interaction between the screened protein and CTO-S. Finally, the methyl tetrazolium (MTT)
method was used to detect the effects of wild-type, deletion, and complementation strains on cell
apoptosis. [Results] CTO-S had a full length of 267 bp and did not have the ability to encode
polypeptides. The deletion of CTO-S did not affect the replication of PRV. CTO-S interacted with
cytochrome b-cl complex subunit 1, a component of ubiquinol-cytochrome c reductase, and induced
apoptosis. [Conclusion] CTO-S is not essential for the replication of PRV. It interacts with cytochrome

b-cl complex subunit 1, a component of ubiquinol-cytochrome ¢ reductase, and induces cell apoptosis.
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PEATIRAIE, S PRV AP Ik 42 fit RIS RE Al LA
L2 v S8 B

1 #H57%

L1 4. Bufo. EZIKH.
=27 S

W E R A PK-15 . A4 1 R 40 i
MDBK g [ v [ #7815 72 4 {0 (iR 5
pEPKan-S2 . pcDNA3.1(+) i A 5256 %8 {77
pMD"18-T Wy [ K i% 5 £ W) TR A IRl
10xBiotin RNA labeling mix 1 H %' [K.(Roche);
DMEM K53: 5L . GIBCO i 4: 2 IfiL i (FBS)ly A
3% [# Invitrogen 23 F] ; Anti-GAPDH [ ve B HiT
& . Anti-6x His tag® antibody FL8AHT. Anti-HA
tag antibody FEHTIE H Abcam 23 H] ; Goat anti-pig
IgG-HRP . Goat anti-rabbit [gG-HRP. Goat anti-
mouse IgG-HRP I A & LAY AA R F

Escherichia coli GS1783 PRV Ea-BAC &%
25 AR ST 5 AR AP0,

THIER W EESR A PR(PRV Ea) i A 5286 % /)
BIFRAE . 1998 4F, PRIGFE 25 AT b4 FL b g
Yy RACAC T BT A= A7 000l B P9 o o 25 3 Oy
R TE, IR EE R 24 9 08 D AR e 2
0 A BRI, Wang SEXF DR AE R IR B SR A R4

Eik. K&

x1 KARPAASY
Table 1  Primers used in this study

A A1 4 AT I 9 A AT T GenBank
KX423960.11%,
1.2 5|4t

Fi4 GenBank (KX423960.1)A i ) PRV i
KZH 741, A Primer 5 B4 &IT5191(FE 1),

1.3 CTO-S £ RACE 9'#f
1.3.1 3'RACE
PRV Ea Ji&#t PK-15 4l il 24 h J5 Trizol %4

BUE RNA, PLE RNA R #E AL 33 5% 5% A Ak
cDNA, W5 55| AR bii%EE oligo(dT)s; VN,
PL cDNA SHARF A S1Y) P2 5K 514 P3 Xt
CTO-S Y 3" AT PCR 3. RAWAIKR N
50 pL: B 1 pL, 519 P2 5 P3 & 2 uL, 2x
TSINGKE Master Mix 25 uL, H,O 20 puL. JZhi
Z0F: 95 °C 5 min; 95°C 15 s, 60 °C 15 s, 72 °C
15s, 30 ME¥; 72 °C 3 min. A% PCR 7=
Yo BAR A G P2 S5E51Y) P4 AT 5
PCR ¥4, WA ZR A 50 pL: ik 1 uL, 5[4
P2 5 P4 4% 2 uL, 2x TSINGKE Master Mix 25 uL,
H,0 20 puLo KW A4 95 °C 5 min; 95°C 15s,
60 °C 155, 72°C 15 s, 30 IMi#F; 72 °C 3 min,
PCR 438 5 0 7 W) 2047 B B W o e 4l Ak o 34
T T #AF AL 2= RT3 DHSe b, FIHTHE A
BRE G 14 114 7 9 P BBCBE P e R A T 43 T o

Primers  Sequences (5'—3")

