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i E: HIy DU, PR SR Bk 0O E 1 (EGFP) 525 P /N R, 7 18 G B A1 5 1) A 2 [ 3 49
ARG Jiik R EAER M IR RS 3 BRI B R R R FUGW i 245 FY 3 F 208 IORE psPAX2 L)
L B R B R IK BORE pMD2. G o i RE LRI, PRI B ULVE 12K — ok G U1 AW B 200 MM 2% 1) 293 F°T 4 i, B
7 48 h i WOBCE T A L3 I s RO R AR RE o R VR A T IV R I B 293FT A, 3 o U U i
TSN e BT B o FH S T S v T 8 (R R TR0 6 2 FVB/N /N R T-ZR BB IR NG W13 T o 7E 200 s T ¢
el EGFP Y3RIK . KOy )n A 7 2 2- A1 MUN A IR IR R il 22 e 2 AR B, A5 FO AN 8 524N E IS UL EGFP 1
ANEIEA A FRAKT . G5 WS TR IR T YT EE = 10° TU/ml (transducing unit, TU) , 28 i+F 5 8 B30 XoF 955 25 305 4 77k 4
Fnglidl, HH A E) 107 TU/ml Lh b o Bk RE IR0 5 2 /I8 B L -0 9IRS U R 1 220 BB B Sy
81.8% (1 189/1 453) , Fl F1%¢ ' b A BR 40 IAE TR T 5 60 .84 132 h WLEE AR AR, 35 % BLA B oot . 7 2-40 i, 5 — WL g
TR FHYER >90% , U3 A TR D I = ROt /NI R . IRIIG RS AL 2 R U IR R 42.9% (12/28) , i
SRR 60. 8% (73/120) , FEHE IR /IN B B AR BT 808 (B 3 R/ BB S IR TIR K 5. 0% (73/1 453) o ¢ FO AR
EGFP FEREPN /N B3 315 105 A B /N BROSSBBE, 76 FLF2 (F3 AU RO 393845 1 EGEP B /IN B, BHAE 220 531 0 91. 4%
(32/35) \93.8%(30/32) \93.1% (27/29) . &5& i id A mE E AL/ N R 1-A M S0 IR iR P A 80 il 2 S B /B . 3R
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Production of EGFP transgenic mice by lentiviral transgenesis

LIU Qinl , ZHANG Jin—yuz , WANG Lu-lu' , LIU Chang-el , WANG Yongl , WAN Yingz(]DepaI‘tment of Laboratory Animal
Science, Institute of Immunology, College of Medicine, Third Military Medical University, Chongqing 400038, China)

Abstract: Objective To establish an efficient and reliable method for transgenic mouse production, we
performed lentiviral vector-mediated transgenesis in mice. Methods The leniviral vector FUGW was packaged
by co-transfection of 293FT cells with two packaging vectors, psPAX2 and pMD2. G. The two packaging vectors
provide structural proteins and envelope protein respectively which are necessary for the proper package of
pseudotype virus. The tire of the pseudotype virus was tested by FACS after infecting 293FT cells with the solu-
tion containing the virus particles. The virus was concentrated by high speed centrifugation, and concentrated
virus solution was injected into perivitelline space of mouse 1-cell eggs. EGFP expression in pre-implantation
eggs was observed under fluorescent microscope, and that in mouse body under UV light. Results The titre of
the primary virus solution was =10° TU/ml, and that after concentration was =10° TU/ml. The concentrated
virus solution efficiently infected mouse eggs after injected into the perivitelline space. On 60, 84, 132 h after
injection, EGFP expression was observed in the injected eggs. At 24 h after injection when the majority of the

injected eggs was in 2-cell stage, more than 90% of the eggs was EGFP positive under fluorescent
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microscope. The injected 2-cell eggs was transferred into the oviduct of pseudo-pregnant female mice, and

