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WS & IiEARE R R HIIERR H{E#HL1-ORF2

IS SHEGFPIRR S EERIE
FXE Ew#E REL Lugman ALT ¥ KEL S #hik EHFFT BLHET

(TABBE RS, A6 AR S0 sh 2 B i e &, LR FL %, 41 5E 050017)

WE 7RI KA TH-1(long interspersed nuclear element-1, L1) /2= 6T 2 & & £ 49
S F AR, FHFALLE) 5 =/~ FF 3078 3£ 4E (open reading frame 2, ORF2)(L1-ORF2, % 3 ¥ & #RORF2),
HNE|pEGFP-C 1R #2(C1)#) EGFPA B T 7%, £ s C1-ORF2E A HAK, 4N\ 89ORF2¥ VA %S0 EGFP
RE AR FE 8 KL, HFCI-ORF25 & A BARZH 2| 52 ) & (Danio rerio) T ¥, 45 R AR, EPT
12 0 09 R A BAKF | RA #HAORF24) R A HRAIKFFEGFPHR A AR 5 &k, Cl-ORF2E A BARF
FHYEGFPR IR B M A MEAE 69 £ F M R 5 51K, EGFPR HiR4% & & £C1-ORF2F ¢ kL% 3|4
B 6947 H], O hAE G P R (18 ARAE AG 1 97 7R b IR 58 40 & & ATEGFP AL 6937 1 4E A, AR AG 97
P HiAR 84 97 A8 B & & (lipovitellin, Lv) &4 B 3% T AERG 90 ik, #RAR PR 52 32 & B, ORF2 DNA
BE MG IRINRE G, AEAOFLVES., HEEEE. LvimORF2H K =4 69 R i 5, 4 Rk
BALVIT A4S ORF2 A B & @, A TIRAE G H5ORF2494 4. st —F AR AN, Lvig i T
C1-ORF2 DNAXf DNase 510 69 80 32 AF R IRATVA T 4548 Lyl VA 5 BT A M 69 DNA R B4 4,
12 50RF269 454t 5 HAUDNA R B4 FFo ) £.% . Lvidid4R 5 ORF2 DNA % & ffi 69 5 3L
M, MFEORFE-F09 D & - ANE S EGFPA R 69 & 3K,

X KU IclE-1; 35 f(Danio rerio) T IIIENG; DR IEEE H; BURFHIT LG, det
A RSN

Zebrafish (Danio rerio) Lipovitellin Promotes the Expression
of EGFP Reporter Gene Induced by L1-ORF2 in Early Embryos

WANG Wenxia, WANG Xiaodie, WU Chongguang, Lugman ALI, GENG Qi, ZHANG Guozhong,
FENG Xu, YANG Yuecheng, WANG Xiufang*, LU Zhanjun*
(Department of Genetics, Hebei Key Lab of Laboratory Animal Science, Hebei Medical University, Shijiazhuang 050017, China)

Abstract To explore the molecular mechanisms of high expression of L1 (long interspersed nuclear ele-
ment-1) in early embryo, in this study, CI-ORF2 expression vector (in which human L1-ORF2 was inserted into
pEGFP-C1 vector) was generated and the inserted ORF2 could affect the expression of EGFP reporter gene. The
C1-ORF2 and other vectors were injected into zebrafish (Danio rerio) early embryos. The results showed that only
C1-ORF2 induced high expression of EGFP reporter gene. The EGFP fluorescence intensity induced by C1-ORF2

vector significantly decreased with embryonic development. The expression of EGFP reporter in C1-ORF2 was in-
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hibited by histone, but embryo lysate attenuated the histone-induced suppression of EGFP reporter, and Lv (lipovi-
tellin) purified from embryo lysate had a stronger effect than did unmodified embryo lysate. Gel retardation assays
showed that ORF2 bound to embryo lysate protein, histone and Lv. Changing the order of histone, Lv and ORF2
fragment addition proved that Lv could bind with ORF2 fragment and histone to interfere the binding of histone
to ORF2. This study further found that Lv increased the accessibility of C1-ORF2 DNA to DNase I. It has been
concluded that there are a variety of DNA binding proteins in 0 h zebrafish embryos, among which Lv is the most
abundant one. Lv can bind to all DNA fragments detected, but binds to ORF2 with a greater affinity than with other
DNA fragments. Lv activates EGFP gene expression induced by ORF2 in zebrafish early embryo by enhancing the

accessibility of ORF2 DNA.
Keywords

long interspersed nuclear element-1; zebrafish (Danio rerio) early embryo; lipovitellin; gel re-

tardation assay; chromatin reconstitution; in vitro transcription

KB AZ e -1(long interspersed nuclear ele-
ment-1, LINE-1, fa#x L1) 2 &MY, L3575
Vi, Wity FHUEADE S FEDZH b ) — N R T
PR N LIAIBE Dt L1EA 70%0 [FIE I, 3 H
N ZELUFIEE By £ L 1R A 25 P9 AN I 5 S HE ORF 1A
ORF2P*, ORF2% 4 ) & [ 75 P 1 1 A1 AR 2 [H]
HAT AR STV, & R0 N 1)l AN 10 e s Bl v
{H ORF 14 filh 1) 2 A& PR ~F S5 R385, LI H 3
INATE 7 A 20 R 2 B 2 O BR ), DARE S 48 il
ARAE . R LIE NS, Wa A sh A 8 28 (1) B
FEJG b i FERIR B0, Lo NISHEAA 1 841 i 1
RIS, BRIATFaGIRD, FEERET ALKR
MG Z g T4 /N RLIE 240 MRS, HoK
PAE 2~84H LRI JF 46 B, 16400 — 0 K
Fo 0T, L1 A e W PR S i - 24 B RT3 ) 22 e T 4
J A 5 I T i P AR SRR SR B, L1AE R S R
A EE R R, REMEARAIRE M, RS A
JVR i 2 DR 2H s A e Tl FLBh A, B VR i DR 2
AR ATEIR IR K E 211 000241 (2453 h)Z )5,
HLIES (2R 543 hHFiaRIE, /£52F 58 h
RILEIE R, 5 RS8R . LIFRE KA
JRRGT-400 . Z R T 40/, 2501 4 i L J Bt it
e 4 i