3'RACE  P1: AAGCAGTGGTATCAACGCAGAGTAC(T)3yVN

P2: AAGCAGTGGTATCAACGCAGAGTAC

P3: GCCACAACCCGGAGC

P4: CCCGCCGTCCCGTCGAATCCAG
5'RACE  P5: CGTTGTACCCGGGTTTATTGAAAAC

P6: ACACTCTTTCCCTACACGACGCTCTTCCGATCTGGG

P7: GTTAAAGTGTCTGCCGCTTGC

ACTO-S  P8: AAGACCGGAGAGTAAAGACCAGAGACACATTTTACAATTTCGGGCTCCGGCTCCCCGGTCAGGATGA

CGACGATAAGTAGGG

P9: CATGAGGTGTGGGTATAAAAGACCGGGGAGCCGGAGCCCGAAATTGTAAAATGTGTCTCTCAACCA

ATTAACCAATTCTGATTAG
ACTO-SR P10: CGATCGCCGAACGCGTTCAAG
P11: TCACATGGGCAAATCCGAGGA

<l actamicro@im.ac.cn, & 010-64807516
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1.3.2 5'RACE

%7 Liu %) Capping-RACE k", &
Sl RNA AR 5 S5 il cDNA, i % 5¢
51 B ST |1 P73 S N AR
P FE AT R (template switching oligonucleotide,
TSO), TSO WY 3" Rumi% % 3 4> IR
iz, 5 cDNA [ 3" 7K %f poly(C)fk I B #MiL X -
PV SERFAORH, cDNA Ay 3/ 4k 4k 4
fifi o SR J5 LA cDNA SHEARFI 514 P6 5K 514
P5 X% CTO-S By 5" K47 PCR 44 . [k
Z N 50 uL: ik 1 uL, 5|4 P6 5 P5 4% 2 uL,
2x TSINGKE Master Mix 25 uL, H,0 20 puL, JZ
M. 95°C 5min; 95°C 15s, 60°C 15 s,
72°C 15 s, 30 PMEFR; 72 °C 3 min., FLLiZ PCR
FEYIREARFI TS P6 55514 PT HHTEE
& PCRY M. JVAKFRNA 50 pL: BIHR 1 pL,
514 P6 5 P7 4% 2 uL, 2x TSINGKE Master Mix
25 uL, Hy0 20 pLo W 551 : 95 °C 5 min; 95 °C
15s, 60°C 15s, 72°C 155, 30 MEH; 72 °C
3 min, PCR ¥ 34J5 0 WrilbA riiie e i 2lifk
T T 8k 4k 2 KA FF i DHSo H, FIH
WA BRE 7 18 4 R BRI 5 B A IS 43T o
1.4 CTO-S %5 % Bk 8e 1 B9 58 E

¥ CTO-S HPH 2K wfE Tk, CTO-S £
A9 3" KN | His #5345, @ id EcoR 1/Kpn 1 X
B L % 5% 9 8 CTO-S 3 R A 21 ELR%
FIR TR pcDNA3.1 144 pcDNA3.1-CTO-S.
W TR e 2= PK-15 400, 24 h J5 WOBGE A RE
s E4T Western blotting £ .
1.5 CTO-S SREFKRA K [EE RTHRAIHE

2% Zheng ER5E LMY, BT CTO-S
R RBEBEREHI Y, L
pEPKan-S2 R MBI 1 KanR FRiksx, W
Y3 E. coli GS1783 JEZ BB FH —H Red
4, btk EA R M RS LB
Begpdkh, A 1% L-Brhiffpisss 1 h 5%

I-Scel # @ N YIRFIIZRIR  SR)E 42 °C K55F 30 min
WHSHE A Red A, Bk KanR FEMH . Pk
AN BRI O KR BRI e 2 PK-15
21 L mP R RO B o
1.6 —DAIEEM%INS P IBEME

