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IMPROVED BACULOVIRUS EXPRESSION SYSTEMS 

The present invention relates to an optimized baculovirus construct useful for the production 

of virus (-like) particles or viral vectors, in particular viral vectors for gene therapy. 

5 

BACKGROUND OF THE INVENTION 

The baculovirus expression vector system (BEV) 	is used to produce high levels of 

recombinant proteins in insect cells. It is generally based on the deletion of the baculovirus 

polyhedrin gene (polh), which is replaced by the gene to be expressed under the control of the 

10 polh promoter. Incorporation of a bacterial origin of replication, an antibiotic resistance gene 

and an acceptor Tn7 recombination site into the baculovirus genome (i.e.: bacmid) has greatly 

improved this system, making it much faster to generate recombinant viruses (Luckow et al., 

1993). Most commercially available baculovirus vectors lack the polh gene and otherwise 

have a complete genome, although Oxford ExpressionbTechnologies company ditribute, with 

15 flashBACGOLD, a baculovirus vector negative for chitinase and cathepsin genes. It was thus 

anticipated that this expression system could be improved. Deletion of the chitinase and 

cathepsin genes from. the AcMNPV genome has been shown to have a positive effect on 

intracellular and secreted recombinant protein stability (Kaba et al., 2004). It has also been 

shown that a BEV deficient in chitinase, cathepsin, p26, p10 and p74 allowed production of 

20 higher 	levels of recombinant proteins than those 	obtained 	with non-deletion viruses 

(Hitchman et al., 2009). However, expression data obtained in this latter study concerned only 

single recombinant proteins. For the production of complex structures such as viral vectors 

and virus-like particles, it is necessary to produce one or a number of proteins and, in the case 

of viral vectors, also a viral genome. From the results of Hitchman et al., it was not evident 

25 that the production of such complex structures could be improved in terms of protein quality 

when the chitinase, cathepsin, p26, p10 and p74 genes are deleted. 

The aim of the present study was to provide an optimized baculovirus expression system for 

the production of virus vectors and/or virus-like particles. 

30 

DESCRIPTION OF THE INVENTION 

An aspect of the present invention relates to a recombinant baculovirus genome comprising 

the p26 and p74 baculoviral gene ORFs, while the baculoviral genes cathepsin, chitinase and 
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p10 are disrupted. In one preferable embodiment, the p10 gene is disrupted without deleting 

the p10 promoter. In another embodiment, the recombinant baculovirus genome comprises 

one or more heterologous sequence(s) of interest. 

5 Another aspect of the invention relates to a recombinant baculovirus genome, wherein the 

baculoviral genes cathepsin, chitinase, p26, p74 and p10 arc disrupted, and wherein the 

recombinant baculovirus genome comprises a heterologous sequence coding a part of a viral 

vector or virus-like particle. 

10 In 	a 	further aspect, 	the 	invention provides 	a 	recombinant 	baculovirus 	comprising 	a 

recombinant baculovirus genome as described above. 

In another aspect the invention provides a method for producing a recombinant baculovirus, 

comprising culturing a prokaryotic cell containing the recombinant baculovirus genome of the 

15 invention under conditions allowing production of a baculovirus. 

In another aspect, a host cell comprising a recombinant baculovirus genome of the invention 

is provided. 

20 A further aspect provides a method for producing a recombinant protein or nucleic acid (e.g. 

an RNA or DNA molecule or a recombinant genome — the recombinant genome being for 

example a RNA or DNA genome), comprising the step of culturing a host cell with one or 

several recombinant baculovirus(es) of the invention, wherein the heterologous sequence of 

interest encodes a recombinant protein or nucleic acid. 

25 

In another aspect, the invention provides a method for producing a viral vector or virus-like 

particle, 	comprising the step of culturing host cells with one or several recombinant 

baculoviruses each comprising a recombinant baculovirus genome harboring a heterologous 

sequence of interest useful for producing said viral vector or virus-like particle, wherein all 

30 recombinant baculoviruses comprise a recombinant baculoviral genome with intact p26 and 

p74 baculoviral gene ORFs, and wherein the baculoviral gene ORFs for cathepsin, chitinase 

and p10 are disrupted, and wherein the p10 gene promoter is not disrupted. 
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5 

In another aspect, the invention provides a method for producing a viral vector or virus-like 

particle, comprising the step of culturing a host cell with one or several recombinant 

baculoviruses each comprising a recombinant baculovirus genome harboring a heterologous 

sequence of interest useful for producing said viral vector or virus-like particle, 

wherein all recombinant baculoviruses comprise a recombinant baculovirus genome wherein 

the baculoviral genes cathepsin, chitinase, p26, p74 and p 1 0 are disrupted. 