42.9% (12/28) of the transferred mice became pregnant. The pregnant recipient mice gave birth to 120 pups,
of which 60.8% (73/120) showed visible EGFP expression under UV light. The overall transgenic mouse pro-
duction efficiency ( transgenic mouse/injected eggs) was 5.0% (73/1 453 ). The EGFP transgenic founder

mice were mated with wild-type mice, and EGFP expression was detected in F1, F2 and F3 offspring, indica-

ting that the EGFP expression can be transmitted through germline cells. Conclusion Lentiviral transgenesis

is an efficient and reliable method to produce transgenic mice. We have established the technological system for

lentiviral transgenesis in mice.
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i, R HE A G052 62 1 (green fluorescent protein,,
GFP) FEPR 1 390 2 55 s 7 il 1 2 56 DRDRE AR AT T 8 v 1Y)
PAPERR, oA 5 HE I (EGFP) & i GFP A
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L) JIESE T EGFP 7R/ BUAR Y 23K 0 F 78 1 | 55 2L
PE ST T — BN R Y A S A T
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1.1 EZA

S/ v R G G DNA IR & (SE1E Omega
D)) S AF /N i 1 Al ( CIAP, 52 [E] Promega 23] ) , il 5
Frk DMEM J LB 15 9% 5 (€ [ Invitrogen 2% #]) , Jii 4 IfiL 15
(FCS, BUMUZEE AP TR A D), /NE LG (CS, BT U 3=
AW TR T  BERRES 5 Y77 2 mol/L CaCl,,0.22 pum J€
I IEE 4 CI 74,2 x HBS(8. 0 g NaCl,0. 37 g KCI,

201 mg Na,HPO, - TH,0.1. 0 g %% .5. 0 ¢ HEPES % T
500 ml sk, 34 pH EF) 7. 05,53 48)5 4 CHAF4 ) o 185
ZFR RS ALEE FUGW | psPAX2 1 pMD2. G, A #FH DH5«
HATI FRAE . M2 /NG5 37 5 (EmbryoMax M-2, 32 [
Chemicon 23 &] ) , 2 i3 1 M-16 /]y FLE Jig B 3% 3 ( EmbryoMax
M-16 Modified, 2% [E Chemicon 2\ ) ) , 7 W i fR il ( 32 J&| Sigma
), LA 300 pe/ml A% T M2 BE SR, M3 R (R IEHLAR
BB A A L Sigmacote (SE[H Sigma 24 H] ) , G-100 T F
APEIEE (H A Narishige 22 0)) o /N EUAEHEBR R PMSG AN
HCG (T ZE) ™, TAEWE 50 1IU/ml) .

1.2 Zshdh

BN (Z ) FVB/N /N (CHEA) H 58 = 22 R Ry 5
5 sh ) L R [ GRS : SCXK (i) 2002007 ] .

1.3 ZEMERE

I 5k 548 ( Micro-injector System, Nikon TE2000s ) , fi# 5]
17955 (Nikon SMZ45) , $i4FH{X ( Micro-puller, Narishige PN-30) ,
HeZEIP (Micro-forge, Narishige MF-900) , CO, J#%4#i ( Heraeus , BB3060) .,
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FUGW 1855 73 4 Fe R gk By California Institute of Technolo-
gy ) Baltimore 1 - 216"  J F 45 Mg & H I ik A 5k A
HIV-1 B4 RT3 i o 2 4 1 8 LA SOl 220 B2 /9 DNA ST
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YERPRE IR, LAFRIA GFP Tk, DLz R EER & 3 77
%1 (ubiquitin promoter) . ZJa B F R Z R IA AL R PR
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BEULRT 1 d 7E 10 om BRIV (2 ~3) x 10° ) 293FT 4
M55 2 KA s 60% ~70% 304 B ) B T e 8%
6 pg pMD2. G .15 pg psPAX2 120 pg FUGW JR41 T T 2 55
TR ELARBN 1095 pl, il A 155 ul 2 mol/L CaCl, , 4K )5 %
JN1 250 wl 2 x HBS, i iR sy, i se e J5 ## & 1 ~2 min,
FRULVETE UG T N 205555 293FT (19 10 em FEFRMLH, EFR 7 ~
11 h 5,02 B3, A 10 ml 818 10% /N I Y DMEM,
YREEREFE 48 h, WA 3,1 000 t/min &.0> 10 min,0. 45 um
VERSIE S R TR LA 20 000 x g BS.0> 6 h, 353 [ 7, F HBSS
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50 000 x g B0 2 h, 372 13, HG i HBSS F &5, 704 B/
EET -70 CHMY . (EERNE 293FT 40 H 6 FLAR AL
A —E R R R , B 48 h J5, A A A i 2 (.58
AR E 4y L, BUE 43 LU AE 20% LLR 934400 B (TU/ml)
1.6 RfEHERESLE DR

