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PCR Hot Start by Magnesium sequestration

Technical field
The present invention relates to the technical field of amplification of nucleic acids by

means of performing the polymerase chain reaction process (PCR). More precisely, the
present invention provides a new hot start alternative for performing PCR, which

prevents unspecific priming events and the generation of false amplification products.

Prior Art Background
A major problem with nucleic acid amplification and more especially with PCR is the

generation of unspecific amplification products. In many cases, this is due to an
unspecific oligonucleotide priming and subsequent primer extension event prior to the
actual thermocycling procedure itself, since thermostable DNA polymerases are also
moderately active at ambient temperature. For example, amplification products due to
eventually by chance occurring primer dimerisation and subsequent extension are
observed frequently. In order to overcome this problem, it is well known in the art to
perform a so called “hot start” PCR, wherein one component essential for the
amplification reaction is either separated from the reaction mixture or kept in an
inactive state until the temperature of the reaction mixture is being raised for the first
time. Since the polymerase cannot function under these conditions, there is no primer
elongation during the period when the primers can bind none specifically. In order to

achieve this effect, several methods have been applied:
a) Physical separation of the DNA polymerase

The physical separation can be obtained for example by a barrier of solid wax, which
separates the compartment containing the DNA polymerase from the compartment
containing the bulk of the other reagents. During the first heating step the wax 1s then
melting automatically and the fluid compartments are mixed (Chou, Q., et al., Nucleic
Acids Res 20 (1992) 1717-23, US 5,411,876). Alternatively, the DNA polymerase 1is
affinity immobilized on a solid support prior to the amplification reaction and only
released into the reaction mixture by a heat mediated release (Nilsson, J., et al.,

Biotechniques 22 (1997) 744-51). Both methods, however are time consuming and

inconvenient to perform.
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b) Chemical modification of DNA polymerase

For this type of hot start PCR, the DNA polymerase is reversibly inactivated as a result
of a chemical modification. More precisely, heat labile blocking groups are introduced
into the Tag DNA polymerase which renders the enzyme inactive at room temperature
(US 5,773,258). These blocking groups are removed at high temperature during a pre-
PCR step such that the enzyme is becoming activated. Such a heat labile modification,
for example can be obtained by coupling Citraconic Anhydride or Aconitric Anhydride
to the Lysine residues of the enzyme (US 5,677,152). Enzymes carrying such
modifications are meanwhile commercially availabile as Amplitaq*Gold (Moretti, T., et
al., Biotechniques 25 (1998) 716-22) or FastStart DNA polymerase (Roche Molecular
Biochemicals). However, the introduction of blocking groups is a chemical reaction
which arbitrarily occurs on all sterically available Lysine residues of the enzyme.
Therefore, the reproducibility and quality of chemically modified enzyme preparations

may vary and can hardly be controlled.
c) Recombinant modification of DNA polymerase

Cold sensitive mutants of Taq Polymerase have been prepared by means of genetic
engineering. These mutants differ from the wildtype enzyme in that they lack the N-
terminus (US 6,241,557). In contrast to native or wild type recombinant Taq
Polymerase, these mutants are completely inactive below 35° C und thus may be used
in some cases for performing a hot start PCR. However, the N-terminal truncated cold

sensitive mutant form requires low salt buffer conditions, has a lower processivity as

compared to the wild type enzyme and thus can only be used for the amplification of
short target nucleic acids. Moreover, since the truncated form lacks 5’-3" exonuclease

activity, it can not be used for real time PCR experiments based on the TagMan'

detection format.
d) DNA polymerase inhibition by nucleic acid additives

Extension of non-specifically annealed primers has been shown to be inhibited by the
addition of short double stranded DNA fragments (Kainz, P., et al., Biotechniques 28
(2000) 278-82). In this case, prifner extension is inhibited at temperatures below the
melting point of the short double stranded DNA fragment, but independent from the
sequence of the competitor DNA itself. However, it is not known, to which extent the

*Trade-mark
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excess of competitor DNA influences the yield of the nucleic acid amplification

reaction.

Alternatively, oligonucleotide Aptamers with a specific sequence resulting in a defined
secondary structure may be used. Such Aptamers have been selected using the SELEX
Technology for a very high affinity to the DNA polymerase (US 5,693,502, Lin, Y., and
Jayasena, S. D., ] Mol Biol 271 (1997) 100-11). The presence of such Aptamers within
the amplification mixture prior to the actual thermocycling process itself again results
in a high affinity binding to the DNA polymerase and consequently a heat labile
inhibition of its activity (US 6,020,130). Due to the selection process, however, all so
far available Aptamers can only be used in combination with one particular species of

DNA polymerase.

e) Taq DNA antibodies

An alternative approach to achieve heat labile inhibition of Taq DNA polymerase is the
addition of monoclonal antibodies raised against the purified enzyme (Kellogg, D. E.,
et al., Biotechniques 16 (1994) 1134-7; Sharkey, D. J., et al., Biotechnology (N Y) 12
(1994) 506-9). Like the oligonucleotide Aptamers, the antibody binds to Tag DNA
polymerase with high affinity at ambient temperatures in an inhibitory manner
(US 5,338,671). The complex is resolved in a preheating step prior to the
thermocycling process itself. This leads to a substantial time consuming prolongation
of the amplification as a whole, especially if protocols for rapid thermocycling are
applied (WO 97/46706).