In one embodiment, the above methods are implemented for the production of a recombinant 

AAV vector. 

10 

The present invention relates to optimized recombinant baculovirus genome and methods 

using the same. It was surprisingly found that disruption of cathepsin, chitinase and p10 genes 

did not improve the level of recombinant AAV (rAAV) particles produced in insect cells, but 

allowed the production of rAAV particles with improved infectivity for mammalian cells. 

15 This result was highly unexpected as Hitchman et at. (cf. supra) reported higher expression 

levels of individual recombinant proteins produced from cathepsin-, chitinase-, p26-, p10-

and p74-null baculovirus, although this study did not report production of a viral vector. The 

results presented here show in particular that the expression level of the AAV cap gene, 

encoding VP1, VP2 and VP3, is not improved with a baculovirus where the above mentioned 

20 

25 

baculovirus genes are disrupted (which results differs from what would have been expected 

from the disclosure of Hitchman et at.). Instead the level of degradation of VPI and VP2 is 

reduced and the rAAV particles produced with this deletion baculovirus show a four-fold 

improvement in infectivity when compared to rAAV particles produced from a wild type 

baculovirus production system bacmid, i.e., not modified for chitinase, cathepsin, p26, p10, 

and/orp74 loci. 

The recombinant baculovirus genome of the invention is preferentially capable of replication 

in an insect cell and in a prokaryotic cell such as E. coil. In particular, any viral baculovirus 

genome that contains a BAC replicon may be used. In a particular embodiment, the 

30 recombinant baculovirus genome is a bacmid. Suitable baculovirus sequences include the 

Autographa californica (Ac) MNPV bacmid. 
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Baculoviruses are commonly used for the infection of insect cells for the expression of 

recombinant proteins. In particular, expression of heterologous genes in insects can be 

accomplished as described in for instance U.S. 4,745,051; Friesen et at, 1986; EP 127,839; 

EP 155,476; Vlak et at, 1988; Miller et al., 1988; Carbonell et at, 1988; Maeda et at, 1985; 

5 Lebacq-Verheyden et at, 1988; Smith a at, 1985; Miyajima et at, 1987; and Martin et at, 

1988. Numerous baculovirus strains and variants and corresponding permissive insect host 

cells that can be used for protein production are described in Luckow et al., 1988, Miller et 

at, 1986; Maeda et at, 1985, McKenna, 1989, van Oers, 2011, and Lynn, 2007. 

10 According to the present invention, any baculovirus genome derived from a baculovirus 

commonly used for the recombinant expression of proteins and biopharmaceutical products 

may be used. For example, the baculovirus genome may be derived from for instance 

AcMNPV, Bombyx marl (Bm)NPV, Helicoverpa armigera (Hear) NPV) or Spodoptera 

exigua (Se) MNPV, preferably from AcMNPV. in particular, the baculovirus genome may be 

15 derived from the AcMNPV clone C6 (genomic sequence: Genbank accession no. 

NC 001623.1) or E2 (Smith & Summers, 1979). 

The invention implements the disruption of baculovirus genes. Several strategies may be 

implemented for this purpose, and in particular the mutation, for example by deletion, of the 

20 selected gene(s) from the (recombinant) baculovirus genome. A well known and established 

method to investigate gene functions is the manipulation of a baculovirus genome in bacteria 

by homologous recombination using ET (E colt. RecE & RecT proteins) or lambda red based 

recombination directed at a single gene or a stretch of flanking genes, which is then replaced 

by an antibiotic selection marker (Datsenko & Wanner, 2000; Westemberg et al., 2010). In 

25 order to prepare multiple deletions within the same genome, several different selection 

markers need to be used or the selection marker needs to be flanked by unique restriction 

sites, allowing removal after each gene deletion, by digestion and re-ligation. A strategy 

derived from a method to make sequential deletions/insertions in a bacterial genome (Suzuki 

et at, 2007; Suzuki et at, 2005) has been adapted for bacmid technology (Marek et at, 2011) 

30 and has been used efficiently in the present study. It implements a modified cre-lox 

recombinase system that uses modified IoxP sites to make serial mutations. After replacement 

of the first gene with a selection marker, for example the chloramphenicol acetyl transferase 

antibiotic marker, by homologous recombination, the marker can be removed due to the 
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presence of loxP sites at both ends of the marker. In the setup used, two modified loxP sites 

are used (1ox66 and lox71), each with a different mutation. After recombination by cre-

recombinase a 1ox72 site is left (Lambert et al., 2007), which has now two mutations instead 

of one, and can no longer be recognized by the cre-recombinase. This allows the subsequent 

5 deletion of a second target gene. 

