
















































 





 















 



















































 



















 











 





 

 

 





 





 















 



 









 













 





 



 





 



 



 



 







 











 

































 





 

 

 

 

 

 

 

 

 

 





 





 

• 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

• 



• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

o 

o 

o 

o 

o 

o 

o 

• 

o 

o 

o 

o 

o 

o 

• 

o 

o 

o 

o 

• 

o 

o 

• 

o 

o 



• 

o 

o 

o 

• 

o 

o 

o 

o 

• 

o 

o 

o 

o 

o 

o 

• 

o 

• 

o 

• 

o 

o 

o 

• 

o 

o 

o 

o 

o 

o 

o 

o 



• 

o 

o 

• 

o 

• 

o 

o 

o 

o 

o 

• 

o 

o 

o 

• 

o 

o 

o 

• 

o 

o 

o 

• 

o 

o 

o 

o 

o 

• 

o 

o 

o 



• 

o 

o 

o 

o 

o 

• 

o 

o 

• 

o 

o 

o 

o 

o 

• 

o 

o 

o 

o 

o 

o 

• 

o 

o 

o 

o 

o 

o 

• 

o 

o 

o 

o 

o 

o 



• 

o 

o 

o 

o 

o 

o 

o 

o 

o 

• 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

• 

o 

o 

• 

o 

o 

 



















• 

• 

• 































 





















































 





231

Miguel Chillón and Assumpció Bosch (eds.), Adenovirus: Methods and Protocols, Methods in Molecular Biology, vol. 1089,
DOI 10.1007/978-1-62703-679-5_16, © Springer Science+Business Media, LLC 2014

Chapter 16

Production of Chimeric Adenovirus

Marta Miralles, Marc Garcia, Marcos Tejero, Assumpció Bosch,  
and Miguel Chillón

Abstract

The use of chimeric pseudotyped vectors is a common way to modify the adenoviral tropism by replacing 
the fiber protein. In this chapter the procedure to generate a chimeric adenovirus pre-stock from a plasmid 
containing the adenoviral genome is described. Also, the chimeric adenovirus replicative cycle to increase 
the yield in further productions is determined. Finally, two different protocols, in culture plates and in 
suspension cultures, to produce the virus at large scale are also detailed.

Key words Adenoviral vector, Chimeric vectors, Adenovirus production

1  Introduction

Although more than 50 serotypes of HAdVs have been described 
[1], group C (HAdV-2 and HAdV-5) is still the most studied 
group [2]. Thus, vectors based on human adenovirus serotype 5 
(HAdV-5) have been widely employed as vehicles for many strate-
gies because they have several advantages over other gene delivery 
systems. These vectors can be amplified to very high titers, which 
is critical for in vivo assays and clinical applications [3]. Moreover, 
HAdV-5 vectors are relatively safe because HAdV genome does 
not integrate into the host genome [4, 5]. For these reasons, 
HAdV-5 and chimeric HAdV-5 derived vectors have been prefer-
ably used among other serotypes.

The term “chimeric virus” is generally used for a recombinant 
virus generated by the combination of two different viral genomes. 
Thus, the new chimeric virus may display a combination of the 
biological properties of both parent viruses. Usually, chimeric ade-
noviruses have been generated by fiber replacement, involving the 
HAdV-5 backbone and the fiber protein of a different serotype to 
thus modify the transduction efficiency and/or the transduction 
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specificity [6, 7]. Combination of other components may also 
allow to evade the host immune response [8] or to induce different 
gene expression or gene regulation profiles.

As chimeric adenoviruses maintain most of their original 
genes, their replication and assembling mechanisms should be 
 maintained. Therefore, chimeric HAdV-5-derived vectors must to 
be produced in permissible HEK-293 cells. However, since chi-
merism can alter infectivity, efficiency, virion intracellular traffick-
ing, viral genome replication, and viral assembly, the standard 
 production protocols have to be adjusted for every new chimeric 
vector. Indeed, as other adenoviral-derived vectors, chimeric 
 adenoviruses are genetically modified organisms (GMO) and have 
to be produced on a Biosafety Level 2 laboratory.