US 5,985,619 discloses a specific embodiment for performing PCR using a hot start
antibody, wherein besides Taq'polymerase, e. g. Exonuclease III from E. coli 1s added as
a supplement to the amplification mixture in order to digest unspecific primer dimer
intermediates. As disclosed above, Exonuclease 111 recognizes double-stranded DNA as
a substrate, like, for example, target/primer- or target/primer extension product
hybrids. Digestion is taking place by means of cleavage of the phosphodiester bond at
the 5’ end of the 3’ terminal deoxynucleotide residue. Since this type of exonuclease 1s
active at ambient temperatures, all unspecifically annealed primers and primer
extension products therefore are digested. This results in some embodiments in an
even enhanced specificity of the amplification reaction. Yet, digestion of the unspecific

primers dependent on the duration of the preincubation time may lead to a substantial
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and uncontrolled decrease in primer concentration, which in turn may affect the

amplification reaction itself.

f) Usage of modified primers alone or in combination with exonucleases

EP 0 799 888 and GB 2293238 disclose an addition of 3’ blocked oligonucleotides to
PCR reactions. Due to the 3’ block, these oligonucleotides can not act as primers. The
blocked oligonucleotides are designed to compete/interact with the PCR primers which

results in reduction of non-specific products.

Another alternative is the use of phosphorothioate oligonucleotide primers in
combination with an exonuclease III in the PCR reaction mixes (EP 0 744 470). In this
case, a 3 exonuclease, which usually accepts double stranded as well as single stranded
DNA substrates, degrades duplex artefacts such as primer dimers as well as carry over
amplicons, while leaving the single stranded amplification primers undegraded.
Similarly, the usage of primers with a basic modified 3" ends and template dependent
removal by E.coli Endonuclease IV has been suggested (US 5,792,607).

A particular embodiment of the general idea is found in EP 1 275 735. Its specification
discloses a composition for performing a nucleic acid amplification reaction
comprising (i) a thermostable DNA-Polymerase, (ii) a thermostable 3°-5" Exonuclease,
and (iii) at least one primer for nucleic acid amplification with a modified 3’ terminal
residue which is not elongated by said thermostable DNA-Polymerase as well as
methods for performing a PCR reaction using this composition. Furthermore, the

method is directed to kits comprising such a composition.

However, it is major drawback of the disclosed alternatives that for each PCR reaction,
modified primers are required, which lead to increased requirements regarding

increase the cost for each individual assay.

g) other PCR additives

Other organic additives known in the art like DMSO, betaines, and formamides
(WO 99/46400; Hengen, P. N., Trends Biochem Sci 22 (1997) 225-6; Chakrabarti, R.,
and Schutt, C. E., Nucleic Acids Res 29 (2001) 2377-81) result in an improvement of
amplification of GC rich sequences, rather than prevention of primer dimer formation.

Similarly, heparin may stimulate in vitro run-on transcription presumably by removal
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of proteins like histones in order to make chromosomal DNA accessible (Hildebrand,
C. E,, et al.,, Biochimica et Biophysica Acta 477 (1977) 295-311).

It is also known that addition of single strand binding protein (US 5,449,603) or tRNA,
(Sturzenbaum, S. R., Biotechniques 27 (1999) 50-2) results in non-covalent association
of these additives to the primers. This association is disrupted when heating during
PCR. It was also found that addition of DNA helicases prevent random annealing of
primers (Kaboev, O. K,, et al., Bioorg Khim 25 (1999) 398-400). Furthermore, poly-
glutamate (WO 00/68411) in several cases may be used in order to inhibit polymerase

activity at low temperatures.

Moreover, it is known that polyanionic polymerase inhibitors may control the activity
of thermostable DNA polymerases dependent on the applied incubation temperature.
US 6,667,165 discloses a hot start embodiment, characterized in that inactive
polymerase-inhibitor complexes are formed at temperatures below 40° C. Between
40° C and 55° C, the inhibitor competes with the template DNA for binding to the
Taq Polymerase, whereas at temperatures above 55° C, the inhibitor is displaced from
the polymerase active site. Yet, the inhibitor tends to reduce the obtainable product

yield, when primers with lower annealing temperatures are used.
h) Magnesium sequestration

Since thermostable polymerases are known for a long time to be active only in presence
of Mg2+ cations, a sequestration of magnesium prior to the start of the thermocycling
protocol has been attempted in order to avoid mispriming and unspecifying primer
extension. As disclosed in US 6,403,341, Mg2+ may be present in form of a precipitate
and thus unavailable at the beginning of the amplification reaction. Upon temperature
increase during the first round of thermocycling, the precipitate dissolves and Mg2+
becomes fully available within the first 3 cycles. Such a solution has been shown to be
fairly applicable and capable of providing good hot start results. On the other hand,
such a solution does not allow the preparation of mastermixes containing all reagents
except primer and target nucleic acid which are necessary to perform a nucleic acid
amplification reaction. As a consequence, inter-assay data reproducibility and data

comparisons are complicated.
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In view of the outlined prior art it was an object of the invention to provide an
improved alternative composition and method for hot start PCR, which allows for an
inhibition of unspecific priming and primer extension not only prior to the
amplification process itself but also during the thermocycling process. More precisely,
it was an object of the invention to provide an alternative composition and method for

hot start PCR, where no extension of unspecifically annealed primers can take place.

Brief description of the invention

Most thermostable polymerases capable of catalyzing a polymerase chain reaction are
dependent on the presence of a divalent cation, usually Mg2+. The present invention 1s
based on the principle of generating a hot start effect by adding a divalent cation

binding compound to a polymerase chain reaction mixture, which binds divalent

cations in a temperature dependent manner.

Thus, in a first aspect, the present invention is directed to a synthetic peptide having a

length of not more than 30 amino acids comprising a divalent cation binding site.

Preferably, said synthetic peptide according to the present invention binds said divalent
cation with an affinity constant between 0.01 mM and 10 000 pM.

Since most thermostable polymerases are Mg2+ dependent, said divalent cation

binding site is preferably a motive which binds Mg2+.

