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# E: AAV-ITR A B R A MK Z R AH A X HF (Adeno-associated virus, AAV) 18] B K% & & /4 7
(Inverted terminal repeats, ITR). A B R XA X THA B 4L E, mA4H Lo DNA F 7 69 4 R £
4 DNA. ABRAIRAFRAFLELZ L, H&1F3 AA £ 44T KA F Bac-ITR-EGFP # Bac-inrep,
B —Fw) P3 RAEEXF AL R LM Spodoptera frugiperda (Sf9), 4R o F & DNA, ¥ F
AAV-ITR-EGFP & B & & B4k, 2x107 4 SO 4m e 3h 32 7T vA4F 5] 100 ug AAV-ITR-EGFP 3 B & & it &
e, M BR WUk B AAV-ITR-EGFP A B £ A Ik £ 2 0A £k fo — AR89 X A4 /2. 4% AAV-ITR-EGFP
B &k #E AR A 3T polyethylenimine (PEI) #%7{& HEK 293T 40 /i2,24 h & K X B M4 IR A EGFP &k

48 h jo X B &, ALK EIAZ] 65%.
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Preparation of a novel AAV-ITR gene expression mini vector
In Sf9 insect cellsvia baculovirus

Taiming Li*, Junjie Pan’, Jing Qi?, and Chun Zhang?

1 School of Life Science and Technology, China Pharmaceutical University, Nanjing 210009, Jiangsu, China
2 Suzhou Institute of Biomedical Engineering and Technology, Chinese Academy of Sciences, Suzhou 215163, Jiangsu, China

Abstract:
terminal repeats of adeno-associated virus, cis-elements and gene of interest and does not contain any other foreign DNA

AAV-ITR gene expression mini vector is a double-strand or single-strand DNA that only contains inverted

sequences. We prepared Bac-ITR-EGFP and Bac-inrep. Spodoptera frugiperda cells were infected with Bac-ITR-EGFP (P3)
and Bac-inrep (P3). Up to 100 pg of AAV-ITR-EGFP gene expression mini vectors were extracted from 2x107 cells of Sf9
72 h after infection. The gel electrophoresis analysis shows that most forms of AAV-ITR-EGFP gene expression mini
vector were monomer and dimer. The mini vector expression efficacy was examined in vitro with HEK 293T cells. The
EGFP expression was observed at 24 h after transfection, and the positive ratio reached 65% at 48 h after transfection.

Keywords. gene therapy, gene expression mini vector, Bac-to-Bac baculovirus expression system, non-viral vector

FENATT = NJIRIT IR . A . ik
R R TT ] o BERIVR YT BAKARG Yetk iy . &
AN FER B, FHRLE AU EE RGBT
FAR R YA B AT S R AR A . BT,

#1415 13 DNA (Mini-linear covalently closed,
TR AT RE N PRV AE A 235
KA A 928 T2 10 L K T P A 5 ROR 1Y Y

51, Chen!""""2HFLE 2 Xof JE R 6 38 A A 2 1k o

mini-lec)”),
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FAFTENR AR . B0 KU, AR ik
3 FI 20 B 5k DNA (pDNA) 4 /MBI R
Aﬁ%%%%* RN =SB TSP N 7

B O R 1 ORI A (1 DNA J3 411,
wmhi%ﬁ&%ﬁ(ﬂW%%%)U&%@
IR T (Escherichia coli origin, E. coli
origin), & BHUARGIE RN . AR A HE | 4 M+
PESEAN KRR . HAT, #FXF pDNA BECEA
il & B DNA (Mini-circle DNA) Flge 3t

VIR ML AT A SR 2 B, MR L R )3 47
PIJe CpG MAFAE 25| e AMIE Ik R 11 3R 3k DT Bk
A, TS5 DR 2R fRl g A v A A 5 R O g K
ik,

ARSI 5 A5 B Y AAV-ITR J R 6 35 Tk
AR — T R A DG 7 48 B R o 1 )7 4 1
FERF R, UEH AAV I AL 55 1
ITR J5 51 1 H ] 14 56 DR A HE 15 41 o i 0 s g )
R AR PR B 7 148 T AAV-ITR FEE AR
R, AN E T A MRS, AR E
ESEAE— B EHE SR Hh [m] i e 1k AAV & il 25 11
Rep78 Fl Rep52, BEfH Rep & 1A E, M
T AAV 3 D5 21 42t U A o e L
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—BANLERBNE TS, &Fsh &a T
R B MW S 3 7 ph, 532 AR B
Bac-inrep /&3t R HUAH ML J5 REAE— el e AE 4L h
[ #2ik Rep78 F1 Rep52, % T Rep78 il
Rep52 MYERIL, HAINT AAV FERH )2 . B
A ITR J EGFP FiLHEM P oM & 3] 55 ob—
PRI EE Bac-ITR-EGFP w1, FL[AJ&YL Sf9
A, 4 AAV-ITR 3[R R ERIA