2  Materials

 1. Dulbecco’s Modified Eagle’s Medium (DMEM) supplemented 
with 10 % or 2 % Fetal Bovine Serum (FBS).

 2. HEK-293 cells.
 3. PacI restriction enzyme.
 4. 150 mM NaCl.
 5. Polyethylenimine (PEI).

 1. Ultracentrifuge: Beckman Coulter Optima L90K o L100XP 
with rotors SW32 and SW40Ti.

 2. Polyallomer centrifuge tubes for SW32 and SW40 rotor.
 3. CsCl solutions: 1.4 g/mL, 1.34 g/mL, and 1.25 g/mL in  

1× PBS.
 4. 18G needles, 2 mL syringes, pipette-aid, 10 mL pipettes.
 5. PD-10 columns Sephadex G-25.
 6. 1× PBS Ca2+/Mg2+.
 7. Glycerol, anhydrid.

 1. A viral pre-stock (fully characterized). It is recommended to 
use vectors carrying a reporter gene.

 2. HEK-293 cells.
 3. Growing medium: DMEM supplemented with 10 % FBS and 

1 % Penicillin–Streptomycin.
 4. Infection medium: DMEM supplemented with 2 % FBS and 

1 % Penicillin–Streptomycin.
 5. 24-well and 96-well plates.

2.1 Generation  
of Viral Pre-stock

2.2 Purification  
of Viral Pre-stock

2.3 Tittering and 
Analysis of Adenoviral 
Replicative Cycle

Marta Miralles et al.
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 1. 150-mm petri dishes (20 plates).
 2. HEK-293 cells.
 3. Growing and infection medium as described in Subheading 2.3.
 4. CsCl solutions: 1.4 g/mL, 1.34 g/mL, and 1.25 g/mL in 1× 

D-PBS.
 5. Ultracentrifuge and rotors: Beckman Coulter Optima L90K or 

L100XP. Swinging bucket rotors SW32 and SW40ti.
 6. Centrifuge tubes for SW32 and SW40ti rotors.
 7. 2 and 10 mL syringes, and 18G needles.
 8. Glycerol, anhydride.
 9. PD-10 columns Sephadex G-25.
 10. 1× D-PBS Ca2+/Mg2+.
 11. 96-Well plates.
 12. Optional: Polybrene.

 1. Polycarbonate shake flasks, 125 mL and 1 L.
 2. Infection Medium for suspension cells: Freestyle serum-free 

medium (12338-018, Invitrogen) supplemented with 100 U/
mL Penicillin, 0.1 mg/mL Streptomycin, and 1 % Pluronics.

 3. 211BS cells [9].
 4. Polybrene.
 5. Growing medium for suspension cells: SFMII medium (11686- 

029, GIBCO) supplemented with 4 mM Glutamine, 100 U/
mL Penicillin, 0.1 mg/mL Streptomycin, and 1 % Pluronics.

 6. Midjet System (GE Healthcare).

3  Methods

It is highly recommended to perform a small pre-stock to generate 
enough viruses for the following amplification steps. As general 
trend, for each amplification step it is recommended to wait for 
cytophatic effect (CPE) to harvest the infected cells. Finally, viral 
infectivity, viral productivity, and viral cycle must be analyzed to 
characterize the viral production.

 1. Digest 100 μg of the recombinant adenoviral plasmid with 30 
Units of PacI restriction enzyme in a total volume of 100 μL 
to remove the plasmid backbone of bacterial origin sequences. 
Digest for 4 h at 37 °C (see Note 1).

 2. Add another 30 Units of PacI to guarantee a complete diges-
tion. Digest 4 h at 37 °C.

 3. Precipitate the digested DNA with 2 volumes of ethanol and 
resuspend in 50 μL of sterile ddH2O.

2.4 Chimeric 
Adenoviral Production 
from a Pre-stock

2.5 Production  
in Suspension 211BS 
Cell Cultures

3.1 Generation  
of Viral Pre-stock

Production of Chimeric Adenovirus
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 4. Transfect 106 HEK-293 cells plated at 60–70 % of confluency 
with 6 μg of PacI-digested plasmid (see Note 2).

