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Brief Report

Improved Splicing of Adeno-Associated Viral (AAV)
Capsid Protein-Supplying Pre-mRNAs Leads
to Increased Recombinant AAV Vector Production

K. David Farris and David J. Pintel

Abstract

Adeno-associated viral (AAV) capsid proteins, thought to be a rate-limiting step in the production of recom-
binant AAV (rAAV), are translated from spliced mRNAs. Improvement of the native AAV nonconsensus donor
sequence increases splicing yet leaves the relative levels of VP1- and VP2/3-encoding mRNAs unchanged, and
thus provides a means to increase delivery of correct ratios of AAV capsid proteins. This effect is independent
of the AAV serotype used, and occurs whether the rep and cap genes supplied in trans are on the same or sep-
arate expression vectors. In the split-vector system, replacement of the more traditionally used cytomegalovirus
promoter with that of the AAV5 P41 promoter allowed for even greater levels of splicing, and together with
an improved intron donor, led to a 10- to 15-fold increase in the levels of splicing, rAAV production, and trans-
duction compared with levels achieved by traditional cotransfection methods. Thus, the enhancement of splic-

ing presents a useful method to enhance rAAV production via transient transfection.

Introduction

ADENO—ASSOCIATED VIRUS (AAV) is a small, nonenveloped,
single-stranded DNA (ssDNA) virus that was initially
discovered as a contaminant of adenoviral stocks (Atchison
et al., 1966; Hoggan et al., 1966; Blacklow et al., 1967). AAV
is a member of the genus Dependovirus of the subfamily Par-
vovirinae and its efficient replication requires coinfection with
a helper virus such as adenovirus or herpesvirus (Bowles et
al., 2006). In the presence of the AAV Rep protein, wild-type
AAV can integrate efficiently into human chromosome 19
(Kotin et al., 1990; Samulski ef al., 1991). In the absence of
Rep, recombinant AAV (rAAV) genomes have been shown
to persist episomally in the nucleus of many cell types (Yan
et al., 2006). Because AAV is capable of transducing and per-
sisting in a number of cell types, because it has not been
found to be associated with any human disease, and because
of its low observed immunogenicity, it has become a useful
gene therapy candidate for a number of diseases (Carter,
2006).

A typical method of generating rAAV involves cotrans-
fection of three plasmids: an inverted terminal repeat (ITR)-

containing plasmid, which has the rep and cap genes of AAV
replaced with that of a promoter and gene of interest to be
expressed; an adenoviral (Ad) helper plasmid, which to-
gether with host 293 cells provides the minimal gene prod-
ucts required for AAV replication; and finally, the AAV rep
and cap genes, supplied in frans from a third vector, for en-
capsidation. The generation of high levels of rAAV remains
a challenge, and production of rAAV to the levels needed
for human clinical trials remains costly and labor-intensive.
Increased yields of rAAV have been achieved by repressing
expression of Rep78 and Rep68 protein levels, either by mu-
tation of their initiating ATG to ACG or by replacing the en-
dogenous P5 promoter with the weaker mouse mammary
tumor virus long terminal repeat (MMTV-LTR) promoter; by
increasing capsid production through the use of vectors that
express the rep and cytomegalovirus (CMV)-driven cap genes
individually; and by the use of packaging cell lines or bac-
uloviral expression systems (Li et al., 1997; Vincent et al., 1997;
Xiao et al., 1998; Urabe et al., 2000, 2002; Cao et al., 2002; Li
and Samulski, 2005; Negrete and Kotin, 2008).

The three capsid proteins of AAV are generated primar-
ily from spliced mRNAs (Becerra et al., 1988; Trempe and
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Carter, 1988), and their relative abundances determine the lev-
els of the individual capsid proteins that are produced. The 5’
splice sites of all human and nonhuman primate AAVs (with
the exception of AAV5) are identical (CAGIGTACCA), and
differ from the Ul small nuclear ribonucleoprotein (snRNP)
consensus binding site CAG | GTAAGT (differences between
these two sequences are italicized). Therefore, the enhance-
ment of splicing of the capsid gene pre-mRNAs by improv-
ing the intron donor presents a potentially useful avenue to
significantly increase rAAV titers. Such improvements
would not be expected to alter the relative ratios of the
mRNAs that individually encode VP1, VP2, and VP3, which
are produced by alternative use of the intron acceptors.

