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B E: BAEMRLAASRE 2 BB R LS FIR (LAT) FF30EMA4E | (ORFl) MR LHE DFFHAT
YER #9%om. vA HSV-2333 AR 48 4424 PCR ¥ 3¢ ORF1 K ¥, W& EL /7% pEGFP-ORF1, %% Vero 4 ji,
RT-PCR %% ORF1 ¢4 & &. KAFHE D #F Vero @A, @i 5% R MM E A K, Hochest33258
RAH EIIR mIoTS 25 TAL, MTT AR M 40 J 7 M, 7 X 40 1 AR AR ) 4m 8L F) = & A B F= ) 5 #1 ik pEGFP-ORF 1
MR T, RT-PCR &A% EAL KA BAREE/E Vero ol b Sk ik, £ 7 pEGFP-ORF1 # Vero %882 3K &
HME D ATi5F/5, Hochest33258 £ & R~ HMAET. MIT 4R RKW4 LT 44 pEGFP-ORF1 #9
Vero 4af 2K & B % D ATiHF/E Vero @it E S KRBT EFTREML, LRFEFEZF (P>0.09),

128 FALKE % DFF AT Vero LB A 5 45 % % ik pEGFP-C2 HAAKE % D #5869 Vero @ fie e,
EZREA G FEL (P<0.05). AXLEREAY, #5474 pEGFP-ORFI HZRXLHZ D #HFATHAL E
FAHRAATELEFRREE (P>0.05), M EKTHAAEZ D H-F AT afE S 2t pEGFP-C2 LA M &K
BEDFFATL (P<0.05). HSV-2 LAT ORF1 EA X &8 % D %549 Vero @ty A=A .
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Expression of herpes simplex virus type 2 latency
associated transcript ORF1 and its anti-apoptotic function

Fangbiao Lv*?, Huilan Yang', Feifei Zhong™?, Jianyong Fan®, Yanhua Liu®, and Ruidi Gao'

1 Department of Dermatology, General Hospital of Guangzhou Military Command, Guangzhou 510010, Guangdong, China
2 School of Biological Science and Engineering, South China University of Technology, Guangzhou 510006, Guangdong, China

Abstract: To study the expression of herpes simplex virus type 2 latency-associated transcript (LAT) open reading frame 1
(ORF1) and its anti-apoptosis function induced by actinomycin D in Vero cells. The recombinant plasmid pEGFP-ORF1
was constructed and transfected into Vero cells, and the expression of ORF1 was identified by RT-PCR. The changes of
Vero cells morphology induced by actinomycin D were observed by fluorescence microscopy, Hochest33258 fluorescence
staining. Cells viability was evaluated by MTT assay and cells apoptosis rate was detected by flow cytometry. Double
digestion and sequencing confirmed the pEGFP-ORF1 was constructed successfully, RT-PCR showed that the target gene
was highly expressed in Vero cells. Hochest33258 staining reaveals that Vero cells transfected with pEGFP-ORF1 and
induced apoptosis by actinomycin D had no changes in morphology. MTT assay showed that the viabilities of Vero cells
transfected with recombinant plasmid pEGFP-ORF1 and induced apoptosis by actinomycin D has no statistically significant
difference compared with the untreated normal control group (P>0.05), but remarkable higher than Vero cells transfected
with empty plasmid pEGFP-C2 and induced apoptosis by actinomycin D, the difference was statistically significant
(P<0.05). Flow cytometry assay shows that the cells apoptosis rate had no significant difference between pEGFP-ORF1
group and the normal group, but the cells apoptosis rate of pPEGFP-ORF1 was lower than the pEGFP-C2 group. HSV-2 LAT
ORF1 gene can be expressed in Vero cells and can protect Vero cells from apoptosis induced by actinomycin D.

