
M ay / June 2003
A publication of
The Wi l l i amsburg BioProcessing Founda t ion

w w w. b i o p ro c e s s i n g j o u r n a l . c o mVo l . 2 No. 3

+1.800.717.7255   USA toll free
+44 (0)23 9230 2208   Europe
pharmafilter@pall.com   e-mail
www.pall.com

t i me after time

© Copyright 2003, Pal l Corporation. Pall and            a re t rademarks of Pall Corporation. ® Indicates a Pall trademark registered in t he USA.                                                      and UpScale are service marks of Pall Corporation. 

How much time do you have to get reliable, reproducible results?

Can't afford the time to develop new ideas?

Fifty years as market innovators means that Pall has more proven

solutions to membrane purification and separation than anyone.

Whether it’s f iltration, virus removal, tangential flow filtration or

mem brane chromatography, Pall 's Up Scale program offers scaleable

and reproducible products for every application with advice and

documentation to back it up... anywhere.

And we'll keep innovating, so you can too.

To save time in development of your separation and purification

processes, contact Pall today on +1.800.717.7255 (USA), 

+44 (0)23 9230 2208 (Europe), or v isit our website at

www.pall.com/biopharmaceuticals



50 BioProcessing Journal • May/June 2003

W
ith  th e co n ti nu ed
progress of adenoviral
vectors in gene therapy
s tudies it is incre a s i n gly
evi dent that a more

formalized approach to the characteri-
zation and analysis of these viral vectors
is urgently needed. Today, adenoviral
vectors are beginning to be considered
“well characterized biologics,” as shown
by nu m erous publ i c a ti ons de s c ri bi n g
sophisticated analytical approaches for
recombinant adenovirus product candi-

dates.1–7 Because the analytical defini-
ti ons of aden ovi ral vectors curren t ly
lack comparison to a common stan-
dard, the problem for regulatory agen-
cies is how to objectively evaluate safety
in relation to the administered dose.
This well-recognized need for an aden-
ovirus standard has been addressed by a
consortium of representatives from reg-
ulatory agencies, industry, and academ-
ic or ga n i z a ti ons — the Aden ovi ra l
Referen ce Ma terial (ARM) Work i n g
Group. Its work has come to fruition in
the recent public ava i l a bi l i ty of t h e
ARM,a purified wild type 5 adenovirus.
Many aspects of the history, production,
and characterization of the ARM have
been published in detail.8–11

FDA’s perspective on the need for the
ARM and its intended use was discussed
by Simek et al.12 The authors point out
that fundamentally different methods
for the determination of viral particle
concentration make it difficult to com-
pare the dosing in various clinical trials.
This is of particular concern because of
the sharp threshold of the dose-toxicity
c u rve . The A 2 6 0n m/SDS met h od has
often been used to determine particle
concentrations. The availability of the
ARM,and its analysis by multiple inves-

ti ga tors and met h od s , n ow provi de s
regulatory agencies with a means of
com p a ri s on . However, the aut h ors
clearly state that although FDA does not
expect a duplication of the ARM parti-
cle concentration value,the results from
the A 2 6 0n m/SDS met h od should fall
within the published range,as this range
is the outcome of a large number of
measurements in many different labo-
ratories.

This article summarizes the use of
ort h ogonal met h ods other than the
A260nm/SDS method for the determi-
nation of viral particle concentration of
the A R M . Va lues from ort h ogon a l
analyses are compared to the designated
particle concentration as determined by
the A260nm/SDS method, and can ben-
efit users of the ARM as they validate
t h eir own ort h ogonal met h ods and
internal reference standards.

Methods and Materials

Aden ovi ruses are non envel oped ,
icosahedral (20-sided) dsDNA viruses.
The Aden ovi rus Referen ce Ma teri a l
(ARM) is a column-purified wild type 5
adenovirus (Ad5). It was produced and
vialed by Introgen Therapeutics, Inc. in
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Houston, TX under the guidance of the
Adenovirus Reference Material Working
Group (ARMWG),and is available from
the American Type Culture Collection,
Manassas, VA (catalog no. VR-1516).8

All information regarding the purifica -
tion and ch a ra cteri z a tion of the A R M
is pu bl i s h ed on the Wi ll i a m s bu rg BioPro ce s s -
ing Fou n d a ti o n’s (WilBio) web s i te at
www.wilbio.com.

