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Development of purification steps 
for several AAV serotypes using 
POROS™ CaptureSelect™ AAVX 
affinity chromatography
Magali Toueille

Genethon is an integrated R&D centre created in 1990 by the French 
Association of Muscular Dystrophy. The Centre performs both gene 
therapy translational research and clinical development, with a specif-
ic focus on rare genetic diseases such as neuromuscular disorders, im-
muno-deficiencies, eye diseases and liver diseases. The two main vector 
platforms used at Genethon are AAV and lentiviral vectors.

Current purification methods 
for viral vector manufacturing 
usually involve multiple steps of 
chromatography, for example ion 
exchange and hydrophobic inter-
action, which leads to cumulative 
yield loss and ultimately, increased 
cost.

Thermo Fisher’s CaptureSelect™ 
technology addresses this issue by 
providing high-affinity binding li-
gands for affinity chromatography. 
This approach provides high puri-
ty and productivity in fewer steps 
than traditional purification pro-
cesses, while also offering process 
consistency and scalability.

The technology is based on the 
utilisation of the variable domains 
of camelid heavy-chain-only anti-
bodies (VHH) which offer full func-
tionality in antigen-specific recogni-
tion and also high-affinity binding 
(the three CDR regions of the VHH 
ligand provide unique, tunable 
specificity). Due to their compact 
structure, the domains are highly 
robust and capable of withstanding 
the various conditions typical of 
chromatography runs. Additionally, 
the selected ligands have the advan-
tage of being produced in an animal 
origin-free system - Saccharomyces 
cerevisiae (baker’s yeast).

The result is a unique screening 
technology for target specificity, 
mild elution and stability, which is 
designed for commercial purifica-
tion processes. 

The CaptureSelect ligand is im-
mobilized on rigid poly[styrene 
divinylbenzene] Thermo Scientif-
ic™ POROS™ particles, produc-
ing affinity resins that are suitable 
for process-scale bioseparations. 
POROS™ chromatography resins 
are characterized by large through 
pores with increased surface area, 
resulting in higher capacity that 
can be maintained at high flow 
rates, making them suitable for 
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purification of large biomolecules 
like viral vectors.

POROS™ and CaptureSelect™ 
technologies were combined in 
order to develop and commercialise 
3 affinity resins, specifically engi-
neered for AAV vector purification: 
initially, POROS™ CaptureSe-
lect™ AAV8 and AAV9 resins were 
launched, followed by POROS™ 
CaptureSelect™ AAVX, which en-
ables purification of a broad range 
of serotypes, both naturally-occur-
ring and synthetic.  

In all three cases, the ligands 
are immobilized on the high per-
forming POROS™ R50 base bead. 
POROS™ CaptureSelect™ AAV res-
ins offer superior specificity and ca-
pacity for the purification of many 
different AAV serotypes, resulting 
in high purity and yield in one step 
from crude material (frequently 
then followed by a concentration 
step). This significant simplifica-
tion of the purification process - 
combined with a reduction in unit 
operations due to the high specific-
ity of the resin - enables the large-
scale development of gene therapy 
vectors and reduces cost of goods 
(CoG). 

POROS™ CaptureSelect™ AAV 
products also come with full Reg-
ulatory Support Files (RSF) pav-
ing the way for implementation in 
commercial manufacturing

SCREENING AFFINITY 
RESINS AT SMALL SCALE
In this example, screening was 
performed using the four affin-
ity resins that are available on 
the market for the purification 
of AAV vectors: AVB Sepharose, 
POROS™ CaptureSelect™ AAV8, 
POROS™ CaptureSelect™ AAV9, 
and POROS™ CaptureSelect™ 
AAVX. Different AAV serotypes 
from clarified harvest were used for 
the screening: from conventional 
serotypes AAV8, 9 and 10, to  eight 
different synthetic serotypes result-
ing from capsid shuffling and/ or 
chimerisation.

These experiments were per-
formed in 96 well-plates format 
using  a small amount of each 
resin (25µl). To ensure the quali-
ty of results, up to three different 
load quantities of AAV were tested, 
ranging from 1e11 to 2.5e12 VG/

 f FIGURE 1
Affinity resins screening results
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ml of resin. The binding efficien-
cies of the different resins were cal-
culated by estimating the titer in 
the flow-through compared to the 
titer loaded onto the resin.

Figure 1 shows the binding effi-
ciency of each AAV serotype tested 
with all four resins. This data rep-
resents  the highest load quantity 
of AAV (2.5e12 VG/ml), which 
was the most representative due to 
decreased interference of non-spe-
cific binding.