Keywords: herpes simplex virus, LAT, ORF1, actinomycin D, apoptosis, Vero cells

B LEIR B T R N 2SR UL BE R
J A, AR B I3 Y Y R TR AT 4 HSV-1
HSV-2, HSV-1 FE5LENRRE . BTN
R, HSV-2 FEGRAESEED . WG
S ob2 S R e N N N 2R e S DN N
PE IR Bl 52 3 B AN R B 23 b
YO, 51 R IR I H BRI 4 1 PRAE AR
I HITX 92 9 B 15 OR 2 % PO A LR A
SETMIERE IR b IS S BT R 2 ] L
BIRARIAHTE , IO R E B AT LA A
RE o WM, AR (LAT) S Z 1R
JER e 1 ] I — A ek 2 R AT ARG I ) Yo g
KI5 53771, WA LER 5 T PRI R T

O R 0O 2 A P TR 2 R T
A A K 5T R B HSV-1 LAT ORFs Al 3
3o G 8 1 AT T A A A R AR Uk
etk B0, T L PR B B HSV-2 LAT
ORFs J& 77 HAT 2R A9 /I A0 847 it . HSV-2
FH LAT U8 3 DIFHGEMAES 8 ORFI
ORF2 HI ORF3!', AP ATIHIE 4% LAT
ORF2 J¢ LAT ORF3 {7 T —LEB5Y, FERFSE
ORF2 [ IIRERT, LA 5-FR R M E 75T Vero 4 i)
T-,i# 3 DNA ladder . caspase-3 7% P40 25 2 B
ORF2 HAHL 5-5UKWEIE 15 T (%) Vero 4R AELJH 119
YEFH . TERFSE LAT ORF3 RYZHAERT, DU4HIE S
Vero AT, it Giemsa Jefa |, A AMIEA
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SEHfE LAT ORF3 HATHUMEAIE /Y Vero il
PET-VEH o AIREA A WA XF HSV-2 LAT
ORF1 MW, H HTH A5 0 25 1 o JC i i A
ok, M, ARSZE L EGFP MARZE, ARic HSV-2
LAT ORF1, /RERFHAE Vero AHihFRixE M, W
FHREIWEARMNBTLER D FHFH TG
YEM

1 AR5 %
11 ##

KGHFEE Toplo Witk. Vero AL, Fik:
pEGFP-C, 1T M X 5 B5 B B 4 SE B B AT 5
RPMI1640 41 JifL 55 5% W, a4+ 1% 8 35 15
HyClone 2~ A4 77; Ji 8k DNA $#2BGAF & . T4
DNA e A TR (ki) ARAFLE
75 MTTH37] \DMSO it 18 % D 43 [+ Sigma
NE)HEE; R . Giemsa., Hochest 33258 )
M RAERHEAT RS vl 4t SR E DNA R AT
PLATINUM® PFX DNA POLYMERASE . Trizol.
TN 2 IR KEA R & B Invitrogen A A
BRIP4 N I EcoR T . Kpn T 7% H 3% NEB 2
] 5 B Yt & Xfect™ 7 F HAR Clontech 237l ;
Wikt S S B 36 [ Promega 23l 5 PR TR
774 Guava Nexin® Reagent 100 Tests Hi 3¢ [F
Millipore 23 H] A7 .

12 A&
1.2.1 Vero 4ijEIEsE

Vero dMMEZES 10% (V/V) BG4 ML B9
RPMI1640 BiFr i iiBEE K, T 37 C. 5%
CO, N—E MM e vh i %, K5 LA
I 2.5 o/L AR UG H AR AL AR, 15 3% 40 2 %
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1.22 HSV-2333 #REFEABRI K EH KA
PEGFP-ORF1 KR FI% &