Determination of Virus Particle
Concentration

Typically, each method was carried
out by the originating laboratory and at
least one other laboratory. The follow-
ing organizations participated: Berlex
Biosciences (Berlex); Canji Inc (Canji);
S ch eri n g - P l o u gh Re s e a rch In s ti tute
(SPRI); Transgene, S.A. (TRANS); and
the Un ivers i ty of Texas at Au s ti n , Co ll ege
of P h a rm acy (UT) . Ad d i ti onal data
was submitted by Cobra Therapeutics
( Cobra ) , the Bi o tech n o l ogy Re s e a rch
In s ti tute of the Na ti onal Re s e a rch
Council Ca n ada (BRI), and Cell
Genesys, Inc. (CG), for physical meth-
ods that were performed only by these
laboratories.

A260nm/SDS:This method for deter-
mination of total virus particle concen-
tration was first described by Maizel et
al.13 Briefly, a virus sample is lysed in
0.1% SDS for 15 minutes at room tem-
perature. The virus particles disinte-
grate under these conditions into pro-
teins and DNA. The DNA content is
subsequently measured by UV absorp-
tion at 260 nm. According to Maizel et

al., one OD260 unit contains 1.1 x 1012

p a rti cl e s .1 3 This met h od was also
described in detail by Adadevoh et al.10

In some cases,particle determination
by orthogonal methods required com-
parison of the ARM to certain standard
materials. An Ad5 standard was provid-
ed by Canji and is referred to as the
“SZCE rAd standard” (SCZE 92AAH,
1.16 x 1012 particles/ml as determined
by A260 in SDS).13

Anion Exchange-HPLC (AE-HPLC):
This method measures intact virus par-
ticles. It uses a 1 ml Resource Q column
( P h a rm acia Bi o tech , P i s c a t aw ay, N J )
and is described in detail by Shabram et
al.1 Purified Ad5 samples can be ana-
lyzed by this assay without pre-treat-
ment. Buffer B is 50 mM HEPES at pH
7.5, and buffer C is 1.5 M NaCl and 50
mM HEPES at pH 7.5. The column is
equilibrated at 20% B (300 mM NaCl)
for 2 minutes, followed by an increase of
B to 40%, held at 40% for 2 minutes,
ramped up to 100% B, then followed by
an immediate decrease to 20% in 14
minutes,and a final equilibration step at
20% B for 4 minutes. The flow rate is 1
ml/min. The HPLC systems used were
either a Waters 625 (Waters, Milford,
MA) or an Agi l ent 1100 (Agi l en t
Technologies, Palo Alto, CA), depending
on the investigator. Elution profiles
were monitored at 260 nm and 280 nm.
Particle concentrations were calculated
by comparing peak areas at 260 nm with
the SZCE rAd5 standard curve in a
range from 1.16 x 1010 to 1.16 x 1011

particles per injection. The Transgene
and BRI laboratories used AE-HPLC

standards that were not the SZCE rAd5
but did consist of purified adenovirus
preparations whose particle concentra-
ti ons had been establ i s h ed via the
O D 2 6 0n m/SDS met h od of Ma i zel et
al.13 These laboratories also varied the
elution procedure slightly. Transgene
performed an equilibration for 2 min-
utes at 20% B (300 mM NaCl), followed
by a linear gradient from 0 to 375 mM
NaCl over 10 minutes, followed by 2
minutes at 375 mM NaCl, followed by a
2.6 minute wash at 1.5 M NaCl, and a
final equilibration with 20% B (300 mM
NaCl) for 9 minutes. BRI used a bovine
s erum albu m i n - con d i ti on ed 0.16-ml
UNO Q polishing co lumn (Bi o Rad
Laboratories). Its method uses slightly
different buffers: Buffer A consists of
0.25 M HEPES at pH 7.5, buffer B is 2 M
NaCl, and buffer C consists of Milli-Q
water.18 BRI equilibrates the column
with 20% A (50 mM HEPES), 15% B
(300 mM NaCl), and 65% C (water) at
1 ml/min, before running a gradient
elution.