EM G R IR Bk R, B L1o iR sk i
L1 RNAENHZ SR RAR i3k 05 22 1) B PR 33, Il
e TR IER K E 5 BIR— Lk
18 [ LIFEM G B R & o A2 oS o 18, (H s
L1EE )50 T oL A e i 2 0. wF st (et L1
Tk AR T s R AR E . 4
JROTE AN 25 73 AR O L BEAT B AR 7 S

AT 5 e P B S £ VR i 1) B 52 e L1 7E B
R R R 1 o T LB . B IR R R L sh
WG 7S 5 3k A3, NAEY = R At T A S T
HUSI, TANZEUSLE N MLL-AF9 mRNA & f07E St
FIPE S e T, BT Em SRR, TR
FMLL-AF9RE R I ThEg . 908 iR 25 A (lipovitel-
lin, Lv)s& Bt 5t B AL G (early zebrafish embryo,
EZE)H & ) DNAZ A HEH . Lyl i 8 H
FE RSy, 290 IR B A o T R RCOR )
EH. XTAFEY RN Ly Al OP 3 iF 8 3 4R 7 i &
WY, Lvag —Fh'sE & koKL&Y A B i fE & E
K FonEREAY. Lvieg E AR K
BRI REEM S, IFHOEHS 5080 K E 1) %%
B 4 5190, SR, Lvo 75 4% L1 30k i AR L
. A TWRZENLIER PGB ERIER 2 L
1, ASHE 70K R 2 19N L1-ORF2(fdii #k ORF2) & iA
WAEWOES B EZER . 4550 K P C1-ORF29E 5t
A0 hPEE ffikfif, 0% & 24 hj5 n] W22 LvAs 8 i
G EGFPIR &5 FF RIS . A5 NFHKE LviE
NG 20 M b R PR E R P 4 it 74 & .

1 RS

1.1 #
1L1.1 24 AUFFEHMBE S ATUR R, HES

WIS AR A IR A R . sele 2 I T e
BER BN RGP 5 1 2 3 b X Stk AT o %
16 % (1 B BE S S IR IR AE B R e, RSk
(TR — R, K4 AR BE 1 3B AE [ — AN KA AN )
O AR, SEEG 2 R AP 8 A, K e ERRTE #81 J3CAE ) —
ASIKF AT ACEC A O . PRI T A FA E
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WY B SZAE B0, 7R AR AR T i AR R R
RER . 45 min NSCEEISEAG G (R AT 140 3
(IR BEFR A2 0 hBE T L IRHG 5 2 h o WS B 1) 52 A
JRRERFR 92 hiit B i 4 b B 1) 52 RS IR G 43
FRA4 hBE D kG, CARISHE. $gRIAE A B RE
SANBE S GG, PRI E T a2 28.5 °CI1
BRS, H SR K R 9%
1.1.2 K5 25 s AL =R FE A 2% E Mreda
AT ZHIREEEFF ARG SRR B b R3¢
ER AR AT BUEFEE E VU PE S Biowest/A A ;
Xho/Pst 1. Hind 11I/Nhe 1. Apa 1/Xho&{Xho/Pst 1fR
HIPE N IBEI E H ATaKaRaAa); 2FAEE. 41
& F 25 H (bovine serum albumin, BSA)IY H i J#
A YRR BRA 7] Ly A S5 % 0 hBt 1 ik
B O R A RS BRI B A X T AR
#J7; DNase 1. Z0fAZ 32 BORFI & RNABFH
7). & A EFKIE E 2 [ ThermoFisher Scientific/A 7
FEARAR T Dy [ 7y f s o M8 B s e B
Leicay & ; i B REAL (VEX105PB) I 3£
Sonics A F] 5 B FHEN RS040 B 3 E WPIAH] ;
5333% PCRAXIA ] 35 [E Eppendorf/A & ; SEFf PCR £
23 H 2[5 Applied Biosystems /A &l ; fifH X H 3
Sart/A A ; 28 °CHE 5 Br F2 46 [ iR (5 5550
U EBRAF . BYE B IEE W B 35 [E World Pre-
cision InstrumentsA 7 ; ZEHT 4 H 3£ [EH Sevaa 7 ;
Alpha Innotech#t % % 73 A4 g B b5 % A A4
YRR AF .
1.2 753k
12,1 R&ZBMAME  ARREHAEDERENIR
X, B4RE T C1-ORF2. Cl-Alux14f1Cl-LacZ
FIBF AR P2, R, W XYLt R L1PA3 X
P38 7 N L1-ORF2)7 %1 (%% ORF2, 3 825 bp).
ORF24fi A pEGFP-C1(C1)JFi ¥i [¥] EGFPEEIH T ilfe, #4
## C1-ORF2RIEHA ; K5 14 H BRI AlufF 51 (N
BAi k%o, MK N3 962 bp)idi ANC1HIEGEPHE A
UE, M CL-Alux 14RIEEAA; K KA B LacZ 2k
Al B (3 825 bp)idi A C1Jsi ki EGFPEELE i, 144
Cl-LacZRIE#H Ak
122 R RESEA BEEMAI PR IEE
AFEIREMBIIRG , R R MEE TS A FRIA
AR ST RIB A, WRIEN0.1 pg/ul, M
1 0.05%M4E. 0.1 mol/L KCl. B4R &4k

RERIEBEANE S A GO s . AN RRRE
W7 nLRIE AR . B E, B IR T-28.5 °C
E .