1R

11 M8
AAV-MCS JFiki. pFastbBacdual JFikiIE A
Invitrogen 72\ H] . pUC57-
pAAV-in-RC Jfiki . DH10 Bac /&%
2. SO 4l . HEK 293T 434y v [ R4 B
I A2 ) B2 2 U R RGBT A0 L O - LR W 2
OO . BREIVENDIEG Ehe 1 . Pci 114
H Thermo Scientific . H:AxBR il ¥4 N VI LA K T4
DNA # W% 4 NEB., KOD-Plus W H
TOYOBO. /NE$LAN AAV-rep HoiBEHLIAIL H
American Research Products, #fHR i & k¥ B br
LI EPU/NR IgG (HAL) W EHEITE S K,
Cycle-pure kit {7 & 4 H OMEGA. Sf-900 II
SFM. Cellfectin II reagent .

Sure 2 &% A&

minivector .

Fetal bovine serum
Antibiotic-Antimycotic (100x) 4 H Invitrogen 2y
Al o HoriadGh o [ Ar 4 LA . PCR 514
A T AEY) TR MRS A BRA A5 .
12 FH&
1.2.1 4% pFastBacdual-I TR-EGFP kL

JiR AR 59 B 2R 1K pAAV-MCS F Ehe 1 Fi
Psc 1 XUEEDI45 ) H 0 v B, FR e 2 80K
pFastBacdual l Nco I fl Stu 1 XU UI 152 244
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R, A 1%ERE K, Bk, Hig R
BrMz ik i BEIE T4 DNA EEREIER T,
16 CiE#idr, %1&5141*@2”2114, PRHLER 5
Mezp 37 Cad 53R SR iR ks, il i Sma 1 5
Y14 1 E A Bk T .

L pUCS7-minivector MR , i 1 PCR
P4 EGFP ¢ (£ 720 bp). 51915054 P1 Al
P2, PCR ¥#%FHk: 94 C 2 min; 98 C
10s, 643 C 30s, 68 ‘C 1 min, 35 i,
A BamH 1T Al Xho 1 XM Y] PCR =4 Al
pFastBacdual-ITR #/&, F Cycle-pure kit it
EALIS T T4 DNA JEHERE, 16 CEHEIKR,
54l Sure 2 JRZ A PR L 37 Cad ks
FEIG LR, FH BamH 1 Fl Xho 1 XUV %5
A ORI
1.2.2 #14# pFastBacdual-inrep fikL

Lk pAAV-in-RC" Ul 54, P3 Fil P4 K514,
PCR P #4M4H: 94 C 2min; 98 C 10s,
68 ‘C 3 min, PCR ¥ 3135 inrep. PCR =¥
I 1%3 e UK e Bl . BseZ17 T F1 Sph T 3L
) PCR MY~ , pFastBacDual F Sma 1 #1
Sph 1 XYl PCR i Beiig bl 45 84k 7 Bt H]
Cycle-pure kit a{ifl & o1, T4 DNA %40
16 Ci&Hd i, #1k DH 5a ﬁzx 5, Ehﬁxiﬁ
FE2t 37 Crl 3R a4 Boks, @it Xma 1 i
Y14 i E A TR T .

1.2.3 k% 4k DH10 Bac

# W ¥ IE #f fY  pFastBacdual-inrep .
pFastBacdual-ITR-EGFP Jitkif% b %4 Bacmid
F1 helper 5Kz DH10 Bac J&AZ224S, W BT
HBHPE 7e %, 32 F 4 Bacmid., F M13 8 A5
#J P5 11 P6, PCR %% Bacmid-inrep, PCR §" 3§
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%1% .94 °C 2min; 98 °C 10s, 55 C 30s,
68 C 5 min, 35 MG, A M13 EiiE54) P5
A EGFP Ti#5|#% P7, PCR %% Bacmid-
ITR-EGFP, PCR ¥ #4414k : 94 'C 2 min;
98 ‘C 10s, 55 C 30's, 68 C 2 min, 354
PEIE