In a specific embodiment, the synthetic peptide according to the present invention

comprises the amino acid sequence motive X1X2X3 at least once, wherein

X1 is a negatively charged amino acid, preferentially Aspartic acid
X2 is either Glycine or an aliphatic amino acid

X3 is a negatively charged amino acid
In a second aspect, the present invention is directed to a composition comprising

- a thermostable DNA Polymerase
- at least one sort of a divalent cation, preferably Mg2+

- deoxynucleotides
- a buffer
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- a synthetic peptide a having a length of not more than 30 amino acids

comprising a divalent cation binding site as disclosed above

Preferably, said composition according to the present invention further comprises at
least one nucleic acid compound such as a primer and/or a target nucleic acid that shall

become amplified.
In a third aspect, the present invention is directed to a kit comprising

- a peptide as disclosed above, and
- a thermostable DNA Polymerase

In a forth aspect the present invention is directed to a method for amplification of a

specific target nucleic acid comprising the steps of

- providing a sample suspected to contain said target nucleic acid
- adding a composition as disclosed above, and

- performing a Polymerase Chain Reaction
In a specific embodiment, said Polymerase Chain Reaction is monitored in real time.

In a further specific embodiment, the amplification product generated by said

amplification is subjected to a melting curve analysis.

Brief description of figures
Figure 1

Figure 1 shows the effect of magnesium binding peptide with the sequence DIETDIET
as disclosed in example 1. The primer dimer product formation (——> ) is suppressed
when the peptide is present in the PCR reaction mixture without influence on specific

product formation ( ).

Lanes 1: molecular weight marker VI from Roche Applied Science
2,7: 50 ng of template DNA
3,8; 25 ngof template DNA
4,9: 10 ng of template DNA
5, 10: 5 ng of template DNA
6, 11: 1 ng of template DNA
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Products of lanes 2 to 6 were amplified in the absence of peptide, products of lanes 7 to
11 in the presence of 2 mM of the peptide with the sequence H-DIETDIET-NH2.

The primer dimer product formation —>) is suppressed when the peptide is present

in the PCR reaction mixture without influence on specific product formation( ).

Figure 2
Figure 2 shows the effect of magnesium binding peptide of the sequence H-
FDGDFDGD-NH2. Primer dimer product formation (——=> ) is reduced when the

peptide is present in the PCR reaction, in parallel an increase of the specific product

formation ( ,. ) 1s observed.

Lane 1: molecular weight marker VI from Roche Applied Science
2: 25 ng of target DNA, no peptide
3: 25 ng of target DNA, 3 mM of peptide
4: 10 ng of target DNA, no peptide
5: 10 ng of target DNA, 3 mM of peptide

Figure 3
Figure 3A: RT-PCR with 102 to 106 copies of G6PDH RNA in the absence of

magnesium binding peptide.

Figure 3b: Melting curve analysis of RT-PCR with 102 to 106 copies of G6PDH RNA 1n

the absence of magnesium binding peptide.

Figure 3c: RT-PCR with 102 to 106 copies of GGPDH RNA in the presence of 1 mM of

magnesium binding peptide.

Figure 3d: Melting curve analysis of RT-PCR with 102 to 106 copies of G6PDH RNA in

the presence of 1 mM of magnesium binding peptide.

Figure 4

Products of lanes 2 to 6 were amplified in the absence of the peptide H-
DIETDIETDIET-NH2, products of lanes 7 to 11 in the presence of 2.0 mM of the
peptide with the sequence H-DIETDIETDIET-NH2. The primer dimer product
formation ( =—=> ) is suppressed when the peptide is present in the PCR reaction

mixture without influence on specific product formation(—_3,).
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Lanes 1, 12: molecular weight marker V from Roche Applied Science
2,7: 50 ng of template DNA
3, 8: 25 ng of template DNA
4, 9: 10 ng of template DNA
5, 10: 5 ng of template DNA
6, 11: 1 ng of template DNA
Detailed description of the present invention

Most thermostable polymerases capable of catalyzing a polymerase chain reaction are
dependent on the presence of a divalent cation, usually Mg2+. The present invention 1s
based on the principle of generating a hot start effect by adding a divalent cation
binding compound to a polymerase chain reaction mixture, which binds divalent

cations 1n a temperature dependent manner.

Thus, in a first aspect, the present invention is directed to a synthetic peptide having a
length of not more than 30 amino acids comprising a divalent cation binding site.
Smaller synthetic peptides having a length of less than 17 amino acids may also be used.
Since a binding site for divalent cations requires at least 3-4 amino acid residues (see
below), the lower size limit is a peptide consisting of 3-4 amino acids representing a
monomer of a divalent cation binding site. It is also within the scope of the present
invention, if said synthetic peptides contain more than one divalent cation binding site
motives, i.e. if they contain said motives twice, three times or four times. However, said
synthetic peptides according to the present invention in addition to amino acids
representing a divalent cation binding sequence motive may contain further amino
acids, which are not part of such a motive, but may contribute to other features of said
peptide. For example, additional amino acid residues may increase the solubility of said

peptides in different solvents.

In the context of the present invention, the term ,synthetic peptide” i1s defined as a
chain of amino acids connected by amide bonds, which has been chemically
synthesized by means of condensation. Explicitly excluded, however, are peptides or
peptide fragments which have been obtained from living organisms by means of

isolation and (optional) fragmentation.

Such synthetic peptides can be used according to methods which are generally well

known in the art. The synthesis is based on an automated cycling reaction wherein
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amino acids are connected to the nascent peptide chain in a condensation reaction by
means of forming an amide bond. Reactive side chains of the coupled amino acids are
covered by appropriately removable protective groups. A comprehensive overview of
the state of the art is given in Fields, G.B., Noble, R.L., J. Peptide Protein Res. 35 (1990)
161-214. Such a chemical synthesis results in the generation of peptides having a typical
H,N-Terminus (usually referenced as “"H”) and a C-Terminus with a carboxy-amidate

(usually referenced as “-NH,”).