1.2.3 A EGFP4 35 F mRNAB & @ 69 & A
P KR ERR RS BT G BT 6FLAR
H, H0.01% 8 =R ERUBRIEE K 1.2% K08 2 BTG bE
W E TEIER R M 6FLAR I =+
BRIV, IONT mL B (BT 4: 0.01% =R, 1.2%
RIE s B A ) o B 6FLARCE ToK B30, FEL R
HEE S, IIN 0.01% 1 == A1 56 7E =R DX B i
AR . R 56 B BB (490 nmi kK
A EZBE £ I i EGFPY e 85 A IR IE B . F
FH Image 84T & BN BE Lt ARG 98 Y6 omE . K
Cl. C1-ORF2. Cl-Alux14H1C1-LacZF& ik #HIAE
B30 hBE D fIRRG o, 24 h/E HRBUEMRNA, RT-gPCR
K EGFP mRNAJKF-, Kl EGFP mRNA 5| #1559
#5141 5'-GCA CCA TCT TCT TCA AGG AC-3',
N EI#5'-TTG TCG GCC ATG ATA TAG AC-3', §™
R BB FE 181 bp.

1.2.4 0 hst D & e A5 97 ik (32 ) & 2 90 i ) 89 4
& WA BE S 8.0 hfiB (77 P )5 45 min P (IR
fR), Weid b3, HBE 1 fa IR IR VA T 4R T mLiy
IR b, 22 BC 778 0 0.1 mol/L NaCl.
0.5 mmol/LZK H L fifi 15 i (phenylmethyl sulfonyl
fluoride, PMSF). 2 mmol/L —ffi #5 ¥ i (dithioth-
reitol, DTT). 0.5 mmol/L Z — &V Z. & (ethylene-
diamine tetraacetic acid, EDTA). 10 mmol/L Tris-
HCI(pH7.4)"H1 . 1E0 °CH&AF 181 FH 8 75 I A A5
TEIR TG, FER eI O T 2 i . 12 000 r/minZk
PR ES 0 5 min, UK EIEHN 100%3E 50 . 1#
2 B i ek, A8 B & B bR e b
2, 1595 nmi KN E BE 5 9 UN R (zebrafish
embryo lysate, ZEL) [\ G JE (DYVE, 2R ¥ FARAN
i Zeh, R EARM S E. A 1<
MIBON EIE AT M RE, 19 BAN [FIUR FE RV O -
125 Mpd@Ripadaily  HWIESE
221 17715, 2700 25 722 # 2 Bt AR V5 51
W 53 15 Ly, S 2 M ARG 440 H 1 Lv 4t
BT Y58 o

12,6 WINEERETH (FHFEEEHR L
TGO R AR A B0 23, i b 5 825256 b 5 AR
AR T T, AT RAE A E R\
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Bk, HAADNAM Lvit TR E EA . ki, /&
BAMBETHE T, B A DTS
M TR Y, ® S 2, ¥ C1-ORF2(5
Cl-Alux14)RIEHM (ZIRENO0.1 pg/pl) 55 E
WL B ) \RAEP I Lv(EBSA) IR & 5, BT
110.1 mol/L NaCI#110 mmol/L Tris-HCIAL 1  f#)
SEM, SIS 30 min. &S0 hBE DG
HH L7 nL ERIEAY . Ki9724 h)m, THRIEYOL
T (490 nm) %L, FIFH Imagel 844 5E AR
JREGFP )5 Y i .
1.2.7 BIRFA LI 58 2 BHL iy 52 96 2 AR SC
R [26]HR BT . S 2, # C1-ORF2. Cl-
Alux14. Cl-LacZH C13RIE #4455 ml s H Xho/Pst
I. Hind 111/Nhe 1. Apa 1/XhoF1 Xho/Pst T[R4 P
VIBG AT R V) o KT A0 5 (TR & W ids I 21 55 R AR
IT0% A [&H 1% T e B AR N (SDS)]H , 7£
60 °C ~AEH 30 min DA FR 1 N IBE 1% . 285,
7E-20 °C ¥ 1/104 8 1 3 mol/L NaACHI 3fi5 41
ITEIK L BEAS INENE A ) i % LAYTHE DNA. T
Fifi 12 000 r/minZkfF F B0 10 min/& 3R 15 TH
LI DNA FBE . U3 A 75% LBEBRE 21k, FRTERL
#%7K (double distilled water, DDW)H1 ¥ fif o