%=1 PCRS3|{IF%|

Tablel Primer sequences

Plf:;llzr Primer sequence (5'-3") ZZ:;
1 CGGAATTCATGGTGAGCAAGGGC 27
GAGG
P2 GCTCTAGATTACTTGTACAGCTCG 29
TCCAT
P3 GTGTGTATACCCGCCATGCCGGG 35
GTTTTACGAGAT
P4 GCGCGCATGCTCCTTCAGAGAGA 35
GTGTCCTCGAGC

P5 CCCAGTCACGACGTTGTAAAACG 23

P6 AGCGGATAACAATTTCACACAGG 23

P7 GCTCTAGATTACTTGTACAGCTCG 29
TCCAT

1.2.4 BEAMFRKEE IR

# % % 1F B B Bacmid-inrep . Bacmid-
ITR-EGFP H Cellfectin II Reagent % 4475 fLAk
() STO 4, A% N 50%-60%, 120 h J5 i
R B (1 450 r/min, 5 min) 15349 Fi5 R0
4 Pl. HUP1 #% MOI{H 0.1 i Z2/8% S 4 iy
PR 5 A A5 T B 1Y P30, Wk T Bl s 7
TR
1.2.5 PRIEF KL Bac-inrep B4 E

W H 2H FFIR 6 75 Bac-inrep P3 (MOI=5) J&%
JeSFLAR Y ST 4HfL, 72 h JE AR AL, B0
(1 450 r/min, 5 min), JH PBS Ve . 40 TTE

iR )5, 3T Western blotting A1 . ¢ 4i
WEH 5%, 3 BSHEHEE 10% . —Bih/NERBLA
AAV-rep MLy ERUIA , ZH0 R AL W bR
/MR 1gG (HHL)
1.2.6 #4 AAV-ITR-EGFP EH £k mERAk

4 S19 4il b FHEHE K 2 2x10° cells/mL
i, ¥ MOI=2 it A AP B A IR 8 Bac-inrep
P3 F1 Bac-ITR-EGFP P3, #4k£:1i5% 72 h J5, X
I SO 4iff. 4 SO Hk/NrF &% DNA,
F Xho 1 BiDI %7€ .
1.2.7  AAV-ITR-EGFP %Rk ME A7 &S
M RIE

B B4 K3 HEK 293T 40l 4270 24 fL
M, 5 400G B A K A AP AR A BT (N
2.5%10° cells/mL), H:[AF kM Z A DNA ] PEI
UG, N/P HLR 15, ¥ PEI-DNA IRA N
A% H PBS i Ve i) HEK 293T 4fi il 32 1
FMAG RIS, BT 37 C. 5% CO, i
AR R R PR FE . 24 h JR 906 BB T
£, Ui 2 LA LA YR

2 ZR

21 FRANMESHRFSHHE

TEJF kL pFastBacdual F3f A& AAV-ITR
LR FIBHERN P, 152 EL TR pFastBacdual-
ITR, Sma | Y% EFS5] 4997 bp, 1277 bp.
666 bp, HIKZERULE 1A, SHUHAW —K,
My 25 R EW . LLEE4 ik, pFastBacdual-ITR
R, ARG LR EGFP, 15 % 415k
pFastBacdual-ITR-EGFP (& 1B), H BamH 1 HI
Xho 1 XHEEYIAE3] 6 905 bp. 726 bp, Hiuk4sH
W 1C, ST —2, MWpEs R IiEs.
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S8 Chen! R A )5, WIEE rep FRikR 145 21 5 44 okr pFastBacdual—inrep, Xma 1 ¥4
ki, pl0 N rep 78 (ARSI, ph A rep 52 5 YEMGH] 7375 bp S5, HIKGERILE 2B, 5
817 (K 2A) 1€tk pFastBacdual [{fi A inrep M 4 — 3, {)”'TL gL IR

o

A B C b M 1
bp M 1 P
Tn7L
SV40 pA
R-ITR\
hGHpA g
Xho'l 8 000
000 — 6 000
> EGFP
BamH 1
1500 B-golbin intron
1 000 Tn7L
800
CMV o 1 000
500 L-ITR /,/
HSV tk pA 500

1 pFastBacdual-ITR-EGFP RRMMESLE

Fig. 1 Construction and identification of pFastBacdual-ITR-EGFP. (A) The result of restriction-enzyme digestion. M:
Trans 5 kb DNA marker; 1: the stripe of plasmid digested with Sma I . (B) Diagram of pFastBacdual-ITR-EGFP. (C) The
result of restriction-enzyme digestion. M: DS 1 kb DNA marker; 1: the stripe of plasmid digested with BamH 1 and Xho I.

