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(57) Abréegée/Abstract:

A method of quantitating genomic DNA In a sample includes the steps of -) -) amplifying the DNA contained In the sample by a
nucleic acid amplification process by using primers that are complementary to repetitive genomic sequences, and -) detecting the
amplified DNA obtained; to obtain an exact quantitative information, -) a given amount of at least one known nucleic acid is added
prior to amplification in a manner known per se to said sample as an internal standard, the standard nucleic acid differing from the
genomic DNA to be quantitated Iin at least one detectable characteristic, and -) the amount of amplified genomic DNA and the
amount of amplified standard nucleic acid are detected, and, departing from the amount of standard nucleic acid obtained, the
amount of genomic DNA originally present in said sample Is determined.
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ABSTRACT OF THE DISCLOSURE

A method of quantitating genomic DNA in a sampie

includes the steps of

-) =) ampliffing the DNA contained in the sample by a
nucleic acid amplification process by using primers
that are complementary to repetitive genomic
sequences, and
- ) detecting the amplified DNA obtained; to obtain
an exact quantitative information,
-) a given amount of at least one known nucleic
acid is added prior to amplification in a manner

known per se to said sample as an internal

standard, the standard nucleic acid differing from
the genomic DNA to be quantitated in at least one
detthable characteristic, and

-) the amount of amplified genomic DNA and thé
amount of amplified standard nucleic acid are
detected, and, departing from the amount of
standard nucleic acid obtained, the amount of

genomic DNA originally present in said sample 1is

determined.
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The invention relates to a method of quantitating
genomic DNA 1n a sample comprising the steps of

-) amplifying the DNA contained in the sample by a

nucleic acid amplification process by using primers

that are complementary to repetitive genomic
sequences, and

- ) detecting the amplified DNA obtained.

In the medical field, the use of biotechnologically
recovered proteins poses new problems for the
pharmaceutical industry as regards quality control of
their products. New detection methods must be
established to determine impurities derived from the
cell culture. Thus, e.g., the'world Health Organization
demands that the amount of heterologous contaminating
DNA in recombinant products be below 100 pg per
administered dose, whereas according to the . _
requiremehts of the U.S. Food and Drug Administration
only 10 pg of DNA per individual dose are accepted.

Hithefto, the determination of contaminating DNA in
recombinant products has been mainly effected by
hybridizing on membranes. Per (Clin. Chem. 35 (1989),
1859) shows that as low as 5 pg of DNA can be detected,
if radioactively labelled genomic probes are used. An
inter-laboratory test, in which fourteen laboratories
participated, has, however, shown that the DNA
determination by hybridizing does not yield satisfying

reproducible results, neither within one laboratory,
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. nor when comparing several laboratdries (Robertson and
Heath, Biologicals 20 (1992), 73).

Gilliland describes a quantitative PCR method based
on a competitive PCR (PNAS 87 (1990), 2725). To .
determine DNA amounts, he uses a dilution series of the
internal standard which is amplified simultaneously
with the sample. The PCR is carried out until.
saturation. This also allows for the detection of the
PCR products by means of ethidium bromide staining.

' Subsequently, the PCR products are separated on a gel,
the number of copies of the sample is compared to the
number of copies of the standard dilution series, and
thus the concentration of the sample is estimated. This
concentration estimate will be exact if the
concentration of the Standard‘and the sample have been
amplified in a reaction vessel approximately at_a ratio
of 1:1. This, in'turn, implies that the determination
of the DNA amount will be the more precise, the more
standard dilutions are used.

A method of gquantitating RNA has also been
suggested by Wang et al. (PNAS.86 (1989), 9717). This
PCR is stopped in the exponential phase. By amplifying
variouslstandard concentrations, the authors provide a

calibration curve (external standardisation). Since in

the exponential reaction phase the number of PCR
products, or increases directly proportional to the

- number of RNA molecules present,
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this calibration curve is a straight line in which one
can finally read off the concentration of an amplified
sample. A disadvantage of this method is that the final
concentration of the PCR products is relatively low SO
that sensitive detection methods must be used for the
detection. Wang et al. use radioactively labelled
nucleotides.

Porcher et al. (BioTechnique 13 (1992), 106)
succeeded in improving the detection of small amounts
of PCR products by employing fluorescence-labelled
primers and quantitating the PCR products with an
automatic laser fluorescence DNA sequencer. '

All these methods enable the determination of small
amounts of homologous sequences, such as certain genes,
viral DNA sections or mRNA. Hitherto it has, however,
not been possible to find an exact method of -
determining contaminating heterogenous genomic DNA.

In WO 94/12669, a PCR method is suggested for the
detection of contaminating DNA, in which repetitive
sequences of the genome are amplified. With this
method, DNA amounts of from 0.1 pg to 0.01 pg are said
to be detectable. A suitable quantitation of the
chromosomal DNA is, however, not possible with this
method. There is disclosed neither the addition of a
standard prior to the amplification reaction, nor a
procedure by which the total chromosomal DNA originally

contained in the sample can be recalculated from the
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amount of the amplified DNA. It is only mentioned that
the repetitive sequences have to be present in a
concentration of at least 1% in the genome of the
organism contaminating the sample. However, in the
determination of'contaminating DNA of Hamster cells
(CHO) described in the examples, it is not stafed how
many repetitive sequences are contained in the CHO
genome. Also in the literature it was not possible to
find any data in this respect. In principle, however,
without these data, it is not possible to recalculate
exactly the content of contaminating DNA in a sample,
since for such a recalculation in any event a
quantitative relationship between the amplified DNA
piece and the entire chromosomal DNA 1s necessary.
Mention be also be made that according to
WO 94/12669 the detection of the PCR products is.
effected with the dye Hoechst 32258, which deposits in
DNA. This dye is added to the reaction products after
the PCR. Despite the fact that this analytics precludes
the use of an internal standard, this characterisation,
because of its low sensitivity, is not suitable for an
exact quantitation of DNA. Yet this was not the object
of WO 94/12669. This method of detecting DNA was only
intended to provide a yes/no answer to the qﬁestion
whether or not chromosomal DNA is contained in the
sample to be examined.