HSV-2 Ji8:/8%%% Vero 4ifil, £F Vero 4fiJifi
BB AR I, RN EVEW, R R SRR A
PEBURF SR B AL, PEf T bk e s IR
IR HSV-2 ik K 2H M BEH PCR 973 ORF1
F B, EcoR 1 . Kpn I %43 giki pEGFP-C2 Al
ORF1 ¥4 AT A Y], T4 DNA %5l i
%, %4k E. coli TOP10, R ARHLIE Gk BH 4 e b 5
P REEFE M vk, IR TR, A EcoR 1
Kpn T BR il 14 P07 i xof =0 20 J53 R 14 47 3 1) 4
JE LY %5 . PCR ¥4 ORF1 1 BS54
Pl: 5-TAGCGAATTCATGCCTCGGGTCTCCTC
TTCCTG-3' (FHIZk A EcoR I BV &L); Fif
514 P2: 5'-TCATGGTACCTTTGTTATTGACTTT
CTTACCTTG-3' (FRIZy Kpn I iFHI{ ). PCR
F W AR 94 °C 7 min; 94 °C 30s, 55 °C 20 s,
72 °C 45 s, I 354F; 72 CHLEM 5 min J5
WHIZE 4 C, RNSERESE 1.0 % BEREHHEER HL UK
¥l PCR 7=47
1.2.3 EH R pEGFP-ORF1 # 3¢ Vero 4Hjf

AL Vero 40, 1%L, 43910k 1.0x10" cells/
FLAN 4.0x10° cells/FL5% FE RN T 96 L5 6 FLANAE
BRI, WA R B R , TRANI 2 80 % 11 Al
B RER AT eS8, PRANEE YR Xfect™
YGRS YL 4 h 5 B R R R Ak
Bt o FEDOE BAEE T M SO I FRik
1.24 RT-PCR ¥l LAT ORF1 fj3&ik

UL 48 hm, TR T WEE Vero 21
JfL 2R L IR IA G B, IR A i 3
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AL RNA, W5 % AR cDNA, LIIE AR, PCR
P14 ORF1 J¢ B-actin, §"}§ ORF1/B-actin JE[H Y
409 : 94 "CHIAEYE 7 min; 94 ‘CAEME 305,55 C
Bk 20s, 72 CHEf 45s, 2L 35 MEFR; 72 °C
FRAEMH 5 min 5412 4 °C, PCR 214 1 %35
JERF K E . P ORF1 W519IE F, N
B-actin 1Y 1514 P3: 5'-CGTACCACTGGCATC
GTGAT-3', 514 P4: 5'-GTGTTGGCTGACA
GGTCTTTG-3',
1.25 JHLWER D 7 Vero 4ifaf T

IEWEETRRY Vero AUMEFLAH, 435 AL
WPl 0, 025, 0.5, 1. 2. 4 pg/mL KYHTLH
Z D, MTT (I T-5 S 36 h A4S K,
H6 fLFIME, % AT R= (LI
41) x100%" THE . MFFIX 6 4104 BAAE 5 5
HoM: 100%+0.12% . 79.02%+6.10% . 68.84 %=
4.42% . 56.66%+4.07% . 46.83%+3.76% .
29.04%+5.93% (P <0.01), Annexin-V-PE/7-AAD
UL gt X A0 A A 000 5 R 20 M ) 9 T R Ay
. 1.66%+0.19% . 16.65%+1.26% . 24.82%+
1.03% . 36.22%+1.04% . 48.49%+1.24% .
43.34%+1.17% (P <0.01)o MATMIAFIG R AN T
R R R, B UL STRE 24 h I, TINAZHE H
1 pg/mL TR R D, KSR 36 h, AT/
1.2.6 LB

SCEAy 34 1) KRBT FEARY Vero i
(EHEXTHRAL); 2) YL T 25 ik pEGFP-C2., £
T TE R DB ST/ Vero 40T (55 F13RIKL);
3) LT B 4H Tkl pEGFP-ORF1 &L H % D
ST/ Vero 40 (A TUORIZH).