A B
bp M 1
851 2252 bp
| 8000
6 000

intron with

A
ph P

AUG

2 Bac-inrep WERES R REES pFastBacdual-inrep FRRIHIEE

Fig. 2 The map of Bac-inrep and identification of pFastBacdual-inrep. (A) Illustration of the genetic and
transcriptional map of a representative recombinant baculovirus expressing the Rep 78 and Rep 52 of AAV-2 within a
single expression cassette. (B) The result of restriction-enzyme digestion. M: DS 1 kb DNA marker; 1: the stripe of

plasmid digested with Xma 1.
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W AR PIFN TR 5 3% k. DH 10Bac 832
A, ¥ M 45 8 Bacmid-inrep . Bacmid-
ITR-EGFP, il PCR i — i iEMfFF AL, LA
Bacmid-inrep NHH, P5 Fl P6 A5 #ff PCR
Py, BEEAMNRREE DNA, 45RER, &
20 Bacmid-rep 7E 5 000 bp [t it 4 H ) &4
(B 3A), 5WIFMEEE 4 760 bp) —3. L
Bacmid-ITR-EGFP J#iti, LA P5 #l P7 K514
% PCR ¥4, £55 B /R &4l Bacmid-ITR-EGFP
7E 2 000-3 000 bp KA H & (K 3B), 5
W45 R (2 151 bp) —3% . B4 Bacmid 44t
[ 41 0 45 %1 9% B Bac-ITR-EGFP Al Bac-inrep.

22 Rep EBTE S W HIRIE
H/NRPTA AAV-rep B 5 BEPTIA ) A7 [

PURKE I Bac-inrep JE&4% ST A F2i51% Rep &

1, [R] B A AR G 17 ST9 200 iy A1 A= B AR5 2

3 PCR ¥E &4 Bacimd

Fig. 3 Identification of recombinant Bacmid by PCR.
(A) M: DS 1 kb DNA marker; 1: the PCR results of
Bacmid-inrep. (B) M: DS 1 kb DNA marker; 1: the PCR
results of Bacmid-ITR-EGFP.

JEGL Y ST9 4 I AE XS BE . AH LLXT B, Bac-inrep P3
JRYLY SO 20 AT LAk AAV S il BT b5 (4 2
1 Rep 78. Rep 52 L1 Az Rep 40 (K 4),

2.3 #|& AAV-ITR-EGFP £ R FKAME A
WA E 4L FF R 7 Bac-inrep P3 (MOI=2)
Hl Bac-ITR-EGFP P3 (MOI=2) [A]H}/&YL SO 41
ML, 72 h JE /N> T DNA 15 2 5L H ik i
WA 2x107 (SO AN AT LIASE] 100 pg
AAV-ITR JE [H A EA DNA, B EEI fL
WKmoR, FELHTE 2.7 kb F1 5.4 kb, 43 HI%F R
HE IR e A TR R A BRLACRD IR AR, MRS B L
RIS F R RN = R AR DL K 2 Rk
( 5A). Hl Xho 1 MY — 0 %0, 155
2048 bp, 670 bp (554 (& 5B), 5HUBIAHAT

2.4 AAV-ITR-EGFP &EFEFRIAME A FE 293T
4 A R RY RO

J T % E AAV-ITR-EGFP JE[H ik a1k
TEZR A B B R Rk T, ¥ AAV-ITR-EGFP
L F kM # K DNA F PEI #4 HEK 293T 4
M. 24 h. 48 h J5 7E50 B iU T WEE EGFP (1)
FIRTENL . W 6A P, 24 h J5 BRI 90E3RiE,

kDa 1 2 3
<«~——Rep 78
70 —
55 — «———Rep 52
40 — Rep 40

4 Western blotting #:1 Rep & H

Fig. 4 Identification of Rep proteins by Western
blotting. 1: normal Sf9 cells; 2: S9 cells infected with
wild virus DH 10Bac; 3: Sf9 cells infected with
Bac-inrep P3.
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A B
bp bp M 1
— Tetramer
— Trimer
5000 — Dimer
3 000
3000 — Monomer 2000
2 000
800 —
500 —

5 AAV-ITR-EGFP ERERIAME A LEE

Fig. 5 Preparation and identification of AAV-ITR-EGFP
mini vector. (A) The determination of single-stranded
mini vector by 1% gel electrophoresis. M: DS 1 kb DNA
marker; 1: the stripe of AAV-ITR mini vector. (B) The
result of restriction-enzyme digestion. M: Trans 5 kb
DNA marker; 1: the stripe of plasmid digested with X7o 1.