In this report, we describe a simple mechanism to increase
the levels of rAAV production during transient transfection.
By modifying the splice donor site of the small internal AAV
intron to resemble more closely the sequence of the consen-
sus Ul snRNP-binding site, we were able to significantly en-
hance the overall levels of splicing of the capsid-generating
P40 pre-mRNA transcripts. Increases in splicing via donor
alteration resulted in a parallel increase in both capsid-en-
coding mRNAs and so did not disrupt the delicate balance
between the three capsid proteins. Subsequent increases in
rAAV vector production were thus directly proportional to
the levels of splicing. We demonstrate that this strategy can
be used either in a single-vector system, in which the rep and
cap genes are on the same vector, or more robustly, in the
dual-vector system that uses the two major AAV open read-
ing frames on separate vectors. In addition, the AAV5 P41
promoter increases both expression and splicing of capsid
gene RNAs compared with the cytomegalovirus immediate-
early promoter, and together with an improved intron donor,
results in levels of splicing, rAAV production, and trans-
duction that were further enhanced as much as 10- to 15-fold
compared with levels achieved by current cotransfection
methods.

Materials and Methods
Cell lines, AAV packaging plasmids, and viruses

293T cells were propagated as previously described
(Mouw and Pintel, 2000). The AAV2 RepCap plasmid, which
lacks both ITRs, was described previously (Qiu and Pintel,
2002). The AAV1 RepCap plasmid was generated by insert-
ing bases 181 to 4566 from AAV1 into the EcoRI and Xbal
sites of pSK(+) (Stratagene, La Jolla, CA). The AAV6 Rep-
Cap plasmid was generated by inserting bases 181 to 4560
from AAV6 into the EcoRI and Xbal sites of pSK(+). The
CMV-Cap2 plasmid was previously described (Qiu and Pin-
tel, 2002). “Better” or consensus donor mutations were gen-
erated by overlapping polymerase chain reaction (PCR) mu-
tagenesis of the native AAV donor site (CAGIGTACCA) to
that of the “better” donor site (CAG|GTACGT) or consen-
sus donor site (CAG | GTAAGT). The AAV2/8 RepCap and
CMV-Cap8 plasmids were generous gifts from D. Miller
(Fred Hutchinson Cancer Research Center, Seattle, WA) and
J. Wilson (University of Pennsylvania, Philadelphia, PA).
P41-Cap2 and P41-Cap8 constructs were generated by re-
placing the region of AAV2 RepCap or AAV2/8 RepCap
from the Sfil site at position 544 to the HindIIl site at posi-
tion 1883, with a PCR-amplified P41 promoter from AAV5
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(positions 1681 to 1974), using Sfil for the 5’ end and HindIII
for the 3’ end.

To generate recombinant AAV, the AAV2 ITR-containing
packaging vector pMU2, which contains the green fluores-
cent protein (GFP)-encoding gene as a reporter gene as de-
scribed previously (Reed et al., 2006), was used. To supply
the four AAV2 Rep proteins according to the split-vector
method, the RepSM vector was used, also as previously de-
scribed (Qiu and Pintel, 2002). Ad helper functions were sup-
plied by pHelper as previously described (Qiu et al., 2002).

Transfections, RNA isolation, and analysis

For RNA analysis, transfections were conducted accord-
ing to a modified polyethylenimine (PEI) transfection
method as described (Reed et al., 2006). Cells were harvested
and RNA was isolated 36-42 hr posttransfection (Qiu and
Pintel, 2002). RNase protection assays were performed with
10 g of total RNA as previously described (Schoborg and
Pintel, 1991; Naeger et al., 1992).