 5. After 3 days, scrape the cells. Freeze/thaw three times the 
crude lysate to release adenoviral particles from the cells.

 6. Centrifuge at 4,500 × g for 5 min. Save the supernatant and 
discard the pellet to remove the cell debris.

 7. Seed one 10-cm plate with HEK-293 cells at 60–70 % of con-
fluency. Add 3 mL of DMEM 2 % FBS on the cells as well as all 
the supernatant from the previous step (see Note 3).

 8. Check the cells during a period of 5–20 days until a 50 % of 
CPE is observed. Harvest medium and cells and freeze/thaw 
three times to release adenoviral particles from the cells.

 9. Centrifuge at 4,500 × g for 5 min. Save the supernatant and 
discard the pellet to remove the cell debris.

 10. Seed one 150-mm plate with HEK-293 cells at 60–70 % of 
confluence (15 × 106 HEK-293 cells). Use DMEM 2 % FBS as 
medium.

 11. Add the supernatant from step 9 to the cells.
 12. Follow the cytopathic effect during the first 2–4 days. Unlike 

the previous amplification step, the CPE should appear in a 
period of 30–48 h post-infection. Nevertheless, if vector’s pro-
ductivity or infectivity is poor, check the cells during a period 
of 5–20 days until a 50 % of CPE is observed. Harvest medium 
and cells, and freeze/thaw three times to release the adenovi-
rus from the cells.

 13. Centrifuge at 4,500 × g for 5 min. Keep the supernatant and 
discard the pellet to remove the cell debris.

 14. Seed 10 × 150-mm cell plate with HEK-293 cells at 60–70 % of 
confluency. Use infection medium.

 15. Distribute the supernatant from step 13 among the ten plates.
 16. Check the cells during a period of 2–4 days until a 50 % of CPE 

is observed as previously describe. Harvest medium and cells.
 17. Harvest the cells and resuspend the cell pellet in 18 mL of 

supernatant. Freeze/thaw three times to release the adenovi-
rus from the cells.

 18. Titrate the viral pre-stock (see Subheading 3.3).

 1. Add 10 mL of 1.25 g/mL CsCl solution in two SW32 
 centrifuge tubes.

 2. Add carefully 10 mL of 1.40 g/mL CsCl solution at the bot-
tom of each SW32 centrifuge tubes to generate two density 
phases. Take care to not disturb the gradient when removing 
the pipette.

3.2 Purification  
of Viral Pre-stock

Marta Miralles et al.
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 3. Add the total volume of the cell pellet (18 mL) in one SW32 
tube and the precipitated solution from the supernatant in 
another SW32 tube on the top of the gradient and equilibrate 
tubes with 1×-PBS.

 4. Centrifuge for 1 h 42 min at 125,500 × g at 18 °C in a Beckman 
SW32 rotor with maximum brake.

 5. Vector appears as an opaque band at the interface between 
1.25 g/mL and 1.4 g/mL CsCl. Collect the band by piercing 
the SW32 tube about 1 cm below the band using a 2 mL 
syringe loaded with a 18G needle.

 6. Add 5 mL of 1.32 g/mL CsCl solution in one SW40 centri-
fuge tube and fill a second SW40 tube with 5 mL of the 
1.32 g/mL CsCl solution.

 7. Add the recovered vector band from the previous step on the 
top of the 1.32 g/mL CsCl solution. Equilibrate with 1×-PBS.

 8. Centrifuge for 22 h at 155,000 × g 18 °C in a Beckman SW40 
rotor with maximum brake.

 9. Vector appears as opaque band in the middle of the tube. 
Collect the band as above in less than 2 mL of volume.

 10. For each band, prepare ten eppendorf tubes to collect the viral 
fractions.

 11. Pass through PD-10 column, 25 mL of 1× PBS Ca2+/Mg2+ to 
remove the preservation solution and equilibrate the column. 
Discard the flow-through.