In 	a particular 	embodiment, 	the 	chi/v-cath 	(nucleotides 	105282-107954 	according 	to 

AcMNPV genetic map (Ayres et at, 1994) and p10 (nucleotides 118839-119121) genes are 

disrupted. 

10 

In a particular embodiment, the disruption of the p10 gene is made concomitantly with the 

disruption of all or a part of the coding sequence of the p26 and/or p74 genes, preferably p26 

and p74 genes (nucleotides 118044-121072). 

In another particular embodiment, the disruption of p10 is made without disrupting the 

15 adjacent p26 and p74 gene ORFs. In one preferable variant of this embodiment, the 

recombinant baculovirus genome of the invention still comprises the p10 promoter (the pl0 

coding sequence is thus disrupted without deleting its promoter, which correspond to 

nucleotides 118739-118836 according to AcMNPV genetic map). In another embodiment, the 

p10 promoter is also deleted. It is shown below that the disruption of p10 gene ORF while 

20 leaving its promoter intact and without disrupting p26 and p74 gene ORFs allows the 

production of more effective rAAV viral particles than when these three genes are disrupted 

in the recombinant baculovirus genome. 

The present recombinant baculovirus genome can be used to produce recombinant proteins or 

25 nucleic acids according to methods well known in the field of baculovirus-based expression 

systems. The recombinant baculovirus genome can thus also harbor heterologous nucleotide 

sequences useful for the production of recombinant proteins, nucleic acids or for the 

production of complex structures such as virus vectors and virus-like particles. 

30 According to the invention, a heterologous nucleotide sequence is a sequence useful for the 

production of a product of interest (e.g. a protein, a nucleic acid such as a mRNA, siRNA, 

antisense nucleotide sequence, hairpin sequence, a virus genome such as a recombinant virus 

genome for gene therapy). 
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As such, the present invention also relates to a recombinant baculovirus genome (and 

recombinant baculovirus and host cells comprising the same) as defined above, comprising a 

heterologous sequence. 

5 

The heterologous sequence can be inserted in a site or locus known in the baculovirus to 

allow the expression of the inserted sequence. For example, the polyhedrin locus is classically 

used as an insertion site for heterologous nucleotide sequences (in particular via the Tn7 

recombination site of the bacmid). 

10 

The invention also relates to a recombinant baculovirus and a host cell comprising the 

recombinant baculovirus genome of the invention. 

The recombinant baculovirus of the invention is well-adapted to produce complex structures 

15 such as virus vectors or virus-like particles. In the latter case, the components of the complex 

structure can be expressed from several recombinant baculovirus genomes, each of said 

genomes carrying at least one component of the complex structure, and each of said 

components being encoded by heterologous nucleotide sequences comprised in different 

recombinant baculoviruses of the invention. When such a set of recombinant baculoviruses is 

20 used to produce several recombinant components, preferably all baculovirus vectors should 

have the same modifications in the chitinase, cathepsin, p26, p74, and pl 0 genes. 

For example, for the production of a recombinant AAV, a system comprising three 

baculoviruses can be used: a baculovirus encoding the AAV Rep proteins, a baculovirus 

coding the AAV Cap proteins and a baculovirus coding the AAV-ITR genome comprising a 

25 gene of interest (e.g. a therapeutic gene) between the two AAV 1TRs (Manno et al., 2006; 

Mendell et al., 2010; Simonelli et al., 2010). A system comprising two baculoviruses (dual-

infection system) is also available now, for which the DNA sequences coding for the AAV 

Rep proteins and the AAV Cap proteins are provided by one baculovirus. The latter dual- 

infection system is implemented in the examples. 

30 

As such, the present invention also relates to a recombinant baculovirus genome (and 

recombinant baculovirus and host cells comprising the same) as defined above, comprising a 
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heterologous sequence coding a part of a viral vector or of a virus-like particle. In a particular 

embodiment, the baculovirus vector encodes: 

- a rAAV genome, or 

- AAV Rep proteins, or 

5 - AAV Cap proteins, or 

- AAV Assembly Activating Protein (AAP). 

In a particular embodiment, the recombinant baculovirus genome comprises an expression 

cassette comprising the AAV rep and cap genes, preferably in inverse orientation. 

10 The host cell can be a producer cell for the production of a recombinant protein, nucleic acid, 

virus or virus-like particle, which has been infected by one or more baculoviruses according 

to the invention. Of course, the promoter(s) and the 5' and 3' untranslated regions such as the 

polyadenylation signal or the microRNA target regions, controlling the expression of the 

heterologous nucleotide sequence present in the recombinant baculovirus genome will 

15 ultimately depend on the host cell used for the expression of the product of said heterologous 

sequence. Should the host cell be an insect cell, promoters efficient in insect cells need to be 

used (for example, the pi 0 and polyhedrin very-late baculovirus promoters or a combination 

thereoff). In case of a mammalian producer host cell, the promoter(s) may be mammalian 

promoters such as the human cytomegalovirus (CMV) promoter. 