%% Yan SFRWSE A, MEREERN—2
A 2 DL 2 a2 U L B
e 10 Jee &2 (multiplicity of infection, MOI)
JE&YL PK-15 4, 200 IS 0.3, 6. 9. 12,
18, 24 F130 h Wk, W A [m] s [ & 05 22T
B . >KFH GraphPad prism 7 84S 84E, 152
SRR — A I . 2R A h SR
FEARIR 0.01 MOI Bt PK-15 41, 435 TRy 5
0. 12, 24, 36, 48 F1 72 h Wk, 5E A [RIHsHa] 5
JiL PN A K 4 )9 B2 7% B o R F GraphPad prism 7
AR, 153 R 2 A0 s 4 .
1.7 BEEWRX/NENE

W95 B L 120 PFU/ AL #2 F0 F K 6 )2
PK-15 4ifid i) 6 fLARH . 2 h 5 fLEEZ) 1 mL
T 4% H L2 2 AN A 2% FBS ) DMEM K757
3, BT 37°C. 5% CO, 4U e K5 240 N & Br 77
48 ho FRAfMEH BLARAS , T 10% H o FH R [ o 44
HiL, JF RS S R T 6 IR RO N
He, BEMLEEE 100 25 BEE ) digimizer $K47F0
WA BEEAR, A A B A 3 U, U KA R i
JH GraphPad prism 7 3 {F 51T , IFxH 4%
AT -3 4307, P>0.05 G HERON A
BEER, P<0.05 MEiHEY NN ZER BE,
P<0.01 MGEHEBA N 22 R B 3%
1.8 CTO-S pull down

BB il CTO-S K, 3 HAE 5%k
B T7 R sh 7750, i4E % [ AE Y Fhric ko
SR S UL B, B BUEEARIC ) RNA
CTO-S UUKAYHEMCHIR X RNAE B
TR . B RARICI RNA 54024 =4
DL RS Z R IR SR F . B 11 -RNA-#
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BREAYIKEE L, NOREER BT, RIP i
WS VEREER 5 3, /ORI B3 INA 5xSDS 2
M, 95 °C K 10 min, ¥AE 5 21T SDS-PAGE
EER VKIS D s e e [P AE ik
N AT B 3B
1.9 RNA ®E LT

Fa) 7 BLA% 423K [0k pcDNA3.1-RNA binding
protein 1 pcDNA3.1-cytochrome b-c1 f H.¥s il
HA #3%5, 30552 PK-15 4ifvh, 7ebkys
16 hJ5LL 5 MOI #F 5 PRV Ea WT, #3
12 h JE B M 2, O O — R4
FHPEXT HE Input 41; 5 —&B4r BiEHImA bk
Anti-HA tag 4 °C T L0 ; FIVEXT AL F 40
K 1gG. FIMA 20 uL o438 & A protein A+G
agarose, 4 °C & ZUNEF; 1 000xg B0 5 min,
INDFE I, TR HY PBS BERTLIE 5 7, /)
OB B3, Trizol 74£3EHU RNA, DNase I jH
k)5 #E4T RT-PCR #5:l] CTO-S.
1.10 MmEEBEMEMTT) AN CTO-S
X 4 B R T B £ i

R 1 Y 96 FLANMIGFRM, Hefh PK-15
YIRS 12 he FRAHMIRALG B A E] 80%, K4
Mok 4 4, 5 AFLIMA PK-15 4 i 24 i 1
S%F B (mock 41); 5 A~FLEA 5 MOT /&% PRV Ea
WT (#F8:41);5 N FLEL 5 MOTJE % PRV ACTO-S
(RARRA); 5 LA 5 MOI &t PRV ACTO-S
R (M52 575k, eyt 48 h i, HfLm
20 uL /) MTT (5 mg/mL), 55 4 h, &IFR3% .