Reverse Ph a se HPLC (RP- H P LC ) :
The viral particles disintegrate into their
proteins under the RP conditions and
elute as a characteristic protein finger-
print. This method was first described
by Lehmberg et al.2 Samples of intact
vi rus parti cles containing 0.048%
Tween 20 were injected onto a Jupiter
C4 column (2 x 150 mm, Phenomenex,
Torra n ce , CA) and eluted with an
aceton i trile grad i ent in 0.1% tri-
flouroacetic acid. The instruments used
were an HP1090 or a Waters Alliance
2690 system, again depending on the

Assay Reagent Sequence (5' to 3')

Hexon qPCR Assay Forward Primer ACT ATA TGG ACA ACG TCA ACC CAT T

Reverse Primer ACC TTC TGA GGC ACC TGG ATG T

Probe 6-FAM-ACC ACC GCA ATG CTG GCC TGC-TAMRA

E4 qPCR Assay Forward Primer CAC CAC CTC CGC GTA CCA TA

Reverse Primer CCG CAC CTG GTT TTG CTT

Probe 6-FAM-AAC CTG CCC GCC GGC TAT ACA CTG-TAMRA

Table 1. Forward and reverse primers and probe sequences for the hexon and E4 qPCR assays
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investigator. The flow rate was 200 µl/
min, with detection at 214 nm, and 40°
C co lumn tem pera tu re . The A R M
hexon peak areas were used to calculate
the particle concentration by compari-
son to the hexon peak areas from the
SCZE rAd standard. For this study, the
SCZE rAd standard had to be diluted by
a factor of ten to be in a suitable range
for the assay. Standard curves were gen-
erated by injecting increasing amounts
of the diluted SCZE rAd standard rang-
ing from 1 x 109 to 1 x 1010 particles per
injection. Potentially, the particle con-
centration also can be determined by
comparison of the hexon peak area of
an unknown Ad sample to a known
protein standard peak, such as BSA, as
first published by Lehmberg et al.2

Picogreen: This quantitation assay
for DNA is based on the Picogreen
d s D NA Quanti t a ti on Kit (Mo l ec u l a r
Probes, Eugene, OR). The assay and its
a pp l i c a ti on for aden ovi rus parti cl e
quantitation were previously described
by Mu rakami et al.3 For this stu dy,
some modifications of the published
method were made,therefore,a descrip-
tion of the experimental details that dif-
fer from the publication are outlined
h ere : ARM samples were diluted 1:5
and 1:10 in phosphate-buffered saline
(PBS), containing 2 mM MgCl2 and 2%
sucrose. The SZCE rAd standard was
diluted 1:10 and 1:20 with the same
buffer. Ten µl of these diluted samples
were mixed with an equal volume of 15
µl of 10 U/µl DNase I and 15 µL RNase
A (at 10 mg/ml) in 80 mM Tris at pH
7.5, with 20 mM NaCl and 12 mM
MgCl2. The samples were then incubat-
ed for 15 minutes at 37° C. For the SDS
lysis, 20 µL of 0.2% SDS and 50 mM
EDTA were added to the enzyme sample
mix. Diluted ARM samples without
enzyme treatment were analyzed in par-
allel. Fifteen µL of these samples were
mixed with equal volumes of 0.2% SDS
and 50 mM EDTA. Incubation was
again for 15 minutes at 37° C. The reac-
tion with Picogreen and data evaluation
was performed according to the insert
from the Molecular Probes assay kit and
the description.3

