
UNIT 4.23

Adenovirus (Ad) vectors offer an extremely efficient system for DNA delivery, allowing
trans gene expression in a wide range of target cells, including neural cells. Important
features of adenovirus vectors include: the ability to infect post-mitotic cells, including
neurons; the capacity to be grown to high titers (up to 1013pfu/ml); high levels of transgene
expression; long-term stable expression in the brain (described in rats and mice); and the

~
ability to infect target cells with more than one vector. Moreover, adenoviruses are rarely
associated causatively with brain pathology. In addition to these features, recombinant
adenovirus vectors have also been used to achieve targeted and regulated expression using
tissue-specific or regulatable promoters, and controlled expression by gene dosage and
promoter selection.

Adenovirus vectors can be exploited to target expression to brain neocortical and glial
cells in culture. This unit describes protocols to generate adenoviruses, to assess whether
they infect and express trans genes within identified brain cells in culture, and to transfer
missing functions to cellular models of human diseases. Initially, the procedures for
generation of recombinant replication-defective adenoviruses by homologous recombi-
nation of shuttle vectors within human embryonic kidney 293 cells, and their subsequent
isolation by endpoint dilution, purification, and amplification, are discussed (see Basic
Protocoll). This protocol also presents steps for cesium chloride gradient purification
and assessment of vector titers. It is assumed from the outset that readers will be familiar
with the molecular biology techniques required for production and analysis of shuttle
vectors containing the desired transgenes under the control of selected promoters, and
with the techniques and skills necessary for culture of mammalian cell lines in vitro. The
procedures employed in the authors' laboratory for identification and characterization of
recombinant adenovirus vectors are presented in the support protocols. These include
techniques for extraction of viral DNA and Southern blotting (see Support Protocol I),
and PCR detection of trans genes (see Support Protocol 2), along with the essential quality
control assays for detection of contamination by bacterial lipopolysaccharide and repli-
cation-competent adenovirus, and for the determination of the particle-to-infectious
(plaque-forming) unit ratio (see Support Protocol 3), to which all recombinant vectors
generated should be subjected.

After description of the methods for recombinant adenovirus vector generation, the
techniques employed for infection of neurons and glia in vitro (see Basic Protocol 2) are
presented, along with support protocols outlining the procedures for the establishment of
primary cultures of neocortical neurons (see Support Protocol 4), ventral-mesencephalic
neurons (see Support Protocol 5), and neocortical glial cells (see Support Protocol 6).
Support Protocol 7 describes the detection of trans gene expression in cultured cells by
Xgal cytochemical assay, immunocytochemical means, and fluorescence-activated cell

sorting (FACS).

Adenovirus vectors are not limited to gene transfer in mammalian neural systems. They
are equally efficacious for gene transfer into cells of the gastrointestinal (including
hepatic), cardiovascular, musculoskeketal, and pulmonary systems, and these protocols
will be of value to researchers working in these fields as well.

NOTE: All solutions and equipment coming into contact with living cells must be sterile,
and aseptic technique should be used accordingly.
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NOTE: All cell culture incubations should be carried out in a humidified 37°C, 5% CO2
incubator unless otherwise stated.

BASIC
PROTOCOLl

PREPARATION OF RECOMBINANT ADENOVIRUS VECTORS

Ad vectors for gene transfer and therapy have been constructed using derivatives of human
adenovirus serotypes 2 or 5 (Ad2 or Ad5). First-generation recombinant adenovirus
vectors (RAds) for gene transfer typically have deletions in the El region to render the
vector replication-defective, thereby.preventing virus spread and target cell lysis. These
vectors can be propagated in the Er::complementing human embryonic kidney cell-de-
rived 293 line (Graham et al., 1977). The largest viable El deletion reported for first-gen-
eration vectors extends from nucleotide 342 to 3523, removing nearly all the E 1 sequences
between the viral packaging domain and the coding sequence for adenoviral gene pIX.