20 

Cells according to the present invention can be selected from the group consisting of 

mammalian cells, preferably human cells, C. elegans cells, yeast cells, insect cells, and 

prokaryotic cells such as E. coli cells. 

Preferred yeast cells for practicing the invention are S. cervisiae, S.pombe, C. albicans and P. 

25 pastoris. 

Preferred E. colt cells for practicing the invention are Top10, DH5a, DHI013, TG1, BW23473, 

BW23474, MW003, and MW005 cells (Westernberg et al., 2010). 

Preferred insect cells for practicing the invention are S. frugiperda cells, preferably Sf9, Sf21, 

Express Sf+ or Trichoplusia ni High Five cells, and D. melanogaster, preferably S2 Schneider 

30 cells. 

Preferred human cells for practicing the invention are selected from the group consisting of 

HeLa, 	Huh7, 	HEK293, 	HepG2, 	KATO-III, 	IMR32, 	MT-2, 	pancreatic 	[beta]-cells, 

keratinocytes, bone-marrow fibroblasts, CHP212, primary neural cells, W12, SK-N-MC, 
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Saos-2, WI38, primary hepatocytes, FLC4, 143TK-, DLD-1, embryonic lung fibroblasts, 

primary foreskin fibroblasts, Saos-2 osteosarcoma, MRCS, and MG63 cells. 

5 

The invention will now be described in relation to the below examples and appended figures. 

LEGENDS TO THE FIGURES 

10 Figure 1. Schematic map of the AcMNPV bacmid deleted of chitinase, cathepsin, and the 

p10 ORF, leaving the p10 promoter intact (ACCOp10) or in combination with a deletion of 

the p26, pI0, and p74 genes (ACCAp26p10p74). 

The AcMNPV bacmid has been inactivated for the chitinase, cathepsin, and p10 or p2 6, pI0, 

p74 genes. The AAV rep2/cap8 expression cassette is inserted at the Tn7 site of the bacmid. 

15 On the same bacmid backbone, the rAAV gene (mSeAP in this example) is transfered at the 

Tn7 site. 

Figure 2. rAAV viral genome determination in bulk and purified samples. 

has been 	in rAAV productivity 	assessed 	bulk samples or purified product samples originating 

20 from production performed with wt- ; ACCAp10- ; ACCAp26p10p74- baculovirus backbones. 

rAAV titers are quantified through QPCR and expressed as viral genomes per mL 

(vg/mL)/mL (blue bars), contaminating baculovirus titers are quantified through QPCR in 

vg/ml (red dots). (a) rAAV bulk samples (b) immuno-affinity purified rAAV. 

25 Figure 3. Characterization of purified rAAV vectors. 

Immuno-affinity purified rAAV vectors are analyzed through SDS-PAGE followed by 

Coomassie Blue staining (a) or Western blotting of the AAV VP proteins (b). 

1: AAV-mSeAP (5x101°  vg) produced with baculovirus WT 

2: AAV8-mSeAP (5x1019  vg) produced with baculovirus ACCAp26p10p74 

30 3: AAV8-mSeAP (5x1019  vg) produced with baculovirus ACCAp10 

Figure 4.1n vivo evaluation of rAAV vectors. 

rAAV8-mSeAP produced either with WT or ACCAp26p10p74or ACCAp10 baculoviruses 

was injected intramuscularly into mice at 109  vg (n=4). (a) Time course expression of seric 
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mSeAP is measured. (b) Histological analysis of mSeAP expression. Muscle sections (8 itM) 

were prepared and analyzed for mSeAP localization. (c) rAAV genome quantification in 

transduced muscle. 

5 EXAMPLES 

Materials and Methods: 

Baculovirus gene deletions 

10 Deletion of cathepsin and chitinase from the wild type AcMNPV bacmid was perfoit 	ied from 

the E.coli DH1OBac strain containing the AcMNPV bacmid (Luckow et at, 1993) and 

transformed with plasmid plCD46 (Datsenko & Wanner, 2000). A PCR product necessary for 

the cathepsin/chitinase gene inactivation was generated with primers CC-KO-F and CC-KO- 

R (Table I) using pCRTopo-lox-CAT-lox as template (Marek et at, 2011). Gene inactivation 

15 was performed according to Marek et at, 2011 and assessed using primers chitinase-105625F 

and cathepsin-107849R (Table 1). CAT gene marker removal from cathepsin/chitinase null 

bacmid (AcbacACCAcat) was performed as described. (Marek et al., 2011) and was verified 

through PCR and 	sequencing, 	using the 	previously 	described primers. 	Second gene 

inactivation to remove the p10 coding sequence from AcbacACCAcat was performed in the 

20 same manner, with a PCR product generated with primer pairs p1O-KO-F/p1O-KO-R (Table 

1). Verification of the correct gene inactivation was performed using PCR and sequencing 

with primer pairs p10-118725-F/ p10-119259-R (Table 1). This second gene inactivation led 

to cathepsin/chitinase/p10 null bacmid (AcbacACCAp10), with an intact p10 promoter. 