HA5 24 C1-ORF2. Cl-Alux1481C1-LacZ
FED A 5% ENRINE . AEAMLVIBS, f£H
0.1 mol/L NaCl#11 10 mmol/L Tris-HCIAC il ik ) 22k
(PH7.2)F %35 T E 15 min, F2H DNA F BL&k
20 ng/ul, FERGVAEDNR. AR B Ly &K E N
feE . Baifb /5 ORF2. Alux14. CIHES5A
[FJ 3R P 1 LvAE =535 R & 15 min, DNA T BEI&IRE
N10 ng/uL, ZEPFiREC 5 0.1 mol/L NaCl. 10 mmol/L
Tris-HCl.  20252.5 pL2H 85 (PRI 2.5 pL Lv(fi
TNRPE)AITS WL ORF2F7 B (40 ng/uL)WE & . K
{EE PR S PR SR S0 T E 15 min, A
= JEAE R NS 15 mine K10 pLEF TR
52 WL HRFEREFFIRG G, 5 pnLIB AN 641
BRH, 7E4~8 °C N HEAT 1.5%E Ha b f ik (FL Pk 2o
0.5x TBE, EB#4{%). 1 H] Alpha Innotechi%¢ 1% 1% 73 #r
PCREEIE .
1.2.8 DNase i1t Bl i E RS
C1-ORF2+4E FH +LvAI Cl1-Alux 14+41 5 (4 +LviE
Y1k, F0.045 U/uL DNase I7E =0 T 43 ATHALO -
30 52 min&{4 min. HIA10 pLZIER(BE T N: 0.1%

SDS. 10 mmol/L EDTA), FHTE/K LBEDTHE . JTiEd)
FH75% CEE R 2K, T8, H150 pL 2.5%[H) SDS i,
TN VORI — 2K BRI . B FE S %
HU10 pL 5 RE, 37047 1.5%58 AER e e L vk

1.2.9 %itaotr B EdEseR HSPSS 17.05 4
BTG A EE . A JR) B RCR R IRL 2R T 2 T
SR DL IEAAREZE (xts) Kom . P<0.05 97 H 4t

TR

2 HBRE5S
2.1 L1-ORF2(ORF2);E5f N0 hit & fEhE24 h
EWEEGFPRLEBRIEIFR

# C1-ORF2. Cl-Alux14. Cl-LacZ#pEGFP-
CU(C)FRAEE A7l B E N 0 hBE I fa IR i, 55
7224 hfa, W% EGFPPOLE ARE L. Kl 1AM
Kl 1B ~, C1-ORF2i5 5 T #HE [ EGFPR Kk,
Cl-Alux1415 5 | W EBKH EGFPR L EKIA, Cl-
LacZi% 'S 1 B 551 EGFP# )t & A ik (C1-ORF24
vs C1-Alux 1420 5 RIE L, i 480.32, P<0.01;
C1-ORF241 vs C1-LacZZH % YR IE ML, tfH }47.89,
P<0.01). CIFEKEARMIFES T EGFPREHEIE, H
& C1-ORF21% T [ EGFP% 6 £ [ 9 JE 7148 0 3% =
FC1FEKL(P<0.05, i }4.75).

C1F k%5 S 5 i EGFPY e B AR IAH R R 2
— SRR A Poly AR 5 7 B7, 7E C1FRL 1 EGFP
R RS Alux14. LacZB{ ORF2F%1 , 43 5%
YeHeLadl il 5, ‘B AITHI7E HeLaZll i BoR T 53R
EGFPZtHr FH R IA AMHIEH B AHfFFi, Cl1-
Alux14F1 Cl-LacZ i ki5 C1RLEL L, ¥ R T
XT EGFPRIEFIHIHIER , %458 5 HeLaZii fd (1)
SER—F, {H72 C1-ORF2{E:HF N 0 hBE D IR fify , i
H 24 hJa WE B 145 R 575 HeLadt o 1925 A
— 3, N T HYIE S ORF2ZEVE ST 0 hBF 5 11 ik
et EGFPRITEAE R, A SCH CLSURLH 1) Poly A
FEA 2, # T ANS PolyAR) C1E A H 4, B C1-
delPolyARIEH A . E1CHE R Cl-delPolyA5 C15&
REAAMEL, FEHN 0 hWBE D AR E 24 b,
Cl-delPoly AL & )L T 58425k 2 T 15 F EGFPX
iR A FIE R BE J1(¢E M30.26, P<0.01). ¥FORF21d
A C1-delPoly Ak #i A, #% | C1-delPolyA-ORF2
Fik#Hk. B 1CEIR Cl-delPolyA-ORF2E LA
S T R EGFPRIA, 5 Cl-delPoly AR IAH 1A
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A: C1-ORF2. Cl-Alux14. Cl-LacZ8{pEGFP-C1(C1)RIAZAES AN 0 hBE DM Itff 24 h)5 , EGFPY R 1RA MK . B: HHCI-ORF2. Cl-
Alux14. Cl-LacZ K C1IRIEHMATE FMEGFPIOG AL, Hdi R H EI1A, R3S I AEbREZE . C: Cl-delPolyA-ORF2. Cl-delPolyA. Cl
FIRFAARES N0 WL Dt iEfR 24 h)5 , EGFPYOGE ARIAMIMEIE. D: Cl-delPolyA-ORF2. Cl-delPolyA. C1FEILZEAAIE 1 EGFPYE G50
Bk B EC, A3 UL SIS A bR 22 . E: 5 C1-ORF2ES ABE S 60 hIEfG, WISEEGFPYEL 8 A LA RN M ZRiA KL . F: C1-ORF2
TEAN RIS (5] 75 S FIEGFPYE o BE, Bk H EI1E, A3 AL S I BMEAR 2 . G C1-ORF2IEST AR BB B IR AR, 7EVE S J524 hill 52
EGFPTGRIERICFR . H: M 1GIIERICT-ORF21%5 3 FIEGFPY G IR L, Jy3 IR AT SLls A bR EE . *P<0.05, **P<0.01,