L6.1 HUIL  LL4 ~6 Jail M 2 oD R IG Hh i, 18 s
i PMSG il HCG #ATHEHEDN , B R 5 ~ 10 1U, @HEH
B H 15:00 T PMSG,48 h J5 4t HCG, BRI 52 LA %8, Ik
H W R A P B IR A, T4 H 9:30 - 11:00 &
FUBUIE o BRUIRRS B AR BB F AR BB, 76/ RO B S s 1
R B S5 2 1 em AEBTFF Rz ik, 4 B LA, 2 5% 01 52 B2 i 1
o /NGB TR, SLEDEF 1% (29 100 pl) M2 K389 1
WIBE. FEIIBES RO R 25 1 I (29 100 pl) M-=2 5537
TREL, T R TR R R ) A O A A T L R R e
R ER IS G G A . 485 50 pl (0.6
mg/ml) 7 W] ST RR A T i M-2 8532 0R 4], BB WA R B W
59 1B o B O 8 At R 7 Gl R L A=A <0 YTt K
L 7E M2 B3RP BE 5 ~7 KR IR R M B T &
SRR R 1 ~2 b, A A T Y M-16 30 (50 wl) R, F
5% CO, 37 C MR B 4510 T 8 i35 3%, R B 2647 58 3 v
W TAEN

1.6.2 BiFEs  BREGES TEEY A 13:00 245 774G,
T S O S b Ko FE R S R aE A LU, 2 L E0E A
FEFE R RV AT T — MR R 5. S E R IE R
ol M-16 B FE s,

1.6.3 JaBH  KHEREEE RIH0Y 2-40 IR 2 6%
SRR . AT 1 d HEAHE RS R A R G 28 00 R, 44 1E
RSN 6 IR 545 LA RA %, i ARk A e
VR, MY KR F T 2-40 M 407 40 W iG Bkt B2 i i gk
I E B 2R IR, (A — MRS A AR A 30 MU/ H
FE PR 4 P 8 T2 SR F MRS A 15 B R AP 2-40 M Ak
JR TR A IR A o, T AT - M2 Bt — S i — & IR Y
M-2 B —S i —M-2 B, R R GHES %% DAk 20 B 75 R 1
WA, IR k2 O3 B KT8 . R A%
B AR M R 2 IR AR 2 F B IR 1) M2 Bk A a8 IS, I
TR B 2 AR R IR R A E B (8

1.7 AR DRHEZ

17,1 BRPUNRE PCR %EE BT 1 em KRB, 15
FriREsE 3 MOF LR L N 4L, LAk 3 N 41 AR 3R 4T PCR
R BB % 54k i 5 -ACCCCGACCACATGAAG-
CAGC-3"; F i 5'-CGTTGGGGTCTTTGCTCAGGG-3', Jz I 4%
::94 °C 3 min; 94 C 30 s, 55 C 40 s, 72 °C 50 s, 35 {G¥F;
72 °C 5 min,

1.7.2 HEFR(FO %) EEIBSEMZOEME  DPR&ETIH
ARFE, TG O JF B LR R BRZLEY 1R A 10% 22 58 F
(PFA) El5E , 38 i vt SE 8 & VR VK IR D) R, RSt g
WMEE