RNA was isolated after guanidinium isothiocyanate ly-
sis and cesium chloride gradient centrifugation as previ-
ously described (Schoborg and Pintel, 1991; Naeger et al.,
1992). The AAV2 RP probe, which spans nucleotides
1767-1958 and allows identification of spliced and un-
spliced P40 transcripts, was described previously (Mouw
and Pintel, 2000). AAV1 and AAV6 homologous RP probes
were generated by PCR amplification of region 1781-1975
in AAV1 and region 1766-1960 in AAV6, and subsequent
cloning into the EcoRI/BamHI sites in pGEM-3Z (Promega,
Madison, WI). CMV-Cap RP probes were generated by
PCR amplification with a forward CMV primer and the ap-
propriate serotype-specific reverse RP primer, as described
above. P41-Cap RP probes were generated by PCR ampli-
fication with a forward AAV5 P41 primer and the appro-
priate serotype-specific reverse RP primer, as described
above.

For rAAV production, cells were plated onto 100-mm
dishes the day before transfection, and a total of 20 ug of
DNA was transfected per plate according to the PEI method
as described (Reed et al., 2006). For triple transfections, re-
actions were carried out at a ratio of 1:1:2 (pMU2:Rep-
Cap:pHelper). For quadruple transfections, reactions were
carried out at a ratio of 1:1:1:2 (pMU2:Rep:Cap:pHelper). Re-
combinant virus was harvested 60 hr posttransfection.

Recombinant AAV isolation/quantitative PCR

Sixty hours posttransfection, cells were collected and
processed as described (Mayginnes et al., 2006). Briefly, cell
pellets were resuspended in 50 mM Tris—-1 mM EDTA buffer
and subjected to three cycles of freeze—thaw lysis before brief
sonication. Lysates were diluted 1:100 and treated with
DNase I to remove unpackaged genomic DNA. During
DNase I inactivation, samples were diluted a further 1:15 be-
fore quantitative PCR (qPCR) analysis. Quantification of
packaged rAAV genomes was calculated with SYBR green
reagent (Bio-Rad, Hercules, CA) on a 7500 real-time PCR sys-
tem (Applied Biosystems, Foster City, CA) as described pre-
viously. The forward and reverse GFP primers used for
qPCR were also described previously (Mayginnes et al.,
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2006). rAAV production in the absence of pHelper was neg-
ligible (data not shown).

Transduction assay

HelLa cells were plated onto 24-well plates 24 hr before in-
fection. After quantification of packaged rAAV genomes by
qPCR, aliquots of the crude lysates were standardized, and
serial 10-fold dilutions (beginning with 5 X 107 packaged
genomes per well) were used for infection. GFP-positive cells
were counted and approximate transducing units (TU) of
rAAV were scored as the number of GFP-positive cells rel-
ative to the total number of cells. Infectious titers were cal-
culated by dividing the genomic copy number (as assayed
by qPCR) by the amount of transducing units (Mayginnes et
al., 2006). The ssDNA/TU ratios for all rAAVs were tested
in the absence of helper Ad, and ranged from approximately

AAV1 RepCap AAV2 RepCap
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1400 to 2000; this ratio was lower when Ad was used in these
assays.

Results and Discussion

At least one of the rate-limiting steps in the production of
recombinant AAV is the production of capsids (Vincent et
al., 1997). We found our yields of rAAV1 and rAAV6 vec-
tors to be consistently less than those of rAAV2 (data not
shown), and because AAV capsid proteins are generated
from spliced capsid gene mRNA, we wondered whether re-
duced levels of splicing could contribute to the difference in
rAAV production for these serotypes. We found that, simi-
lar to AAV2, the basal level of expression and splicing of
AAV1 and AAV6 pre-mRNAs generated from RepCap con-
structs in 293 cells is low (data not shown). However, in con-
trast to AAV2, enhancement of splicing of pre-mRNAs gen-
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FIG. 1. Improvement of the nonconsensus AAV donor significantly enhanced overall pre-mRNA splicing, capsid pro-