The E3 region, which is dispensable for growth in culture, is also deleted in many Ad
vectors to allow the cloning of larger inserts. The largest E3 deletion reported to date is
3.1 kb (from nucleotide 27865 to 30995 of Ad5), which prevents expression of all E3
genes (Bett et al., 1994). Since Ad is capable of packaging a genome that is 5% larger
than the wild-type genome, the largest E1/E3 deletions provide a total cloning capacity
of 8.3 kb. Most of the Ad vectors in use today are derived from the Ad5 strain dl309 or
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Figure 4.23.1 Schematic diagram of shuttle vectors used for construction of recombinant ade-
noviruses. The transfer vector pAL 119/ /acZ was constructed from plasmid pXCX2 (Spessot et al..
1989) with the addition of a linker (containing the Hindlll cloning site) at the unique Xbal cleavage
site./acZwas cloned into pAL 119 under hCMV promoter control and upstream of a polyadenylation
signal. The transfer vector provides the expression cassette with flanking sequences from the AdS
E1a gene region (* and **). The plasmid pJM17 contains the entire AdSdl309 genome and the
prokaryotic vector sequence pBRX inserted into the E1a gene at 3.7 map units. Insertion of the
prokaryotic vector makes pJM17 too large to be packaged into Ad nucleocapsids. Cotransfection
of both plasm ids into 293 cells allows homologous recombination, resulting in the replacement of
the entire E1 a region and prokaryotic sequences with the Hindi I I expression cassette. The genome
of the recombinant vector is reduced sufficiently in size to be packaged into nucleocapsids, allowing
vector replication and resulting in plaque formation in the 293 cell monolayer. A linear diagram of
the RAd genome is shown, illustrating the position of the expression cassettes and the Hindlll
restriction sites throughout the genome used for characterization of the recombinant adenovirus.
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its derivative plasmid, pJMI7, which carry a deletion/substitution in E3, but can still
express the E3 19 kD and 11.6 kD proteins.

There are several approaches that can be used for the construction of first-generation
recombinant Ad vectors. To insert a foreign gene or cDNA in place of the E1 region, the
desired gene (usually together with exogenous promoter and polyadenylation sequences)
is first inserted into a shuttle plasmid in which the insertion site replacing E1 is flanked
by the remaining Ad sequences from the left end of the genome. The sequence is then
rescued into the virus either by ligation of the expression cassette with DNA derived from
the right end of the genome followed by transfechon into 293 cells, or by homologous
recombination following cotransfection of the shuttle plasmid with restricted viral DNA
or with a second plasmid carrying Ad genomic sequences, e.g., pJM17 or pBHG 10 (Fig.
4.23.1). A number of Ad genomic plasmids have been engineered to minimize the
generation of replication-competent virus or viruses that do not contain the transcription
unit. Other approaches have been recently developed to facilitate rescue of the insert into
Ad genomic sequences prior to transfection of 293 cells, especially for cases in which
homologous recombination in 293 cells would not be efficient. Such strategies include
homologous recombination in Escherichia coli between the insert and genomic sequences
maintained as a plasmid (Chartier et al., 1996), homologous recombination in yeast
between the insert and Ad genomic sequences maintained as a yeast artificial chromosome
(Ketner et al., 1994), and direct cloning of the insert into plasmids carrying a full-length
Ad genome. The following protocol is used to generate first generation replication-defi-
cient adenoviruses by homologous recombination in 293 cells.