 12. Add the total volume of the collected band from step 9. 
Discard the flow-through.

 13. Add 500 μL of 1× PBS Ca2+/Mg2+ to the PD-10 column and 
collect the flow-through in an eppendorf tube.

 14. Repeat the previous step until 10 fractions per band are 
collected.

 15. Add glycerol to a final concentration of 10 % to each fraction 
(approx. 55 μL per fraction).

 16. Store the purified viral fractions at −80 °C.

The infectivity of a viral particle is the capability to enter into a cell 
and express its genome. The infectivity depends on multiple factors 
such as the cell line, its passage, or the properties of the viral particle 
by itself, and it can be altered in a new chimeric adenovirus. Usually, 
the infectivity of the Human Adenovirus type 5 in HEK- 293 cells 
ranges between 1/10 and 1/100 (IU/vg; Infection Units per viral 
genomes). Although the viral backbone may be almost identical, 
the infectivity of chimeric adenoviruses may differ significantly 
from HAdV-5. Thus, HAdV-5/40 has a poor IU/vg ratio 
(between 1/100 and 1/600) [9].

3.3 Measurement  
of Viral Infectivity

Production of Chimeric Adenovirus
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 1. Seed HEK-293 cells in a 96-well plate at 60–70 % of conflu-
ency in a total volume of 100 μL/well of infection medium.

 2. Twenty-four hours later, prepare serial dilutions of the ten viral 
fractions from step 16 in Subheading 3.2. Prepare each dilu-
tion in a final volume of 500 μL. Use DMEM supplemented 
with 2 % FBS for the dilutions. Typically, start with a 1/106 
dilution and make 1/10 serial dilutions. Perform 6 dilutions 
(n = 2 per dilution).

 3. Carefully, remove the media from the HEK-293 cells and 
infect with 100 μL of each dilution (see Note 4).

 4. Two days after infection, count the number of infected cells 
using your reporter gene (i.e., GFP or β-galactosidase) or by 
immunocytochemistry using the anti-hexon-antibody-based 
system as described in Chapter 12. For calculations, consider 
only dilutions for wells with less than 10 % of positive cells.

 5. Calculate the titer expressed in Infection Units/mL (IU/mL) 
using the following equation:

Titer IU mL
Positive cells Dilution factor infection volume

/( ) =
× ×

1003
 

(1)

 6. Pool the three or four most concentrated fractions (usually 
fractions 4–7) and aliquot the viral pre-stock (see Note 5) in 
0.5 mL tubes and store at −80 °C as quickly as possible.

 1. Repeat steps 1–5 from procedure in Subheading 3.3.1, but 
start with a 1/109 viral dilution and make ½ serial dilutions as 
previously explain. Make 12 dilutions.

 2. Calculate the titer applying Eq. 1. When working with a fluo-
rescent reporter gene and using cells in which the vector is 
replicative, select for calculations the most diluted condition 
showing positive cells 5–7 days after the infection and consider 
the number of positive cells as “1” (see Note 6).

 3. Prepare a 1/20, 1/10, and 1/5 viral dilutions in a total vol-
ume of 100 μL. Use 1× PBS Ca2+/Mg2+ plus 0.1 % SDS for the 
dilutions (see Note 7).

 4. Incubate at 56 °C for 10 min to disrupt viral capsids and release 
viral genomes.

 5. Centrifuge the tubes at 4,500 × g for 5 min.
 6. Measure the optical density of the supernatants at 260 nm 

(OD260) (see Note 8).
 7. Calculate the titer expressed in viral genomes/mL (vg/mL) 

using the following equation:

Titer vg mL OD Dilution factor/ .( ) = × × ×260
121 1 10  (2)

3.3.1 First Titer of the 
Viral Fractions

3.3.2 Final Titer  
of the Viral Pre-stock

Marta Miralles et al.
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It is important to analyze viral productivity when a new virus is 
used. Good productivity of HAdV-5 can be obtained in HEK-293 
cells as they express high levels of integrins and CAR receptor. 
However, chimeric vectors lacking the HAdV-5 fiber protein may 
not efficiently infect permissive HEK-293 cells, making vector 
amplification inefficient and viral productivity per cell very low, as 
it happens for chimeric HAdV-5/40 vectors [9].