Yet an exact DNA concentration determination by
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means of PCR necessitates the addition of an internal
standard, since 1t has been shown that the efficiency of the

PCR may often differ from reaction vessel to reaction

vessel. This difference 1in efficiency may lead to
differences in the results of up to 10°. With the method
according to WO 94/12669, this source of error is completely
ignored, and thus the reproducibility of the method
according to WO 94/12669 is doubtful.

The present i1nvention thus has as 1ts object to
provide a method of quantitating chromosomal DNA which
allows for a very precise quantitative information regarding

the total amount of chromosomal DNA present in a sample.

Thus, 1n one aspect, the present invention
provides a method for quantitating total heterogeneous
gencomic DNA in a sample, said genomic DNA comprising
repetitive sequences, comprising: (a) adding to said sample
a given amount of at least one standard nucleic acid as an
internal standard, wherein said at least one standard
nuclelic acid 1s known and differs from said repetitive
sequences 1n at least one detectable characteristic, (b)
amplifying said repetitive sequences and sald at least one
standard nucleic acid with a nucleic acid amplification
process employing primers complementary to said repetitive
sequences, and (c¢) determining, as a first amount, the
amount of amplified repetitive sequences, and, as at least
one second amount, the amount of the at least one amplified
standard nucleic acid, and (d) determining from said first
amount and said at least one second amount, as a third

P

amount, the amount of total heterogeneous genomic DNA

originally contained i1n said sample.

In another aspect, the present invention provides

a bilological product substantially free of foreign

.....5....



4.

10

15

20

25

30

CA 02159043 2006-09-15

24242-5277

heterogeneous genomic DNA, said genomic DNA comprising
repetitive sequences, as determined by a method of
quantitating heterogeneous genomic DNA in a sample
comprising: (a) adding to a sample comprising the product a
given amount of at least one standard nucleic acid as an
internal standard, wherein said at least one standard
nucleic acid is known and differs from said repetitive
sequences 1n at least one detectable characteristic, (b)
amplifying said repetitive sequences and said at least one
standard nucleic acid with a nucleic acid amplification
process employing primers complementary to salid repetitive
sequences, and (c) determining, as a first amount, the
amount of amplified repetitive sequences, and, as at least
one second amount, the amount of the at least one amplified
standard nucleic acid, and (d) determining from said first
amount and said at least one second amount, as a third
amount, the amount of total heterogeneous genomic DNA
originally contained 1n said sample, wherein said biological
product 1s considered to be substantially free from foreign
heterogeneous genomic DNA i1f said third amount 1is less

than 10 to 100 pg per dose of said biological product.

In another aspect, the present invention provides

a kit for quantitating genomic nucleic acids in a sample

comprising: (a) as an 1internal standard, at least one known

nucleic acid which differs from the nucleic acids to be
quantitated in at least one detectable characteristic, (b)
fluorescence-labelled primers for binding to repetitive
genomic sequences, (¢) a positive control comprising a known
amount of genomic nucleic acid, and (d) a negative control

comprising a buffer free of nucleic acids.

In another aspect, the present invention provides
a kit for the quantitation of genomic primate DNA in a

samples, comprising: (a) as an internal standard,
- ba -
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plasmid pAlu20; (b) a pair of fluorescence-labelled primers

having sequences SEQ ID NO& 1 and SEQ ID NO: 2; (c) a

positive control compriéing a known amount of Vero cell DNA;
and (d) a negative control comprising a buffer free of

genomic nucleic acid.

In another aspect, the present invention provides
a kit for the quantitation of genomic avian DNA 1n a sample,
comprising: (a) as an internal standard, plasmids pCR1+11
and pCR1-8, (b) a pair of fluorescence-labelled primers
having sequences SEQ ID NO: 3 and SEQ ID NO: 4, (c) a
positive control comprising a known amount of avian DNA, and
(d) a negative control comﬁrising a buffer free of genomic

nucleic acid.

In another aspect, the present invention provides

a primer comprising a sequence as set forth in SEQ ID NO: 1.

In another aspect, the present invention provides

a primer comprising a sequence as set forth in SEQ ID NO: 2.

In another aspect, the present invention provides

a primer comprising a sequence as set forth in SEQ ID NO: 3.

In another aspect, the present invention provides

a primer comprising a sequence as set forth in SEQ ID NO: 4.

In another aspect, the present invention provides

plasmid pAlu-wt.

In another aspect, the present invention provides

plasmid pAlu-20.

In another aspect, the present invention provides

plasmid pCR1l-wt.

In another aspect, the present invention provides

plasmid pCR1+11.
_Sb_
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In another aspect, the present 1nvention provides

plasmid pCR1-8.

The method according to the invention and of the

initially defined type 1is characterised in that

—-) prior to amplification i1n a manner known
per se, a given amount of a known nucleic acid is added to
the sample as an internal standard, wherein the standard
nucleic acid differs from the genomic DNA to be quantitated

1in at least one detectable characteristic, and

-) the amount of amplified genomic DNA and the

amount of amplified standard nucleic acid are determined,
and, departing from the amount of standard nucleic acid
obtained, the amount of the genomic DNA originally present

in the sample is determined.

....5C_
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By this method it is made possible for the first
time to determine the content of chromosomal DNA
present in a sample via quantitation of a certain
partial amount of the chromosomal DNA (in the present

case a certain repetitive sequence).

al. (U.S. Patent Nos. 4,683;195 and 4,683,202), and
others, e.g. the polymerése chain reaction (PCR), the
reverse transcriptase-PCR (RT-PCR) of the ligase-CR
(LCR).