Materials
Adenoviral transfection plasmid, e.g., pJMl7 or pBHGI0 (Microbix Biosystems),

and shuttle plasmid pMV 60 or pAL 119 (constructed from plasmid pXCX2;
Spessot et al., 1989, Lowenstein et al., 1996)

Plasmid purification system (e.g., Maxi-prep, Qiagen)
293 cells (ATCC #1573; ECACC # 85120602)
293 medium (see recipe), prewarmed to 37°C
Low-Tris/EDTA buffer (see recipe)

2 M CaCl2
2x HEPES-buffered saline (HeBS; see recipe)

1 % Virkon solution (Anachem)
Dulbecco's phosphate-buffered saline (D-PBS; Life Technologies), prewarmed to

37°C
Arklone P (Basic Chemical Company)
1.33 and 1.45 g/ml cesium chloride (CsCl) solution (see recipe)

Mineral oil
TE buffer, pH 7.8 (APPENDIX 2A)
Buffers A and B (see recipe)

25-cm2 and 175-cm2 plastic tissue culture flasks (Greiner Labortechnik)
15-ml and 50-ml sterile polypropylene conical tubes (Greiner Labortechnik)

1.5-ml screw-cap microcentrifuge tubes
24-well and 96-well tissue culture plates (Greiner Labortechnik)
Beckman 14- ml centrifuge tubes
Beckman ultracentrifuge and SW-40 rotor
Wide bore needles (18-G spinal needles, Sherwood Medical) and 5-ml syringes

Additional reagents and equipment for culture of mammalian cells (APPENDIX 3B),
characterization of recombinant adenovirus vectors (see Support Protocol 1),
and dialysis (CPMB APPENDIX 3C and APPENDIX IA in this manual)
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CAUTION: The following procedures should be carried out in a Class 2 (B.L.2) tissue
culture suite in a Class 2 laminar flow cabinet. All media used should be discarded into
a solution of 1% Virkon and all plasticware which has been in contact with the recombi-
nant adenovirus should be washed in a solution of 1 % Virkon prior to autoclaving and
incineration.

Prepare shuttle plasmids
1. Prepare adenoviral transfection plasmids such as pJMI7 or pBHGIO and the shuttle

plasmids, such as pMV60 or pAl-I 19 using a system such as Maxi-prep (Qiagen)
and assay them for recombination as described in Support Protocol 1.

The assay for recombination should be performed prior to proceeding to the co-transfection
stage. The vector system used most frequently by the authors is shown in Figure 4.23.1.

Cotransfect plasmid into 293 cells
2. The day before cotransfection, thinly seed 293 cells in a fresh 25-cm2 tissue culture

flask in 7 ml of 293 medium (Lowenstein et aI., 1996). Incubate overnight.

APPENDIX 3B describes general mammalian cell tissue culture techniques.

Aim to achieve about 40% conjluency on the day of transfection for optimum transfection

efficiencies.

3. The next day, immediately before transfection, aspirate the medium and add 5 ml of
fresh, prewarmed 293 medium.

4. Pipet a volume containing 5 ~g of the shuttle plasmid containing the transcription
unit and a volume containing 5 ~g pJMl7 (or pBHGI0) into a sterile 15-ml
polypropylene conical tube.

5. Add low- Tris/EDTA buffer to a final volume of 21 0 ~l and mix gently by flicking the
tube.

6. Add 30 ~l of2 M CaCl2 and spin down gently (1 min at 200 x g, room temperature)
to ensure that all the solution is in the bottom of the tube.

7. Using a sterile glass Pasteur pipet and an automatic pipettor, add the DNA-CaCI2
mixture to a second sterile tube containing 240 ~l of 2x HeBS while very gently
bubbling air into the mixture.

8. Allow precipitate to form for 30 min at room temperature.

9. Add the HeBS-DNA-CaClz mixture directly to 5 ml fresh pre-warmed 293 medium
in a 25-cmz tissue culture flask containing the 293 cells, and tilt dish gently to ensure
even distribution of the mixture across the cell layer.

Check that a fine precipitate has formed on the cells by viewing at high magnification.

10. Leave DNA precipitate on the cells while incubating for 16 hr.

11. Gently aspirate the medium and add 5 ml of Dulbecco's PES to wash the cells.
Aspirate the PBS, gently wash the cells once with fresh prewarmed 293 medium,
then add 6 rnl fresh prewarmed 293 medium and return to the incubator.