Productivity vg cell
Titer vg mL Total viral volume mL

Num
/

/( ) =
( ) × ( )

bber of cells used  
(3)

Productivity IU cell
Titer IU mL Total viral volume mL

Num
/

/( ) =
( ) × ( )

bber of cells used  
(4)

Adenoviral replicative cycle represents the time elapsing between 
the adenovirus entry and the progeny release from the cell. Since a 
premature harvest leads to a poor production due to the insufficient 
virion encapsidation and maturation, it is crucial to know the viral 
cycle to achieve a high production yield. Similarly, in a late harvest 
most of the particles may have been released to the culture medium, 
leading to a harder purification and bigger material expenditure. 
Therefore, to optimize the adenovirus production is important to 
determine the optimal harvest time in which the viral particles are 
mostly mature and still are inside the cells.

Interestingly, as a consequence of the role of the fiber in the 
entry and trafficking of the virus particle towards the nucleus, 
replacement of the fiber protein is enough to alter the length of the 
virus life cycle [9]. For example, the cycle of the chimeric adenovi-
rus HAdV-5/40s is delayed 20–24 h compared to the HAdV-5 
cycle. Therefore, before performing a large-scale production, the 
harvest time for a new chimeric adenovirus should be empirically 
optimized to maximize the yield.

 1. Seed 150,000 HEK-293 cells per well of a 24-well plate. Add 
500 μL of growing medium. Samples must be harvested at 24, 
36, 40, 44, 48, 52, 56, and 60 h post-infection, with a mini-
mum of n = 3 wells per time point (see Note 9).

 2. Add 3.75 × 106 Infection Units (IU) from your pre-stock to 
12.5 mL of infection medium. Mix by inversion. These values 
allow to infect 25 wells at an MOI of 5 in a volume of 500 μL/
well.

 3. Replace the growing medium with 500 μL of the medium- 
virus mix generated in the previous step (see Note 10).

 4. Fifteen hours later, replace the medium with fresh infection 
medium to remove the excess of virus used in the infection.

3.4 Measurement  
of Viral Productivity

3.5 Analysis  
of Adenoviral 
Replicative Cycle

Production of Chimeric Adenovirus
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 5. Harvest the samples at the indicated times. Collect both super-
natant and cells in a tube and store it at −80 °C. Repeat for all 
the sampling times.

 6. Freeze/thaw three times.
 7. Thaw the samples and centrifuge for 5 min at 4,500 × g. Transfer 

the supernatant into a new tube and discard the pellet.
 8. Plate new HEK-293 cells in a 96-well plate at a 70 % of conflu-

ence to titrate the samples (see Note 11).
 9. From each sample in step 7 save volumes of 10, 1, 0.1, or 

0.01 μL and dilute to a total volume of 100 μL of infection 
medium.

 10. Forty-eight hours after the infection count the infected cells 
by using the reporter gene or the hexon-antibody immuno-
cytochemistry- based protocol. Calculate the IU/mL per 
 sample, as described in Subheading 3.3.1. The time point with 
the highest value is the optimal time for harvesting the vector. 
As observed in Fig. 1, 56 h is the recommended harvesting 
time for the chimeric HAdV5-40s vector (see Note 12).

 1. Plate twenty 150-mm petri dishes with HEK-293 cells at a 
confluency of 70 %. Add growing medium up to a final volume 
of 18 mL.

 2. Twenty-four hours later, replace the growing medium with 
12 mL of infection medium.

 3. Calculate the amount of virus to infect twenty 150-mm plates 
with an MOI of 5, and dilute in 20 mL of infection medium. 
Add 1 mL of the mix per plate.

3.6 Chimeric 
Adenoviral Production 
from a Pre-stock

Fig. 1 Replicative cell cycle of the chimeric HAdV-5/40S vector in HEK-293 cells. According to this, the 
 replicative cycle is between 48 and 56 h post-infection. The values are represented as percentage of the 
 highest titer obtained

Marta Miralles et al.
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 4. Optional: Add polybrene to a final concentration of 9 μg/mL 
to facilitate the interaction between cells and adenoviral parti-
cles. It is highly recommended when the IU/PP ratio of your 
pre-stock is worse than 1/100.

