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HIGHLY-SENSITIVE GENOMIC ASSAYS EMPLOYING  CHIMERIC BACTERIOPRAGE STANDARDS
Statement of Related Application [001] The present application claims
priority under 35 USC  119(e) to USSN 60/337,930 filed 06  December 2001,
which application is herein specifically incorporated by reference in its
entirety. Background  [002] For quantifying a genomic target such as a DNA
target, an accurate and reliable standard is  absolutely necessary. In the
instance of DNA standards, most often, plasmid DNA and PCR products are
the first choice since they are easy to generate. Measuring optical density
(O.D.) of plasmid DNA or PCR  products can provide rough estimates of copy
number of a standard, by dividing by the molecular weight  of the plasmid
or PCR products. However, this method has severe defects, largely due to
the instability  of optical density instruments (spectrometers) in
quantifying plasmid and PCR products, which not only  varies from
laboratory to laboratory but also varies from person to person in the same
laboratory. In  addition, plasmid DNA and PCR products are prone to
instability, as they are found to be sensitive to  multiple rounds of
freeze-thaw and incidental DNase contamination. Summary of the Invention
[003] In its broadest aspect, the present invention is directed to methods
for sensitively quantitating at  least one pre-selected DNA sequence in a
biological sample utilizing hybridization methodology, the  method
employing as an internal standard an infectious bacteriophage particle
comprising a detectable  target DNA sequence other than that present in the
pre-selected DNA sequence or in DNA quantitated  from the biological
sample, and as an external standard, an infectious bacteriophage particle
comprising at  least the pre-selected DNA sequence. In another aspect of
the present invention, there is provided a method for quantitating at
least one pre-selected DNA sequence in a biological sample utilizing
hybridization methodology,  wherein the method employs as an internal
standard an infectious M 13 bacteriophage particle  comprising a detectable
target DNA sequence other than that present in the pre-selected DNA
sequence or in DNA quantitated from the biological sample, and as an
external standard, an  infectious M13 bacteriophage particle comprising the
pre-selected DNA sequence. (004] In the foregoing method, the pre-selected
DNA sequence may be part of a viral DNA sequence  wherein the presence and
amount of a pathogenic virus in a biological sample is desirably detected.
Human pathogenic viruses are preferred; HBV or other DNA viruses are most
preferred; however, the  pre-selected DNA sequence may be of any origin and
the sample derived from any organism suspected of harboring the
pre-selected DNA sequence. The sample may a bodily fluid such as whole
blood, urine,  plasma, serum, cerebrospinal fluid, or a biopsy sample
containing cells. The DNA detection methodology  using a hybridization
method preferably may be real-time PCR using molecular beacons or any other



forms of probes labeled by florescent dyes. The internal standard may be an
infectious bacteriophage  engineered to contain a single copy of a
detectable sequence. The external standard may be an infectious
bacteriophage engineered to contain at least a single copy of the
pre-selected DNA sequence that is  desirably detected. For the real-time
PCR with molecular beacons method, primers and molecular 1 June 2006 WO
03/050308 PCT/US02/38612  beacons designed to amplify and detect the
internal standard sequence, and those designed to amplify and  detect the
pre-selected DNA sequence in the sample and in the external standard, are
employed. The  hybridization methodology releases the DNA within the
engineered bacteriophages, herein referred to as  chimeric bacteriophages,
to release the DNA therein. f0051 A preferred but non-limiting
bacteriophage that may be used as the internal and external standards  by
preparing chimeric bacteriophage therefrom which retains infectivity and
comprises a single copy of  the detectable sequence maybe M13, but it is
not so limiting. Other bacteriophages, preferably those with  single-strand
circular DNA, may be used, but it is not so limiting, and double-stranded
DNA viruses may  be used, such as lambda. [0061 The DNA sequences used for
the internal and external standards are engineered into the  respective
bacteriophage to produce chimeric bacteriophage. Because the inserted
sequence does not  affect infectivity of the bacteriophage, an absolute
quantitation of the amount of target DNA in the  standard may be easily
assessed by an infectivity assay. 1007] The internal standard chimeric
bacteriophage contains a readily-detectable DNA sequence that is  not
present in the biological sample, such that when a known amount of the
internal standard chimeric  bacteriophage is added to the sample before
processing, the extent of recovery of the internal standard  chimeric
bacteriophage DNA can be used to assess the recovery of the pre-selected
DNA contained  therein. Preferably, the pre-selected DNA is from a viral
particle, such as a pathogenic virus, in the sample, such that during the
processing together of any viral particles in the sample and the added
chimeric bacteriophage particles, both undergo the same treatment
conditions during sample processing  and isolation of DNA, such that the
recovery of the internal standard DNA is identically reflective of that  of
any pre-selected DNA present in the original sample. Although the use of a
chimeric bacteriophage of  the invention is preferably used to detect viral
DNA in a biological sample, it is not so limiting, and it may  be used to
detect other DNAs in biological sample, such as bacterial, parasite, or
even host-derived DNA  in a sample. [0081 In a preferred embodiment, the
internal standard chimeric bacteriophage contains one copy of a  part of
the human CCRS DNA sequence. This internal standard may be used for any
assay in which  human DNA is not present in the DNA being extracted from
the sample. If human DNA may be present,  then an internal standard DNA
sequence not present in the human genome or detectable by the DNA  