The standard nucleic acid must differ from.the
genomic DNA to be amplified in at least one detectable
characteristic, yet it should be capable of being
amplified by aid of the same primers. Standard nucleic
acids having'a size different from that of the genomic
DNA to be amplified or having a restriction clea&age
site differeht from that of the genomic DNA to be
amplified have proved to be convenient. Preferably, the
standard nucleic adid is a DNA, since the similarity
between standard nucleic acid and the chromosomal DNA
to be quantitated contained in the sample'should be as
high as possible. This also applies to GC content,
restriction sites, sequence etc. ?referred staﬁdards
differ from the chromosomal DNA to be amplified by 1%
to 20% of their lengths. The exact sequence of the

standard nucleic acid should, of course, be known.
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The primers used in the amplification procedure
preferably contain groups which increase the detection

limit of the emplified nucleic acids, e.g., fluorescent
or radioactive groups or chemical groups which can be
detected by means of.affine proteins and subsequent
"detection reactions (e.g., Biotin-Avidin, Digoxigenin
labelling etc.), primers containing fluorescent groups
being particularly preferred.. .

The preferred repetitive genomic sequence for the
analysis of DNA are Alu-sequences or Alu-equivalent
sequences, the primers preferably bind to a portion of
the Alu-equivalent consensus sequences, in particular
Alu—equivelent consensus sequences of mammals, in
particular of rodents and,primates.

The determination of the DNA amounts (basically, by
DNA amount the quantity of DNA is to be undersfood; a
DNA amount may, e.g., be given in the'form of a mass
(ﬁg, uwg, ng, pdg, ..,) or as a number of copies of a
certain DNA molecule) after the amplification may be
effected in the:most varying ways, in most cases,
however, a step must be provided in which the amplified
standard nucleic acid is separated from the amplified
genomic DNA to be quantitated, and the separated DNA
amounts are determined separately. Preferebly; this
separation step consists in a gel electrophoresis or in

a chromatographic method.

Detection methods which take place automatically
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and which combine the separation and quantitation step
have proved to be particularly suitable. A preferred
embodiment of the method according to the invention
thus consists in that the determination of the amounts
of amplified nucleic acids is effected by using a
nucleic acid detection device, preferably a
fluorescence-sensitive nucleic acid detection device.
Examples of such nucleic acid detection devices are
automatic DNA sequencers with laser-induced
fluorescence measuring devices (e.g. Gene Scanner®373A
of Applied Biosystems) or HPLC-devices. With these
devices it is possible to separate DNA molecules  from
each other, which differ in length merely by one base
pair (bp). '

A particular advantage of the Gene Scanner 1is that
it is possibie to differentiate between different
fluorescence dyes iﬁ one single lane. This allows for
the simultaneous brocessing of a plurality of samples
on one gel, since all lanes available on the gel may be
used for samples. Furthermore, it is possible to
analyse a plurality of PCR products, labelled with
different fluorescence dyes, in one single lane
(multiplex-PCR), and thereby to detect genomic DNA of
various origine in a sample. When simultaneously
detecting two different nucleic acids, e.g., in one

sample, furthermore expenditures and costs are nearly

cut in half. When using the method according to the
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invention in a routine operation, this is of particular
advantage. In contrast fhereto, automatic léser
fluorescence DNA sequencer used by Porcher et al. for
analysing PCR products can analyse only one
fluorescence dye (and thus only one DNA) per lane;

In a preferred embodiment of the method according
to the invéntion, the amplification step is stopped
already in the exponential phase.

Thereby the ratio of the number of copies of the
amplified standard is directly proportional to the
number of copies of the repetitive sequence.
Furthermore, by co-amplification of a single standard,
the number of copies of the repetitive sequence can be
determined. In this respect the method according to the
invention is by far superior to the frequently used
method of Gilliland et al., since, per sample, only'one
standard need be run along, whereas the method
according to Gilliland is the more precise, the more
standards are used in different dilutions in different
samples.

With the method according to the invention,
preferably contaminating genomic DNA is determined.
This determination is particﬁlarly important when
determining the contaminating DNA in vaccines or in the
quality control of recombinant products derived from
cell cultures.

The amount of genomic DNA to be quantitated
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contained in the sample is preferably determined from
the amount of amplified standard nucleic acid by means
of a calibration curve. |

So far, there have not been any references in the
literature as to how a conclusion should be drawn from
a previously determined smaller amount (number of
copies of the repetitive sequences) to a larger, tetal
amount (genomic DNA). It is merely known that the
portion of the'repetitive sequences‘in the genome is in
the range of 1-10%. So far, a lineer connection between
an amplified repetitive sequence and the total amount
of genomic DNA has not been disclosed.

Preferably, this connection is to be made by means
of a calibration curve which can be found in the
following manner:

Various known concentrations of a genomic DNA of a
species are amplified with the method according to the
invention in a competitive nucleic acid amplification
method by using an internal standard. The method.is.
stopped in the exponential phase, and the amounts of
the amplified nucleic acids are determined.

The peak area (=number of copies) yielded by the
amplified infernal standard is then directly
proportional to the peak area (=number of copies) of
the amplified repetitive sequence of the genomic DNA
utilized. To obtain the calibration curve, the.number

of copies of the repetitive sequence calculated
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therefrom are plotted against the originally utilized

amount of genomic DNA. In this respect it has
surprisingly been found that at low DNA concentrations
(0O to 60 pg/ml), this calibration curve is a straight
line. From this straight line, a factor can be

calculated which is finally used for determining the

unknown DNA amounts.

According to the method of the invention, thus the
amount of genomic DNA is calculated in pg/ml according

to the following formula:

Mgample = Asample/Astandard ¥ Nstandard X F.x D x 1/F,

wherein

Asample is the peak area of the amplified chromosomal

DNA of the sample, _
Astandard is the peak area of the amplified internal
standard,

Nstandard are the employed copies of the internal

standard,

F, is the ratio of the volume of the standard to the

extracted volume,

D is the dilution factor (if the sample has been
diluted prior to_extraction), ahd

F, is the conversion factor which indicates how many
detectable copies of the repetitive sequence are

contained per pg of genomic DNA.
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This calibration curve is characteristic of the
genomic DNA employed, the primers used and the
specially selected amplification conditions.