The peptides according to the present invention are capable of binding divalent cations.
The strength of binding predominantly depends on the nature of the divalent cation in
conjunction with the primary peptide sequence motive of the peptide. Preferably, said
synthetic peptide according to the present invention binds said divalent cation with an
affinity constant between 0.01 mM and 10 000 pM at neutral pH. Compounds with
stronger affinity rates such as EDTA have been shown to result in detrimental effects
when added to an amplification reaction, whereas on he other hand, a minimal affinity
rate is required in order to generate a measurable positive effect when such a peptide
compound is added to a nucleic acid amplification reaction. More preferably, said
affinity constant has a value between 0.1 mM and 1000 mM. Most preferably, said

affinity constant has a value between 1 mM and 100 mM.

Since most thermostable polymerases are Mg2+ dependent, said divalent cation

binding site is preferably a motive which binds Mg2+.
In the section below, the following classification of amino acids is applied.

No subclass:

Glycine (Gly) G
Proline (Pro) P

Non polar, aliphatic:

Alanine (Ala), A
Valine (Val), V
Leucine (Leu), L

[soleucine (Ile) I
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Aromatic:

Phenylalanine (Phe), F
Tyrosine (Tyr), Y
Tryptophane (Trp) W

Polar, uncharged:

Serine (Ser), S
Threonine (Thr), T
Cysteine (Cys), C
Methionine (Met), M
Asparagine (Asn), N
Glutamine (Gln), O

Positively charged:

Lysine (Lys), K
Arginine (Ag), R
Histidine (His) H

Negatively charged:

Aspartic acid (Asp), D
Glutamic acid (Glu) E

Preferably, the synthetic peptide according to the present invention comprises the

amino acid sequence motive X1X2X3 at least once, wherein

X1 is a negatively charged amino acid, preferentially Aspartic acid
X2 is either Glycine or an aliphatic amino acid

X3 is a negatively charged amino acid.
In one embodiment, X3 is a Glutamic acid.

[f this is the case, X2 is preferably Isoleucine. Also preferably, c-terminal adjacent to X3

there is an X4 which is a polar, uncharged amino acid such as Threonine.

Most preferably, X2 is Isoleucine AND c-terminal adjacent to X3 there is an X4 which
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is a polar uncharged amino acid such as Threonine.

In another embodiment, X3 1s an Aspartic acid.

If this is he case, X2 is preferably Glycine. Also preferably, N-terminal adjacent to X1

there is an X0 which is an aromatic amino acid such as Phenylalanine.

Most preferably, X2 is Isoleucine AND N-terminal adjacent to X1 there is an X0 which

is an aromatic amino acid such as Phenylalanine.
In a second aspect, the present invention is directed to a composition comprising

- a thermostable DNA Polymerase

- at least one sort of a divalent cation, preferably Mg2+

- deoxynucleotides |

- a buffer

- a synthetic peptide having a length of not more than 30 amino acids

comprising a divalent cation binding site as disclosed above.

Such a composition according to the present invention is being used to perform a

nucleic acid amplification reaction in the form of a Polymerase Chain Reaction (PCR).

As thermostable polymerases, a great variety of enzymes may be used. Preferably, said
thermostable DNA polymerase is selected from a group consisting of Aeropyrum
pernix, Archaeoglobus fulgidus, Desulfurococcus sp. Tok., Methanobacterium
thermoautotrophicum, Methanococcus sp. (e.g. jannaschii, voltae), Methanothermus
fervidus., Pyrococcus species (furiosus, species GB- D, woesii, abysii, horikoshii, KOD,
Deep Vent, Proofstart ), Pyrodictium abyssii, Pyrodictium occultum, Sulfolobus sp.
(e.g. acidocaldarius, solfataricus), Thermococcus species (zilligii, barossii, fumicolans,
gorgonarius, JDF-3, kodakaraensis KODI, litoralis, species 9 degrees North-7, species
JDF-3, gorgonarius, TY), Thermoplasma acidophilum, Thermosipho africanus,
Thermotoga Sp. (e.g. maritima, neapolitana), Methanobacterium
thermoautotrophicum, Thermus species (e.g. aquaticus, brockianus, filiformis, flavus,
lacteus, rubens, ruber, thermophilus, ZO5 or Dynazyme). Also within the scope of the
present invention are mutants, variants or derivatives thereof, chimeric or “fusion-
polymerases” e.g. Phusion (Finnzymes or New England biolabs, Catalog No. F-530S)
or iProof (Biorad, Cat. No. 172-5300), Pfx Ultima (Invitrogen, Cat. No. 12355012) or
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Herculase II Fusion (Stratagene, Cat. No. 600675). Furthermore, compositions
according to the present invention may comprise blends of one or more of the

polymerases mentioned above.

In one embodiment, the thermostable DNA Polymerase is a DNA dependent
polymerase. In another embodiment, the thermostable DNA polymerase has additional
reverse transcriptase activity and may be used for RT-PCR. One example for such
enzyme is Thermus thermophilus (Roche Diagnostics cat. No: 11 480 014 001). Also
within the scope of the present invention are blends of one or more of the polymerases

compiled above with retroviral reverse transcriptases, e.g. polymerases from MMLYV,
AMV, AMLV, HIV, EIAV, RSV and mutants of these reverse transcriptases.

The synthetic peptide having a length of not more than 30 amino acids comprising a
divalent cation binding site is present in a concentration which allows for a ,hot start
effect”, once the composition is used to amplify a target nucleic acid. Usually, the
peptide comprising the Mg2+ binding site may be present in a final concentration
between 0.1 and 10 mM. Preferably, the peptide comprising the Mg2+ binding site is
present between 0.5 and 5 mM. Highly preferred are concentrations between 1 and 3
mM.

The concentrations of the DNA polymerase, the deoxynucleotide and the other buffer
components are present in standard amounts, the concentrations of which are well
known in the art. The Mg2+ concentration may vary between 0.1 mM and 3 mM and
is preferably adapted and experimentally optimized. However, since the concentration
optimum usually depends on the actual primer sequences used, it can not be predicted

theoretically.