Alternatively, the second gene inactivation of the neighboring genes p26-, plO,and p74 in 

25 AcbacACCAcat was performed in a similar manner, with a PCR product generated with 

primer pairs p26-KO-F/p74-KO-R (Table 1). Verification of the correct gene inactivation was 

performed using PCR and sequencing with primer pairs p26-117989-F/ p74-121176-R (Table 

1). 	The 	latter 	gene 	inactivation 	led 	to 	cathepsin/chitinase/p26/p10/p74 	null 	bacmid 

(AcbacACCAp26p10p74). 

30 

Insertion of AAV rep/cap genes and recombinant AAV genome into bacmid by 

transposition 
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E. coli DH10Bac cells containing wild-type bacmid and E. coli DH1013 cells containing 

AcbacACCApl 0 or AcbacACCAp26p10p74 were transformed with plasmid pMON7124 

5 

(Luckow et al., 1993). Transposition was then performed according to the manual of the Bac-

to-Bac system (Invitrogen) in to all these three bacmids with plasmid pFBD-mSeAP, 

encoding a murine secreted alkaline phosphatase reporter gene (mSeAP) controlled by a 

CMV promoter and flanked by Inverted Terminal Repeats (ITRs) of AAV2, Transposition 

was also performed with plasmid pSR660 encoding AAV2 rep78/52 gene under the 

polyhedrin very-late promoter and the AAV8 cap gene under the pl 0 very-late promoter 

(Smith et al., 2009) Efficient recombination into the bacmid genome was verified according 

10 to the Bac-to-Bac protocol. This resulted in three sets of two bacmids for the production of 

rAAV particles carrying ITR-mSeAP DNA, each set with a different baculoviral genomic 

backbone (wt, AcbacACCAp10, or AcbacACCAp26p10p74). 

Cell line, baculovirus and rAAV production 

15 Sf9 cells in suspension culture were grown at 27°C in SF900II medium (Invitrogen) in 1 L 

Bellco spinner flasks. Baculoviruses were generated according to the guidelines of the Bac-to- 

Bac protocol from the deleted bacmids and the recombinant bacmids described above and 

were amplified in suspension cultures of Sf9 cells in 100 mL Bellco spinners. rAAV 

production was performed by dual infection of Sf9 cells with baculoviruses harboring the 

20 recombinant AAV genome (ITR-mSeAP) and AAV rep2/cap8 genes, each at an MOI of 1.6 

in 70 mL of Sf9 cell culture seeded at 106cells/mL in 100 mL Bellco spinners. At 72 11 post- 

infection, 1 	mL of the total culture was recovered for direct quantification of rAAV 

production prior to purification and then stored at -80°C. 

25 

30 

rAAV purification and characterization 

rAAV was purified from bulk on Immune-affinity AVB sepharose medium (GE Healthcare) 

accordingly to (Smith et at, 2009). 5 x 101°  viral genome (vg) of purified rAAV vectors were 

run on SDS-PAGE Bis-Tris 4-12% (Nu-PAGE, Invitrogen), and either directly coomassie 

stained or transferred to Nitrocellulose membrane (iBlot gel transfer stack nitrocellulose, 

Invitrogen) prior to immuno detection (see below Western blotting). 

Determination of rAAV genome titer 
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A quantitative PCR assay was performed directly on the total culture samples or purified 

rAAV samples to determine rAAV titer (viral genome per mL of production). Viral DNA was 

extracted directly from bulk or purified samples using MagNA Pure DNA and viral RNA 

small volume kit (MagNA Pure 96, Roche). The plasmid used as reference contains the two 

5 1TRs of AAV2 and the baculovirus DNA polymerase gene. Serial dilutions were performed to 

calculate the final copy number of the analyzed sample and a positive control was used to 

assess efficient titration. Titrations were performed at the same time on the same plate by an 

independent operator. 

10 Western Blot 

Baculovirus bulk samples or purified rAAV8 samples were analyzed through Western blot for 

AAV VP and Rep proteins. 