Further criteria in the quantitation of chromosomal
DNA are the sensitivity and the reproducibility. With
the method according to the invention, DNA amounts in
the range of 1 pg to 100 pg can be determined very
precisely and reproducibly. Yet by this, the
sensitivity limit of the method has not been reached by
any means. '

The method according to the invention is
particularly suitable for the checking and the quality
control of biotechnologically produced proteins, there
being no restriction as to the production method of
these protéins. For example, recombinant proteins,
transgenic proteins or proteins recovered by means of
hybridoma technology can be assayed for their content
of chromosomal DNA with the method according to the
invention. Multiplex analysis enables the assaying of
monoclonal antibodies grown in hybridoma cell lines for
contaminating DNA of the origin species in a simple and
efficient manner.

Particularly in the case of vaccines or recombinant
proteins, quality control is faded with background
problems. Thus, when determining contaminating
chromosomal DNA in primate cell cultures,lalSO the

impurities caused by handling during the production or
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processing of the products can be covered by the method
according to the invention, if the primers employed are
specific for all Alu-sequences of primates. If,
however, the production of recombinant proteins 1is
effected in cell cultures of non-primates, such as,
e.g., CHO (Chinese hamster ovary cells), BHK (Baby
hamster kidney cells), or CEC (chick embryo cells), the
detection limit with the method of the invention is far
lower, since the problem of impurities caused by
handling of the sample is excluded. The quantitation
methodics according to the invention 1is particulafly
preferabiy employed with genomic DNA of CHO-, Vero-
(monkey cell line), BHK-, SK-Hepl- (human liver cell
line), hybridoma cells or CEC cells, since theSe cell
cultures are the most commonly used in the production
of vaccines, recombinant proteins or monoclonal _
antibodies.

The reproducibility-of the method adcording to the
‘invention amounts to at least 95%. To obtain this, care
must be taken that the efficiency of the amplification
reaction for the standard and the sample is equal. The
efficiency of the amplification reaction is primarily
of importance if it is stopped in the exponential
phase.

A further aspect of the present invention thus

relates to the use of the method according to the

invention for the checking and the quality control of
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biological preparations, in particular of
biotechnologically produced preparations, since with
these the danger of contamination with DNA is
particulerly high. Advantageously, the method of the
invention is utilized in the checking and‘the quality
control of HIV surface antigen gpl60, recombinent blood
factors, plasma proteins and vaccines (e.g. vaccines
against herpes, influenza and tick-borne encephalitis
(TBE) wviruses).

On account of the high sensitivity and the
particularly low detection limit of the method
according to the invention, new quelity criteria can be
determined fof biological products which are defined by
an extremely low or absent content of contaminating
nucleic acids.

According to a further aspect, the present _ _
invention thus relates to biological, 1in partieular

biotechnological, products which have a content of

chromosomal DNA lying at least below the allowed limits

of 10 or 100 pg per dose, measured with the present

method, and thus may be deemed substantially free from
foreign DNA.\

Among the preferred products are viral proteins,
such as gpl60, recombinant blood factors, plasma
proteins, as well as vaccines, particularly against
herpes, influenza, hepatitis or TBE viruses.

The efficiency of the PCR is, e.g., influenced by
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the binding of the primers to standard and sample
nucleic acids. For this reason, preferably the same
primers are used fer standard and sample, and these
primers should possibly be 100% homologous to the

primer binding sites of standard and genomic DNA to be

‘amplified. For the synthetic standard, this 1is no

problem, yet for the genomic sequences to be amplified
this is a problem indeed. Repetitive sequences are not
necessarily homologous by 100%, frequently they have
different sequences. When selecting the primers, thus
care must be taken that the most thoroughly conserved
nucleotide sequence is used. The less homologous the
primer to the genomic repetitive sequence, the poorer
the binding of the primer, and the poorer also the
efficiency of the PCR. In the method according to the
invention the primers are chosen by alignment of .
conserved DNA sections within the repetitive sequences
in gene data libraries.

Therefore, according to a further aspect the
present invention relates to primers used in the

present method, i.e.

Alu A2/2:GCCGGGCGTAGTGGCGGGCGCCTGTAGT bp 149-176
Seq.1D 1
Alu B: GAGACAGAGTCTCGCTCTGTCGCCCAGG bp 294-267
Seq.ID 2

(numbering according to Batzer et al. (Nucl. Acid Res.
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18 (1990) 6793)

CR1 : ATGAGGCACTGGAACAGGTTGCCC bp 260-283
Seq.I1D 3
CR1A CAGGGCCACATCCAGCCTGG  bp 345-326
Seq.ID 4

numbering according to Stumph et al. (PNAS 81 (1984)

6667-6671)

and to plasmids for the production of the standards,

i.e.

pAlu-wt (consisting of the known pCRII-plasmid and an
insert in the multiple cloning site, which insert
contains the base pairs (bp) 148 to 294 of the Alu-

repeat-specific sequence from Batzer et al.)

pPAlu20 (derived from pAlu-wt with a deletion of 20 bp
at bp 178 of the Alu-repeat-specific sequence from

Batzer et al.)

pCR1-wt (consisting of the known pCRII-plasmid (of
InVitrogen) and an insert at the EcoRI site of the
pCRII-plasmid, which insert contains the bp 260 to 345

of the CR1l sequence from Stumph et al. (1984)

pCR1+11 (derived from the plasmid pCRl-wt, by making an

insertion of 11 nucleotides at the bp 300 site).

- 16 -
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pCR1-8 (derived from the plasmid pCRl-wt, by making a
deletion of 8‘nucleotides at position 302 (according to

Stumph et al.).