The POROS™ CaptureSe-
lect™ AAV8 and AAV9 resins 
clearly demonstrated affinity for 
AAV8 and AAV9 serotypes, but 
POROS™ CaptureSelect™ AAVX 
resin also demonstrated a strong 
affinity for both serotypes. For the 
other AAV serotypes, the pattern 
of binding to the different resins 
is generally variable. However, for 
each of the different serotypes test-
ed, the binding efficiency to the 
POROS™ CaptureSelect™ AAVX 
resin is higher than 80%, demon-
strating a high binding capacity 
and extremely broad selectivity to 
both naturally occurring and syn-
thetic capsids.

OPERATING CONDITIONS 
& THE PERFORMANCE 
OF POROS™ 
CAPTURESELECT™AAVX 
RESIN FOR THE 
PURIFICATION OF 
CONVENTIONAL 
SEROTYPES AAV8 & AAV9 
The next step in evaluating wheth-
er POROS™ CaptureSelect™ 
AAVX could be used as a platform 
resin for purification of multiple 
serotypes involved evaluating ca-
pacity compared to residence time: 
400 column volume of clarified 

harvest was loaded with three dif-
ferent residence times applied, 
varying from 0.8 to 2.4 min.

Beginning with AAV8, Figure 
2 demonstrates that the variable 

 f FIGURE 2
AAV8 breakthrough at different flow rates.

FT: Flow through; VG: Viral genomes.
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genomes collected in the through-
flow increased very slowly, and 
there is no difference between the 
three different residence times ap-
plied with this load capacity range. 
Looking at the breakthrough, it is 

below 0.5% up to 400 column vol-
ume loaded, or up to 2e13 VG/ml 
of resin. This shows that the very 
high capacity of the POROS™ Cap-
tureSelect™ AAVX resin was not 
influenced by the flow rate in the 
range of load capacities evaluated.

One associated benefit is that it 
provides a high degree of process 
design flexibility: one can design a 
step where the loading phase lasts 
just a few hours, or one can also 
perform a long load - for example, 
running a POROS™ CaptureSe-
lect™ AAVX step overnight. In ad-
dition, the resin’s very high affinity 
allows for accommodation of feed 
variations without loss of product 
in flow-through.

Elution recovery was above 80% 
at each of the three different flow 
rates used Figure 3. Recovery was 
not influenced significantly by 
flow rate or residence time. Some 
intermediate contaminant bands 
were observed, but when filtration 
was applied, the precipitate and the 
contaminant bands were removed 
with no loss of titer at any of the 
three flow rates.

To increase the purity of the 
AAV8 before filtration and avoid 
precipitate in the purification 
process, a washing strategy was 
developed for the purification of 
AAV8 on the POROS™ Capture-
Select™ AAVX resin. Several wash 
conditions combining varying pH 
levels and different additives were 
screened and evaluated for reduc-
tion in contaminant levels and elu-
tion precipitation. 

This washing strategy was then 
compared to a control run on 
POROS™ CaptureSelect™ AAVX 
resin without wash. In addition, 
this condition on POROS™ Cap-
tureSelect™ AAVX resin was com-
pared to the current condition on 

 f FIGURE 3
Elution of AAV8 at different flow rates.
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POROS™ CaptureSelect™ AAV8 
resin (which has a wash design of 
its own). This experiment used 
2.5 minutes residence time and 
~1,8e13 VG/ml of resin.

Figure 4 demonstrates that the 
recoveries for the two runs on 
POROS™ CaptureSelect™ AAVX 
resin were around 80%. The re-
covery for the run using POROS™ 

 f FIGURE 4
Evaluation of wash for AAV8.

FT: Flow through; HCP: Host cell proteins; VG: Viral genomes.
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CaptureSelect™ AAV8 resin was 
slightly lower, but in all cases, no 
AAV was detected in the flow-
through or the wash fractions. 
Additionally, at-least-twofold re-
duction in the HCP level was ob-
served in runs using the POROS™ 
CaptureSelect™ AAVX resin when 
compared to the POROS™ Cap-
tureSelect™ AAV8 resin, indicat-
ing a significant improvement in 
purity. Considering the data with 
and without wash for POROS™ 
CaptureSelect™ AAVX resin, the 
applied wash had little effect on 
the measured HCP level. Howev-
er, the precipitate was no longer 
present in the eluate when the 
wash was applied on the POROS™ 

CaptureSelect™ AAVX resin. Over-
all, POROS™ CaptureSelect™ 
AAVX resin shows improved puri-
ty over POROS™ CaptureSelect™ 
AAV8 resin for AAV8 viral vector 
purification, especially when a 
wash is included. This wash also 
lowers the suppression of precip-
itate in the eluate without loss of 
viral genomes.

Moving on to AAV9 viral vector, 
the first step again involved evaluat-
ing capacity versus flow rate. Sim-
ilar results were obtained, demon-
strating that residence time had no 
effect on performance as it relates to 
capacity. 