UL22

W R, FFLINA DMSO 200 uL, 37 °C
WEE 30 min, FEPORSE M. LT RRFLGE R
3. MTT., DMSO. JC4iiE)M=%, EEbri e
490 nm WO EE OD fH. GraphPad prism 7 4K
PEGET I X i BRI AT - B X S AT
P>0.05 MG iHEROA A BE 25, P<0.05
MGEHER AN 225 B3, P < 0.01 G THE B
N ZE RN

2 BEREAW

2.1 CTO-S HIEKFFI N

FIH 3'RACE F1 5'RACE %f CTO-S Kk
17 PCR Y34, 748 7 B3 45 1 i 7R , CTO-S
HA £ BT R (polyA) B B LA S 1 T (cap) 4%
¥y, 4Kk 267 bp, fiF UL22 JEEFAI UL21
FENZ ], 395 UL22 2N 3/ AHEE 856 bp,
5705 UL21 JEIH 3o AH IR 743 bp, 58 HlE G
BLsi oril A2, SHAREE 79 bp (# 1)
2.2 CTO-S Ri3BKEZ BE N RIS 4

T HESE CTO-S K2 [H 4w 2R M5 2 k1 fig
J1, EHEYHE CTO-S BEH 4K, 7 354 AN
I 6xHis #5324 | T+6xHis % F1 TT+6xHis b4
3 PSR Bl SRR, ¥ B 1 B bR pcDNA3. 1
(Kl 2A), Western blotting 25 5 i /R CTO-S H
(L DRI 11 3 ol ] A R A Ao 20 4 1 2
(& 2B), i8] CTO-S A HA gt £ ki fie
2.3 CTO-S Kk 5EE RTHRBIME

Red F A A CTO-S B2 bk LA K 0] & 2%

oril UL21

—-—/I-E\_—
CTO-S

1 CTO-S BYE=KFH 4

Figure 1  Full-length sequence analysis of CTO-S.
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() (B) o &
% & 5
& FEF T
F s
Q’ 4 J J
L O O O
N NN NN
b I ¥ FFF
CTO-S 6xHis peptide Ag\ Q% QQ% OQ% QQ% QQ%
. I ] § ] <]
CTO-S 6xHis peptide His-tag - —25 kDa
— I
CTO-S 6xHis peptide
CTO-S —10 kDa
pcDNA3.1-EGFP  6xHis peptide

— S GAPDH [Sis——— 3 5 kDa

2 CTO-S #wt3% Rk BIRE 11 B9SEIE

Figure 2 Verification of the ability of CTO-S to encode polypeptides. A: construction of three open reading
frame eukaryotic expression plasmids of CTO-S; B: WB was used to detect the expression of three open
reading frame eukaryotic expression plasmids of CTO-S.

AR BUR L N IF AT PCR 74, I3 BERPR CTO-S P8 s isidk (B 3A), #32IANEE

Beak A wa)in, AAH Megalign A 15444 PRV EaACTO-S; [6]4 58745 Fk CTO-S J#41]
5 PRV Ea WT R P37 X . 450 BoR BINEIZ (K 3B), fii44 M PRV EaACTO-S R,
(A)

100 110 120 130 140 150 160 170 180
PRV Ea WT ACCAGAGACACATTTTACAATTT[CGTTGTACCCGGGT TTATTGAAAACT TTGTTCAAGAGT TAAAGT GTCTGCCGCT T GCCGGT GCGCCG
rPRV EaACTO-S A N A R A ) e T S R A P AR S A P S R R M A T

190 200 210 220 230 240 250 260 270

PRV Ea WT CGCCGAGGCCGCGATCCGTCCGCCGTGGACCGGGGGATCCGTGGGGCCCGCGGGCCTGGATTCGACGGGACGGCGGGTCCGAGCGACGGC
rPRV EaACTO-S | ovriaenra s rte s iers cbvvavexs i ad e v er 0uhens 444 11nomaes ursaameeaesss ensess it tiovins

280 290 3‘00 310 32’0 330 3210 350 360

PRV Ea WT GGTCCGGCGGCGGTTCGGCTCGCGGTCCTCGCGGCGGCGACGATCCGGCGGTCCCACGACGATCCTGGTCCGGGGGATCCRGCGGCGACG
TPRV EQACTO=S | e v v ernssnneanasnstnnsansannssnsensasonsnnsstsstisssnstnsssistonssintimssinitisensis