The efficiency of the amplification reaction also
depends on the type of the DNA molecule to be

amplified. For the method of the invention, it has

- proved to be advantageous to add the internal standard

in the linearised form prior to amplification. Thereby,
further differences in the efficiency of the reaction
are compensated, which go back to the different forms
of the DNA to be amplified.

According to a further aspect, the present
invention also relates to a kit for quantitating
genomic nucleic acids in a sample comprisiﬁg -
- at least one known nucleic acid as internal standard
differing from the nucleic acids to be Quantitated in
at least one detectable characteristic,

- fluorscence labelled primers binding to the $tandard

nucleic acid and the nucleic acid to be quantitated,

- positive controls comprising known amounts of'genomic
nucleic acid,

- a negative control comprising buffer free of nucleic

acids and

- a manual.

Preferred embodiments of the kit according to the
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preSent invention are as follows:

1. A kit for the quantitation of genomic primate
DNA in a sample comprising
- as internal standard plasmid pAlu20
- fluorescence labelled primers Alu A2/2 and AluB
- positive controls comprising known amounts of Vero
cell DNA
- a negative control comprising a buffer free of
genomic nucleic acid and
- a manual. .

2. A kit for the quantitation of genomic avian DNA
in a sample comprising
- as internal standard plasmids pCR1+15 and pCR1-8
- fluorescence labelled primers CRl and CR1A
- positive controls comprising known amounts of aﬁian
DNA | o
- a negative control comprising'a buffer free of
genomic nucleic acid and
- a manual.

The invention will be explainedgin moré detail by
way of the following examples and the assqciated
drawing figures, to which, however, 1t shéll not be
limited. In particular, the drawings show that the
method of the invention is excellently suited for a
routine, quick, vet precise and reproducible

quantitation of chromosomal DNA in the most varying

samples.
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Fig. 1 shows the calibration straight line for
chromosomal monkey DNA, wherein the amount of genomic
DNA in pg/ml was plotted against the number of the
cbpies found per ml; ‘ | - !

Fig. 2 shows the results of quantitation of
chromosomal monkey-DNA; and

Fig. 3 shows the results of the quantitation of

chromosomal chicken-DNA:

Fig. 4 is the sequence protocol.

Examples

l. General working instructions:

l.1 Principle of the method

Nucleic acids of the most varying origin are
amplified by means of PCR by using primers containing
fluorescent groups (Saiki et al., Science 239 (1985)
487-491). The analysis and the quantitation of the
amplified PCR products thaiﬁed were effected by aid of
an automatic DNA sequencer having a laser-induced
fluorescence measuring means (373A Gene-Scanner® of
‘Applied Biosystems). This instrument is capable of
separating according to size the fluorescence-labelled
PCR products by means of a gel electrophoresis in a
polyacryl amide gel under denaturing conditions and to

determine their amount quantitatively. The number of
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copies of certain sequencea in the'sample is determined
on the basis of the intensities obtained of PCR
products of chromosomal DNA and internal standard. By
using a given ratio between the number of amplified
repetitive chromosomal sequences per standard mass of
DNA (cf. "Providing the calibration straight line"), it
is possible to draw a direct conclusion to the entire
chromosomal DNA present in the sample.

1.2. Extraction of the nucleic-acids

To 500 pl of a sample 5 pl of 1M TRIS/HCl pH 8.0
and 10 pl of proteinase K (Boehringer Mannheim, 20
mg/ml) are added, as well as 20 ul of a 205 SDS. A
certain amount of standard nucleic acid and 1 ug
herring sperm DNA is added and the sample is incubated
for 1 hour at 56°C. The sample is successively
extracted with phenole and chloroform, and 10 ul of
glycogen (Boehringer Mannheim, 20 mg/ml) are added.
Subsequently, DNA is precipitated with ethanol,
centrifuged, the pellat is washed and finally re-
dissolved in water.

1.3. PCR

In a known manner, the PCR set-up contains an
aliqdot of the extracted nucleic acid, PCR buffer
(Boehringer Mannheim), MgCl,, dNTPs, primer, Tag-DNA-
polymerase (Boehringer Mannheim, 5.0 U/nl) and_watef.
The PCR is carried out according to the instructions of

the producer of buffer and enzyme and according to
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common working instructions (Mullis et al., Methods in
Enzymology 155 (1987), 335) in a PCR apparatus (GeneAmp
System 9600 of Perkin-Elmer).

1.4. Analysis of the products

For determining and quantitating the PCR products,
0,5 to 1.0 pul are taken from the PCR solution and '
analysed according to the producer's instructions in a
373A instrument of Applied Biosystems and the special
gene scan software. .

2.1. Example 1: Quantitating genomic monkey-DNA

In this quantitation, primers are used which bind
in a highly conserved region in the so-called "Alu
repeat” sequences and amplify a 146 bp fragment

(Jelinek et al., Ann. Rev. Biochem. 51 (1982) 813-844),

i.e.

Alu A2/2: GCCGGGCGTAGTGGCGGGCGCCTGTAGT bp 149-176
Seq.ID 1

Alu B: GAGACAGAGTCTCGCTCTGTCGCCCAGG bp 294-267
Seq.ID 2

(numbering according to Batzer et al.). The primers
have been produced on a DNA synthesizer (Applied
Biosystems 394 DNA Synthesizer) by using the
phosphoamidite chemistry.

The standard plasmid pAluZO is derived from the
plasmid pAlu-wt, which consists of the known PCRII

plasmid (of InVitrogen) and an insert at the multiple

-~ 21 -
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cloning site of the pCRII plasmid, which insert
contains the bp 148 to 294 of the Alu-repeat-specific
sequence from Batzer et al.

In pAluZO, the bp 178 to 197 were deleted. The
plasmid was purified (QIAGEN method), the
concentration was determined by spectroscopical
measurement at 260 nm, it was cleaved with EcoRI and
diluted in a 10 mM TRIS/HCl pH 8/0.1 mM EDTA buffer
(Sambrook et al., Molecular Cloning, Second Edition,
Cold Spring Harbor Lab Press, Cold Spring Harbor
(1989)).