Anti VP primary antibody is a mouse IgG1 clone B1 (Progen) used in a 11250th  dilution. Anti 

Rep primary antibody is a mouse IgG1 	clone 303.9 (Progen) used in a 1/100th  dilution. 

15 Secondary antibody is a goat anti-mouse Dye 680 (LI-COR) used in a 1/5000th  dilution. 

Incubation was performed in infrared imaging system blocking buffer (LI-COR) and 

revelation was performed on the Odyssey system (LI-COR). Intensities of fluorescence were 

quantified with Odyssey 2.1 software. 

20 
In vivo injection, sample collection and mSeAP quantification 

rAAV vectors, 109  vg in 25 pi of phosphate buffered saline, were injected intra-muscularly 

into the left Tibialis Anterior (TA) muscle of C57black6 mice, 6 weeks old (n=4 per vector). 

25 

Blood samples were collected from injected mice at 3, 7, 14, 21, 28, 35 days post-injection, 

for mSeAP seric quantification. At day 35, the animals were sacrificed and TA muscles, left 

and right were collected and frozen before histological and enzymatic assays. 

All mice were handled according to directive 2010/63/Eli on the protection of animals used 

for scientific purposes.A mSeAP dosage assay was performed with 12.5 )1L of mouse serum. 

mSeAP quantification was realised using the Phospha-Light System kit (Applied Biosytems). 

30 Samples were read on a Victor II Luminometer apparatus. Expression levels are expressed as 

ng of mSeAP per mL of serum using a standard curve of purified human placental alkaline 

phosphatase (Applied Biosystems). 

Histological analysis of mSeAP expression 
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Muscle sections (8 µM) were prepared and analyzed for mSeAP localization using the Nitro 

Blue 	Tetrazolium/5-Bromo-4-Chloro-3-Indolyl-Phosphate 	method, 	as 	described 	before 

(Riviere et al., 2006). Muscle sections were counterstained with nuclear fast red, and 

inflammation and muscle integrity were evaluated by hematoxyl.in—eosin staining and light 

5 microscopy analysis. 

Detection of rAAV genome in viva 

Total DNA samples were extracted from mouse muscle using FastDNA kit (QBIOgene) on a 

FastPrep apparatus (QBIOgene). rAAV genome titration was performed using QPCR as 

10 described in previous section. Normalization was performed using quantification of the titin 

gene. 

Statistical analysis 

15 Statistical significance of seric mSeAP expression at 35 days following rAAV injection was 

evaluated. Group comparisons were perform 	 ed. Variance analysis were performed through 

Fischer test (a=0.05), followed by Student test (a=0.05) using Excel program. 

Results: 

20 

Generation of baculoviruses deleted for the chiiinase, cathepsin, together with the p10 or 

the p26, p10, and p74 genes. 

In order to remove multiple genes, sequential deletions need to be introduced in the AcMNPV 

bacmid. 	A well-known 	and established 	method to 	investigate 	gene 	functions 	is the 

25 

30 

manipulation of a baculovirus genome in bacteria by homologous recombination using ET (E 

coll. RecE & RecT proteins) or lambda red based recombination directed at a single gene, 

which is then replaced by an antibiotic selection marker (Datsenlco & Wanner, 2000). In order 

to prepare multiple deletions within the same genome, several different selection markers 

need to be used or the selection marker needs to be flanked by unique restriction sites, 

allowing removal after each gene deletion, by digestion and re-ligation. A strategy derived 

from a method to make deletions/insertions in a bacterial genome (Suzuki et at, 2007; Suzuki 

et al., 2005) has been adapted for bacmid technology (Marek et at, 2011). After replacement 

of the first gene with the chloramphenicol acetyl transferase antibiotic marker by homologous 

recombination, the marker can be removed due to the presence of loxP sites at both ends of 

35 the marker. In the setup used, two modified loxP sites are used (lox66 and lox71), each with a 
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different mutation. After recombination by cre-recombinase a 1ox72 site is left (Lambert et 

at, 2007), which has now two mutations instead of one, and can no longer be recognized by 

the cre-recombinase. This allows the subsequent deletion of a second target gene. This 

method was tested in a bacmid set up to serially remove in two steps the chi/v-cath (deleted 

5 nucleotides 105282-107954 according to AcMNPV genetic map (Ayres et at, 1994)) and p10 

(deleted nucleotides118839-119121) or p26/p10/p74 (deleted nucleotides 	118044-121072) 

genes. These deletions were assessed by PCR and sequencing. Sf9 cells were transfected 

successfully with each of the 	deletion bacmid DNAs. 96h post-infection visible signs of 

baculovirus infection (disruption of the cell layers, higher Sf9 cells diameter and mortality) 

10 

15 

were observed indicating infectivity of both the AcACCAp10 and AcACCAp26p10p74 

baculoviruses. 