1.2.7 Vero 4R T-HE W A Hoechst33258 7t
PO LRUE 3

H445- 20 Vero 4iIELL 5%10% > /mL H:8h T4
MO F, MiBES ) ActD (1 mg/L) 43 36 h,
PBS ¥ 3 %K, MIA 0.5 mL [ [ %2 10 min,
PBS % 2 W, AKX 3 min; LA 0.5 mL )
Hoechst33258 QLA % il T 444 5 min, 7EZOG
WA T WA,
1.2.8  MTT B0 20 ffa i {5

W45 AN 2 15595200 4 h A 5 mg/mL ()
MTT & (RHE N 0.5 mg/mL), 37 CHiFR
GEU WG A IH S FRFEF MTT, B0 150 pL DMSO
AN, BEAERK R 10 min, FEHEM
MTT 45 ¥, #8570 nm B AEBFAR Y52
OD ff. LI 6 ME AL, TEHE 3K,
1.2.9 W40 ARK I 40 M IE =

FE R, RS A A,
300 uL 10% NBS HJ PRMI1640 137 T2 4
M, AHHE 100 pL A, A Annexin-
V-PE/7-AAD =il F#EEHFE 20 min 5, Ejial
AT /3BT o

2 HR

21 ORFl1 HEH® PCR ¥R EHRK
pEGFP-ORF1 By 4 E

PCR 314 i H 441 5 U K/ IMETF &
(%5 750 bp) (K 1), T EH. pEGFP-ORF1 4
EcoR I A Kpn I XAV, K15 K/ 4.7 kb Fl
750 bp AT 2 AR B (B 2) 2% IR IEER N ]
MR, MFEs RS NCBI F#ASH HSV-11 333
FRUERE (M69065.1) LAT ORF1 #4T Blast FLX},
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A 5e 4 —3k, 0] HSV-2 LAT ORF1 E#% 3k
EEREN A E AT

22 FELBERRLEESL Vero MR SN TS
By 48 h IS TEROGIRE B WLk

bp M 1 2

2000 — NS
1000
750 W
500 —.

200

100

1 BHHE LAT ORF1 # PCR =4

Fig. 1 PCR product of the target gene-LAT ORF1. M:
DL2000 marker; 1: PCR product of ORFI1; 2: negative
control.

<

bp

— 2000

— 1000
— 750
— 500

— 250
— 100

E2 FTHFEK pEGFP-C2/LAT ORF1 BIWESHI L E
Fig. 2 Identification of pEGFP-C2/LAT ORFI1 by
enzyme digestion. M: DL2000 marker; 1: plasmid
pEGFP-C2/LAT ORF1 digested with Kpn I and EcoR 1.
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WA W ARG O, s T AL 2 ik
pEGFP-C2 Kik sk a2t (% 3B) TE4HMEA% AN
YA RS A, AR, 52 ok A
o, Dt RS . B4 ikl pEGFP-ORF1 ik
Ek O (K 3A) FLETTEHMMAZL, K25
REE , JEEMM, A5 e H, ORF1
FEH Y 2R 3K T BB R M) T S 60 5 6 B T AE A i rp
Y RE L
2.3 RT-PCR #ELH FRAI7E Vero ZHRE A AY
Fix

2% /K pEGFP-C2 4 1 & 41 Ji ki
EGFP-ORF1 £ (1) Vero ZHI4 R4~ H 452 bp (1
B-MLBhEE NS4y, UYL TR Vero
AR RT Y38 HH 24 750 bp 22 AR HAGZRAE (K] 4),
Wi ORF1 7E Vero Al sl Dhi% %, B4 iks
BEYY Vero AMMSS, FIEILE B 20 BB LR
FEEE A RL, UL ORF1 1E Vero 4+ ik,
ik,

L pEGFP—ORFl E@éﬂiﬂ@{ﬁ] T¥FE, 20

-
50 um

El3 FRAFRIEHGFEIINE Vero P D TtFm
Fig. 3
fluorescence expressed by plasmid in Vero cells. (A)