duction, and rAAV production. Left: Representative RNase protection assay of AAV1 and AAV2 RepCap plasmids (AVIRC
and AV2RC, respectively) with wild-type, “better” (bD), or consensus donor (cD) mutations in the presence of pHelper.
Unsp, Unspliced; Sp, Spliced. Top right: Quantification of the relative spliced-to-unspliced ratios of capsid-encoding pre-
mRNA. Data are from at least three experiments and show standard deviations. The position of the “RP” RNase protec-
tion probe is indicated. Bottom right: Relative levels of rAAV production observed for AAV1, AAV2, and AAVS with the
“better” and consensus donor mutants in relation to levels obtained with the wild-type donors (set to a value of 1.00). Av-
erage titers of DNase-resistant rAAV virions per 100-mm dish (with standard deviations in parentheses) were as follows:
AVIRC, 1.25 X 1019 (+4.87 X 10%); AV1bD, 4.78 X 10'° (+2.16 X 10'0); AV1cD, 1.08 X 1010 (£2.75 X 10%); AV2RC, 3.43 X
1010 (£1.33 X 101%); AV2bD, 1.15 X 10! (+4.10 X 10'9); AV2cD, 3.04 X 10'° (£1.34 X 10'%); AV8RC, 6.97 X 101° (x2.01 X
1019); AV8bD, 2.78 X 101! (£9.07 X 10%°); AV8cD, 4.45 X 1010 (£1.72 X 1010).
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erated from AAV1 (Fig. 1, compare lane 1 with lane 4), and
AAV6 (data not shown) RepCap constructs, in the presence
of pHelper (supplying E2a, Edorf6, and VA RNA), or ade-
noviral coinfection (data not shown), remained modest.

Improvement of nonconsensus AAV donor significantly
enhanced overall pre-mRNA splicing, capsid production,
and rAAV production

To test the hypothesis that splicing levels of the capsid
protein-supplying construct contribute to the levels of pro-
duction of rAAV, we attempted to increase the levels of
spliced mRNAs by generating a series of AAV1 and AAV2
RepCap vectors in which the native, nonconsensus donor
sites were improved. We made constructs in which the
donors were made fully complementary to the endogenous
Ul snRNP interaction site, which also adds a termination
codon in the Rep78 and Rep52 open reading frames (ORFs)
(CAGIGTAC CA to C AGIG TAA GT, termination signal
in boldface, termed the consensus donor [cD]), as well as
constructs in which the Ul snRNP-binding donor sequence
was improved but did not generate a termination signal
(CAGIGTACCA to CAGIGTACGT, introducing a gluta-
mine [CAA] to valine [GTA] substitution, termed the “bet-
ter” donor [bD]). Wild-type and mutant AAV1 and AAV2
RepCap constructs were then assayed for splicing by RNase
protection assays, using homologous probes. As expected, in
293 cells in the presence of pHelper, the overall levels of pre-
mRNA splicing of both AAV1 and AAV2 capsid-encoding
RNAs were increased significantly when the donors more
closely resembled the consensus sequence. For AAV1, the
“better” donor and consensus donor improvements led to
approximately 6- and 7-fold increases in splicing, respec-
tively (Fig. 1, AVIRepCap bD and cD, compare lane 1 with
lanes 2 and 3), whereas for AAV2, the “better” donor and
consensus donor improvements led to approximately 2-fold
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increases (Fig. 1, AV2RepCap bD and cD, compare lane 4
with lanes 4 and 5). A proportional increase in capsid pro-
tein production was also detected by Western immunoblot-
ting (data not shown). In addition to an increase in P40 pre-
mRNA splicing, we also saw a marked increase in the overall
levels of pre-mRNA splicing from the upstream P5 and P19
promoters in both AAV1 and AAV2, which also presumably
led to an increase in the relative levels of Rep68 compared
with Rep78 and of Rep40 compared with Rep52. That the
donor improvements increased splicing of AAV1 RNA to a
greater extent than for AAV2 RNA may indicate that splic-
ing of AAV2 RNA is more dependent on the Rep proteins
than is splicing of AAV1 RNA.