1.7.3  EGFP B B9 14 £ TR EIMT G,
FO Gkt 3 Bt kN, 005 1 H(3 1)
WEVEEF A FVB/N NS IR, 2R 3 & /NRU(FLAR) 763 &
F1 AR/ R A F Bkt 1 Ra@im gt/ 251 )
(463 ) MEpE BT A 7 FVB/N /NRASTR, W A 3 a5 /N BL(F2
1) s ABLZSHE , AN 25

2 HR

2.1 BmEHRAHFELER

FHBRRR FSIITE 54 — POk L 5% e 203FT (3 20 M, i I
24 h 750 BB T MBI A MK 3Rk GFP. Ak BV T,
M ARG, I WA SR U, AT R EBOH E 5% L 19850
(95% LAL) (11 1) o A i A 46 J 645 5 /8 e 293FT 412
40,48 h 5 i A A I I A I L, TR
SRR EER LA 2 x 10° TU/ml, W5 55 #3551 1. 6 x 107
TU/ml, REAZ il AL IR NI 12K

B 1 #5244 h B 293FT AR BMBEURER  (x100)

2.2 JEEREFALER

3 2o Sk Bl A SCH Ve 40 U 10 B YT A B 140 i 2 o B
RJEIB . TGS S 2 KSR 32K B T 5 IS 1 B0 Rk R
NGB, SEE WoR, TS A S2ORE 09 2-40 i O 24 R 2
81. 8% , Ui /N R IR 28 i WA VR 5 oy R BRe A%
BB, 7E2 ~4 40HHA,90% UL IR REE DS BANEE T
S, (HBEGIR R X S AE B 4Bk AM (B 2A) o B2 IR iR
B UERE B HELE , 5 ' A i 5 X 38K 1) B9 264 ok 40 5 X S A
BT FAURECBERI , PO Hor A TR N 4 A (2B .C) .
2.3 EEBERESANRLER

I EGFP #5615 B /INBU (18] 3) , 518U FE I 37 B R 47 0K
ROVR, JEXT UK R D) Fr BEA 90 50 A RS o FEJFFIE O U L L
FIELL B B2 Bk rh 24 % B GFP (AFAE (1 4) o BRI EYF, 2 R 8h
TR Z AN ARRR RS 27 IR SN T GFP 7E44>
LI E R R %A BRI Fk . B3 Hal WL, GFP 78 JiF jg
DA R Bk B T 4 AT SR 0 ek, Hrp B A b R A0 T A ]
BRI . IR SR AN BB OGRS T A LT 1) 4 21
PIH &3, GFP 174 T4 faAz b 40 i iR 47 ( &1 4B . C 7 3k Br
6 DN AAZ A ), BB GFP % ik XL/ UM 48 it P 22 3 19 9
MR . MR ERY) v (] 4D) th GFP (5345 , R ILFEH6AF
SR AN T B A BERES A B L A0
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A: ZHE2d; B: HE36 h; C: EHE4d
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3 EGFP H&/I\REHE

2.4 EGFP E# AR DRI ER oy Rk

T T B A 1Y /DN BRUVR B 40 M B 4 IR 2 B R 3R
T FOAR/NEL L 3) o K FO AR/ B % 30 28 A1 6T A S5 0 i
TG BN B, & BLAE FO AR/ B 2O /N BT i E R
60. 8% (73/120) . HEHLZ HC IR B 1 5 6/ B -5 B AR /)N
FRASHL, A T4 BH 16 F1 ~ F3 R4k B3k 45 T EGFP
BRI /IS B, B PE 225 50y 91. 4% (32/35) .93. 8% (30/32) .
93. 1% (27/29) , HHZ 0 BE 5 FO ARANRHME 24, 3607 18 7% 75
AT EGFP R B LA P IR RE A X e . Ak, 78 FL A
F2 QAR Tt 50% 94~k EGFP FHAE: , Ui W48 9% 3/ 5
WG LR R AR 2 S 2B LIS,

ESRARER B BRI T WEA T GFP RiAER  ( x200)