Distribution  characteristics of green

Fluorescence expression in Vero cells after transfected
with the recombinant plasmid for 48 h. (B) Fluorescence
expression in Vero cells after transfected with the empty
plasmid for 48 h.
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4 RT-PCR %7 LAT ORF1 ERE#E Vero 4HAE
HIRIE

Fig. 4 Expression of recombinant plasmid pEGFP-C2/
LAT-ORF1 in Vero cells identified by RT-PCR. M:
DL2000 marker; 1: B-actin bands in negative control; 2:
the pB-actin band of Vero cells transfected with
recombinant plasmid pEGFP-C2/LAT-ORF1; 3: without
ORF1 fragment in Vero cells transfected with empty
plasmid pEGFP-C2; 4: the ORF1 fragment of Vero cells
transfected with recombinant plasmid pEGFP-C2/
LAT-ORF1.

EAEERKEN B2 (B 5B), kg 7=
BRI T R0, AL N A B — 23
ARG T/ IMA, AR AR A2 IR | Y €8 BTk 2 ik
(5, Al-A6) SEH]R A T-HRFAE

25 um

6 Hochest 33258 e

2.5 Hochest 33258 & W 224 A =

FERL Y pEGFP-C2 %5 R4 ml LA IH 2
) PR T /N R R 0 v e i BURL BICIR 90 (1
6C); IEH XYL (K 6A) K¥%Y: pEFGP-ORF1
HAHBIAA (B 6B) DOCEIR, TR T/ MATIEL
I IE
26 MTT S Hr¢fRatEsE

T TR Vero AL B LR R & D 5S4k
P36 h )5, ODsooflH (2.1247£0.0164), FiF#
XTHRAH AN (2.235+0.012) A ZER LG #E
X (P>0.05), MSMARE D FHRETMIE

B 5 RAZBREESSH

Fig. 5 Morphology analysis of green fluorescent protein.
(A) Vero cells transfected with pEGFP-C2. (B) Vero cells
transfected with pEGFP-ORF1. Red arrowhead showed
apoptotic body.

Fig. 6 Hochest 33258 fluorescence staining. (A) Control Vero cells. (B) Vero cells transfected with pPEGFP-ORF1 and
induced apoptosis by ActD. (C) Vero cells transfected with pPEGFP-C2 and induced apoptosis by ActD.
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HRIRA (1.6942+0.0213) FIzs A4 (1.5753+
0.0124) K ZEFHAGIIEE L (P <0.05), 1
Ja P 22 o geit 2@ 3L (P> 0.05), BiH
HSV-2 LAT ORF1 i BOWTHZ A %= D 5519 Vero
MR T A R ER (8 7).

25 r
20
15 r
S 10}
o L
05
00 | / L | L / L / .
Normal = pEGFP- pEGFP- add ActD
control ORF1 C2 in cells
Type of group

B 7 MTT ZomapiES
Fig. 7 MTT analysis of cells viability. (A) Normal

T 2 RS )
00 U T A A A LR R, E R X B
4.41%=+ 0.09% , EHFTK AN 5.92%+1.07% ,
RN 29.62%+2.19% . Z53Hr, B TR
20 LR T A IR H 2 R RS
B (P>0.05), BEMT=HMAE (P<0.01)
(A 8), HSV-2 LAT ORF1 7E Vero #ii i+ H AT
LW ER D BT

3 Wit

PR ARSI B oy A, N HIME— ) H R
168, Wi AR, 3 BA RENFRE
B HSV-II 8 Y n] i 25 18 in A\ 2 4 05 B B 0 B
(HIV) bR HS Y 5 i s 3 R GG )Y