The “better” and consensus donor mutants were then used
as helper plasmids to supply the Rep and capsid proteins
needed, together with pHelper, to generate rAAV in 293
cells. The same “better” and consensus donor mutants were
also introduced in a hybrid AAV2/AAV8 RepCap vector to
examine the effects of increased splicing on the production
of rAAV8-encapsidated virions. As shown in the graph in
Fig. 1, the use of the “better” donor mutants (which substi-
tute an alanine for a glutamine in the Rep proteins) resulted
in a significant increase (approximately 3- to 4-fold) in the
numbers of packaged rAAV genomes compared with those
generated by the wild-type constructs for all three serotypes.
This was likely because of increased relative levels of avail-
able AAV capsid proteins; however, increased relative lev-
els of Rep68 and Rep40, compared with Rep78 and Rep52,
respectively, may have also played a role. As expected, the
consensus donor constructs, which terminate the Rep open
reading frame, supported even fewer packaged genomes
than the wild-type RepCap constructs, consistent with pre-
vious findings suggesting that full-length Rep78 and Rep52
proteins are required for efficient viral production (Chiorini
et al., 1998; Jing et al., 2001; Nada and Trempe, 2002; Di
Pasquale and Chiorini, 2003; Timpe et al., 2006).
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FIG. 2. Use of a split Rep/Cap AAV helper system overcame the negative effects of the consensus donor, allowing for
even greater levels of rAAV production. Left: Representative RNase protection assay of AAV2 CMV-driven capsid-encod-
ing pre-mRNAs in the absence or presence of pHelper. Middle: Quantification of the relative spliced-to-unspliced ratios of
capsid-encoding pre-mRNA. Data are from at least three experiments and show standard deviations. The position of the
“RP” RNase protection probe is indicated. Right: Relative levels of rAAV production observed in AAV2, AAV6, and AAVS
with the “better” and consensus donor mutants in relation to levels obtained with the wild-type donors (set to a value of
1.00). Average titers of DNase-resistant rAAV virions per 100-mm dish (with standard deviations in parentheses) were as
follows: CMV-Cap2, 1.95 X 1019 (£6.75 X 10°); CMV-Cap2bD, 7.47 X 1010 (+1.78 X 10'%); CMV-Cap2cD, 1.15 x 10!
(£4.82 X 10%0); CMV-Capé, 9.24 X 10° (£6.84 X 108); CMV-Cap6bD, 3.75 X 10%° (£2.41 X 10%); CMV-Capé6cD, 5.45 x 1010
(£3.27 X 10?2}; CMV-Cap8, 2.45 X 1010 (=7.27 X 10%); CMV-Cap8bD, 8.59 X 101° (=1.56 X 10'%); CMV-Cap8cD, 1.25 X 10!
(£3.06 X 10%9).
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FIG. 3. The AAV5 P41 promoter allows for more efficient splicing of capsid-encoding AAV pre-mRNA than the CMV
promoter, and together with an improved donor, led to the generation of high levels of rAAV. Left: RNase protection as-
say of CMV- and P41-driven AAV2 capsid-encoding pre-mRNAs in the presence of pHelper. Middle: Quantification of the
relative spliced-to-unspliced ratios of capsid-encoding pre-mRNA. Data are from at least three experiments and show stan-
dard deviations. The position of the “RP” RNase protection probe is indicated. Right: Relative levels of rAAV production
observed in AAV2 and AAVS8 with the “better” and consensus donor mutants, in addition to the P41 wild-type and con-
sensus donor mutants, in relation to levels obtained with the CMV-driven wild-type donor capsid-encoding construct (set
to a value of 1.00). Titers of rAAVs generated with the CMV-driven wild-type donor construct typically ranged from ap-
proximately 9.5 X 10° to 2.0 X 10! packaged genomes per 100-mm dish. Average titers of DNase-resistant rAAV virions
per 100-mm dish (with standard deviations in parentheses) were as follows: CMV-Cap2, 8.59 X 100 (+3.41 X 10'%); CMV-
Cap2bD, 3.33 X 10! (+1.28 x 10'1); CMV-Cap2cD, 5.02 X 10™ (=1.72 X 10'1); P41-Cap2, 5.05 X 10! (£2.34 X 10'1); P41-
Cap2cD, 1.08 X 1012 (+4.40 X 10'!); CMV-Cap8, 2.77 X 10'! (+1.57 X 10'!); CMV-Cap8bD, 1.10 X 10'? (+6.83 X 10'!); CMV-
Cap8cD, 2.18 X 1012 (£1.53 X 10'2); P41-Cap8, 1.31 X 10'2 (+5.89 x 10'1); P41-Cap8cD, 4.44 X 10'2 (+3.18 X 10'2).

