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Abstract: Adeno-associated virus (AAV) is one of the most frequently used viral vectors in the
field of gene therapy. However, the industrial production of AAV is facing key bottlenecks such
as low yield and high-cost. The aim of this study was to establish a technology system for
production of AAV in the double virus infected insects by using multiple-gene deleted
baculovirus. First, a multiple gene deleted baculovirus for AAV production was constructed, and
the baculovirus titer and its effect on infected cells was examined. Subsequently, the insect cells
were co-infected with the double baculovirus and the infection conditions were optimized. At
the final stage, we performed AAV production based on optimized conditions, and evaluated
relevant parameters including production titer and quality. The results showed that the titer of
AAV produced in the multiple gene deleted baculovirus was not different from that of the wild
type, but the rate of cell death was significantly slower upon infection. Using the double virus
route for optimized production of AAV, the genome titers were 1.63x10'"" VG/mL for Bac4.0-1
and 1.02x10"" VG/mL for Bac5.0-2, which were elevated 240% and 110%, respectively,
compared with that of the wild-type. Electron microscopy observations revealed that all three
groups exhibited normal AAV viral morphology and they showed similar transduction activity.
Taken together, we developed an AAV production system based on the infection of insect cells
using multiple-gene deleted baculovirus, which significantly improved the virus yield and
showed application potential.

Keywords: baculovirus; multiple gene deletion;
manufacturing process
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1.8 qPCR #&il] AAV £ R E
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Table | Primers used in this study

Primer name Primer sequence (5'—3")
MCHERRY-F AAGGGCGAGGAAGATAACATG
MCHERRY-R GCCCTCAATCTCAAATTCGTG

FALUIMA 1 mL (R AAV JR#E, /&Y 6 h
Ja B NS A 10% FBS 1 DMEM R332k, B
7% 7 d Ja MELH GO
1.10 BE5THERE

R AAV KRB 10 L §i5 246 /)
B E 20 min, fERESDIRERIE M, A ELR
WG 25 240, TN 10 pL 1 1% R
TG 60 s, (AU 0 20 25 Z A0 A,
W] X T A O LR T OISR AAV TR, WL
HLE R 80 kVs
1.1 HiESHh

B Ll X+s £/~ , f#iff] GraphPad Prism 8
BRI A TR AL B, VR 4 1) 2 P A E AR
I RR Lo

2 HZRE5OM

21 AAVEFRATRFESHEREE
ARG BE BB 2 B LY 2 A 2L
RIUFFARIGEEIEAT AAV 2B PR Ry Bk T
1-4 XIRFFRI Rifir 444 Bacd.0-1, K 1-5 X
BIAFARAE B 44 0 Bac5.0-2 (£ 2). KA
AAV [T cap ZEA | rep ZEF FlH A ITR
RO E L IER 4L AY pFastBacl ZEARJEHRL |, 43555
JE R [A] R R B ORI, B B s B A T
FrRimie, YL d A s AR R, P
Wk p3 EHFFRIEEE, 2092 BacWT-RC.
Bac4.0-1-RC , Bac5.0-2-RC, BacWT-ITR , Bac4.0-1-ITR

x2 REREFRFEREERER
Table 2 The information of genes deleted in engineered
baculovirus

Region Knockout genes Complemented genes
1 Ac42—-44 -

2 Ac55-61 -

3 Acl5-22 Acl7-19

4 Ac69-72 Ac71

5 Ac84-91 Ac89-90
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Figure 1

Rep52 — M W W 0 —50

40

Construction and packaging of baculovirus for AAV production. A: Schematic of AAV production

process. B, C: Baculovirus titer assay results. D, E: Cell viability assay after baculovirus infection. F: VP protein
expression detection. 1: BacWT-RC; 2: Bac4.0-1-RC; 3: Bac5.0-2-RC; M: Marker. G: Rep protein expression
detection. 1: BacWT-RC; 2: Bac4.0-1-RC; 3: Bac5.0-2-RC; M: Marker. *: P<0.05; **: P<0.01; ***: P<(0.001.
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50%Z i IR s, AT LURE R AR (Y
IKEFE] . PR, IS 22 5 DR e AR v
£ AAV A el BE S R

4% WU 3% BacWT-RC . Bac4.0-1-RC Fl
Bac5.0-2-RC iX 3 i 52 Gy J5 00 240 M R 1 7 ik
W, R EiE R I RA N, S5 ER 3 R
HHGEE A cap BEN4ASK VPL, VP2
FVP3 X 3 FhA 7 2 (134 AT DLIE B 3Rk (K 1F),
rep JEH 4tS g Rep78 F1 Reps52 & 7] LAIE
HRIB(E 1G).