hybridization methodology in a human DNA sample may be used. In a
non-limiting embodiment, the  corresponding portion of the human CCR5 gene
extending from amino acids 132 to 224 (SEQ ID NO:5)  is used. The PCR
primers may detect SEQ ID NO:6 and SEQ ID NO:7. A molecular beacon is used
which is capable of detecting the aforementioned CCR5 sequence, such as
that sequence shown in SEQ  ID NO:8. In another example, the internal
standard chimeric bacteriophage comprises a portion of the  human CD4 DNA
sequence, used with corresponding probes and molecular beacon. [0091 In a
non-limiting example of the reagents used in the practice of the invention
for quantitation of  HBV virus in a whole blood sample from a human
individual; DNA for quantitation by the method herein  is isolated from
plasma from the whole blood sample and is essentially free of human DNA.
The internal 2 1 June 2006 WO 03/050308 PCTIUS02/38612  standard is an
infectious chimeric M 13 phage engineered to contain a single copy of a
portion of the  human CCRS DNA sequence such as but not limited to that
mentioned above; and the external standard i  an infectious chimeric M13
bacteriophage engineered to contain a single copy of a portion of the HBV
DNA sequence. The quantitation of the amount of DNA in both of the
foregoing chimeric bacteriophage  standards is carried out by measuring
plaque forming units (PFU); these stable standards may be stored  frozen..
Primers and molecular beacons designed to amplify and detect the internal
standard sequence, ant  those designed to amplify and detect the
pre-selected DNA sequence in the sample and in the external  standard, are
employed in this non-limiting example, as mentioned above. [010] The
external standard comprising the same detectable pre-selected DNA sequence
as is in the  sample may be, in the instance where a virus is to be
quantitated, a portion of the genome of the virus  detectable by the same
DNA quantitation method as that of the virus in the sample. Thus, a single
copy of  the sequence, which the PCR primers and molecular beacon amplify
and recognize in the sample, may be  engineered into the bacteriophage
genome. In a non-limiting example, a bacteriophage particle such as a  M13
phage particle for use as a HBV external standard may comprise a single
copy of DNA encoding  amino acids 127 to 164 of the HBV S gene, the DNA
sequence as depicted in SEQ ID NO: I. PCR  primers and molecular beacon for
amplification and quantitation of this sequence in the external standard,
as well as in the sample, are readily preparable. In this instance, primers
are prepared which hybridize to  SEQ ID NO:2 and SEQ ID NO:3. A useful
molecular beacon to detect this sequence recognizes the  sequence depicted
in SEQ ID NO:4. [011] As mentioned above, the internal standard maybe an
infectious bacteriophage engineered to  comprise any DNA sequence that is
not the pre-selected DNA sequence and is not incidentally present in  the
sample. 10121 Engineered phage particles comprising the internal
standard'and external standard sequences  