A: representative images of EGFP expression at 24 h after injection of the C1-ORF2, C1-Alux14, Cl-LacZ, or C1 (pEGFP-C1) expression vectors
into 0 h zebrafish embryos. B: EGFP fluorescence intensity induced by the C1-ORF2, C1-Alux14, C1-LacZ, or C1 expression vectors, calculated from
the images in Fig.1 A (¥£s of three independent experiments). C: representative images of EGFP expression at 24 h after injection of the C1-delPolyA-
ORF2, Cl-delPolyA, C1 expression vectors into 0 h zebrafish embryos. D: EGFP fluorescence intensity induced by the C1-delPolyA-ORF2, C1-delPo-
lyA, C1 expression vectors, calculated from the images in Fig.1C (¥+s of three independent experiments). E: representative images of EGFP expression
at different times after C1-ORF2 injection into 0 h zebrafish embryos. F: EGFP fluorescence intensity induced by C1-ORF2, calculated from the images
in Fig.1E (¥+£s of three independent experiments). G: representative images of EGFP expression induced by C1-ORF2 injection into embryos at differ-
ent developmental stages, observed at 24 h after microinjection. H: EGFP fluorescence intensity induced by C1-ORF2, calculated from the images in
Fig.1G (¥+s of three independent experiments). *P<0.05, **P<0.01.

Ell ORF27£0 hiE 5 & R HHUEEGFPRILE BRI FRIA
Fig.1 ORF?2 activates EGFP fluorescent protein expression in 0 h zebrafish embryos

200 um 200 pm

EGFP fluorescence
intensities /10°

2h 4h
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A B3 G 22 3 (P<0.01, i N49.41). KI1D
B B A FH Tmage 50D B2 1 1 1 CH &% 2 5 1 £ )
WICREE .

F 1EMIE 1F &R C1-ORF2#5 S 1 EGFPY4 )
55 55 I A L S I (] (1) S 5 3B T 3G I, 748 his A |
V{48 hillfF ¢ R E B 2 = T 24 ho12 h
A6 h(tfE 7 5N 66.39. 74.48F174.83, P<0.01).
¥ C1-ORF2F ik #3424 [ & & M B ) 58 5
G (0 hy 2 hili4 hBE Bt i), g s
24 WS EGFPRIGERE AR IETEOL, B IGHTE 1H
EONTEESTNO hBE S fRAG, B E 24 hJa =AM
EGFPZ 5 5 d5 iy, W5 i S VR i < & I T 1)
WS, POGTRE E T FE (ES0 hiE S iR fiR S5
2 h. 4 hBE S RAE LR, ol 5301 7922.65F115.98,
P<0.01).

PLEixsest LA C1-ORF2IES N0 hif 5
JRRiG, 1 524 h)G 51 T EGFPR MG A M R RiA .
2.2 ORR2ERRKFEHREEGFPERARIE

fii I RT-qPCRIG I EGFP mRNAZK -, K258
785 Cl-Alux148{ Cl1-LacZHM L, C1-ORF2i% 5 T #%¢
=1 EGFP mRNA X (P<0.05), X Lbsh FE
ORF27E¥: 5 /K Vs T EGFPR: R 3Rk .

2.3 0 hED&ERRAINRGEDS &R IFR)ITEGFP
EA=ESNz0pAl

ORF27E0 hit B ikfia 512 T EGFPR Rk,
HEMAE ZEL H ] BEAAAE SR ) 5 i ik 3X PR FH
IR AN R R FE B BN S C1-ORF2IE B )G, 74
A0 hBt 5 itfG, 24 hjG W% EGFPER A R IATHE

—
W

o S5 HRAE B EGFPEE H R IEAN Z ALK E ZEL
VECME . HESCHERARIE , BE D A UG VA OV A S
A FE R R IA W & B R 22, T R e
FURAE A, KHEN ZEL AT G5 A IR 59 41 & (410
FIVEF ISy . 5 C1-ORF2 5 AN [ ik J () 41
(0. 0.02. 0.04. 0.08F10.16 ug/uL) & 5, FEHA
0 hBEE it G, 24 h/E K EGFPZ G 8 (I H3RIA
K 3AME 3B/~ 24 8 IR FE N 0.04 pg/pLisy, Cl1-
ORF2[¥] EGFPZ 6 i i [ K 22 50.18%, #i FE2k 1)
—21:(0.04 pg/uLAHHE A 50410.02 pg/pL2H 5 F 4
Lo, tff 20 9 22.76 /123,57, P<0.01). il E 4
B (0.08F10.16 pg/uL)J L P54 40| 7 EGFPE M
Rk
TERf 2 G 8 50% EGFPE | i 21 & (K
FEJG, DA T ZEL 2 A ] LAYR 55 415 [ 4
FEA, &R BN, BERER ZEL(1.900 pg/ul.
3.800 pg/uL. 7.600 pg/uL)& 55 T 415 A %} EGFP
PR IE FI I /E FH (B3C), 3.800 png/uL ZEL¥G 41
AN FIHIEGFPZOCHIHI1EFI FEMK 780.49%. 1X
Be gk SR, ZELH & 45 55 41 2 4 4 A 7 R
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Cl1, C1-ORF2, C1-Alux14 and C1-LacZ expression vectors were injected into 0 h zebrafish embryos. After 24 h, the total RNA was extracted, and RT-

qPCR was used to measure EGFP mRNA levels. *P<0.05, **P<0.01.