In addition to the compositions disclosed above it is also within the scope of the
present invention, if these compositions further comprise at least one nucleic acid
compound. For example, such a composition may comprise at least one pair of
amplification primers useful for performing a nucleic acid amplification reaction. A
composition according to the present invention may also be a PCR reaction mixture,
which additionally comprises an at least partially purified nucleic acid sample, from
which a target nucleic acid sequence suspected to be present in said sample shall be

amplified.
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Furthermore, such a composition may comprise fluorescent compounds for detecting
a respective amplification product in real time and respectively 2, 3, 4, or 5-6
differently labeled hybridization probes not limited to but being selected from a group
consisting of FRET hybridization probes, TagMan probes, Molecular Beacons and
Single labeled probes, useful for methods of detection as they will be disclosed below.
Alternatively, such a composition may contain a dsDNA binding fluorescent entity

such as SybrGreen which emits fluorescence only when bound to double stranded
DNA.

In a third aspect, the present invention is directed to a kit at least comprising

(1) a thermostable DNA Polymerase
(ii)  asynthetic Mg2+ binding peptide as disclosed above, and

Preferably, such a kit comprises at least

(1) a thermostable DNA Polymerase
(11)  asynthetic Mg 2+ binding peptide as disclosed above, and
(1ii)  a MgCI2 stock solution in order to adjust the final Mg2+ concentration

Most preferably, such a kit comprises at least

(1) a thermostable DNA Polymerase
(i)  asynthetic Mg 2+ binding peptide as disclosed above
(iii)) a MgCI2 stock solution in order to adjust the final Mg2+ concentration

(iv)  a mixture of deoxynucleoside-tri-phosphates, and

(V) a buffer

In addition, such a kit according to the present invention may be a parameter specific
kit comprising at least one pair of amplification primers. Such a kit may also comprise
multiple pairs of amplification primers and preferably 2, 3, 4 or 5-pairs of

amplification primers.

Furthermore, such a kit may comprise fluorescent compounds for detecting a
respective amplification product in real time and respectively 2, 3, 4, or 5-6 differently
labeled hybridization probes not limited to but being selected from a group consisting

of FRET hybridization probes, TagMan probes, Molecular Beacons and Single labeled
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probes, useful for methods of detection as they will be disclosed below. Alternatively,
such a kit may contain a dsDNA binding fluorescent entity which emits fluorescence
only when bound to double stranded DNA. For example, such a kit may comprise

SybrGreen.

In one exemplary embodiment, such a kit is specifically adapted to perform one-step
RT-PCR and comprises a blend of Taq DNA Polymerase and a reverse transcriptase
such as AMV reverse transcriptase. In a further exemplary particular embodiment,
such a kit is specifically adapted to perform one-step real time RT-PCR and comprises
a nucleic acid detecting entity such as SybrGreen or a fluorescently labeled nucleic acid

detection probe.

The different components may be stored each individually in different vessels.
Alternatively, the different components may be stored all together in one storage vessel.
Also alternatively, arbitrarily selected combinations of only a subset of components (1)
to (v) may be stored together. In a preferred embodiment, components like enzyme (1)
or enzyme plus reaction buffer containing MgU,, dNTPs (i, ii, iv, v) and the peptide

are stored together.

In a forth aspect the present invention is directed to a method for amplification of a

specific target nucleic acid comprising the steps of

- providing a sample suspected to contain said target nucleic acid
- adding a composition as disclosed above

- performing a nucleic acid amplification reaction

Methods for performing and optimizing nucleic acid amplification reactions are well

known in the art. In particular, the most common method used in the art 1s the
polymerase chain reaction as disclosed in detail in US 4,683,195, US 4,683,202 and
US 4,965,188.

In particular, the method according to the present invention comprises the steps of

a) providing a sample suspected to contain a target nucleic acid that shall be

amplified
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b) providing a synthetic peptide having a length of not more than 30 amino acids

comprising a divalent cation binding site
C) providing DNA polymerase, dNTPs, a buffer and a Mg2+ salt

d) providing a pair of amplification primers designed to specifically amplify a

predefined target nucleic acid.

Addition of all components mentioned can be done in arbitrary order. However, in
order to achieve a hot start effect, i.e. in order to prevent a mispriming and subsequent
primer extension at lower temperatures prior to the thermocycling amplification
protocol itself, it is important that said synthetic peptide is being added to the reaction
mixture, before the DNA polymerase, the dNTPs and the amplification primers are

combined.

Although the mechanism how said synthetic peptides comprising a divalent cation
binding site result in more specific amplification reactions is not known in detail, it is
reasonable to assume that at lower temperatures, the peptide forms a complex with
Mg2+ which itself is known to be a co-factor of DNA polymerases in primer extension
reactions. Quantitative complex formation results in a decrease in the concentration of
free Mg2+ with the consequence that the DNA Polymerase activity is inactivated due to
a lack of availability of its cofactor. After initiation of the temperature cycling protocol,
the thermo-labile complex between the synthetic peptide and the divalent cation is
resolved, and Mg2+ is available again as a cofactor for Polymerase catalyzed primer

extension reactions.

Preferably, the synthetic peptide added during nucleic acid amplification comprises the

amino acid sequence motive X1X2X3 at least once, wherein

X1 is a negatively charged amino acid, preferentially Aspartic acid
X2 is either Glycine or an aliphatic amino acid

X3 is a negatively charged amino acid.
In one embodiment, X3 i1s a Glutamic acid.

[t this is the case, X2 is preferably Isoleucine. Also preferably, C-terminal adjacent to

X3 there is an X4 which is a polar, uncharged amino acid such as Threonine.
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Most preferably, X2 is Isoleucine AND C-terminal adjacent to X3 there is an X4 which

is a polar uncharged amino acid such as Threonine.
In another embodiment, X3 is an an Aspartic acid.