Prior to transposition of AAV2 rep gene under the polh and AAV8 cap gene under plO 

promoter and AAV-mSeAP sequences in AcACCAp10, E. coli DH1013 cells, containing the 

different bacmid constructs, were transformed with plasmid pMON7124 (Luckow et al., 

1993) to mediate efficient recombination from transfer vectors containing the constructs of 

interest into the Tn7 site of the bacmid (Figure 1). 

Following recombination, and prior to bacmid DNA transfection into the Sf9 cells, the 

absence of non-recombinant bacmid was verified. 

The baculoviruses were plaque purified and amplified for two passages. No difference was 

20 observed in terms of baculovirus titers (pfu/m1) or AAV VP and Rep protein levels between 

the recombinant wt-, ACCAp10, and ACCAp26p10p74 baculoviruses. The baculoviruses were 

then used to perform rAAV production. 

The deletion of chitinase, cathepsin and p10 genes does not improve rAAV productivity 

25 in Sf9 cells. 

Standard rAAV vector productions were performed in spinner cultures clearly showing that 

the production of recombinant baculovirus, either of the wild-type or the ACCAp10-type or 

the ACCAp26p10p74-type, was comparable leading to titers of 2.09x101 ' and 1.30x10'' and 

2.11x101 ' vg/mL, respectively. Equally, the production of AAV (model transgene: rnSeAP) 

30 was practically similar when both baculoviruses are used, leading to titers of 1.27x101°, 

1,32x10" and 1.40x1e vg/mL, respectively (Figure 2A). The purification of AAV using 

AVB chromatography led to increases in titer to 4.25x1012  and 2.47x1012, 3.52x1012 vg/mL, 

respectively (Figure 2B). 
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These results indicate that the removal of some non-essential baculovirus genes from the 

baculovirus backbone has no impact on the production and purification of AAV vectors. 

The use of a baculovirus deleted of chitinase, cathepsin and p10 or p26, p10, p74 genes 

5 reduces rAAV particle degradation. 

The absence of the chitinase, cathepsin, in combination with a pi 0 ORF deletion or a deletion 

of the p26, p10 and p74 genes had a beneficial effect on AAV-vector integrity. Most likely, 

the absence of protease activity (cathepsin) derived from the baculovirus led to reduced vector 

particle degradation as shown by SDS-PAGE and Western blot (WB) analysis (Figure 3). 

10 These analytical methods clearly indicated the disappearance of at least three VP-specific 

`contaminating degradation bands'. The major contaminating degradation band of the three 

bands is localized closed to VP3 (Figure 3). The use of ACCAp10 or ACCAp26p10p74 

baculoviruses instead of wt-baculoviruses thus leads to reduced rAAV vector degradation and 

to the disappearance of several VP degradation products. 

15 

rAAV particles produced using a baculovirus deleted of chitinase, cathepsin and p10 or 

p26, p10, p74 genes display higher infectivity in vivo. 

The disappearance of certain sub-sized protein bands in the WB when using the ACCAp10 or 

ACCAp26p10p74 baculoviruses signifies that the rAAV vector particle is less degraded and 

20 may have a better integrity, suggesting that the in vivo infectivity/potency may be improved. 

In fact when injecting purified rAAV-mSeAP particles produced with the three different 

baculovirus backbones (wt, ACCAp10 and ACCAp26p10p74) intra-muscularly into mice 

(C57Black6), mSeAP activity was observed in the serum about 1 week after injection. The 

activity increased to plateau levels of about 5.8 ng/mL, 23.2 ng/mL, and 9.3 ng/mL when 

25 using the wt-backbone, ACCAp 1 0- and ACCAp26p10p74- backbones for AAV production, 

respectively, at 3 weeks post-injection (Figure 4A). The difference is in the order of a factor 4 

when using the ACCAp10- baculovirus backbone for rAAV production, compared to wt-

baculovirus backbone (p-0.01). The difference is in the order of a factor 2 when using 

ACCAp26p10p74- backbone in place of the wt-backbone (p=0.05). 