A nonviral transfer shuttle plasmid containing the transgene LacZ, such as pMV 12 (Shering
et al., 1997) can be used as a control to determine representative transfection efficiency.
Incubate the cells for 2 days then check the number of transfected cells using the method
describedfor Xgalstaining of infected cultures (Support Protocol 8). Aimfora transfection
efficiency greater than 30% for successful generation of a recombinant adenovirus.
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12. Replenish medium every 3 days, or more often if it becomes acidic (represented by
change in the medium color from red to orange/yellow). Discard all media and wash
all plastics used in a solution of 1 % Virkon, then autoclave.

If recombination has occurred, plaques will become visible from 6 days after transfection
(Fig. 4.23.2). Allow plaque to spread throughout the monolayet: Retain all cultures for up
to 25 days before discarding as negative, feeding the cells every 3 to 4 days with fresh
prewarmed 293 medium.

All the progeny generated using this system are !ikely to contain the desired insert.

13. Harvest the cells into a sterile 15-rnl polypropylene conical tube (the cells sh.QYld
detach from the surface of the flask on gentle washing or tapping) and.centnruge for
15 min at 300 x g. 4°C.

14. Aspirate the supernatant and resuspend the cells in 100 ~l of Dulbecco's PBS.

15. Lyse the cells by rapidly freeze-thawing 3 times, pellet the cellular debris by
centrifugation for 15 min at 300 x g, 4°C, and transfer the supernatant to a sterile
screw-cap microcentrifuge tube. Store at -70°C.

The supernatant can be stored for several years at -70°C, but the number of infectious
viral particles will decrease over time.

To ensure that the subsequent virus stock is derived from a single infectious viral particle,
plaque purify the recombinant virus three times by endpoint dilution (steps 16 to 26).

Isolate recombinant adenovirus by endpoint dilution
16. Seed each well of a 96-well tissue culture plate with 5 x 103 293 cells in 100 III

pre-warmed 293 medium.

17. On the next day, place 10 III of the recombinant adenovirus stock (from step 15) in
990 III of fresh, prewarmed 293 medium (dilution factor = 10-2). Using this 10-2
dilution, prepare a series of further 10-folddilutions in prewarmed 293 medium using
sterile rnicrocentrifuge tubes or a 24-well tissue culture plate. Continue until reaching
a dilution factor of 10-11.

18. Aspirate the medium from the 96-well plate (from step 16) and rinse each well of
cells gently with 100 III prewarrned Dulbecco's PBS.

Figure 4.23.2 Recombinant adenovirus plaque for-
mation with 293 cells. A visible plaque can be seen
spreading across the 293 cell monolayer (left and
center arrows), toward "healthy" cells on the right (right

arrow).
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19. Aspirate the Dulbecco's PBS from the wells of the 96-well plate and add 100 ~l of
each of the viral dilutions to triplicate wells, starting with the highest dilution (10-11)
and working down to the lowest (10-2) dilution.

Since higher concentrations of virus are being transported at each step, it is not necessary
to change tips on the pipet.

20. Return the plate to the incubator, gently rocking the plate every 15 min for 90 min to

ensure even distribution of the viral inoculum.
,

21. At 24 hr post infection, add an adaitionall 00 J11 of fresh, prewarmed 293 medium to
each well.

22. Monitor the wells daily for evidence of plaque formation, changing the medium every
3 days (sooner if the medium becomes acidic).

23. After 8 days, locate the endpoint wells (the wells containing the highest dilution of
viral stock which contains a plaque).

24. Harvest the cells from the triplicate endpoint wells by scraping with the end of a
200-~1 pipet tip. Place the cells from each well in separate sterile screw-cap micro-
centrifuge tubes, gently pellet cells in a microcentrifuge for 15 min at 300 x g, room
temperature, remove the supernatants, and resuspend the cells in 100 ~l Dulbecco's
PES.