Use of a split Rep/Cap AAV helper system overcame the
negative effects of the consensus donor, allowing for
even greater levels of rAAV production

AAYV helper vectors in which the Rep and capsid proteins
are on the same vector risk wild-type AAV contamination
originating from low levels of recombination between the
RepCap and ITR-containing plasmids. Several strategies
have been used to overcome this problem, including the ad-

dition of intronic sequences to the RepCap vectors (Allen et
al., 1997; Wang et al., 1998; Cao et al., 2000; Li and Samulski,
2005), and the use of a split-vector system in which the rep
and cap genes are on different plasmids (Whiteway et al.,
2003). We hypothesized that the consensus donor mutants,
which introduce a termination codon in the rep gene of Rep-
Cap plasmids, may have a greater enhancing effect on vec-
tor production in systems in which rep and cap are supplied
from separate plasmids.
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FIG. 4. Levels of transduction-capable rAAV correlate well with the increased levels of packaged genomes. Shown are
the results of a transduction assay of HeLa cells, plated on 24-well dishes 24 hr before infection with 10-fold serial dilu-
tions of rAAV8 (5 X 107 packaged genomes per well). GFP-positive cells were counted 48 hr postinfection. Top left: Phase-
contrast microscopy. Bottom left: GFP-positive cells. Right: The number of packaged genomes per well was divided by the
approximate number of GFP-positive transduced cells to obtain the efficiency of infection. Values indicated are expressed
as a ratio of packaged genomes per transducing unit. The ssDNA/TU ratio for all rAAVs tested in the absence of Ad ranged
from approximately 1400 to 2000. Data are from three experiments and show standard deviations.
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At present, a common capsid vector of choice in the split-
vector system uses the cytomegalovirus immediate-early
promoter (CMV-IE) to drive expression of the capsid-en-
coding pre-mRNA (Whiteway et al., 2003). Interestingly, we
have previously shown (Qiu and Pintel, 2002), and show
again in this study (Fig. 2, lane 2), that splicing of AAV2 pre-
mRNAs expressed from the CMV-IE promoter in 293 cells is
relatively inefficient, even in the presence of pHelper. The
addition of Rep78 in trans did not further enhance splicing
(data not shown). However, substitution of the native non-
consensus AAV2 donor sequence in the CMV-driven cap con-
struct with that of the “better” donor led to an approximate
3- and 4.5-fold increase in the level of splicing in either the
absence or presence of pHelper, respectively (Fig. 2, lanes 3
and 5); whereas introduction of the consensus donor led to
approximate 10- and 9-fold increases in the levels of splic-
ing in the absence and presence of pHelper, respectively (Fig.
2, lanes 4 and 6). RNase protection assays using a probe
across the intron acceptors that allowed for the quantifica-
tion of the relative usage of the two AAV acceptor sites re-
vealed no significant alteration of the relative levels of
A1/A2 splicing (data not shown).