provide a highly stable reagent facilely used in performing a highly
sensitive assay. As the viability of the  phage is unaffected by the
insertion of the sequence, an assay for phage PFU provides an accurate
quantitation of the number of DNA sequences present in the standard, and
thus the standardization of  these reagents is simple. [013] To carry out
the method of the invention, in the non-limiting example of detection of
HBV in  human whole blood, a sample of whole blood is centrifuged and a 100
microliter aliquot of plasma is  taken, a known amount of internal standard
chimeric CCRS-gene-fragment-containing bacteriophage is  added, and the DNA
extracted. Real-time PCR for HBV and the CCRS fragment is performed on the
processed sample, along with a HBV external standard using the chimeric
bacteriophage containing the  portion of the HBV sequence detected by the
same primers and molecular beacon used for the sample.  The recovery of
CCRS in the sample and the amount of HBV detected is used to calculate the
actual  amount of HBV in the original sample. [013] The invention is also
drawn to phage particles comprising the inserted internal standard sequence
ar external standard sequence, particularly wherein such insertions do not
have a deleterious effect on the  viability of the virus and thus accurate
quantitation of the number of copies of the particular DNA in a 3 1 June
2006 WO 03/050308 PCT/US02/38612  sample of the virus. Thus, the number of
PFU of a sample is equal to number of internal standard  sequences or
external standard sequences present in the phage standard. In non-limiting
examples, an  M13 phage with SEQ ID NO:1 inserted at position 6247 is
embraced herein, as is a M13 phage particle  with SEQ ID NO:5 inserted at
position 6247. These are merely exemplary of the engineered phages of  the
invention. [0141 These and other aspects of the invention will be
appreciated from the following brief descriptions  of the figures and
ensuing detailed description. Brief Description of the Figures (0151 Fig. I
depicts an example of the method of the invention for accurately
quantitating HBV  genomes in a biological sample in which an internal
standard of Phage-CCRS is added to the sample before DNA extraction and
real-time PCR for HBV, and comparison to a standard curve derived from an
external standard using Phage-HBV. [0161 Fig. 2 shows a molecular beacon
for the detection of a portion of the HBV genome (A), and a  schematic (B)
showing the hybridization of the beacons to the target sequences, resulting
in separation of  the fluorophore and quencher at the ends of the beacon
and consequent fluorescence. 10171 Fig. 3A-C shows a schematic of the PCR
amplification of DNA containing a target sequence for  the beacon (Fig.
3A), and a standard curve derived from increasing amounts of Phage-HBV
added to  



samples (Figs. 3B-C). (0181 Figs. 4A-B shows the genomic locations of the
primers and beacon used in a HBV assay of the  invention. The shaded
sequences at the 5' and 3' ends of the sequence encoding amino acids
127-164 are  the PCR primers, and the darker, centrally-located sequence
that of the recognition sequence of the  beacon. 10191 Fig. 5 shows the
locations of primers and a beacon used in the CCRS assay. The shaded
sequences at the 5' and 3' ends of the portion of the CCRS gene are the PCR
primers, and the darker,  centrally-located sequence that of the
recognition sequence of the beacon. [0201 Figs. 6A-B shows two examples of
the, sensitivity and dynamic range of a HBV assay of the  invention. 10211
Figs. 7A-F depict the stability of Phage comprising a HBV polynucleotide
after storage for 3-4  weeks at 4C (Figs. 7A-B), room temperature (Figs.
7C-D), and 37C (Figs. 7E-F). 10221 Figs. 8A-D show the concurrent
(multiplex) assays for both the HBV sequence (Figs. 8A-B) and  CCRS (Figs.
8C-D) sequence in a sample and that there is no interference between HBV
and CCRS  amplification in the same tube. Detailed Description of the
Invention [0231 Before the present methods are described, it is to be
understood that this invention is not limited  to particular methods, and
experimental conditions described, as such methods and conditions may vary.
It is also to be understood that the terminology used herein is for the
purpose of describing particular 4 1 June 2006 WO 03/050308 PCT/US02/38612
embodiments only, and is not intended to be limiting, since the scope of
the present invention will be  limited only the appended claims. [024J As
used in this specification and the appended claims, the singular forms "a",
"an", and "the" include plural references unless the context clearly
dictates otherwise. Thus for example, references to "a  method" includes
one or more methods, and/or steps of the type described herein and/or which
will  become apparent to those persons skilled in the art upon reading this
disclosure and so forth. [025J Unless defined otherwise, all technical and
scientific terms used herein have the same meaning as  commonly understood
by one of ordinary skill in the art to which this invention belongs.
Although any  methods and materials similar or equivalent to those
described herein can be used in the practice or testing  of the present
invention, the preferred methods and materials are now described. All
publications  mentioned herein are incorporated herein by reference to
describe the methods and/or materials in  connection with which the
publications are cited. [0261 The assays of the invention provide highly
accurate and sensitive means for quantitating the level  