25. Lyse the cells by rapidly freeze-thawing 3 times. Pellet the cell debris by microcen-
trifuging 15 min at 300 x g, room temperature, and transfer the supernatant to a fresh
sterile screw-cap microcentrifuge tube.

At this point, the supernatant can be stored at -700C for up to several years.

26. Repeat steps 16 to 25 two more times, selecting the cell lysate from one well at
random from the three endpoint wells from step 24. Store the supernatants from the
other two wells at -70°C as backup.

The triple purification takes a total of24 days.

Viral stock: Purify recombinant adenovirus vectors
Production and purification of the viral stock is undertaken in three steps. The first step
is the production of a master stock of the endpoint dilution-purified recombinant ade-
novirus. It is recommended that at this stage the viral preparation be thoroughly charac-
terized for the presence of the transcription unit within the RAd genome (see Support
Protocol 1). The second step allows the production of the recombinant adenovirus at titers
of 108 to 1010 pfu/rnl with a purity suitable for in vitro gene transfer into non-neural cells.
The final step, i.e., cesium chloride gradient centrifugation, entails the purification of the
recombinant virus to a level suitable for in vivo gene delivery, and also concentrates the
virus, allowing titers ranging from lOll to 1012 pfu/ml to be obtained. For infections of
neural cells in vitro, use cesium chloride-purified RAds, due to the cytotoxicity of less
pure preparations. The investigator must also check the purity of the viral preparations as
outlined in Support Protocol 3.

Produce master stock
27. Seed a 25-cm2 tissue culture flask with 293 cells in 7 ml of prewarmed 293 medium

and culture until they reach 70% to 80% confluency.
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28. In a sterile 15-ml polypropylene conical tube, gently mix 5 ml of fresh prewarmed
293 medium and 25 ~l of the recombinant virus stock produced after the third round
of plaque-purification (from step 26).
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29. Aspirate the medium from the flask, wash the cells gently with prewarmed Dul-
becco's PBS, then add the viral inoculum (step 28), and return cells to the incubator.

30. Gently rock the flask every 15 min for 90 min to ensure even distribution of the
inoculum.

31. 24 hours later, increase volume in flask to 7 ml with fresh, prewarmed 293 medium.

After 2 to 3 days a plaque will form that will extend throughout the whole cell monolayer
(this appearance is referred to as cytopathologic~l effect, CPE).

--""
32. Detach cells from the flask by tapping the side of the flask gently with the hand and

then harvest the cell suspension into a sterile 15-ml polypropylene tube.

33. Pellet the cells 15 min at 300 x g, 4°C, discard the supernatant, and resuspend the
cell p~llet in 200 ~l of Dulbecco's PBS.

34. Lyse the cells by rapidly freeze thawing 3 times, pellet the cells as in step 33, and
transfer the supernatant to a fresh sterile screw-cap microcentrifuge tube.

At this point, the supernatant can be stored at -700C for up to several years.

35. Repeat steps 27 to 34 using the new stock of recombinant virus isolated in step 34,
using 75 ~l to infect the 293 cells. Increase the final volume in which the cells are
resuspended in step 33 to 500 ~l.

36. Titrate this stock by endpoint dilution (Steps 16 to 26) before proceeding to a
medium-scale stock production.

The master viral stock will need to have a titer of a least lOS pfu/ml. If this is not the case,
repeat steps 27 to 35 again and re-titer:

Prepare medium-scale recombinant adenovirus stock
37. Grow 21 175-cm2 flasks of 293 cells to 70% to 80% confluence in 293 medium. When

confluent, count the number of cells in the 21 st flask using a hemacytometer (APPENDIX
38), to determine the amount of inoculum needed in the next step.