20 pm
aath

6 AAV-ITR-EGFP EFERIAMEMIER HEK
293T #HAf

Fig. 6 Fluorescent microscope photograph of HEK
293T cells transfected by AAV-ITR-EGFP mini vector.
(A) Fluorescent microscope photograph of HEK 293T
transfected by AAV-ITR-EGFP DNA 24 h after
transfection, magnified 100 times, which is pictured by
fluorescent microscope. (B) Fluorescent microscope
photograph of HEK 293T transfected by AAV-ITR-
EGFP DNA 48 h after transfection, magnified 100 times,
which is pictured by fluorescent microscope.
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48 h (I 6B) L 65%MIBHYESR 2745 F KM
AAV-ITR-EGFP J [F 335 844 © 28 il oy e e
HEK 293T #iijifd 715 245 3Kk .
3 Wit

rAAV 5 5 2O AR TS B E0R N, BB
B R SO A L I R Ay AN, RERS E
BEFIAW 19 S REK L, BIRPORR, it
B RMA N KA R . MR, ikt fE
TEAE A B I DA B A 7 AR g 1 Bk a5
TE E. coli il ##3 f) pDNA i # &5 2 & H 1R
ZF AT TP, 251 DNA 454
RAABM LI N6-HT BRI 1 NS- H 5 i s
nEt ) L E S I A e N M A A L SR
FORMER MRS, A A SR A gl &
TR, ik Ptk R P 514 pDNA P4,
PR B HE R Sk I fg BRI ok, nsER &%
kA s . HEEEFMEFS (poly A), HA
VB DX RE AT R R IR O FROIR 9 DNA 431101,
Ub, AT A5 0 1 I PR 9 A ol 2 AR g D
ik, il My bR, hE A T e A Al
AR BB

Urabe USRI FHFRIRG 8508 R 4155 3
FFFAR B . EALFFIRE 5 Bac-Rep . FEALFFAR
J51% Bac-VP IS i AAV-ITR [ HE 48 f) 32
() B Y R FE AT RO 7, SRR R g i
SO, & rAAV ik, i, ARG B
Bac-Rep FF %51 Rep 78 il Rep 52 4 AAV &
Wil CHEEE 1, AT DNA W AaIREBE . ZHlfit
BB, T rep 78 Fl rep 52 54 H & W]
T3 rep RIEATE, RIBEFFEIL, MTEZmT K
B =y e PO AT AT A 2%, 7E
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B s F2Z i AN TH& T, IE Rep &
FIMERE Rk, AR MBI A . Western
blotting %% Rep R 45 R HBr T HEH Rep
78 Fll Rep 52 SMAHRZ/NEF, Hb Rep 40
7 Rep 52 B YN, 4 A 2 112 Rep &
By AR i P A A

AAV-ITR BER F R AR B8 T il 28
BARFT AT ITR A O, 72 R HL 4
] 15 3 ) 56 R 2 K A A 2 ey B AR
BRI AELE, JC pDNA | CpG ¥4 . %
AP IE R 5, DRk mT DA/ 3 R IG 9T o
Hh R R LA B g2 O L 200 B BE PR SN 1R
YER U b R = A b2k, Bl T3
TN, AT LR R YRR

AAV-ITR 5 [F A B AR AB X T AAV I 57
BARHAWTA: Bk, REA AAV Rt
BREE 1 Cap, “athm, laEit; Hik,
AAV FE R AR e KAm AFE Y 4.5 kb, AAV-ITR
FER SRR AR A SNEIE R K/ SZ AAV 4
BeT MR s LA HFFARIG 5 4508 R Gl &
SR IR A BT s . ST A

2152 HY AAV-ITR HE K F ik ik A B8
BN Y HEK 293T 4iff. J8aks b — 840
AAV-ITR J PR TR TR TE AR N 238 BRI LA
T A At 240 A ) SR E

g BTk, W15 3R AAV-ITR H R KA
Tl B M AT B R — b R R s P SR RIR T
E RN
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