If this is the case, X2 is preferably Glycine. Also preferably, N-terminal adjacent to X1

there is an X0 which is an aromatic amino acid such as Phenylalanine.

Most preferably, X2 is Isoleucine AND N-terminal adjacent or X1 there is an X0 which

is an aromatic amino acid such as Phenylalanine.

In a specific embodiment, said Polymerase Chain Reaction is monitored in real time.

There are different detection formats for such a monitoring.
a) TagMan format:

A single-stranded Hybridization Probe is labeled with two components. When the first
component is excited with light of a suitable wavelength, the absorbed energy is
transferred to the second component, the so-called quencher, according to the
principle of fluorescence resonance energy transfer. During the annealing step of the
PCR reaction, the hybridization probe binds to the target DNA and is degraded by the
5°-3” exonuclease activity of the Taq Polymerase during the subsequent elongation
phase. As a result the excited fluorescent component and the quencher are spatially
separated from one another and thus a fluorescence emission of the first component
can be measured. TagMan probe assays are disclosed in detail in US 5,210,015,
US 5,538,848, and US 5,487,972. TagMan hybridization probes and reagent mixtures
are disclosed in US 5,804,375.

b) Releasing formats:

Moreover, two other formats restricted to allele specific detection have been disclosed
recently which are based on the principle of specific detection of a release of a labeled 3
terminal nucleotide due to a match or mismatch situation regarding its binding to the
target nucleic acid. US 6,391,551 discloses a method, characterized in that the 3’
terminal nucleotide of a hybridization probe is released by a depolymerizing enzyme in
case a perfect match between target sequence and probe has occurred. Similarly,

EP 0 930 370 suggests to use a primer labeled with a reporter and a quencher moiety,



10

15

20

25

30

CA 02638854 2008-07-28

WO 2007/096182 PCT/EP2007/001585

- 18 -

characterized in that a 3’-5" proofreading activity removes one moiety In case no

perfect match between primer and amplification target has occurred.

c) Molecular Beacons:

These hybridization probes are also labeled with a first component and with a
quencher, the labels preferably being located at both ends of the probe. As a result of
the secondary structure of the probe, both components are in spatial vicinity in
solution. After hybridization to the target nucleic acids both components are separated
from one another such that after excitation with light of a suitable wavelength the

fluorescence emission of the first component can be measured (US 5,118,801).

d) FRET hybridization probes:

The FRET Hybridization Probe test format is especially useful for all kinds of
homogenous hybridization assays (Matthews, J.A., and Kricka, L.J., Analytical
Biochemistry 169 (1988) 1-25). It is characterized by two single-stranded hybridization
probes which are used simultaneously and are complementary to adjacent sites of the
same strand of the amplified target nucleic acid. Both probes are labeled with different
fluorescent components. When excited with light of a suitable wavelength, a first
component transfers the absorbed energy to the second component according to the
principle of fluorescence resonance energy transfer such that a fluorescence emission of
the second component can be measured when both hybridization probes bind to
adjacent positions of the target molecule to be detected. Alternatively to monitoring
the increase in fluorescence of the FRET acceptor component, it is also possible to
monitor fluorescence decrease of the FRET donor component as a quantitative

measurement of hybridization event.

In particular, the FRET Hybridization Probe format may be used in real time PCR, in
order to detect the amplified target DNA. Among all detection formats known in the
art of real time PCR, the FRET-Hybridization Probe format has been proven to be
highly sensitive, exact and reliable (WO 97/46707; WO 97/46712; WO 97/46714). As an
alternative to the usage of two FRET hybridization probes, it is also possible to use a
fluorescent-labeled primer and only one labeled oligonucleotide probe (Bernard, P.S.,
et al., Analytical Biochemistry 255 (1998) 101-107). In this regard, it may be chosen
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arbitrarily, whether the primer is labeled with the FRET donor or the FRET acceptor

compound.
e) Single Label Probe (SLP) format:

This detection format consists of a single oligonucleotide labeled with a single
fluorescent dye at either the 5°- or 3°-end (WO 02/14555). Two different designs can be
used for oligo labeling: G-Quenching Probes and Nitroindole-Dequenching probes. In
the G-Quenching embodiment, the fluorescent dye is attached to a C at oligo 5°- or 3'-
end. Fluorescence decreases significantly when the probe is hybridized to the target, in
case two G’s are located on the target strand opposite to C and in position 1 aside of
complementary oligonucleotide probe. In the Nitroindole Dequenching embodiment,
the fluorescent dye is attached to Nitroindole at the 5°- or 3°-end of the oligonucleotide.
Nitroindole somehow decreases the fluorescent signaling of the free probe.
Fluorescence increases when the probe is hybridized to the target DNA due to a

dequenching effect.
f) SybrGreen format:

It is also within the scope of the invention, if real time PCR is performed in the
presence of an additive according to the invention in case the amplification product is
detected using a double stranded nucleic acid binding moiety. For example, the
respective amplification product can also be detected according to the invention by a
fluorescent DNA binding dye which emits a corresponding fluorescence signal upon
interaction with the double-stranded nucleic acid after excitation with light of a
suitable wavelength. The dyes SybrGreenl and SybrGold (Molecular Probes) have
proven to be particularly suitable for this application. Intercalating dyes can
alternatively be used. However, for this format, in order to discriminate the different

amplification products, it -is necessary to perform a respective melting curve analysis
(US 6,174,670).

A further aspect of the present invention is directed to methods characterized in that a
synthetic peptide having a length of not more than 30 amino acids comprising a
divalent cation binding site as disclosed above is used for real time PCR and

subsequent melting curve analysis.
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Due to the fact that real time amplicon detection with SybrGreen format can not
discriminate between specific products and amplification artefacts such as
primer/dimers, a subsequent melting curve analysis is usually performed. After
completion of the PCR-reaction, the temperature of the sample is constitutively
increased, and fluorescence is detected as long as SybrGreen is bound to the double
stranded DNA present in the samples. Upon dissociation of the double stranded DNA
the signal decreases immediately. This decrease is monitored with an appropriate
fluorescence versus temperature-time plot such that a first derivative value can be
determined, at which the maximum of fluorescence decrease is observed. Since
primer/dimer double stranded DNAs are usually short, dissociation into single
stranded DNA occurs at lower temperatures as compared to the dissociation of the

double stranded specific amplification product.