The “better” and consensus donor mutant AAV2 CMV-
Cap constructs were then tested for their abilities to aid in
producing rAAV, using this split-vector system. In addition,
similar donor mutations were made in AAV6 and AAVS
CMV-driven capsid-encoding constructs. Similarly to the
RepCap constructs in Fig. 1, the “better” donor mutant con-
structs generated 3- to 4-fold increased levels of rAAV pro-
duction for all three serotypes (Fig. 2). As predicted, the con-
sensus donor mutants increased vector production to even
higher levels than the “better” donor mutants (approxi-
mately 5- to 6-fold), suggesting that the limitations of using
the consensus donor mutants in the RepCap single-vector
system were due to truncations in Rep and could be over-
come by supplying rep and cap on separate vectors.

The AAV5 P41 promoter allows for more efficient splicing
of capsid-encoding AAV pre-mRNA than the CMV
promoter, and together with an improved donor, led

to the generation of high levels of rAAV

Although the strong CMV promoter is useful for the pro-
duction of rAAV from a split-vector system, most of the pre-
mRNAs generated from these vectors remains unspliced and
therefore are poor sources for the capsid proteins. This re-
mains the case even when the donors are improved. We have
found that in contrast to the AAV2 P40 promoter, the AAV5
P41 capsid-gene promoter generates a high level of spliced
mRNAs in 293 cells because of E1A in the absence of added
Rep or additional Ad5 gene products (Qiu ef al., 2002; Ye et
al., 2006). Therefore, we hypothesized that although the AAV5
P41 promoter does not contain an Rep-binding element (Ye et
al., 2006), it could be a useful substitute for the CMV promoter
in driving expression of the AAV capsid proteins for rAAV
production in 293 cells. This was found to be the case, and
more importantly, the levels of spliced pre-mRNA were found
to be the predominant species of capsid gene RNA when the
nonconsensus AAV2 donor site in these constructs was made
consensus (Fig. 3, compare lanes 1-3 with lanes 4 and 5).

These vectors were then tested in the split-vector system
to generate rAAV. Consistent with their relatively high ba-
sal expression of spliced capsid gene mRNAs, the P41-dri-
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ven capsid vectors containing the native donor site gener-
ated 5- to 6-fold higher levels of rAAV than the CMV-dri-
ven capsid constructs containing the wild-type donor; inter-
mediate between CMV-driven constructs bearing the
“better” and the consensus donors. The P41-driven Cap con-
structs containing the consensus donor produced approxi-
mately 10- to 15-fold more rAAV than the CMV-driven cap-
sid-gene constructs bearing the wild-type donor, yields
approximately twice as high as those of the CMV-driven cap-
sid constructs containing a consensus donor, and signifi-
cantly higher than any of the RepCap-linked constructs. Sim-
ilar results were also observed when the P41 promoter was
used to drive expression of the AAVS capsids, again sug-
gesting that this pattern is not serotype specific.

Levels of transduction-capable rAAV correlate well with
the increased levels of packaged genomes

Levels of transduction-capable rAAV can be determined by
calculating the ratio of packaged ssDNA genomes to trans-
ducing units (ssDNA/TU). For rAAV2, this ssDNA/TU ratio
is usually between 500 and 1500, as assayed in the absence of
Ad (Mayginnes et al., 2006). To determine whether the increase
in packaged genomes obtained with the splicing mutants led
to a concomitant increase in the numbers of transducing viri-
ons, 10-fold serial dilutions of crude cell packaging lysates
were used to infect HeLa cells and the number of GFP-posi-
tive cells was determined 48 hr postinfection. Recombinant
AAVSs generated with the consensus donor mutants, or gen-
erated with the AAV5 P41 promoter, were transduced as ef-
ficiently, on a vector genome basis, as rAAVS generated with
the CMV-Cap expression vector (Fig. 4).

Thus, improving the levels of spliced capsid gene mRNAs
is a useful strategy to improve rAAV production. Why the
AAV1 and AAV6 introns remain poorly spliced in the pres-
ence of Rep and Ad, even though their donors and accep-
tors are identical to those of AAV2, is currently under in-
vestigation.
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