of a preselected DNA sequence in a sample. Preferably suited for detecting
the number of viral particles  in a biological sample but not being so
limited, the assays employ standards which are viable bacteriophage
particles comprising the appropriate DNA sequence: for an internal
standard, where  recovery of input DNA is assessed and the resultant
detected level corrected thereby, utilizes  bacteriophages containing a DNA
sequence entirely foreign to the input DNA, such that the delectability  of
the internal standard is not affected by any components from the sample or
assay. The external  standard, used to generate a standard curve or
single-point calibrator, is a viable bacteriophage particle  comprising at
least the same DNA sequence that is detected in the sample, such that the
reagents for  quantitation of the pre-selected DNA in the sample are used
for the external standard. Using a  hybridization-based DNA detection
assay, the DNA in the standard bacteriophages added to the assays are
released from the bacteriophage at the first melting cycle. 1027] The
genomic assay of the invention utilizing viable phages comprising external
and internal  standard DNA sequences offers a highly accurate and sensitive
assay for several reasons. First, the phage  particles are easy to generate
(approximately 10' PFU/ul). Secondly, the phages and therefore the DNA
therein the bacteriophages are easy to quantify, by measuring PFU, which
matches with that measured by  limiting dilution PCR. Thirdly, it is easy
to maintain and transfer the phage particles because of their  resistance
to DNase treatment and temperature changes. And lastly, it is easy to be
precise because no  DNA extraction is needed: the PCR conditions release
the standards' DNAs from their bacteriophage  particle packages. In the
case of M13, the single-strand, circular form of DNA is automatically
released  into the PCR reaction mixture once heated to 95 C, during the
initial segment of template denaturation.  The engineered phage particles
of the invention are referred to herein as chimeric phages, to reflect the
presence non-phage DNA within the phage genome. 10281 As will be seen in
the examples below, the assay of the present invention tailored for the
detection  of HBV has a 6-log dynamic range, and can detect as little as 10
copies of HBV up to 10,000,000 copies.  In contrast, the Roche HBV Monitor
assay has a sensitivity of 200 copies, operates over 3 logs and thus 5 1
June 2006 WO 0 3105 03 0 8 PCT/US02/38612 can detect 200 to 200,000 copies;
Bayer's HBV bDNA assay operates over 4 logs, and is sensitive to 0.7  mEq
(x 10) and thus detects from 0.7 to 5,000 Meq (x 10). 10291 The chimeric
phage are prepared following standard recombinant DNA techniques. In brief,
target sequences are amplified by PCR and inserted into the Smal or XmaI
site by overnight ligation using  T4 ligase (Gibco). Since insertion of a
DNA fragment into the Smal or Xmal site will disrupt the alpha- peptide
sequence, the loss of beta-galactosidase activity is therefore expected
which is reflected by white  instead of blue plaques. By picking multiple
white plaques followed by a series of sequencing 