30 Thirty-five days after injection, the mice were sacrificed and the injected muscles were 

histologically analyzed. As for the increased serum levels of mSeAP activity, the mice 

injected with rAAV produced with the ACCAp10 baculovirus showed a considerably 

increased mSeAP activity in the transduced muscle tissue in comparison to those mice 
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injected with rAAV produced with the wt-baculovirus system. The mSeAP activity in the 

muscle tissue transduced with rAAV produced with ACCAp26p10p74 was found in the 

middle range compared to the rAAV produced with the two other baculovirus backbones 

(Figure 4B). The increased mSeAP activity observed with rAAV produced with. the 

5 ACCAp10 baculovirus is correlated with an increase in rAAV genome copy number delivered 

to the TA muscle cells as shown by quantitative PCR (Figure 4C), illustrating that 3.25 more 

genome copies were delivered compared to the wt production system. In a similar manner, 

evaluation of the rAAV genome copy number delivered to the TA muscle cells following 

production with ACCAp26p10p74 baculovirus led to a 2 fold increase compared to the use of 

10 rAAV produced with wt-baculovirus backbone (Figure 4C). These values are in good 

accordance with the mSeAP activity levels obtained with the various baculovirus vectors. 
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LISTING 

Table 1: Primer sequences used in this study 

Sequence 5 to 3' 

c r 'c ic it in( ; A A A CAATKITI "'MANIAC( X -I (FITIATA(11-1AACANI CFI CCitiCACit 
GICTATGGCCATAGGAATAGOOCCTACCOTTCOTATAAMTATGCIATACGAAGT 
TAT (SEQ ID NO:1) 

t'lle*ra, 

CC-KO-F 
chiunasercathepsin 
gene inactivation nt 

105771- 107700 

CC-KO-R 
CCOCTOTTGAAACAATATITTATAATACCUTGMATAGITAACAATG7CGOCAOC 
GICTATOGCCATAGGAATAGOOCCTACCOITCGTATAATGTATGCTATACGAAGT 
TAT (SEQ ID NO:2) 

chillness- 
105625F 00CGOCCGTACATOGCGACGCCCA (SEQ ID NO3) Vaification 

cathepsin 
107849R OTrrnAAAGGTCCAATATGGAATO (SEQ ID NO:4) Verification 

p1O-KO-F 

p10 coding sequence 
inactivation (start 

codon to atop codon) 
of 118839 - 119121 

TTOTATATTANITAAAATACTATACTGTAAAITACAITTTATITACAATCTACCGTT 
CGTATACICATACAITATACGAAGTTAT (SEQ ID 140:5) 

P1O-KO-R GAATCGTA03AATATTATAAAACAMTGA 1 1 1 1. i ATITTAAAAACOATITACCGT 
TCOTATAATOTATOCTATACGAAGITAT (SEQ ID N06) 

p10-1 I 8725-F CCOGGACCITTAATTCAACCCAACA (SEQ ID140:7) Verification 

p10-119259-R CAOCATITGITATACACACAGAACT (SEQ ID 140:8) Verificarion 

Af13 PUC F CCACITCACGACGTTOTAAAACG (SEQ ID N09) Verification of 
. 	transposed bacmids 

Iril 3 PUC R AGCGCIATAACAATfTCACACAGG (SEQ ID 140:10) Verification of 
transposed baanids 

Garin AGCCACCTAC7CCCAACATC (SEQ ID 140:11) Verification of 
transposed bacmids 

* Baculovims numbering is according to Ayres et aL, 1994 
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CLAIMS 

1. A recombinant baculovirus genome comprising the p26 and p74 baculoviral genes, wherein 

5 the baculoviral genes cat hepsin, chitinase and p10 are disrupted. 

2. The recombinant baculovirus genome according to claim 1, wherein the p10 gene is 

disrupted without deleting the p10 promoter. 

10 3. The recombinant baculovirus genomeaccording to claim 1 or 2, wherein the recombinant 

baculovirus genome comprises a heterologous sequence of interest. 

4. A recombinant baculovirus comprising the recombinant baculovirus genome according to 

15 any one of claims 1 to 3. 

5. A method for producing a recombinant baculovirus, comprising culturing a prokaryotic cell 

containing the recombinant baculovirus genome according to claim 1 or 3under conditions 

allowing production of a baculovirus. 

20 

6. A cell comprising a recombinant baculovirus genome according to claim I to 3. 

7. A method for producing a recombinant protein or nucleic acid (e.g. a RNA, a DNA or a 

recombinant genome), comprising the step of culturing an adapted cell with a recombinant 

25 baculovirus comprising a recombinant baculovirus genome according to claim 3, wherein the 

heterologous sequence of interest encodes a recombinant protein or nucleic acid. 

8. A method for producing a viral vector or virus-like particle, comprising the step of 

culturing a adapted cell with one or several recombinant baculovirus each comprising a 

30 recombinant baculovirus genome harboring a heterologous sequence of interest useful for 

producing said viral vector or virus-like particle, 



20 

wherein 	all 	recombinant 	baculoviruses comprise a recombinant baculovirus genome 

comprising the p26 and p74 baculoviral 

chitinase and p10 are disrupted. 

genes, wherein the baculoviral genes cathepsin, 

9. The method according to claim 8, for the production of a recombinant AAV vector. 