However, when the same wash 
conditions used for the AAV8 

 f FIGURE 5
Evaluation of wash for AAV9

FT: Flow through; HCP: Host cell proteins; VG: Viral genomes.
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experiment were applied to AAV9, 
AAV9 was released from the col-
umn, illustrating that the bind-
ing of AAV9 viral vector to the 
POROS™ CaptureSelect™ AAVX 
resin is less strong than that of 
AAV8. (This is in correlation 
with previous observations that 
the binding of AAV9 viral vector 
to the POROS™ CaptureSelect™ 
AAV9 resin is also less strong than 
that of AAV8 viral vector to the 
POROS™ CaptureSelect™ AAV8 
resin). Therefore it was necessary 
to design a new specific wash for 
AAV9 viral vector. The evaluation 
of different wash pH levels and ad-
ditives was consequently repeated. 

The resulting new condition was 
evaluated with POROS™ Capture-
Select™ AAVX resin (again, tested 
both with and without wash step) 
for AAV9 vector. It was also com-
pared to the utilisation of POROS™ 
CaptureSelect™ AAV9 resin without 
wash, which is the standard for that 
particular resin. The load quantities 
and residence time were similar to 
the AAV8 experiment (2.5 minutes 
residence time and ~1,8e13 VG/ml 
of resin).

Figure 5 shows good recovery 
with yields above 80%, and there 
was no loss of AAV either in the 
flow-through or in the wash steps. 
Also similarly to what was observed 
with AAV8, the POROS™ Capture-
Select™ AAVX resin provided lower 
HCP levels than the POROS™ 
CaptureSelect™ AAV9 resin: there 
is approximately a five-fold reduc-
tion in total HCP for the POROS™ 
CaptureSelect™ AAVX resin eluate 
compared to POROS™ CaptureSe-
lect™ AAV9 resin eluate.

For the POROS™ CaptureSelect™ 
AAVX resin itself, the wash has little 
effect on the HCP level. However, 
when comparing the pattern of the 

eluate between the POROS™ Cap-
tureSelect™ AAVX resin including 
wash and the POROS™ Capture-
Select™ AAV9 resin eluate, it is evi-
dent that POROS™ CaptureSelect™ 
AAVX resin provides a cleaner pro-
file by comparison.

UTILISATION OF POROS™ 
CAPTURESELECT™ 
AAVX RESIN FOR THE 
PURIFICATION OF 
A SYNTHETIC AAV 
SEROTYPE
POROS™ CaptureSelect™ AAVX 
affinity resin was evaluated next for 
the purification of a synthetic se-
rotype obtained by chimerisation. 
The same load and flow rate con-
ditions that were proven to work 
very well for AAV8 and AAV9 viral 
vectors were applied. However, 
evaluation of capacity versus flow 
rate was not repeated, and in the 
first step, a wash was not applied 
because wash conditions should be 
defined more specifically.

Figure 6 shows that despite a lack 
of optimisation of load or elution 
conditions with the synthetic sero-
type, a recovery of more than 90% 
of the loaded AAV was achieved. 
This was ≥2e13 VG/ml of resin with 
no observed loss of AAV vector in 
the flow-through. The eluate pat-
tern was also very favourable, even 
without applying a wash. 

To conclude, this data shows 
that POROS™ CaptureSelect™ 
AAVX affinity chromatography 
resin binds a broad range of sero-
types and this was demonstrable at 
small scale (through 96 well-plate 
experiments).

With regard to operating con-
ditions, POROS™ CaptureSelect™ 
AAVX resin is shown to be very 
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flexible, demonstrating utility with 
a broad range of flow rates and load 
quantities, which in turn allows for 
flexibility in process design and 
also accommodation of potential 
feed variations.

 f FIGURE 6
Application to a ‘synthetic’ serotype

FT: Flow through; VG: Viral genomes.

These data indicate that the 
POROS™ CaptureSelect™ AAVX 
resin is usable as a platform resin 
for AAV purification as, for ex-
ample, load elution and flow rate 
conditions are broadly applicable 
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directly, without the need for op-
timisation for different serotypes 
(including for synthetic ones).

Another observation is that the 
affinity or interaction strength var-
ies from one serotype to another 
- for example, when we compare 
AAV9 and AAV8 vectors. Because 
of this, if one wishes to apply wash 
conditions in particular to avoid 
the formation of precipitate and to 
increase purity, then those condi-
tions need to be determined specif-
ically for each serotype.

Finally, these experiments also 
demonstrate that the purity of the 
products and HCP removal are 
improved on the POROS™ Cap-
tureSelect™ AAVX affinity resin, as 
compared to the former generation 

POROS™ CaptureSelect™ AAV af-
finity resins.

With all of these properties in 
mind, POROS™ CaptureSelect™ 
AAVX affinity chromatography 
resin has been demonstrated to 
be a good candidate for use as a 
platform resin – i.e. as a single 
reference for the purification of 
a broad range of different AAV 
serotypes.
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