If during such a melting curve analysis, a synthetic peptide with a divalent cation
binding site is present within the sample, much sharper curves are obtained in many
cases, when the first derivative of a respective fluorescence versus temperature-time

plot is determined.

Besides PCR and real time PCR, FRET hybridization probes are used for melting curve
analysis. In such an assay, the target nucleic acid is amplified first in a typical PCR
reaction with suitable amplification primers. The hybridization probes may already be
present during the amplification reaction or added subsequently. After completion of
the PCR-reaction, the temperature of the sample is constitutively increased, and
fluorescence is detected as long as the hybridization probe was bound to the target
DNA. At melting temperature, the hybridization probes are released from their target,
and the fluorescent signal is decreasing immediately down to the background level.
This decrease is monitored with an appropriate fluorescence versus temperature-time
plot such that a first derivative value can be determined, at which the maximum of

fluorescence decrease is observed.

If during such a melting curve analysis, Synthetic peptide having a length of not more
than 30 amino acids comprising a divalent cation binding site is present within the
sample, much sharper curves are obtained, when the first derivative of a respective
fluorescence versus temperature-time plot is determined. Similar effects can be
observed, if either molecular beacons or single labeled probes are used as detecting

entities for melting curve analysis.
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The following examples, sequence listing and figures are provided to aid the
understanding of the present invention, the true scope of which is set forth in the
appended claims. It is understood that modifications can be made in the procedures set

forth without departing from the spirit of the invention.

Examples
Example 1:

A peptide with the sequence H-DIETDIET-NH2 was synthesized, HPLC purified,
lyophilized and dissolved in 30 mM Tris-HCI, pH 8.5. PCR reactions were performed

in 50 ul volume containing 50 ng, 25 ng, 10 ng, 5 ng or 1 ng of human genomic DNA,
2.5 units Taq polymerase (Roche Applied Science Cat. No. 11146165001), 0.4 mM

forward primer (aga cag tac agc cag cct ca ) (SEQ ID No: 1), 0.4 mM reverse primer
(gac ttc aaa ttt ctg ctc ctc) (SEQ ID NO: 2), 0.2 mM dATP, dCTP, dGTP and dCTP,

Taq PCR reaction buffer (Roche Applied Science Cat. No. 11146165001), with and
without H-DIETDIET-NH2-Peptide. The PCR was performed as follows: 2 min at
94° C, 35 cycles with 10 sec at 94° C, 30 sec at 60° C and 30 sec at 72° C and a final
elongation step over 7 min at 72° C. The PCR products were analyzed by agarose gel

electrophoresis.

As it can be seen in fig. 1, addition of 2.0 mM of the disclosed peptide results in a

significant decrease of generation of primer/dimer amplification products.

Example 2;
Analysis of a peptide with the sequence H-FDGDFDGD-NH2. PCR reactions were

performed in 50 ul volume containing 25 ng or, 10 ng of human genomic DNA, 2.5
units Taq polymerase (Roche Applied Science Cat. No. 11146165001), 0.4 mM forward
primer (aga cag tac agc cag cct ca) (SEQ ID NO: 1), 0.4 mM reverse primer (agt atg ccc
ccg cac agg a) (SEQ ID NO: 3), 0.2 mM dATP, dCTP, dGTP and dCTP, Taq PCR
reaction buffer (Roche Applied Science Cat. No. 11146165001), with and without H-
FDGDFDGD -NH2-Peptide. The PCR cycling conditions were as follows: 2 min at
94° C, 35 cycles with 10 sec at 94° C, 30 sec at 60° C and 30 sec at 72° C and a final
elongation step over 7 min at 72° C. The PCR products were analyzed by agarose gel

electrophoresis.
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As it can be seen 1n fig. 2, addition of 3 mM H-FDGDFDGD-NH2 results in decreased
primer/dimer product formation. In parallel an increase of the specific product

formation i1s observed.

Example 3;

The peptide with the sequence H-DIETDIET-NH2 was analyzed in real time RT-PCR.
PCR reactions were performed in 20 pl volume containing 10°, 10°, 10%, 10° and 10°
copies of RNA standard available in the LightCycler h-G6PDH Housekeeping gene kit
from Roche Applied Science (Cat. No.: 3261883), 2.4 units Transcriptor and 1.6 units
FastStart polymerase, reaction buffer from the LightCycler RNA Amplification Kit
SYBR Green (Roche Applied Science Cat. No. 12 015 137 001), 0.5 mM forward primer
(ggg tgc atc ggg tga cct g) (SEQ ID NO: 4), 0.5 mM reverse primer (agc cac tgt gag gcg
gga) (SEQ ID NO: 5), with and without 1 mM H-DIETDIET-NH2-peptide. The PCR
was performed in a LightCycler 2.0 as follows: 10 min at 55° C, 10 min at 95° C, 45

cycles with 10 sec at 95° C, 10 secat 55° Cand 13 sec at 72° C.

The result of this example is shown in Figure 3. It illustrates that a magnesium binding
peptide reduces primer-dimer formation in RT-PCR. The amplification curves (Fig 3a)
show that in the absence of peptide unspecific product is formed. PCR products
amplified from 102, 103 and 104 copies of target are detected at similar cp-values. The
amplification curves may be derived from several products formed. In the melting
curve analysis depicted in Figure 3b two melting profiles are detectable with 103 and
102 copies of target RNA. With these dilutions of target the melting curves show two

products.