 5. At the optimal harvest time collect cells and supernatant in 
50-mL tubes.

 6. Centrifuge for 5 min at 300 × g. Pool the pellets and resuspend 
it in 15-18 mL of supernatant.

 7. Perform three freeze/thaw rounds (−80 °C/37 °C).
 8. After the last thaw, centrifuge the cell lysate for 5 min at 

4,500 × g and recover the supernatant.
 9. Purify the virus as described in Subheading 3.2.

There are some adenoviral serotypes whose productivity per cell is 
very inefficient [10, 11]. Therefore classical standard amplification 
procedures must be avoided and more efficient systems like 
   large- scale production in cell suspension are highly recommended. 
This is the case of the enteric adenoviruses as the Human 
Adenovirus 40 serotype (HAdV-40), which due to their inefficient 
productivity are also known as fastidious virus. Interestingly, 
chimeric Adenovirus 5/40S (HAdV-5/40S) carrying the HAdV-
40 short fiber on the HAdV-5 capsid preserves the enteric tropism 
of the HAdV-5/40S [12] but also the inefficient productivity.

To address this issue we have developed a protocol (see Fig. 2) 
based on the addition of polybrene during the amplification steps 
in combination with the use of 211BS cells (expressing constitu-
tively HAdV-5 fiber) as producer cells [9]. First, polybrene inter-
acts with negatively charged adenoviral capsids facilitating their 
interaction with the cell membrane [13, 14], which increases virus 
transduction. Second, 211BS cells allow to generate mosaic virions 
containing both F5 and F40S fiber proteins. The fiber mosaicism 
improves the infectivity of the chimeric virions during the amplifi-
cation cycles by facilitating an efficient cell entry mediated by the 
CAR-F5 interaction, which together with the addition of poly-
brene reduces the number of amplification cycles and the duration 
of the process. Finally, to further facilitate production of the chi-
meric vectors, 211B cells are grown in suspension, thus allowing to 
easily up-scale the production process in bioreactors.

The procedure described here has been designed to use a single 
amplification step in a single flask of 211BS. However, variations in 
the number of flasks, or the number of amplification steps can be 
adapted easily.

3.7 Production in 
Suspension 211BS  
Cell Cultures

3.7.1 First Viral 
Amplification Step in 
211BS from Pre-stock  
with Polybrene

Production of Chimeric Adenovirus
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 1. Seed 106 211BS cells/mL in one 125 mL shake flask (25 mL 
working volume) in Infection Medium. Keep the culture in 
suspension by agitation in an orbital shaker at a speed of 
110 rpm, 37 °C and 5 % CO2.

 2. Add polybrene to a final concentration of 9 μg/mL (see Note 13).
 3. Infect cells with the vector pre-stock at an MOI of 1 (see 

Note 14).
 4. Four hours post-infection, supplement the cell culture with 

0.5 % FBS.
 5. Optional step: if vector expresses a fluorescent marker protein, 

such as GFP, the infection efficiency can be estimated by fluo-
rescent microscopy at 30 h post-infection (see Note 15).

 6. Harvest cell cultures at 56 h post-infection and store at −80 °C.
 7. Lyse cells by three freeze/thaw cycles in order to release the 

virus from cells.
 8. Centrifuge at 1,620 × g for 5 min to remove cell debris.
 9. Store at −80 °C.

Fig. 2 Amplification strategy of chimeric HAdV-5/40S vectors. The first amplification an intermediate steps are 
performed in 211BS cells. Last step is carried out in 293F cells to obtain pure chimeric HAd5V-/40S vectors

Marta Miralles et al.
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Last amplification step of the chimeric adenovirus should be 
performed in 293F cells (see Note 16).