B RE— RS E BN, XRE
S et ¢, IS5 18 X R A9 HR T 1 A

2.7

Vero cells. (B) Vero cells transfected with pEGFP-ORF1 ZHA X, FT20E AU R R .
induced apoptosis by ActD. (C) Vero cells transfected e
. . . ' 3 | 14 = T
with pEGFP-C2 induced apoptosis by ActD. (D) Vero PERy U B ZEALR . HSV S SR T
cells induced apoptosis by ActD. FLB, W US3. US5. ICP27. ICP22 41 (A2
Apoptosis A Apoptosis B Apoptosis C
10e4 ¢ 10e4 ¢ 10e4
. 10e3 | 1063 | 1063
Q N . Q
g | S 2
‘%’1062 — % 10e2 — % 10e2 F
= 10e1 |- < 106l < 10el
[ Lo’ i
1000 i ORISR 100 BBl v v 10e0 Eif A
10¢0 10el 10e2 10e3 10e4 10e0 10el 10e2 10e3 10e4 1060 10el 1062 10e3 10e4
Annexin V-PE (PM1) Annexin V-PE (PM1) Annexin V-PE (PM1)
4.41% = 0.05% 5.92% + 1.07% 29.62% + 2.19%
B8 MRS TAMBTIER

Fig. 8 Cell apoptosis was detected by flow cytometry. (A) Normal Vero cells (4.41%+0.09%). (B) Vero cells
transfected with pEGFP-ORF1 induced apoptosis by ActD (5.92%+1.07%). (C) Vero cells transfected with pEGFP-C2

induced apoptosis by ActD (29.62%+2.19%).
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DSBS PR 7R B A ek, e IR AR
RIS, LAT SERUE HSV R it
ME— IR A FE N A ST IER HSV-1 & HSV-2 LAT
B HEAFORT BT, E Bk A0
T, MIREERE, AR e M 1y h 4k
R R IR S

RS HSV-2 LAT ORF1 H 40 3| Al LA 25k
S E T EGFP W HAZ R K2 A pEGFP-C2
e, YL Vero 4Hf, i RT-PCR %5E T HiAE
EAFR K. EGFP 2 —Fii B ety SR, A
T, EALHER, POURRE, BXTE F AT
e, AT S AMEAE Y, A2 25
BRI, AT AR IR s S N sl s v k1,
J7nEE HSV-2 LAT ORF1 Hy:EN FIZRkEITE T
1

HSV-2 2 EZA/EMM LAT %4 3 1~ ORF,
FEIANE G TS 28] HSV-1 T % LAT A i g i
& AP AR A T EOCREN A
HRPEPEIR 9 HSV-2 LAT 4t s A oA
PURT-VERIR WAGE , WTREEth FZE A RS
S B A PR , WEET RIS S BRI AR, AEAERT
TF1) 4 2 T DG A ) U200 AR e . HS V-2
LAT ORF1 N 58 XF 4, 4 & & 4 i3 ki
pEGPF-ORF1, #54% Vero 4fiy, BFFEHXH WLIH
TrAESHNLEE D 2NE S i T 15
JF 3 Ao P R E T TR A, W R I S
HSV-2 LAT ORF1 7 Vero 41l Jfil fh B AT Hi il 2k 14 %
D i FMTAEH . ASLE % T 2 IESE HSV-2
LAT ORF2 7£ Vero 4ffitiH HATHL 5-FU i3 14
T-VE12), HSV-2 LAT ORF3 7E Vero 4 il H HAT
PO S0 TV Y, AT UL HSV-2 LAT
ORF's X P T IR T4 FH R 1)

g5 BTk, ABFSEE O HSV-2 LAT ORF1
(2 Rk M HATH T REME TR IR E , 124G
A R — R HSV LAT & (R IhRE, BF5Y
26K I TE R A0 8 T e A AR ML B B 1)
R AL 25 1. RS HHiTXT LAT Hiid
TR R M AN 2 B 4, AR T4
B A FE A T AL LAT 78 HSV ¥R & i1
H, A TRESCN /R HSV TR R LK)
— TR AR . LAT B TR A S 52 R
AT RERIAYT HSV-2 W R BRYLR A T 1 JEL %
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