An alternate Picogreen method was
performed by Cobra Therapeutics at the

1-ml cuvette scale and did not include
SZCE in the analysis. Cobra prepared
samples and standards without SDS but
using the Tris-HCl, EDTA buffer, and
Pro teinase K provi ded in the kit.
Samples and standards were prepared in
duplicate at each dilution, heating them
at 56° C for 90 minutes. Cobra added
1.5 ml of each standard or sample to a
plastic cuvette. 1.5 ml of the working
solution of Picogreen was added, then
the solutions were mixed and left at
room temperature for at least 30 min-
utes prior to fluorescent measurement.
Sample DNA concentration was calcu-
lated as:

p/ml = (sample fluorescence – 
intercept of calibration line)/(slope
of calibration line) * (dilution
factor)/1000 * 0.02 * 1.1 x 1012

Hexon quanti t a t ive polym era se
chain rea ction (qPCR) assay: The parti cl e
concentration of a purified adenovirus
sample can be determined based on the
qPCR assay for hexon DNA. This tech-
nique requires template DNA from the
sample source to be puri f i ed before
analysis. The purification of the ARM
and the SZCE rAd standard was accom-
p l i s h ed by fo ll owing the DNA Bl ood
Mini Kit pro tocol (Qiagen ) . One micro-
l i ter of the purified DNA was used to
determine its con cen tra ti on uti l i z i n g
the Perk i n - E l m er Taqman 5' nu cl e a s e
real-time PCR methodology (program-
m a ble therm oc ycl er, App l i ed Bi o s ys tem s ,
ABI Prism 7700 Sequ en ce Detector ) . P C R
primers were hexon forward and reverse
o l i gonu cl eo ti de (App l i ed Bi o s ys tem s ,
both custom orders) and a fluorescently
tagged hexon Taqman probe (Applied
Biosystems, custom order). Probe and
primer sequences for the hexon qPCR
a s s ay can be found in Ta ble 1. The hexon
DNA present in a sample is detected,
quantified, and converted to viral parti-
cles based on a viral DNA standard
curve in a range from 5 x 104 to 5 x 108

starting particles.

E4 qPCR assay: Cell Genesys per-
formed a qPCR assay similar to the
hexon qPCR assay. In this case, the tar-
get adenoviral gene was the E4 gene. E4
forw a rd and reverse oligonu cl eo ti de

( App l i ed Bi o s ys tem s , both custom orders )
and a flu ore s cen t ly tagged hexon Ta q m a n
probe (App l i ed Bi o s ys tem s ,c u s tom order )
were used as in the hexon qPCR assay.
Table 1 shows the probe and primer
sequences for the E4 qPCR assay.

Results and Discussion 

Total par ticle concentration derived
by orthogonal methods

The A260nm/SDS method was cho-
sen for the total particle concentration
determination because it is easy to per-
form, widely accepted, does not rely on
a purified standard, and thus can be
exec uted in any labora tory work i n g
with adenovirus. The results from 13
laboratories were used to determine the
“official” particle concentration of the
ARM as published in the product infor-
mation sheet.15 A detailed discussion of
the statistical analysis of these results
was reported by Callahan.9 The relative
standard deviations of the absorbance
readings at 260 nm varied, depending
on the testing laboratory, from 0.05 to
15%, with most of the values being
<2%. The range of the particle num-
bers was from 5.34 x 1011 to 6.73 x 1011

p/ml, with the average being 5.82 x 1011

± 3.41 x 1010 p/ml. The ARMWG-
assigned particle concentration is 5.8 x
1011 p/ml — with 95% certainty that the
true particle concentration lies within
the range of 5.6 x 1011 to 6.0 x 1011

p/ml. The range that includes three
standard deviations of the mean is 4.8 x
1011 to 6.9 x 1011 p/ml.

Canji and Berl ex perform ed the
same AE-HPLC assay, while Transgene
and BRI performed AE-HPLC assays
that were slightly different. In all cases a
standard was used whose particle con-
cen tra ti on was assign ed using the
A260nm/SDS method. The results from
Canji and Berlex were within a very nar-
row range (each laboratory n=6) and
the relative standard deviations were 1.3
and 2.2% (Table 2). The average parti-
cle concentration from both labs was
6.46 x 1011 p/ml. Although Transgene
and BRI (each laboratory n=6) did not
use the exact same AE-HPLC assay con-
ditions or standard, these two laborato-
ries produced results very similar to
those of Canji and Berlex. When all
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four laboratories’ results are examined,
the average particle concentration is still
6.46 x 1011 p/ml with a standard devia-
tion of 0.96 x 1011, or 14.9%. This value
falls within the broader three standard
deviation range for particle concentra-
tion established by the ARMWG.