The lengths of the"PCR products of standafd and
wild-type DNA thus aré 126 and 146 bp.

2.1: Providing the calibration curve with monkey.
"DNA

To determine the number of Alu-copies per pg .of
genomic monkey DNA, 3 calibration runs were each
carried out (blank, 2 pg, 5 pg, 10 pg, 20 pg, 40 pg,

60 pg, 100 pg DNA/ml). All the data obtained (6 PCR per
concentration stage) are summarized in Table 1, and the

regression straight line is illustrated in Fig. 1.
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CF

21599,4238
18983,3919
19900,3524
25246,6524

14769,225.

44883.8779
52631,2571
51109,44]8
32068,2966
44586,7743
97555,2485
101015,717
86335.9144
774874372
108834.009
199305.642
203203,788
197098.228
151754.131
363341,143

402578 .42
433036,566

35142048
366132,983
594815,223
505612.823
424808.212
499678.254

RG ',

4533,92396
213974,0922
21974,0922
21974, 0922
21874,0922
21974,0922

' 48134.3354

48134,3354
48134,3354
48134,3354

48134,3354

91734,7409
91734,7409
91734,7409
91734,7409
178935,552

178935,552 .

178935,552
178935552
178935,552
353337,174
353337,174
353337,174
353337,174
353337,174

-527738,796

527738,796
527738,796
527738,796

2159043

SD

VC3 |

200938,8091 382230746 19,0166357

45055,8297

90598,5793

172038,16

383303,318

006228.628

8108,004 17,9954205

107546015 11,8706073

41076,2263

33743.5526

23,876091.

8,8033552

©2570,4812 13,7428975

DNA: DNA in pg/ml TABLE 1

CF: copies found
RG: regression
mean value
standard deviation

VC: wvariation coefficient
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Calculation of the data was effected by means of the

following relationships:

Areagample * Ar€apalu-20 = X

X- (Areaplank) : Areappalu-20) = Y (corrected area
ratio)

v multiplied by 100 000 = number of copies in 500 ul

sample = z (500 pul were extracted, 100 000 copies of

tﬁe standard plasmid were added) .

z multiplied by 2 = number of copies per ml

After having calculated the regression straight line (y

= 4533.9 + 8720.1 x) there resulted an average value of
9200 copies per pg of genomic monkey DNA.

2.2. OQuantitation of chromosomal monkey DNA (vero
cells)

Pre-stages of wvaccine batches produced according to
Barrett et al. (AIDS Research and Human Retroviruses 5
(1989), 159-171) were assayed by means of DNA
extraction and quantitative PCR with the help of'the
primers Alu A2/2 and AluB and an internal standard
(pAlu20) which is recognized by the same primers, yet
yields a differently sized PCR product. The results of
the assays are illustrated in Table 2 and Figs. 2-A toO
2-1I.

Table 2 lists the type, extent and measured values

- 24 -
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of the measured samples. In column 1, the number of
copies of the standard plasmid pAlu20 is given; column
2 gives the dilution stage of the sample, wherein 1 is
an undiluted sample; column 3 gives the extracted
volume of the sample; columns 4 and 5 give the type of
sample (batch number of the gpl60 preparation; buffer
and dilution Qf the standard); column 6 gives the
measured values in pg of Vero total DNA per ml of
sample, and column 7 gives the mean values of fhese
measurements; column 8 gives the number of the lane in
which the sample has been analysed (cf. also Fig. 2);
columns 9 and 10 give the‘areas of the measured
standard peaks and of the peak of chromosomal DNA to be

measured. The first line is a control line.
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Fig. 2 illustrates the graphic evaluation of the
quantitative determination of the PCR products. The
intensities of the fluorescence signals of the PCR
products (and by-products) are illustrated in the
various lanes. The products can be identified by way of
their defined size (in bp). The standard pAlu20 (S)
appears at 126 bp,'the wild-type peak (P) at 146 bp.
Peak areas and calculatibn of the DNA amount are given
in Table 2.

3.1. Quantitation of chromosomal chicken DNA

The idea of this 6ptimizing of primers and PCR
conditions is the precise and specific measurement in
the concentration range 1 pg - 100 pg of chicken DNA
per ml sample. To obtain the desired specificity.and a
sensitivity of the measurement in the pg region, the
sequence of a repetitive DNA family was chosen as
target sequence for the PCR. These DNA families are not
only species-specific to a great extent, but also occur
in a great number of copies in the genome and thus meet
the criteria for a determination of small amounts of
specific DNA. In the family of aves (birds), the CR1l-
repetitive DNA family has been described which is said
to be present in 7000 to 20000 copies per genomé
(Stumpf et al., Nucleic Acids Res. 9 (1981) 5383-5397).
A comparison between various members of this family
shows a highly conserved region at the site 261 to 391

(according to the numbering of Stumpf et al. 1984). The
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primer pair for determining the chicken DNA was chosen
by alignment of the repetitive seqguences such that it
binds specifically within this conserved seguence and

amplifies a DNA fragment having a length of 846 bp,

i.e.
CR1: ATGAGGCACTGGAACAGGTTGCCC bp 260-283 Seqg.ID 3
CR1lA CAGGGCCACATCCAGCCTGG bp 345-326 Seqg.ID 4

(numbering according to Stumph et al. (1984)). The
primers were produced on a DNA synthesizer (Applied
Biosystems 394 DNA Synthesizer) by using the
phosphoamidite chemistry..