3 it

FEILIR SR R T e 3 P 2 AR B 2 2 W 2 A
FATT S 5L TR A, A 20 4 80 H4LH)
Palmiter %7 22 3 JF Q1) 1 45 3£ 18 h ) 0 55 44 5l 3T LA
M IR AR AT TR K, TIN5
K Bl 4 B AR b S e B ek R e g i )
2 IHEZ AW R A L) R 4 7 5 TR B0 i) 4
Ao ARSI A RS AR SE g0 R S B AR
R AEE FE K R B Wy o ) T R AR, RS Ak
BEARME LR, HAE 2P R A B RIE  (HiZ AR
M2 AN RS % ) SR A5 25 5ok, T Ll i %
B A 11 % DR By iy L2 B PR R ik K A AR A
FE T AL 0 2 B DR Sl il 25 R B nT ey LAl A 4R
FRELIL IR 1 @ Bh ), A BEAE b nT S K R 3L 5
Wy 2 SRR S B, E HEASOR G R AR K
ANGEERR LR EEHE

BT 30 SR B 0 T R T T 2 i IR 3 Ay
HrP A BRI R Y . TR A T s
KABFFH oncoretrovirus F P 2H A0 1M > A9 36 7 S i
HR, 2R U A AT S MR S

A LZLLR( x400) , GFP £ A 5355 BT ( x400) 5 C:J( x400) ; D: Bk ( x200) , £ A @, GFP 2 £ 5 b & fm 1K 54 53R
4 EGFPHM/NREZMERHLAVF RAEBMENRER
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{H T3 A S P M A A LTR X, 1Rl 1 3
DR 2 R Ak, AT 5 3500 0 IR 3 8 B DR s b4, R
IR M R S S0, 1 X A A 240 B A SRR,
FEAR KRR FE 1 B T % 5k 5 sl g I 50%

2002 4F, Lois 25 B RARAE 118 15 B A/ 2
RSt v 0 e . B HIV-1 . B e P 27 1
B (EIAV ) 25300 e S5 73 5 DR 20 w3 s 1 ok 114018 95 75 2%
I AMEREA GRS T8 FRW A, IS UE Y4k
FHrE R AE 2 AN i, BT O E 0 W N
AR T A IMIEIE P W] FE s W iR N A Ak ik, B Sk
b TR e A, FRATI L g0 45 R 0, AR
G A GFP (A SR IL, 762 ~4 g, 280
B [ R SR EE W AR BA 1) GFP ;4 41 i i = 4
RS, WG A0 L A1 1) GFP 3 3k 70 347 4 il s 0l /b, T 440
HL P9 2R TR GFP 7832 A5 38 fin s 21 17 BE AR, 40
RSN AN EE GFP 58452k , HOWER B IR G 3255 1
U5k GFP, FRATAYSEEEAESEIL T EGFP 7R 46 3L R i
RN T @K F#RaA, BLAE FI ~ F3 ARk
PIAREIN TR ARG S A, h T —1R1g
IR TP BR AL T8 LTR P4 A %8 53 A7 45
A LSRR B AE A B 1 e R L T T I E A
FA R 1 H A e kL s s A, ELi 2R Bk R A 1Y
LTR Jy5I C 8k T8 s 716 M, o0k T iz 288k i 2k
Yot o IS B AR BTG (0 SR R 4 o
FR( <8 kb) HAIZZAARBIHIZE P B AR K 16 3L /N
B, T4 RNA e 3L /N U 78 B o

U120 B AR A L R B W il e P A s
FoA TS TSR TR EAAR Y = BRI A R 5, Ak TR
BEMRAR AR WAR , I FH 2070 25 2R A I o) T 3 32k PR/
o S5IERIA WL TRA TS MR B2 R G0, N 15T
JER1K 1.6 x 10° TU/ml, F F %05 7 B YL IR G, IR A
GFP BHMER AT 3K 95% o K J5 M iR B 4l Tl 2 B
FRU U0 ), AR R B /N R A 60. 8% A K
GFP BHME . I GFP P B g4~ 5 18 A AL/ N B SC Bi
RIEEILHMFR TR e Rk R, AR s
% BT ST MR FE BRI A R G VL IR E R G
SN, R 2 R G0 T ) 12 0 7 A A RO )
/N
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