characterization, we can therefore select those M13 phages carrying the
desirable target sequences. The  sequence of the Ml3 phages is 7250 bp long
and its full sequences and restriction endonuclease information can be
found on the Internet at www.lifetech.com. The target sequences herein are
invariable  and are inserted into the Smal or Xmal site in the multiple
cloning site. 1030] In addition to the target sequences mentioned above,
one can insert any DNA sequences that are  identical to the genome sequence
to be detected into the M13 bacteriophage. To avoid the detection of
contaminated genomic DNA in the test sample, however, one can always insert
cDNA sequences into the  M13 phage from which no genomic DNA will be
amplified due to a large intron that exists between the  different exons.
Thus, in an example of this embodiment of the invention, primers and
beacons for the  human CD4 gene have been prepared in accordance with the
teachings herein. Moreover, there are many  single and double stranded DNA
bacteriophage can be used in the same format for quantitative standard.  In
the case of single-stranded DNA, M13 is undoubtedly the most convenient and
reliable choice much  knowledge about this vector and its biology is
available. As for the double stranded l acteriophage, the  lambda series
are a preferred choice for the same reasons as above. All of these
recombinant phages are  extremely easy to produce, purify and quantify by
measuring PFU. Examples  [031[ The following example is put forth so as to
provide those of ordinary skill in the art with a  complete disclosure and
description of how to make and use the methods and compositions of the
invention, and are not intended to limit the scope of what the inventors
regard as their invention. Efforts  have been made to ensure accuracy with
respect to numbers used (e.g., amounts, temperature, etc.) but  some
experimental errors and deviations should be accounted for. Unless
indicated otherwise, parts are  parts by weight, molecular weight is
average molecular weight, temperature is in degrees Centigrade, and
pressure is at or near atmospheric. 10321 M13 bacteriophage DNA standards
were made as follows: the amplicon of interest was generated  using the
appropriate primers for the assay and a Pfu polymerase to generate a blunt
ended product. The  product was purified on a 1% agarose gel and ligated
into M13mp 18 RF DNA (Gibco) according to  manufacturer's instructions. The
ligation product was used to transform DHa5F' competent cells  (Gibco).
Plaques generated from phage containing inserts were identified using
blue/white selection for  the absence of [3-galactosidase activity.
Positive plaques were screened by PCR using primers Ml3-pUC-
f(5'-CCCAGTCACGACGTTGTAAAACG-3')(SEQ IDNO:9) and M I3/pUC-b (5' 6 1 June
2006 WO 03/050308 PCT/US02/38612 AGCGGATAACAATITCACACAGG-3') (SEQ ID NO:10)
in a 30 cycle PCR (95C for 30s, 55C for  30s, 72C for I m). These are the
generic primers for Ml3 phage flanking the region of insertion. They  



can therefore be used to screen whether the phage has any insert or not.
Fragments of the correct size  were further screened by sequence analysis.
Bacteriophage was tittered and serial dilutions were made in  RNAse-free
water. Bacteriophage was put directly into the PCR reaction, as the 10
minute 95C  denaturation, step was sufficient to expose the phage DNA.
[033] An external standard curve was generated for each real-time PCR assay
using a minimum of 6  replicates ranging from 2.5 x 106 to 2.5 x 10'. As
the phage is single stranded, one particle corresponds to  0.5
double-stranded DNA copies in the real-time PCR assay. Phage standards were
stable at room  temperature and 4C, although stocks were maintained at
-20C. [034] The method of the invention is shown in Fig. I, for accurately
quantitating HBV genomes in a  biological sample in which an internal
standard of Phage-CCRS is added to the sample before DNA  extraction and
real-time PCR for HBV, and comparison to a standard curve derived from an
external  standard using Phage-HBV. Fig. 2 shows a molecular beacon for the
detection of a portion of the HBV  genome (A), and a schematic (B) showing
the hybridization of the beacons to the target sequences,  resulting in
separation of the fluorophore and quencher at the ends of the beacon and
consequent  fluorescence. Fig. 3 shows a schematic of the PCR amplification
of DNA containing a target sequence  for the beacon, and a standard curve
derived from increasing amounts of Phage-HBV added to samples.  Fig. 4
shows the genomic locations of the primers and beacon used in a HBV assay
of the invention. The  shaded sequences at the 5' and 3' ends of the
sequence encoding amino acids 127-164 are the PCR  primers, and the darker,
centrally-located sequence that of the recognition sequence of the beacon.
Fig. 5  shows the locations of primers and a beacon used in the CCR5 assay.
The shaded sequences at the 5' and  3' ends of the portion of the CCR5 gene
are the PCR primers, and the darker, centrally-located sequence  that of
the recognition sequence of the beacon. [035) Fig. 6 shows two examples of
the sensitivity and dynamic range of a HBV assay of the invention.  Fig. 7
depicts the stability of Phage comprising a HBV polynucleotide after
storage for 3-4 weeks at 4 C,  room temperature, and 37 C. Fig. 8 shows the
concurrent (multiplex) assays for both the HBV sequence  and CCRS sequence
in a sample and that there is no interference between HBV and CCRS
amplification  in the same tube. The results show that the generation of
M13 phage comprising a HBV gene, or a CCRS  gene is extremely efficient and
the titer of infectious phages is as high as 109 per microliter culture
supernatant. Further, the method of the invention achieves a very high
correlation between plaque- forming units of the infectious M 13 phage
comprising either a HBV gene or a CCR5 gene and the copies  numbers
measured by limiting dilution quantitative PCR. 7 1 June 2006 WO 03/050308
PCT/US02/38612  WHAT IS CLAIMED IS: 