E2 ORF2EXFKFHEEGFPERERRIA
Fig.2 ORF?2 activates EGFP gene expression at the transcriptional level
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A: representative images of EGFP fluorescence induced by C1-ORF2 after incubation with different concentrations of histone. B: EGFP fluorescence

intensities measured from the images in Fig.3A. n=20. C: EGFP fluorescence intensities induced by C1-ORF?2 after incubation with 0.04 pg/uL histone

and different concentrations of embryo lysate. ZEL: zebrafish embryo lysate. *P<0.05, **P<0.01.
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Fig.3 ZEL attenuates histone-dependent suppression of C1-ORF2 plasmid EGFP fluorescence
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Lv, histone and C1-ORF2 (2 pL each) were mixed and injected into 0 h zebrafish embryos. A: representative images of EGFP fluorescence induced by
C1-ORF?2 incubated with 0.08 pg/uL histone and different concentrations of Lv (0, 2.5, 5.0 or 10 pg/uL). B: the EGFP fluorescence intensities measured
from the images in Fig.4A. Data are presented as the X+s of three independent experiments. *P<0.05, **P<0.01, ***P<0.001. C: EGFP fluorescence
intensities induced by C1-Alux14 incubated with 0.08 pg/uL histone and different concentrations of Lv (0, 2.5, 5.0 or 10 pg/uL).

El4 LvAlE554EERIESHEGFPRIEHI

Fig.4 Lv ameliorates the histone-induced inhibition of EGFP fluorescence
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K CI/ORF2. Cl/Alux14MC1/LacZ B 73 il SZEL. 4 H sLviT B /5, M 1.5%5015 Bl 5tk i il TEBR (. A: SZELE A &5, C1.
ORF2. Alux14, LacZF BB BLRR B, ZEL: B @ IRAATE IRV . B: MZELIKEE N 1.425 pg/uLif (3 =9kif), #i A\ BLIODIE 5 C1 A B
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C1/ORF2, C1/Alux14 and Cl1/LacZ fragments were incubated with embryo lysate, histone or LV and then subjected to 1.5% agarose-gel electrophore-
sis with EB staining. A: representative gel retardation assays of C1, ORF2, Alux14, LacZ fragments after incubation with ZEL protein. ZEL: zebrafish
embryo lysate. B: the ratios of IOD values measured from Fig.5A of the inserted fragments to that of the C1 fragment when the concentration of the em-
bryo lysate was 1.425 pg/uL (lane 3). The data are presented as the X+s of three independent experiments. C: representative images of gel retardation as-
says of C1, ORF2, Alux14, LacZ fragments after incubation with histone. D: the ratios of IOD values measured from Fig.5C of the inserted fragment to
that of the C1 fragment when the concentration of histone was 0.02 pg/uL (lane 3). The data are presented as the X+s of three independent experiments. E:
representative gel retardation assays of C1, ORF2, Alux14, LacZ fragments after incubation with Lv. F: the ratios of IOD values measured from Fig.5E
of the inserted fragment to that of the C1 fragment when the concentration of Lv was 1.67 pg/uL (lane 3). The data are presented as the X+s of three in-
dependent experiments. *P<0.05, **P<0.01.

El5 C1-ORF25ZEL. AEBMLVAARSHESEN
Fig.5 C1-ORF2 has high binding abilities with ZEL, histone and Lv
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Left panel: histone+Lv 2 histone = Lv+DNA —> histone = Lv

= DNA+DNA (the ability of histone = Lv (histone and Lv complex) to bind DNA

decreases, leading to some DNA not being completly delayed)

Middle panel: histone+DNA —> histone * DNA+Lv —3 histone * DNA = Lv (complete DNA gel retardation)

Right panel: Lv+DNA 2 Lv = DNA+histone —> Lv » DNA = histone (complete DNA gel retardation)
A BRI PEL A 2 B SR R AN R B (19 Ly A [R] BRI 5 2028 (A RIC 1/ORF2 1 B & o AL 128 SLVvIFE &, T 5 C1/ORF2 5 BRIEE o« LV JE O,
C1/ORF2 v B 5 4B, Lvik % 290.012 5850.062 5 pg/uLisy, C1/ORF2 5 Bl - B (A2 ). AR A S5CI/ORF2 A B A, ARE S5LVvIRE . it
Lvik FE ], C1/ORF2 v B35 58 A B (h ). Ly 5 CU/ORF2 F BR &, H S HE AW E o LR LvIKEE WM, C1/ORF2 F BLIs 58 4 B (4 )
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A: representative gel retardation assays showing different concentrations of Lv incubated with histone and C1-ORF2 expression vector in different

order. Histone was incubated with Lv, and then incubated with ORF2 fragment. ORF2 fragment is completely retarded when the Lv concentration is 0
and partially shifted when the Lv concentration is 0.012 5 or 0.062 5 pg/uL (left panel). Histone was incubated with ORF2 fragments and then with Lv.
ORF?2 fragments are completely retarded regardless of Lv concentration (middle panel). Lv was incubated with ORF2 fragments and then with histone.
ORF?2 fragments were completely retarded regardless of Lv concentration (right panel). B: the sum of the IOD values of the C1 and ORF2 fragments in
each lane from the images shown in Fig.6A. The data are presented as the X£s of three independent experiments. C: schematic diagram of gel retarda-