The RP-HPLC assay was performed
by SPRI and Berlex (each laboratory
n=4). The results obtained with this
method (5.30 x 1011 average of both
l a bora tories) were sign i f i c a n t ly lower
than those obtained with the AE-HPLC
method, even though the same refer-
ence standard was used in both assays
( p < 0 . 0 0 0 1 , t wo - t a i l ed , u n equal va ri-
ance). The SZCE rAd standard was
found to contain roughly 6% free hexon
and the ARM contains 1.5% free hexon
(data not shown). Because the accuracy
of the RP-HPLC assay as used in this
study depends on the accuracy of the
standard assignment, the results shown
in Table 2 were adjusted for the free
hexon content, which slightly increased
the calculated concentration compared
to the original values published on the
WilBio.com website.

The Picogreen met h od and the
qPCR assays measure DNA content by

comparison to a DNA standard and
then convert those data into adenovirus
particle concentration. The results for
both methods are shown in Table 2.
The particle concentration derived by
the qPCR assays were slightly greater
than for the other methods, but were
very similar to each other, regardless of
the adenovirus gene target. The average
q P C R- derived parti cle con cen tra ti on
for the ARM based on the data from
Canji, Berlex, and Cell Genesys was 8.08
x 1011 p/ml, with a standard deviation
of 0.27 x 1011 p/ml, or 3.4%. This value
is significantly outside the broader three
standard deviation range for particle
concentration established for the ARM.

There was more variability among
P i cogreen - derived re sults for parti cl e
concentration. For the three laborato-
ries performing the Berl ex met h od ,
the particle concentration was deter-
mined as 3.56 x 1011 p/ml with a stan-
dard deviation of 0.90 x 1011 p/ml, or
25.3%. Wh en the re sults from Cobra
Th era peuti c s a re inclu ded , the mean
p a rti cle con cen tra ti on via Picogreen
was 3.44 x 1011 p/ml, with a standard
deviation of 0.15 x 1011 p/ml, or 22.5%.
The 3.44 x 1011 p/ml concentration is

outside of the broader three standard
deviation range for the ARM.

The ARMWG determined that the
precision of the A260nm/SDS method
was such that only two significant fig-
ures could be reported. When the val-
ues derived from the different methods
were expressed similarly and compared
with the assigned ARM particle concen-
tration of 5.8 x 1011 p/ml, only the two
HPLC methods resulted in values with-
in the three standard deviation range of
the assigned ARM concentration (Table
3). In fact, these methods resulted in
values within two standard deviation
ra n ge . This is not su rprising as the HPLC
assays depend upon a standard that in
each case was assigned its particle con-
centration based on the A260nm/SDS
m et h od . As long as the standard is
qu a l i f i ed against the A R M , or the
A 2 6 0n m/SDS met h od is qu a l i f i ed aga i n s t
the A R M ,t h en both HPLC assays provi de
an altern a tive means of determ i n i n g
adenovirus particle concentration.

The particle concentration derived
from the Picogreen methods was low
and out s i de the three standard devi a ti on
range. In fact, it resulted in concentra-
ti ons that were approx i m a tely 60%

Average Combined
Sub-group Average

p/ml 6.37 x 1011 6.55 x 1011 6.46 x 1011 5.29 x 1011 7.64 x 1011 6.46 x 1011

AE-HPLC SD 8.52 x 109 1.41 x 1010 NA NA 1.27 x 1010 4.60 x 109 6.93 x 109 NA NA 9.62 x 1010