Standard plasmids pCR1+11 and'pCRl-B were obtained
by inserting inbetween the Ncol and éacI sites of the
.pBluescripE*vector, synthetic oligbnucleotides
containing CR1 derived sequence from position 260 to

345 (according to Stumph et al.). For pCR1l+11, the CR1

sequence contains an insertion of 11 nucleotides and
for the standard plasmid pCR1-8 a deletion of é
nucleotides at position 302 (according to Stuﬁph et
al.). Therefore, the PCR products derived from these
standard plasmids are 95 bp and 76 bp in length. The
plasmid was purified (QIAGEN-method), the
concentration was determined by spectroscopic
measurement at 260 nm, it was cleaved with EcoRI and
diluted ih a 10 mM TRIS/HC1l pH 8/0.1 mM EDTA buffer

(Sambrook et al., Molecular Cloning, Second Edition,
*Trade-mark

= 28 -
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Cold Spring Harbor Lab Press, Cold Spring Harbor
(1989)).

The calibration straight line was provided
analogous to 2.1. In the experiment, 200, 40, 20, 10, 4
and 2 pg of genomic DNA were extracted from chicken
cells (CEF-cells) and subjected to PCR with the
fluorescence-labelled primers CR1l and CR1lA. As the
specificity control, 100 pg of mouse and human
chromosomal DNA were also subjected to PCR. 10 nl of
water served as negative control.

The results of the assays are illuStrated in Table
3 and in Figs. 3-A to 3%D.

Table 3 gives the type, extent and measure@ values
of the measured samples. In column 1 the number of the
measurement (corresponds to one lane number in Fig. 3)
is given; column 2 gives the utilized amount of genomic
DNA of CEF cells; column 3 gives the area of the

measured peaks.
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e ——

———— e e e p—

w;

il bl S

1 [CEF200pgimi _

CEF 200 pg/ml | 77128

2
.3 CEF 40 pg/ml - 36856
4 |CEF 40 pg/m! S 29229 1

5 CEF20 pg/mi 22035

CEF20 pg/mi _ 18008

13638 -

Cerfopgm | isa
Cerapgm | zose

7 —

"~ 11  |CEF 2 pg/ml - 3471
12 |CEF 2 pg/mi - 2907

13 H20 - 0
14 |[H20 - 0

16 - |Human DNA 100 pg/ml I 0o

17 .mguse,mDNA 100 pg/m | 0

| | | ;
TABLE 3

In Fig. 3, the graphic evaluation of the *
determination of the PCR products is depicted..The'-
intensities of the fluorescence signals of the PCR
products.(and by-products) are illustrated in the
various lanes. The broducts can be identified by way of
fheir definéd size (in bp). The wild-type peak occurs
at 86 bp, the peak areas are illustrated in Table 3.

In all the lanes in which chicken DNA was used, a
defined peak occurred at 84 bp. In contrast thereto, no
significant amount of 84 bp-specific product was |

detected, even if large amounts of human or mouse DNA-

respectively, were used. On the basis of these results,
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the detection limit of chromosomal chicken DNA can be
determined to be less than 2 pg/ml in the method
according to the invention.

3.2. Quantitation of chicken DNA

Dilutions of chicken DNA of 25, 10, 5, 2.5 and 1
pg/ml and water were extracted and submitted to PCR.
Table 4 gives the number of standard plasmid pCR%ll and
plasmid pCR1-8 added (columns 1 and 2), the dilution
(column 3), volume (column 4), sample description
(column 5), comment (column 6), the number of CR1
sequences in the sample calculated with the -standard
(column 7) or with the +standard (column 8), the mean
value in pg of chicken DNA (column 9), the lane in
which the sample has been analysed (column 10), and the
.peak areas of the -standard (column 11), the wild-type
(column 12), and the +standard (column 13). The graphic
evaluation of the determination of the PCR products is
depicted in Fig. 3-E. The PCR.products can be
identified bthheir size. The wild-type peak occurs at
84 bp, the minus-standard'peak at 76 bp and the plus-

standard at 95 bp, the peak areas of the fluorescence

signals are given in Table 4.
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Table 4
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1

CLAIMS:

1. A method for quantitating total heterogeneous
genomlic DNA 1n a sample, said genomic DNA comprising

repetitive sequences, comprising:

F

(a) adding to said sample a given amount of at least one

standard nucleic acid as an internal standard, wherein said

at least one standard nucleic acid is known and differs from
sald repetitive sequences in at least one detectable

characteristic,

(b) amplifying said repetitive sequences and said at least

one standard nucleilc acid with a nucleic acid amplification
process employing primers complementary to said repetitive

seqguences, and

(c) determining, as a first amount, the amount of amplified

repetitive sequences, and, as at least one second amount,

fr—

the amount of the at least one amplified standard nucleic

aLCid’ and

(d) determining from said first amount and said at least one
second amount, as a third amount, the amount of total
heterogeneous genomic DNA originally contained in said

sample.

2 . The method according to claim 1, wherein said

primers contain a detectable group selected from the group

consisting of fluorescent groups, radicactive groups and

chemical groups detectable by affinity proteins and

subsequent detection reactions.

3. The method according to claim 1, wherein said

primers contain a fluorescent group.
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F

4, The method according to any one of claims 1 to 3,

wherein said primers bind to repetitive Alu sequences or to

repetitive Alu-like sequences.

5. The method according to any one of claims 1 to 3,

P

wherein said primers are complementary to a part of an Alu-

egqulivalent consensus sequence.

0. The method according to claim 5, wherein said

primers are complementary to a vertebrate Alu-equivalent

F
p—

consensus sequence selected from the group consisting o:

—

rodent and primate consensus seguences.

pr—

7. The method according to any one of claims 1 to 6,

wherein salid genomlc DNA to be guantitated is a

contaminating genomic DNA.

3 . The method according to claim 7, wherein said

genomic DNA to be quantified is a genomic DNA is from a cell

F

selected from the group of cells consisting of Chinese

hamster ovary (CHO) cells, Vero cells, baby hamster kidney

(BHK) cells, SK-Hep 1 human liver cells, hybridoma cells and

chick embryo cells (CEC).

o

9. The method according to any one of claims 1 to 8,

wherein said sample comprises a biological product selected

from the group consisting of viral proteins, recombinant
blood factors, plasma proteins, vaccines and monoclonal

antibodies.