tion results caused by incubating histone, LV and C1/ORF2 fragments in a different order.
E6 LvFiAZERASCIMORF2FIINEES
Fig.6 Ly interferes with histone binding to the C1 vector and ORF2 sequence
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A: representative image showing DNase I digestion of C1-ORF2-+histone+Lv (C1-ORF2) or C1-Alul4+histone+Lv (C1-Alux14) recombinants. C1-ORF2
(C1-Alux14) (final concentration 0.1 pg/uL), histone (final concentration 0.3 pg/uL) and Lv (final concentration 5 pg/ul) were recombined using the in-

cubation reconstitution method. The recombinants were digested with DNase I (0.045 U/uL) for 0 s, 30 s, 2 min and 4 min, respectively. B: IOD values of

each lane calculated from the image of Fig.7A.*P<0.05, **P<0.01, ***P<0.001.
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Fig.7 Lv increases the DNase I digestion sensitivity of C1-ORF2 DNA
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A: effects of histone and Lv concentrations on gel retardation when different concentrations of histones were incubated with different concentrations of
Lv and then with C1/ORF2. When histone concentrations is 0.02 pg/uL, 0.062 5 and 0.012 5 pg/uL Lv attenuated the gel retardation of C1/ORF2 frag-
ment caused by histone; when histone concentrations is 0.025 pg/uL, 0.062 5 pg/uL Lv attenuated the gel retardation of C1/ORF2 fragment caused by

histone. B: the sum of IOD values of C1 and ORF2 fragments in each lane from the images of Fig.8A.
El8 LvFit{AZEHSCIORF2FIINES
Fig.8 Ly interferes with histone binding to the C1/ORF2 fragments

Lvik FEandar | 208 H 30T 51 C1/ORF2 By 58 4=k i
BELYT o

3 g

FIRM G LUSGE SBOE R 7. L1 5 H
SN PiwikH ELAE FH (1 RNASS 6 B0 R0 FARE AR
W LIS & — 2 R R g . s
TG ZME A, EHEE H Yin-Yang-18%, Ten-11
AL A 189, TFLI-APYAI SRY K R 22 B3, A
BEFE T 0 hbE 15 i I 2 755 Al R 2E 2 4] PR
TR T FE4NRAZ T, DNAYE S % 10 3 7E m R 45
PR, TR T — AN BE A DNARL SRR, A
A AT P K 5 DNARISE &, J0H 3 R 3R IA B4,
ZHANGEPHRIE T Ten-11 57 5 (A LB 85541 5 (4
FIHIBOE L1RIE . AT FE 25 R 7R ZELIRES | 4
175 5 I EGFPRIA [, X K BHZEL & A Jk 55 24H 2
SEHEaIlio)n %

# C1-ORF2. Cl-Alux14. Cl-LacZH1C1Ji
Koo AES N0 hBE S fiRfiG , &I C1-ORF25] 2
EGFPI:H =455, C1-ORF21ESH 10 hix & ik i
HEGFPRICEARAREEE S T CURKL, AN

ORF2K J& #H [F] (1) Alux 147 51| FlLacZ 5 51 (1) JFUREL, AX
5|8 EGFPEE H AR 55 1315 (B 1AM E 1B); £k
C1si ki H Poly AFF 51 HE S I R IA HiAA (C1-delPolyA),
FEVEST N0 hBE 5 1R i 5 A e 51 iR (K EGFP#R A,
M 7E C1-delPolyA 4 A ORF2, 5| 1 % 3% ) EGFP
RN (B ICHE D), MER S ARBErIKE,
ORF25| i EGFPI¥ KX IR > (KIIGFIE 1TH). A
LA LA RE FEIE B, ORF2)F #1I4 NC 1k i 54
JeHeLaZliff, #0] T EGFPRIA P, 7E73: 4 N\ ORF2
{610 hBE & fh IR i rh . ORF2AI 0% EGFPHER ik
IMORF27EHeLaZl il HH 4| EGFPE I, iX Ui JORF2
TG LEGFPEER & 5 IR G 40 B (4R AE, $27R7E 7]
JWR B TR AR TR AL ORE2 1 e R 5 PR 1o

Bl 1578 EGFPROGR 5 32 2L H BLTE B 35 38 41
J o SCRRIRIE SZAE J5 1 R AN 2K (BT 1 £ R if 9 e IR
v O B A I S T RO B AR
GRS AN DR T L uOGRE IS RS
RCHRIRIE — B TR G A 1 SR R A
R ey P K N Ny i e SRV LAY (A
e R AN E T, FeiiRn BAMR FERE AR, &
FOpEEERANA LR O T INE B, BT DA E G R



FOCHESE: B GRS AR AR R IR AR (2 L 1-ORF21%5 T (M EGFPIR % 2L R FRIK 1005

e 2 MR R R LA 2 EGFPAr T, HL T
EGFP7r /b i FH 9 JL 3£ B U vl LA I 1%
8, KALASEK AR PIH IR AR BB 3 0T 5
OB, SRR BRI B = T
HHl o X e gE U 2 AR I T RE R . B
THEE 1 EGFP ) T2 MR IR 27\ 0 hBE L 4 ik i
() pEGFP-C1 i, — 53 ik N sl Wkt M A- £ T IR
e, AR T IN TG, 756 K2 T ik
J& , WA B 2 e S e 177 42 EGFP mRNA J
EGFPZE 1. CARVALHO%: PHR S 76 B 5t B AR
16 H G B AR J2 4 o, T O S B, g R 1 O B
JE Bl 3 A5 26 MO J2 A0 v /6 D B9 8 14D & i
R A% . IR B R ) EGFPEER 3 5 ) AR AE
HHARZ , ORI A7 AR B = A A% 1 A AR 2
ST TR, T N B B S s v G

