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Adeno-associated virus (AAV) has 
been widely used for in vivo study 

and preclinical therapy due to its ability 
to mediate long-term transgene expres-
sion, its lack of pathogenicity and low 
immunogenicity. It has been found that 
AAV has more than ten serotypes, which 
each transfect certain types of cells in the 
viral infected organ. Current methods 
for purification of different AAV sero-
types utilize CsCl or iodixanol ultrahigh 
speed density gradient centrifugation, 
which is expensive and time consum-
ing. We recently developed a simplified 
method, PEG/(NH

4
)

2
SO

4
 aqueous two 

phase partitioning, for purification of 
AAV serotype 2 and 8. The method does 
not require ultrahigh speed gradient cen-
trifugation or chromatography. Here we 
further explore the simplified method for 
purification of other serotypes of AAV, 
serotype 6 and 9. This simplified method 
not only can be used to purify serotype 2 
and 8, but also serotype 6 and 9, indicat-
ing that a variety of AAV serotypes can 
be purified by this method.

Recombinant adeno-associated viral 
(AAV) vectors have rapidly advanced to the 
forefront of gene therapy in recent years. In 
the past decade, advances with AAV-based 
vectors have been made by the isolation 
of several naturally occurring AAV sero-
types, together with over 100 AAV vari-
ants from different animal species. These 
isolates are ideally suited to developing 
human gene therapy vectors due to their 
diverse tissue tropisms. Currently there is 
no simple and quick purification method 
for AAV variants, especially one that is 
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applicable to a variety of different sero-
types. CsCl or iodixanol ultrahigh speed 
density gradient centrifugation is a tradi-
tionally well-known purification method 
for almost all kinds AAV serotypes, but 
this method is complex and time consum-
ing. CsCl gradient-based protocols pro-
vide flexibility for purification of different 
serotypes. However, a commonly used 
first-generation CsCl-based protocol, one-
round ultrahigh speed centrifugation1 was 
found to result in AAV vectors containing 
large amounts of protein and DNA impu-
rities and low transduction efficiency in 
vitro and in vivo. New AAV purification 
methods often reference this first genera-
tion CsCl ultrahigh speed centrifugation 
as a control. PEG-Salt two phase aqueous 
partitioning, which is easily scaled up, has 
the ability to handle particulate materials, 
achieving successful purification of sero-
type 8 AAV. Klein et al., 2008,2 reported 
a three-step CsCl gradient ultrahigh speed 
centrifugation technique with high purity 
of AAV, but the method is time consum-
ing. Our method, on the other hand, 
compared with first generation CsCl 
ultrahigh speed centrifugation, employs a 
10% PEG8000–13.2% (NH

4
)

2
SO

4
 aque-

ous two phase partitioning (ATP), which 
seems to be a simpler method that saves 
time (Fig. 1).

The principle of ATP in protein isola-
tion is that when a mixture of proteins are 
added to an aqueous two-phase system, 
each protein distributes between the two 
phases depending on the protein proper-
ties and partition conditions (composition 
of the system, pH and temperature, etc.). 
Under appropriate conditions the target 
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For assessing the adequacy of viral infec-
tion after 10% PEG/13.2% (NH

4
)

2
SO

4
 

aqueous partitioning, a common bile 
ductal injection technique using purified 
AAV6-CMV-ZsGreen (AAV6-GFP) was 
employed.6 We found a better transduction 
rate compared with the first generation 
CsCl gradients ultrahigh speed centrifuga-
tion purified virus (Fig. 2).

GFP transduction after 10% PEG/ 
13.2% (NH

4
)

2
SO

4
 aqueous partitioning in 

mouse embryos was achieved using puri-
fied AAV9-CMV-ZsGreen (AAV9-GFP), 
which was delivered using an transuterine 
intracardiac injection system.7 Similarly, 
the results showed better transduction 
rates compared with first generation CsCl 
gradients ultrahigh speed centrifugation 
purified virus (Fig. 3).

The use of cesium chloride (CsCl) gra-
dient-based protocols provides the flexibil-
ity for purification of different serotypes. 
However, a commonly used first-generation 
CsCl-based protocol was found to result 
in AAV vectors containing large amounts 
of protein and DNA impurities and low 
transduction efficiency in vitro and in vivo. 
The first-generation CsCl-based protocol, 
which employs one round CsCl ultrahigh 
speed centrifugation purified method8 was 
used as a control approach in several pub-
lications2 and reference 9. CsCl ultrahigh 
speed centrifugation is a time consuming 
and expensive equipment dependent on 
the speed of the centrifuge and rotor used. 
Our simplified PEG/(NH

4
)

2
SO

4
 method 

achieves a higher quality with less time.
To achieve higher purity, researchers 

have used the three-step CsCl gradients 
purified AAV2 compared with one round 
CsCl ultrahigh speed centrifugation 
method but is much more time consum-
ing. We on the other hand used a one-step 
CsCl gradient centrifugation as a control 
in the paper because the method is address-
ing an approach with rapid, low-budget 
and simplified steps to reach high enough 
quality in preclinical animal experiment.