P

10. The method according to any one of claims 1 to 9,

wherein said at least one standard nucleic acid is plasmid

pAlu20 and whereiln said primers are fluorescence-labelled

SEQ ID NO: 1 and fluorescence-labelled SEQ ID NO: 2.

P

11. The method according to any one of claims 1 to 9,

wherein sald at least one standard nucleic acid is plasmids
- 34 -
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pCR1+11 and pCR1-8 and wherein saild primers are

fluorescence-labelled SEQ ID NO: 3 and fluorescence-labelled

SEQ ID NO: 4.

P

12. The method according to any one of claims 1 to 11,

5 wherelin said amplifying step (6) 1s allowed to reach the

exponentilial phase before said first or second amounts are

determined.

P

13. The method according to any one of claims 1 to 12,

wherein sald at least one second amount 1s determined by

10 uslng a nucleic acid detection device.

14. The method according to claim 13, wherein said

nucleic acid detection device 1s a fluorescence-sensitive

nuclelc acid detection device.

P

15. The method according to any one of claims 1 to 14,

15 wherein the amount of total heterogeneous genomic DNA
origlnally contalined 1n sald sample 1s determined by
comparing said first amount to said at least one second
amount using a conversion factor, wherein said conversion

F

factor reflects the number of detectable copies of said

20 repetitive sequences per pg of said genomic DNA.

16. A kit for guantitating genomic nucleic acids 1n a

sample comprising:

(a) as an 1nternal standard, at least one known nucleic acid

which differs from the nucleic acids to be gquantitated in at

25 least one detectable characteristic,

(b) fluorescence-labelled primers for binding to repetitive

genomic sequences,

(c) a positive control comprising a known amount of genomic

nucleic acid, and
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il

F

(d) a negative control comprising a buffer free of nucleic

aclds.

ﬁ

17. A kit for the quantitation of genomic primate DNA

in a sample, comprising:

5 (a) as an 1nternal standard, plasmid pAluZl(;

g—
P

(b) a pair of fluorescence-labelled primers having sequences

SEQ ID NO: 1 and SEQ ID NO: 2;

(c) a positive control comprising a known amount of Vero

cell DNA; and

10  (d) a negative control comprising a buffer free of genomic

nucleic acid.

18. A kit tor Lhe gquantitalion of genomic avian DNA in

a sample, comprising:
(a) as an internal standard, plasmids pCR1+11 and pCR1-8,

=
-

15 (b) a pair of fluorescence-labelled primers having sequences

SEQ ID NO: 3 and SEQ ID NO: 4,

1

(c) a positive control comprising a known amount of avian

DNA, and

-

(d) a negative control comprising a buffer free of genomic

20 nucleic acid.

9. A primer comprisling a sequence as set forth in

1
SEQ ID NO: 1.

20. A primer comprising a sequence as set forth in

SEQ ID NO: 2.

25 21. A primer comprising a sequence as set forth in

SEQ ID NO: 3.
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22 . A primer comprising a sequence as set forth in

SEQ ID NO: 4.

23. Plasmid pAlu-wt.
24 . Plasmid pAlu-20.
295. Plasmid pCR1-wt.
20. Plasmid pCR1+11.
27 . Plasmid pCR1-8.

FETHERSTONHAUGH & CO.
OTTAWA, CANADA

PATENT AGENTS
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SEQUENCE LISTING

i

N—

(1) GENERAL INFORMATION:

(1) APPLICANT:

(A) NAME: Thomas Haemmerle

(B) STREET: Hauptstrasse 46

(C) CITY: Orth/Donau

(D) STATE: Austria

(E) COUNTRY: Austria

(F) POSTAL CODE (ZIP): 2304

(A) NAME: Falko-Guenther Falkner
(B) STREET: Neusiedlzeile 76A
(C) CITY: Orth/Donau |

(D) STATE: Austria

(E) COUNTRY: Austria

(F) POSTAL CODE (ZIP): 2304

(A) NAME: Johann Kohl

(B) STREET: Schuhmeierplatz 3/8
(C) CITY: Wien

(D) STATE: Austria

(E) COUNTRY: Austria

(F} POSTAL CODE (ZIP): 1160

(A) NAME: Michele Himmelspach
(B) STREET: Laxenburgerstrasse 59/13
(C) CITY: Wien

(D) STATE: Austria

(E) COUNTRY: Austria

(F) POSTAL CODE (ZIP): 1100

(A) NAME: Friedrich Dorner

(B) STREET: Peterlinigasse 17
(C) CITY: Wien

(D) STATE: Austria

(E) COUNTRY: Austria

(F) POSTAL CODE (ZIP): 1238

(ii) TITLE OF INVENTION: Method of quantitation of genomic DNA

(ii11) NUMBER OF SEQUENCES: 4

(1v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS

2193043

(D) SOFTWARE: PatentIn Release #1.0, Version #1.30 (EPO)

(2} INFORMATION FOR SEQ ID NO: 1i:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 28 base pairs
(BY TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1:

GCCGGGCGTA GTGGCGGGCG CCTGTAGT

Fig.4-A
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(., INFORMATION FOR SEQ ID NO: 2:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 28 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(11) MOLECULE TYPE: DNA (genomic)

(x1) SEQUENCE DESCRIPTION: SEQ ID NO

GAGACAGAGT CTCGCTCTGT CGCCCAGG

(2) INFORMATION FOR SEQ ID NO: 3:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(i1i) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO

ATGAGGCACT GGAACAGGTT GCCC

(2) INFORMATION FOR SEQ ID NO: 4:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(11i) MOLECULE TYPE: DNA (genomlc)

13148159043

s 2

- 3

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4:

CAGGGCCACA TCCAGCCTGG

Fig.4-B
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