%CV 1.3 2.2 2.0 0.9 0.9 14.9

p/ml 5.11 x 1011 5.49 x 1011 5.30 x 1011 5.30 x 1011

RP-HPLC SD NA 1.75 x 1010 2.23 x 1010 NA 2.69 x 1010 NA NA NA NA 2.69 x 1010

%CV 3.4 4.1 5.1 5.1

p/ml 3.78 x 1011 4.33 x 1011 2.57 x 1011 3.56 x 1011 3.08 x 1011 3.44 x 1011

Picogreen SD 4.07 x 1010 5.76 x 109 NA 3.13 x 1010 9.00 x 1010 NA NA NA 2.96 x 1010 7.73 x 1010

%CV 10.8 1.3 12.2 25.3 9.6 22.5

p/ml 8.03 x 1011 7.84 x 1011 7.94 x 1011 8.38 x 1011 8.08 x 1011

qPCR SD 1.39 x 1010 4.81 x 1010 NA NA 1.34 x 1010 NA NA 3.99 x 1010 NA 2.74 x 1010

%CV 1.7 6.1 1.7 4.8 3.4

Table 2. ARM virus particle concentration (p/ml) determined by orthogonal methods

Assay L a b o r a t o r y Canji Berlex SPRI UT TRANS BRI CG Cobra
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compared to the A260nm/SDS method.
Although it is beyond the scope of this
paper to fully explore the reasons for
this discrepancy, there are several possi-
ble causes. One contributing factor may
be that the DNA standard is lambda
DNA and not purified adenoviral DNA.
Another is that the Picogreen dye may
not completely access the adenovirus
DNA during the assay or may do so
somewhat differently compared to the
lambda DNA standard. In any case, the
resulting signal is lower than one might
expect.

Berlex scientists commented that the
Picogreen assay is performed frequently
in their process development laborato-
ries and that the concentrations are usu-
ally in good agreement with the RP-
H P LC derived con cen tra ti on s . Th e
ratio of RP-HPLC to Picogreen assay
results is usually about 1.2 ± 0.2. For
the data presented here, the ratio was
1.18 when taking only the Berlex data
into account, but was 1.54 for the data
combined from all laboratories. This
may indicate laboratory-to-laboratory
variation and suggests that an individ-
ual laboratory would be able to qualify a
Picogreen assay against the ARM or an
A R M - qu a l i f i ed internal aden ovi ru s
standard.

In the case of the qPCR methods,the
particle concentration derived in each
case was high and outside the three
standard deviation range. In the case of
either the hexon qPCR or E4 qPCR
Assays, the resulting concentration was
approximately 140% of the 5.8 x 1011

p/ml assigned concentration. Again, it
is not within the scope of this paper to
determine the reasons for this discrep-
ancy. However, given that the qPCR
method detects DNA fragments, it is

possible for the method to overestimate
intact particle concentration depending
on viral particle purity from residual
adenovirus DNA and host cell DNA.

In either the case of a Picogreen assay
or a qPCR assay, it is important to real-
ize that if the method can be adjusted
slightly, or if the method utilizes an
A R M - qu a l i f i ed standard , that the
resulting particle concentrations would
likely be within the ARM’s three stan-
dard deviation range.

Assay characteristics

The A 2 6 0n m/SDS met h od is an
absolute method (meaning it does not
requ i re a vi ral standard for calibra-
tion).13 The two HPLC methods were
calibrated against a purified adenovirus
standard. For these studies, the SZCE
rAd standard was used. This standard
was assigned its particle concentration
by the A260nm/SDS method in a man-
ner similar to the ARM. So, the HPLC
assay results should fall within a rela-
tively narrow ra n ge . The RP- H P LC
method, however, can be used with an
absolute calibration based on a highly
p u ri f i ed pro tei n , as de s c ri bed by
Lehmberg et al.4 Using a highly puri-
fied in-house, viral working standard
f rom Berl ex in the RP- H P LC assay,
which was calibrated against BSA, the
particle number derived for the ARM
was 5.15 ± 0.4 x 1011 p/ml. This is in
excellent agreement with the number
obtained with the SZCE rAd standard
reference calibration (5.30 ± 0.26 x 1011

p / m l ) , and within the two standard
deviation range.