ARSI AL LR, WD 22 R i 2k AT
R BEEAA I A B A I G AE AR T, I
AR PR DUE SR 1 E AN AT TS, JF HREREIE
WRIE AAV LR E N, it — Lk
7R AAAL
2.2 AAV EFEEEML

h T HEE AAV W, BT BT 3 R
PRIRTALRE AAV 1A = SRR T LAk . 43 )4
B MOI=0.01. 0.1, 1 F1 5 pEA7JEY,
Bac-RC:Bac-ITR=1:1. H HArAI7E G 1. 2,
3.4, 5. 6 RIGWOGRFEMIEAT VP 8 1R AN
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K, e &4

XoF 4% 25 BRI EA T K BE 43 B, B AR AT AR
TREE YL 3 RIFE AR X B2, &L 2%
T B VP3 25 [ 550 K EE A R UK AR St A 7
WiEfb . MWEERATLIE W, ERGL R, s
MOI S INEE I FRB R, 5 bl B i ] i
FEK 8RR R N B AR AR RO 1 1 %
YeJi 4 d ARk B Rk i i oM, SR
[ J5 RIR A PT T 2R H R BUAFAR
o B A KRR T AR L 5 56 4 REISE 5 R,
JFHERESTARM A —E S (E 2). U
AR RN, 2L R BT R B R A8 A K
FEIE B ] HE 4R R R A ROR s I B AR
HAAREAT VP3 R IKER LI S5 53
J&: Bac4.0-1 % MOI=1 &L, %5 4 Kk,
Bac5.0-2 % MOI=1 J&4L, 5 4 RIEK; BacWT
it MOI=0.01 J&Jy, 45 4 R
2.3 AAV 2SR

HIRGY 22 FE R AR BUARIR A B2 X AAV 7=
W, B R AT T
AAV IEEF=, 3 HXF AAV 1 55t PR 40 3% 13 sk
YU B UEAT T AN . 25 R Bon, UL S 1
A 7R SRR T AAV R AR 7 T DUAS B Y 35 R 4]
RN . BPAERY 4.76x10"° VG/mL, Bac4.0-1
Bk M 1.63x10" VG/mL, Bac5.0-2 it 2k A
1.02x10" VG/mL, 1 Flr 22 5 IR Bl 2 B ATR s %
JITEE 77 B AAV KR DR 2H TR B2 BB AR TR T T 240%
F1110% (B 3A). SAFRPTEERIR T A 19 AAV
SR VR B4 2 . WA 6.77x107 TU/mL,
Bac4.0-1 2 2.50x10° TU/mL, Bac5.0-2 fk
5 1.44x10° TU/mL, Wi 2256 R Bl g RUFIR
FREETAE P21 AAV SRR P TR 3 A ey A AR T
T 270%F1 110% (K 3B), Fitt, 25 H ke A
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2 REBRFEBTIRFSHIT AAV £ Z4RKL

Figure 2 Optimization of the deletion strain and wild type for AAV production conditions. A: VP protein
expression was measured by WB under different conditions. Lane 1—4 are the results of Bac4.0-1 multiplicity
of infection of 0.01, 0.1, 1, and 5; 5—8 are the results of Bac5.0-2 multiplicity of infection of 0.01, 0.1, 1, and
5; 9—12 are the results of BacWT multiplicity of infection of 0.01, 0.1, 1, and 5, respectively, m is the protein
marker and c1 and c2 are the control at different concentrations. B: Gray density value scans were quantified
by VP3 as a ratio to c2.

A ; Aok ; B *
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B3 AAV &R SN

Figure 3 AAV production capacity assay. Comparison of AAV viral genome titers (A) and AAV infectious
titers (B) between multiple gene deleted strain and wild-type strain. *: P<0.05; ***: P<0.001; ****: P<(0.000 1; ns:
Not significant (P>0.05).
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2.4 AAV RESH FEGR BIFRIRIG TR 71 AAV S FRIB R

HTHERZ I HR BRI A 5 WT AHIE, AAV SOERIRBEER 1, 3 F0
1 AAV i B2, AT AAV # MOI=1 000  JH#EEA ™7 1) AAV 1& M TCBH I 22 5 (K] 4A). %0t
54T HEK293T 4 it S50, il 28 Senm i W ss T s S 4 i, ] DL B &1 (5%
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Figure 4 AAV production capacity assay. A: Relative transduction efficiencies of AAV in multiple-gene
deleted strain and wild-type strain. ns: Not significant (P>0.05). B: Deletion strains and wild type for
HEK293T cell transduction results, scale bar=40 um. C: Virion morphology was observed at 200 000x
magnification by transmission electron microscopy, the red dashed lines show the morphological outline of AAV,
scale bar=50 nm.
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