 1. Seed 106 293F cells/mL in 1 L shake flasks (400 mL working 
volume) in Infection Medium.

 2. Add polybrene to a final concentration of 9 μg/mL.
 3. Infect cell cultures by adding the cell lysate from step 9 of the 

previous amplification procedure.
 4. Change the cell culture media to fresh media at 4–6 h post- 

infection by centrifugation at 180 × g for 5 min (see Note 17).
 5. Harvest cells at the optimal harvest time found in 

Subheading 3.5 (56 h post-infection for HAdV-5/40S) and 
centrifuge for 5 min at 180 × g.

 6. Resuspend the cell pellet in 20 mL of supernatant and store at 
−80 °C.

 7. Optional step: If the virus genome carries the Death Protein 
(ADP) gene, the supernatant should be concentrated down to 
20 mL using a Midjet system.

 8. Lyse the cell pellet by three freeze/thaw cycles. Remove cell 
debris by centrifugation for 5 min at 1,150 × g.

 9. Purify the crude viral stock following Subheading 3.2.

4  Notes

 1. Before digesting, check if the adenoviral sequence has internal 
PacI cleavage sites. If this is not the case, use another restric-
tion enzyme to digest the bacterial sequences.

 2. It is recommended to use a control plate transfected with an 
irrelevant plasmid to test the PEI’s toxicity.

 3. Use a control plate to compare the cytopathic effect.
 4. It is recommended to use a noninfected plate as control.
 5. As freeze/thaw cycles affect the stability of the vectors, we 

 recommend to aliquot vectors in small volumes (e.g., 10, 50, 
and 100 μL aliquots).

 6. To calculate the titer by “end point dilution” do not count the 
number of infected cells because in the positive wells is possible 
to find a high number of infected cells if waiting for more than 
one replicative cycle.

 7. When using a different resuspension buffer, add SDS to a final 
concentration of 0.1 % to disrupt the capsids.

 8. The OD260 must be within the lineal range of your spectropho-
tometer. If not, repeat the previous steps with different viral 
dilutions.

3.7.2 Last Viral 
Amplification Step  
in 293S Cells

Production of Chimeric Adenovirus
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 9. The indicated time points are only a suggestion. Different time 
points may also be used. In addition, it is also recommended to 
seed three extra noninfected wells as negative controls.

 10. HEK-293 cells are poorly attached to the plate surface, espe-
cially after being infected by an adenovirus. All media replace-
ments must be done very gently.

 11. Avoid working with confluences higher than 80 % because 
highly confluent cells are poorly infected by the adenovirus, 
and leads to underestimation.

 12. It’s recommended to discard the values when the percentage 
of positive cells is higher than a 10 %. In higher percentages 
probably some of the positive cells are infected by more than 
one infectious particle, which will lead to underestimation of 
the titer. If most of the time points have percentages of 
 infection higher than 10 % adjust the dilutions properly from 
step 9 and repeat the experiment.

 13. Polybrene-mediated enhancing effects on adenovirus infection 
are observed only when using Freestyle serum-free medium, 
whereas SFMII medium completely blocks the effect of 
 polybrene. This has also been described for other cationic mol-
ecules such as polyethilenimine (PEI) [15].

 14. MOI is the number of viral infection units per cell and it 
depends on the cell type and the environmental conditions 
during infections.

 15. The time at which the marker protein is visible at the fluores-
cent microscopy depends on the viral cycle of each vector. For 
example, 30 h post-infection for Ad5 or 48 h post-infection for 
Ad5/40.

 16. HAdV-5/40S produced by 211BS cells are expected to have 
both, F5 and F40S proteins (mosaic–chimeric HAdV-5/40S), 
whereas HAdV-5/40 produced by 293F cells should only dis-
play F40S on their surface (chimeric HAdV-5/40S). In order 
to maximize the amplification of HAdV-5/40S, these vectors 
should be grown in 211BS. However, to obtain pure chimeric 
(not mosaic) HAdV-5/40S particles, the last step of amplifica-
tion has to be performed in 293F cells.

 17. Most viral particles infect the cells during the first 4–6 h post- 
infection. After this time, it is important to change the medium 
to clear the viral particles that have not entered into the cells 
and thus, remove the contaminating chimeric-mosaic particles 
used in the infection from the final step.

Marta Miralles et al.
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