The RP-HPLC method could overes-
timate virus concentration if free hexon
is present in the sample, or on the other

hand, might underestimate adenovirus
particle concentration if the calibration
standard contains a significant amount
of free hexon. Therefore, it is crucial to
characterize HPLC assay standards by
methods that quantify the presence of
free hexon.

An additional complication for both
HPLC methods is the possible presence
of empty capsids in the samples or in
the comparative standards. The ARM
was determined to have essentially no
detectable empty capsid concentration
as estimated from the pVIII concentra-
tion.4 The SZCE rAd standard was esti-
mated to have ~3% empty capsid (data
not shown). Empty capsids would have
a negligible effect on the A260nm/SDS
particle determination, but they would
be detected by RP-HPLC (due to hexon
content) and partially detected by AE-
HPLC (since the majority of the signal
at A260 is due to virus particle scatter).
Aga i n , ch a racteri z a ti on of s t a n d a rd s
for other impurities or viral forms is
important in establishing a particle con-
centration assay.

The A 2 6 0n m/SDS met h od heavi ly
depends on the purity of the virus sam-
ples because con t a m i n a ting nu cl ei c
acids and some formulants will con-
tribute to the reading at 260 nm, as
might potentially viral contaminants as
described by Vellekamp et al.11 Also, the
convers i on factor, as de s c ri bed by Ma i zel
et al., should be verified.13 That is, it is
possible to establish an extinction coef-
f i c i ent for a labora tory ’s own aden-
ovi rus produ ct or internal standard .
The factor of 1.1 x 1012 p/ml per one
A 2 6 0n m OD unit in 0.1% SDS was
based on three assumptions from exper-
imental data using adenovirus type 2.
The first assu m pti on was that the
molecular mass of the DNA is 2.30 x 107

Da per particle. This was determined
f rom the sed i m en t a ti on ra te of t h e
p u rified virus DNA by Green et al.16

Second,the protein constitutes 87% and
the DNA 13% of the total viral particle,
as determined by Green and Pina.17

Th i rd , t h ere is 280 µg pro tein per
A260nm in 0.5% SDS of purified virus,
as determined by Lowry.13 The first
assumption has been confirmed by the
complete DNA sequencing of the ARM.
It might be useful to experimentally

As s i gned Pa rti cle Co n cen tra tion (p/ml) 5.8 x 1011

Lower Limit Upper Limit

+1 S.D. Range 5.5 x 1011 6.1 x 1011

+2 S.D. Range 5.1 x 1011 6.5 x 1011

+3 S.D. Range 4.8 x 1011 6.9 x 1011

Ta ble 3. Assigned ARM virus part i cle concentration and standard deviation range s
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reconfirm the other two assumptions
using the ARM as well.

All particle concentration data pre-
sented here are in a range from 3.4 to 8.1
x 1011 p/ml, a difference of approxi-
mately a factor of two. It is impossible
to say which number is the most accu-
rate. Each method has its advantages
and limitations and it is crucial that the
investigator be aware of any potential
s h ortcom i n gs of the em p l oyed met h od s .
More importantly, each method should
be tied to and qualified using the ARM
so that similar units are reported.

The impact of a two-fold variation in
the stated administered particle dose is
not tolerable given the sharp relation-
ship between dose level and toxicities
seen after administration of adenovirus
via certain routes (intravenous or intra-
hepatic artery, for example) above 5 x
1 01 2 p a rti cl e s . As long as the assay report s
particle concentration using a scale that
is tied to the ARM,then the method will
provide the relative data.

This is the first time that a single
virus preparation has been tested by dif-
ferent laboratories and by an array of
ort h ogonal met h od s . These re sults cl e a rly
illustrate the importance of the ARM. It
provides a much needed tool for regula-
tory agencies and for investigators to
com p a re the con cen tra ti ons of aden ovi ru s
preparations and the resulting preclini-
cal and clinical data sets from different
studies, laboratories, or sponsors.
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