370 380 390 400 410 420 430 440 450
PRV Ea WT | 5555566700606TT 67 600G00600CT COBGCT CO0TRGT CT T TTATACCCACACCTCAT GAATATTCAT GAATGOTT GGTAT GTGCGA
rPRV EQACTO-S |rrrrrrrr (CGGGCTCCGGCTCCCCOET CTTTTATACCCACACCT CAT GAATATTCAT GAAT GGTTGGTAT GTGCGA

(B)

PRV Ea WT | GTTGTACCOGGGTTTATTGAAAACTTTGTTCAAGAGTTAALAGTGTCTGOCGCTTGCOGGT

|||||||||||||||||l||||||l|||||||ll||||l|l|||||||||||||||||||
rPRV EaACTO-S R | GTTGTACCOGGGTTTATTGAAAACTTTGTTCAAGAGTTAAAGTGTCTGOCGCTTGCOG

PRV Ea WT | GCGCCGCGOCGAGGOCGCEATCOS TOCGOCG TGGACOGGGGGATCOG TGGGECCOGOGGE

FPECEEEEEEEE e e e er e et e e e et e et

rPRV EaACTO-S R | GCGCCGCGOCGAGGOCGCGATCORTCCGOCGTEGACCEGGGGATCOG TGGGGCCOGOGGE

S R

PRV EaACTO-SR | CCTGGATTCGACGGGACGGOGGETCOGAGCGACGGCEETOCGGCGGCGCTTOGGCTORCE

e B IO DRI

PRV EaACTO-S R | GTOCTOGCGGCGGC ATCC OCTGGTOCGGGGGATOCAGCG
PRV Ea WT | SOCACCGOCG0CCTORGECTTGTG

GOGCIGGGCTOCGGCTCCOCGGTCTT TTATACCCA
[ | IlIIIlIIIIIlIIIIIIIIIIIIIIIIIIIII

rPRV EaACTO-S R | GCGACGGCGGCGCTCCGGGTTGTGGOGCIOGGCCTOCGGCTCCOCGGTCTTTTATACCCAC

3 CTO-S FHItEX 45 R
Figure 3 CTO-S sequence alignment results. A: CTO-S sequence alignment results of deletion strain and
wild-type strain; B: CTO-S sequence alignment results of back-mutant strain and wild-type strain.
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2.4 CTO-S % PRV & #8510

1E 10 MOI #2857l & F, PRV Ea WT ., rPRV
EaACTO-S #l rPRV EaACTO-S R 75 &I A] &
(AR B A I 18 25 S (81 4A), RUITHE )
RO, CTO-S X PRV B & il %45 I &
BT, 7£ 0.01 MOI #8718 F, CTO-S $ltk
PR PR AR LA K 0152 S8 AR R AR L, BP9 DA R 4
o BT B O i = (K 4B), KH] CTO-S
X} PRV £ PK-15 4L H 1 2H 28 Fn RS il 34 JE s .
FFRERRA S BE HARFH R 0.650 mm, HEHEES
BEEAA N 0.649 mm, [8152 AR BE HAZ N
0.651 mm (& 4C), filKEH 4 8 5 EF BEbkAH LLSE
TE A B 25 (& 4D), BB CTO-S

(A)

10 -
—~ 8+
£
S or
&)
= 4t
S - PRV Ea WT
= 2t - PRV EaACTO-S
o L PRV EaACTO-SR
0 3 6 9 12 18 24 30
MOI=10 hpi
(B)
10 ¢ Intracellular
A~ 8 _
E
S5 0T
& 4| J/=+PRVEaWT
30 PRV EaACTO-S
2r PRV EaACTO-S R
0