38. Aspirate the medium and inoculate each flask with 25 ml fresh pre-warmed 293
medium containing viral stock at a multiplicity of infection (MOl) of 3. Determine
the volume of virus stock as follows:

MOl x no. cells to be infectedvol. virus stock to be added =
viral titer

39. Return the flask to the incubator and gently rock the flask every 15 min for 90 min
to ensure even distribution of the viral inoculum.

40. 24 hours later, add an additional 25 ml of fresh, prewarmed 293 medium to each flask.

41. When CPE (see annotation to step 31) can be observed throughout the monolayer.
detach the cells by tapping the side of each flasks gently with your hand.

42. Harvest the cell suspension from each flask into a sterile 50-ml polyproylene conical
tube and pellet the cells 15 min at 300 x g. 4°C.

43. Discard supernatant and resuspend the cell pellet in 0.5 ml pre-warmed Dulbecco's
PBS per original 175-cm2 flask. Gene Cloning,
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44. Pool the cell suspension from each tube in one sterile 50-ml tube and add an equal
volume of Arklone P to lyse and solubilize the cells.

45. Mix thoroughly by repeated inversion of the tube for 2 to 3 min, then pellet cells 20
miD at 500 x g, 4°C.

46. Harvest the top aqueous layer and divide into aliquots in sterile screw-cap rnicrocen-
trifuge tubes. Take care to avoid disturbing the layer of cellular debris that forms at
the aqueous! Arklone P interface. Snap freeze with liquid N2 or dry ice and store at
-70°C (can be stored at this temperature for several years). Alternatively, proceed
directly to purification by cesium chloride gradient centrifugation (Steps 47 to 58).

Purify recombinant adenovirus by cesium chloride gradient centrifugation
47. Pipet 2.5 ml of 1.33 g/ml CsCI solution into a Beckman 14-ml centrifuge tube. Then,

using a 5-ml syringe equipped with an 18-G wide bore needle, place the needle at the
bottom of the tube and very slowly inject 1.5 ml of 1.45 g/ml CsCI solution, so the
less dense layer "floats" on top of the more dense layer (Revah et aI., 1996 and
Tollefson et aI., 1999).

Densities are calculated by determination of the refractive index.

48. Carefully layer up to 7 ml of the Arklone P-purified virus (from step 46) onto the

gradient.

49. Layer mineral oil on top of the viral layer to 2 mm from the top of the tube. Weigh
the tube and prepare a balance tube of identical weight (weighed to ::!:O.02 g). Place
the tubes in the centrifuge buckets and seal the buckets prior to leaving the class 2
laminar flow cabinet.

50. Centrifuge for 2 hr at 90,000 x g, 4°C in a Beckman ultracentrifuge with a swinging-
bucket SW-40 rotor, using maximum acceleration and minimum deceleration.

51. Very carefully remove the tubes from the buckets in the class 2 laminar flow cabinet
and remove the banded virus by side-wall puncture, -1 cm below the level of the
band, with a 5-ml syringe and wide-bore (18-G) needle.

The viral band will be the lowest of the 3 bands that are visible (Fig. 4.23.3).

52. Dilute the virus fraction with 0.5 vol of sterile TE buffer, pH 7.8.
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Figure 4.23.3 Banding on cesium chloride gradient. Schematic representation of relative size and
positions of the three bands present after ultracentrifugation. The size of the cellular debris band
varies between preparations.
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Table 4.23.1 Dilution Scheme for Titering Recombinant Adenoviruses by Endpoint Dilution

Mixture Dilution

10-2

10-3

10-4

10-5

10-6

5 X 10-7

2.5 X 10-7

7.63 X 10-12

10 ILl of recombinant adenovirus stock + 990 ILl of fresh prewarmed 293 medium
100 ILl of 10-2 dilution + 900 ILl of fresh prewarmed 293 medium
100 ILl of 10-3 dilution + 900 ILl of fresh prewarmed 293 medium
100 ILl of 10-4 dilution + 900 ILl of fresh prewarmed 293 medium
100 ILl of 10-5 dilution + 900 ILl of fresh prewarmed 293 medium
500 ILl of 10-6 dilution + 500 ILl of fresh prewarmed 2~medium
500 ILl of 5 x 10-7 dilution + 500 ILl of fresh prewarmed 293 medium
etc. to a final end dilution of