0 hBE 5 £ JIk iE B A S AR A 2 1813546 40
JERE &, K C1-ORF27E4T A 0 hBE B faikfif )5, Cl1-
ORF2 W] A NI, Pt DAAE B 1 £ 59 55 A 444
f LR LA EZ B BGFP . fARR TS, U EE
PR, AT R R A MR RS L E A0
¥, #E3kfE J158, C1-ORF2JF RIS 5 & Mo ik 2 40 o t%
FESORIRNRE, PR NIRRT . (H RS I BRLA
REsE LT R, HE NS C1-ORF2 43 i
Yo 4 2 LT B> . Ly B0 hIIR i i 5P 8
IR, BB R AR AR, Z 2B, 14
Y1 b Ly I IR 3 ORF2 1 S 2 1 [H 7 2 B AN e
WD, AR IR RG & B B 48 hist W52 & B AR &
AR TSR G (BLE)

SCHERFRIE , BE T f0 R0 2 G B ) IR G A
HLZMDNALG G RN, XEDNAG SR AAES T3
DRI ZH s I AR P R P EEE A BY. T LvfEZEL
o R, R Lyl BELE S5 4L & (A0S
EGFPf& B R IE R CHEEH -« % C1-ORF2
AR B R A R S Ak LvEE R S, A
0 hBEE IR, 25 FUF I T Lv S 9 B AR P b o
S92 A RPN, EBSABAA MIHIVEH (K 4F1 1 5).
XUk AR Lv/E BE 5 0 B IR G s ke RS
ORF2. BSAX 45 RHERR T & Sk BRI A2 7
Xof 4 B 52 o

Yk Jg BEL VA 1236 S 78 ORF2 B 5 ZEL. 414
HEC LV S & RE 10l i T LacZ v B C1 v BUfl
Alux14 7B, T ORF2 5 Lv it 45 & 68 J1 8 (K 61

Kl7). HfkiE, 2R DNALEA B A ] 520k R i 5%
HEAEAMEYLIRE. ZMEATUSLIE
S'UTRIEE 45600 AHEAE ], FHZERNAR &I
T FLIREE Y, AR IMORF2 DNA 5 LvIF)SE
Az T Alux 14, X4t BERIR Lvi] §E /& ORF2
) — A T B R

W AR R T 2 s e 45 A5 R T B
I fa IR R I B, seiR s IR OR , AR ORF2 L
Alux 14525 5 5HE R4, (HORF25LvI 45 & R
e THEA, I HF R SE RERLy, XA]
A A2 B 1 £ LTI i AR ORF2 45 it 1 Ji A

AR Lv S HE 269 8 )5 H NN ORF2
B R, s> ORF2 F Byt I B« 2H 4R (1 (8%
Lv)5 ORF2 )7 B2 A i & H A fe s> ORF2 v Be i)
BB . R —FE A DNAZ GEH, 18
R\ B SRkU%E DNA . 4045 [ B HoA DNA S
HHEOBAERNSEREN, B ETE
HEE A5 DNALE & Z A BE R R R IE BT, A
SR ORF2E Lv4E & L H At DNA J Br B o .
it b, AR SHEAS G MR HE DM
DNA. AW Lv. 45 A M ORF2H B E
JiGire, AR LvRER SHE AL G EREH, R ALy
L& AT E A e b 4 8 5 R I ORF2 1 Bt
e, R LvEE SHEALSAMRES . ZEL
FESNHEOSHEAHRES TS, AL
SAFER, X RPORLvi & — M AT
T LvfE ZELH AR K E B, BRIk LviEPATd iR B S
DNAMZE & File 5 EEAEM .

HEAURENRERE S %Y DNAK K
BEAEAOC. T R B AH G G €4 )57 X 3306 DNase 1
TH AL B R Y . AR TR, Lyl DRSS 4 8 A
75 F I EGFPRAA NS HEHRIE, ¥ 70T LLEH
TR R X 8, DLT P DNARI LA, RIH
% 53 R 7 % DNase TV A4 I BBUBC A 386 i 41, AR SCR)
FHAE A M C1-ORF2(E; C1-Alux14)E 4 Lv. #£iX
FEMI R 487, C1-ORF2 DNAJ{DNase I7H 14 88U 1
T C1-Alux14 DNA(K 7), FRIHELH K C1-ORF2 5 H
HICI-Alux 140 L, B2 5 2 2ILvi T

YHER I RES PN ORF25| 2 ) EGFPRIA, Lviig
TG IZANH], L RS H R R e R
FEIR, FoVF RNASE GBI 4 5 R 145230 DNA; B
PR SEISUERA Lv S HE A Mg, Wb THEA S



1006

Tightly packed ORF2 DNA
inhibits the expression of ORF2-
induced EGFP reporter gene

The bindings of Lv with ORF2 DNA
and Lv with histone interfer the
binding of histone with ORF2 DNA
that leads to ORF2 DNA loosen and
expression of ORF2-induced

EGFP gene

b R oR 4R BB DNATE SO S (R A% MRS SR R 53¢ T B R Ly SDNAFIAL R A 454, 301 T DNA HAZ/IMAE, (£ 3EDNAFE 5.

The above panel shows that histone packaging DNA to form order nucleosomes inhibits gene transcription; the below panel shows that Lv can bind to

DNA and histones, thereby interfering with DNA packaging nucleosomes and promoting DNA transcription.
E9 LviERBIS FHIEREE

Fig.9 Schematic diagram of molecular mechanism of Lv action
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