1. A method for quantitating at least one pre-selected DNA sequence in a
biological sample utilizing  hybridization methodology, wherein the method
employs as an internal standard an infectious  M13 bacteriophage particle
comprising a detectable target DNA sequence other than that present  in the
pre-selected DNA sequence or in DNA quantitated from the biological sample,
and as an  external standard, an infectious M13 bacteriophage particle
comprising the pre-selected DNA  sequence. 2. The method of claim I,
wherein the hybridization methodology is real-time PCR amplification  using
molecular beacons. 3. The method of claim 1, wherein the internal standard
is an infectious M13 bacteriophage  comprising a portion of a human CCRS
gene. 4. The method of claim 3, wherein the portion of said human CCRS gene
is SEQ ID NO:5. 5. The method of claim 1, wherein the pre-selected DNA
sequence is a portion of a hepatitis B virus.  6. The method of claim 1,
wherein the external standard is an infectious M13 particle comprising a
portion of a hepatitis B virus genome. 7. The method of claim 5, wherein
the external standard is an infectious Ml3 particle comprising a  portion
of a hepatitis B virus genome. 8. The method of claim 7, wherein the
portion of the hepatitis B genome is a portion of a hepatitis B  S protein.
9. The method of claim 8, wherein the portion is SEQ ID NO: 1. 10. The
method of claim 1, wherein the sample is selected from a group consisting
of whole blood,  urine, plasma, serum, cerebrospihal fluid, or a biopsy
sample containing cells. 11. An infectious chimeric M13 bacteriophage
comprising SEQ ID NO: 1. 12. An infectious chimeric M13 bacteriophage
comprising SEQ ID NO:5. 8 1 June 2006 WO 03/050308 PCT/1J802/38612 SEQUENCE
LISTING <110> Zhang, Linqi  Ho, David A. <120> Highly Sensitive Genomic
Assays  Employing Chimeric Bacteriophage <130> 2570-1-002 <150> US
60/337,930  <151> 2001-12-06 <160> 10 



<170> FastSEQ for Windows Version 4.0 <210> 1  <211> 112  <212> DNA c213>
Bacteriophage M13 <400> 1 tcgctggatg tgtctgcggc gttttatcat cttcctctgc
atcctgctgc tatgcctcat 60  cttcttgttg gttcttctgg actatcaagg tatgttgccc
gtttgtcctc to 112 <210> 2  <211> 27  <212> DNA <213> Artificial Sequence
<220>  <223> primer <400> 2 tcgctggatg tgtctgcggc gttttat <210> 3  <211> 24
<212> DNA <213> Artificial Sequence <220>  <223> primer <400> 3 ggtatgttgc
ccgtttgtcc tcta <210> 4  <211> 29  <212> DNA <213> Artificial Sequence
<220>  <223> beacon 1/3 27 24 WO 031050308 <400> 4 



cctgctgcta tgcctcatct tcttgttgg <210> 5  <211> 239  <212> DNA <213> Homo
sapiens 1 June 2006  PCT/US02/38612 29 <400> 5 gctgtgtttg cgtctctccc
aggaatcatc tttaccagat ctcaaaaaga aggtcttcat 60  tacacctgca gctctcattt
tccatacagt cagtatcaat tctggaagaa tttccagaca 120  ttaaagatag tcatcttggg
gctggtcctg ccgctgcttg tcatggtcat ctgctactcg 180  ggaatcctaa aaactctgct
tcggtgtcga aatgagaaga agaggcacag ggctgtgag 239 <210> 6  <211> 24  <212> DNA
<213> Artificial Sequence <220>  <223> primer <400> 6 gctgtgtttg cgtctctccc
agga <210> 7  <211> 24  <212> DNA <213> Artificial Sequence <220>  <223>,
primer <400> 7 gaagaagagg cacagggctg tgag <210> 8  <211> 28  <212> DNA
<213> Homo sapiens fl<400> 8 gctggtcctg ccgctgcttg tcatggtc 



<210> 9  <211> 23  <212> DNA <213> Artificial Sequence <220>  <223> primer
<400> 9 cccagtcacg acgttgtaaa acg c210> 10 24 24 28 23 2/3 . WO 03/050308
<211> 23 <212> DNA <213> Artificial Sequence <220>  <223> primer <400> 10
agcggataac aatttcacac agg 313 