53. Prepare a second cesium chloride gradient as in step 47, using 1 ml of 1.45 g/ml and
1.5 ml of 1.33 g/rnl. Carefully layer the diluted virus band on the gradient and layer
mineral oil on top of the virus solution as previously described. Weigh the tube and
set up a balance tube, then seal into the buckets again.

54. Centrifuge in the SW40 rotor for 18 hr at 100,000 x g, 4°C.

55. Remove the viral band as in step 51

56. Dialyze the banded virus twice against buffer A for 1 hr and once against buffer B
for 2 hr at room temperature, using 12,000 to 14,000 MWCO dialysis tubing.

57. Divide the virus into 10- and 20-~1 aliquots and store at -70°C. Titer the recombinant
virus by endpoint dilution (Steps 58 to 65).

The virus can be stored frozen for severaL years, but the titer wiLL decrease sLowLy over time.
Once an aliquot is defrosted it should not be refrozen.

Titer recombinant adenoviruses by endpoint dilution
58. Seed each well of a 96-well tissue culture plate with 5 x 103293 cells in 100 ~l 293

medium/well.

59. On the following day, prepare a series of 10- and 2-fold dilutions of the recombinant
adenovirus (from Step 57) in sterile microcentrifuge tubes or using a 24-well tissue
culture plate as shown in Table 4.23.1.

60. Aspirate the medium from the 96-well plate and rinse the cells gently with prewarmed
Dulbecco's PBS.

61. Add 1 00 ~l of each of the viral dilutions to triplicate wells, starting with the highest
dilution (7.63 x 10-12) working down to the 10-2 dilution.

Performing the assay in triplicate offers greater assurance of the accuracy of the final titet:
Since higher concentrations of virus are being transported at each step, it is not necessary
to change tips on the pipet.

62. Return the plate to the incubator, gently rocking the plate every 15 min for 90 min to
ensure even distribution of the viral inoculum.

63. 24 hours post infection, add an additional 100 ~l of fresh pre-warmed 293 medium
to each well.
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5.0x 10-7

2.0 X 107

10-4
1,0x 105

10-5

1.0x 106

10-6

I.Ox 107

9
6.25 X 10-8

1.6 X 108

10

3.12 X 10-8

3.2 X 108

11

1.56 x 10-8

6.4 X 108

12

7.81 x 10-9

1.28 X 109

15 16 17 18
9.77 x 10-10 4.88 X 10-10 2.44 X 10-10 1.22 X 10-10

1.02 X 1010 2.05 X 1010 4.10 X 1010 8.19 X 1010

24

Dilution 10-2 10-3

pfu/ml 1.0 x 103 1.0 x 104

Well 7 8
Dilution 2.5 x 10-7 1.25 X 10-7

pfu/ml 4.0 x 107 8.0 X 107

Well 13 14

Dilution 3.91 x 10-9 1.95 X 10-9

pfu/ml 2.56 x 109 5.12 X 109

Well 19 20

Dilution 6.10 x 10-11 3.05 X 10-11
21 22 23
1.53 x 10-11 7.63 X 10-12 Uninfected

controls
pfu/ml .64 X lOll 3.28 X 1011 6.55 X lOll .32 X 1012

64. Monitor the wells daily for evidence of plaque formation, changing the medium every

65. After 8 days, read the plate for the highest dilution in which all 3 wells contain

plaques.

See Table 4.23.2 to determine the total number of plaque forming units/mi. An alternative

protocol for mathematically calculating pfu after titrating the recombinant adenovirus is
illustrated in LOwenstein et al., 1996.
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