Our results demonstrate that this sim-
plified and relatively quick method of 
using ATP partitioning 10% PEG/13.2% 
(NH

4
)

2
SO

4
 to purify the AAV is applicable 

for purifying serotypes 2, 6, 8 and 9 and 
likely can also be applied for purification of 
other variants and serotypes of AAV.

serotype 8 from HEK-293 cells by using 
10%PEG/13.2%(NH

4
)

2
SO

4
 aqueous two 

phase partitioning. AAV has been found to 
have more than ten serotypes and more are 
likely to be found in the future. Whether 
the PEG-Salt two-phase aqueous partition 
method is suitable for purification variants 
of AAV serotype remains to be seen.

AAV serotype 6 has been recently 
reported to be tropic for mouse pancre-
atic ductal cells3 by using two consecu-
tive caesium chloride (CsCl) gradients, 
we purified AAV serotype 6 carrying a 
GFP vector. AAV serotype 9 has also been 
reported to specifically infect cardiac cells 
and is widely used to study heart related 
diseases.4,5 Here we explore the purifica-
tion of serotypes 6 and 9 of AAV using 
our 10%PEG/13.2%(NH

4
)

2
SO

4
 aqueous 

partitioning method.
To create the AAV serotype 6 or 9, the 

packaging plasmid carries the serotype 
6 or 9 AAV rep and cap genes. While 
the helper plasmid carries the adenovi-
rus helper functions. Both plasmids are 
then co-transfected with pAAV-CMV-
ZsGreen plasmid, using PEI reagent to 
transfect HEK293 cells. We then used 
the 10%PEG/13.2%(NH

4
)

2
SO

4
 aqueous 

partitioning protocol to purify AAV6 and 
AAV9 viruses.

protein may be concentrated in the upper 
phase, while all the other proteins parti-
tion into the lower phase resulting in target 
protein isolation. In our 10% PEG8000–
13.2% (NH

4
)

2
SO

4
 aqueous two-phase par-

titioning method, the polyethylene glycol 
precipitation step was added for precipitat-
ing virus from the cell lysis after DNase and 
sodium deoxycholate treatments. Before 
the PEG-Salt aqueous partition processing 
a step of chloroform extraction was applied 
to remove the hydrophilic proteins and 
PEG residues. The partition conditions of 
10% PEG8000–13.2% (NH

4
)

2
SO

4
, pH 

8.0 at room temperature forces almost all 
non-viral associated proteins to salt out in 
precipitation, or else to partition into the 
top PEG phase and inter-phase, with the 
virus concentrated in the aqueous phase. 
In the 10% PEG8000–13.2% (NH

4
)

2
SO

4
 

aqueous partition process, since pH vol-
ume is critical for protein partitioning, the 
HEPES buffer has to be kept at pH = 8.0. 
AAV is more stable in the aqueous phase at 
alkaline pH than in acid solution, High-
efficiency partitioning and viral concentra-
tion in the aqueous free of contaminating 
proteins occurs at alkaline pH.

The advantage of using AAV is 
that it infects specific tissue cells tropi-
cally. We successfully purified AAV 

Figure 1. Time-line comparison of PEG/(NH4)2SO4 two phase aqueous partitioning and first  
generation CsCl ultrahigh speed centrifugation.
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Figure 2. Comparing infection rate using the simplified PEG/(NH4)2SO4 two phase aqueous partitioning method and CsCl first generation method. Ani-
mal procedures and virus injection were preformed with prior approval of the University of Pittsburgh Institutional Animal Care and Use Committee 
(protocol number: 1103211). The anesthetized 10 weeks old CD1 mice (n = 3) were injected with 100 μl of AAV6-GFP (titer 2.3 × 1012 GCP/ml) through 
the common bile duct. A clip was placed on the bile duct near the hilum of liver to clamp the hepatic duct, leading to specific perfusion of the pancre-
atic ducts. Pancreatic ducts infected with 10% PEG/13.2% (NH4)2SO4 aqueous partitioning purified AAV6-GFP (A) or with first generation CsCl gradients 
ultrahigh speed centrifugation purified virus (C). (B and D) are merged counterstained with DBA for ducts (red), DAPI(blue) and GFP.
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Figure 3. Comparing the infection rate of AAV9-GFP in mouse embryos using the simplified PEG/(NH4)2SO4 two phase aqueous partitioning method 
or CsCl first generation method. Mouse embryonic cardiomyocytes had a higher transfection rate with 10% PEG/13.2% (NH4)2SO4 aqueous partition-
ing purified AAV9-GFP (A) than first generation CsCl gradients ultrahigh speed centrifugation purified virus (B); dissected heart and lung gross view 
in (C and D) respectively. E13.5 CD1 mouse embryos (n = 5) were injected with 5ul of AAV9-GFP (titer 2.3 × 1012 GCP/ml) through intracardiac injection 
with either 10% PEG/13.2% (NH4)2SO4 aqueous partitioning purified virus or first generation CsCl gradient ultrahigh speed centrifugation purified 
AAV9-GFP virus. Briefly, the pregnant CD1 mice were anesthetized and subjected to a laparotomy, the uterus exposed and then a fenestrated dish 
was placed over the mouse and a single embryo brought through the fenestration. The ultrasound microscope brobe is used to guide the injection 
apparatus. A glass needle is used to inject the heart with different methods purified AAV-CMV-GFP serotype 9 virus.7 The post natal 5 d CD1 mice were 
harvested, sectioned and the cardiomyocytes were counterstained with DAPI (blue).
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