0 12 24 36 48 T2
MOI=0.01 hpi

4 CTO-S ¥ PRV £ #8920

BRIARTE L K 2 M s 1] 7 HLRE 1 AN 252
2.5 CTO-S 5 cytochrome b-c1 complex

subunit 1 B{E

CTO-S pull down Fiit CTO-S M HAEHE
HEATHERE LUK (] 5A Yk 1E 2), CTO-S [ i pull
down R4 EE FAAE M BHA: X BR (& SA JKIE 1), B
ST R EOR, SLIRATHER] 907 NEE, Xt
MRAA7AE 813 AN, LR 4L AX R FE 45 675
MEH A 5B). H:f cytochrome b-c1 complex
subunit 1 5 RNA-binding protein ol ik B 7 55
iy, A RIP HARATIE SRR &
Se ¥ & pcDNA3.1-cytochrome b-cl complex
subunit 1, mitochondrial #1 pcDNA3.1-RNA-binding

c

=
.

o
o0

Plaque diameter/mm
(=]
[e))

04+
0.2 L . L
& =
$ &O' Q’c‘%
A
A
Q
< e
g
10 - Extracellular
o~ 8 B
3
E oot
=
&4t
%’0 -+ PRVEaWT
25l + tPRV EaACTO-S
. _+ PRV EaACTO-S R

0 12 24 36 48 72
MOI=0.01 hpi

Figure 4 The effect of CTO-S on PRV proliferation. A: one-step growth curves of PRV Ea WT, PRV
EaACTO-S and PRV EaACTO-S R; B: multi-step growth curves of PRV Ea WT, PRV EaACTO-S and PRV
EaACTO-S R; C: plaque diameter statistics of PRV Ea WT, rPRV EaACTO-S, rPRV EaACTO-S R. n.s.:

P>0.05.
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(A) (B)
kD M 1 2

180 —+ = Antisense RNA  CTO-S
130 —
100 —

7() T e

55 —u..

40 — -

35 — e

25 —

i

E 5 RNA pull down X&ERIEFiES CTO-S B
fEREEER

Figure 5 Screening of host proteins which interact
with CTO-S by RNA pull down combined with
mass spectrography. A: SDS-PAGE image of host
protein interacting with CTO-S. M: protein ladder;
1: host proteins which interact with antisense RNA;
2: host proteins which interact with CTO-S. B:
protein Venn diagram of host protein interacting
with CTO-S.

(A)

& 6 CTO-S EEZE AR/ RIP WiE

protein F 41 JiT k7 o i ) 56 GIE X R 4% A7 OE
(&l 6A), Western blotting 4% 5% i 7/n 85 K /M E
fif, 435~ 42 kDa Fil 56 kDa (€l 6B)., RIP 254
78 CTO-S Fil cytochrome b-¢c1 complex subunit 1,
mitochondrial DA &2 RNA-binding protein £ [ 4H
HAEF(AE 6C).
2.6 CTO-SiFEZHMIAT

AR5 mock . BFEERR . SRAERR . WK
GRALRE 4 41, 53 50 H2 0 240 2R Ao v (R TR ) e
ARIFE R R TR, 48 h J5 MTT B A6 20 i 75
P, 490 nm MG OD fEBR, TUITiE 20 i 4%
WlEZ, ZRME 7 FR: 5 mock AL,
i3y 7 SN NN 1 IRy v 32 NSO R TR  OR A G o
i, SEPRERRA DL R IR A2 AR AR AR L,
RARH TR AR 2, JF HEA Bk
25, CTO-S HRJ5, MMM T, B
CTO-S RER A AT .

©

Figure 6 RNA immunoprecipitation verification of host proteins which interact with CTO-S. A: restriction
digestion verification of cytochrome b-cl complex subunit 1 and RNA-binding protein eukaryotic expression
plasmid; B: Western blotting verification of cytochrome b-c1 complex subunit 1 and RNA-binding protein; C:

RT-PCR identification of CTO-S.
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Figure 7 Apoptosis of PK-15 cells infected by
different strains. ***: P<0.001.
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