Figure 3c shows amplification curves in the presence of 1 mM magnesium binding
peptide. The amplification products of the target dilutions are detected at increasing
crossing points, the amplification curves are well separated. An increase of specificity
compared to the experiment without magnesium binding peptide is also observed in
the melting curve analysis of Figure 3d. One melting curve with the Tm of the specific
product is exclusively detected the target dilutions from 106 to 103. In the sample with
102 copies of target the main product is the specific product, very little primer-dimer 1s

observed.
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Example 4;
A peptide with the sequence H-DIETDIETDIET-NH2 (SEQ ID NO: 8) was synthesized,

HPLC purified, lyophilized and dissolved in 30 mM Tris-HCI, pH 8.5. PCR reactions

were performed in 50 pl volume containing 50 ng, 25 ng, 10 ng, 5 ng or 1 ng of human

S genomic DNA, 2.5 units Taq polymerase (Roche Applied Science Cat. No.
11146165001), 0.4 mM forward primer (cac ccc gtg ctg ctg acc ga) (SEQ ID NO: 6), 0.4

mM reverse primer (agg gag gcg gec acc aga ag) (SEQ ID NO: 7), 0.2 mM dATP, dCTP,

dGTP and dCTP, Taq PCR reaction buffer (Roche Applied Science Cat. No.
11146165001), with and without H-DIETDIETDIET-NH2 peptide in amounts as

10 indicated in Figure 4. The PCR was performed as follows: 2 min at 94° C, 35 cycles
with 10 sec at 94° C, 30 sec at 65° C and 15 sec at 72° C and a final elongation step

over 7 min at 72° C. The PCR products were analyzed by agarose gel electrophoresis.

Figure 4 shows the effect of magnesium binding peptide with the sequence
DIETDIETDIET. The primer dimer product formation (=) is suppressed when the
15 peptide is present in the PCR reaction mixture without influence on specific product

formation(——p).

Example 5:
A peptide with the sequence H-DIET-NH2 was synthesized, HPLC purified,

lyophilized and dissolved in 30 mM Tris-HCI, pH 8.5. PCR reactions were performed

20 in 50 pl volume containing 50 ng, 25 ng, 10 ng, 5 ng or 1 ng of human genomic DNA,
2.5 units Taq polymerase (Roche Applied Science Cat. No. 11146165001), 0.4 mM
forward primer (aga cag tac agc cag cct ca ) (SEQ ID NO: 1), 0.4 mM reverse primer
(gac ttc aaa ttt ctg ctc ctc) (SEQ ID NO: 2), 0.2 mM dATP, dCTP, dGTP and dCTP,
Taq PCR reaction buffer (Roche Applied Science Cat. No. 11146165001), with and

25 without H-DIET-NH2-Peptide. The PCR was performed as follows: 2 min at 94° C, 35
cycles with 10 sec at 94° C, 30 sec at 60° C and 30 sec at 72° C and a final elongation
step over 7 min at 72° C. The PCR products were analyzed by agarose gel
electrophoresis. A decrease in primer/dimer formation was observed in the presence of
at least 3 mM H-DIET-NH2.
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CLAIMNS:

1. Synthetic peptide selected from the group consisting of:
H-DIET-NH2
H-DIETDIET-NH?2
H-DIETDIETDIET-NH?2
and H-FDGDFDGD-NH?2
for providing a PCR Hot Start eftect.

2. A composition for providing a PCR Hot Start effect , said composition
comprising:
- a thermostable DNA Polymerase;
- at least a divalent cation;
- deoxynucleotides;
- a buffer; and
- a synthetic peptide having a length of not more than 30 amino acids
comprising a divalent cation binding site with a sequence motif X1X2X3 at least
once, wherein
X1 is a negatively charged amino acid,
X2 is either glycine or an aliphatic amino acid, and

X3 1s a negatively charged amino acid.

3. The composition according to claim 2, further comprising at least one

pair of amplification primers.

4. Kit comprising:
- a synthetic peptide comprising a divalent cation binding site with a
sequence motif X1X2X3 at least once, wherein
X1 1s a negatively charged amino acid,
X2 1s either glycine or an aliphatic amino acid, and
X3 is a negatively charged amino acid said peptide providing a PCR
Hot Start effect:; and

- a thermostable DNA Polymerase.
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5. Method for amplification of a specific target nucleic acid comprising
the steps of:

- providing a sample suspected to contain said target nucleic acid;

- adding a composition according to claim 3; and

- performing a nucleic acid amplification reaction.

6. Method according to claim 5, characterized in that said nucleic acid
amplification reaction 1s a Polymerase Chain Reaction which i1s monitored in real

time.

7. Method according to claim 5 or 6, characterized in that the
amplitication product generated by said amplification is subjected to a melting curve

analysis.



CA 02638854 2008-07-28
WO 2007/096182 PCT/EP2007/0013585

i R ..-'|-_'-II.‘~;'.'. "ll.l..l.!r'llr\lll.l?}:l}-“ ":::"‘pl ' ::\\\ll:'I \:lr..-,l: .l-.. e ;l'..ll'l"'.| "-".-I": " .,

. 0 AL o "
R TR ':‘.':.' { "'|II|"|'.‘.-,'.-| | et ll|'..| "
W |I*' e

:l:.:I:';"l 'w .ﬂl‘:\‘.{:‘l'_':':...'j " l'."t,". _'.:l '.l hl]l"::\:l_l:'“'kfn \:'-

ol g Ill l'|. ! ...'IJI"-"l"l':".'|' :I"'l' l.lll-.'\ﬂ.l!lnqll"lll'y :
B Tk

S :I"-'.\-':"ﬁl' b
t '.Il" i ..I~ ~.|'.

0 mM

1/35



CA 02638854 2008-07-28
WO 2007/096182 PCT/EP2007/0013585

Fig. 2

2173



CA 02638854 2008-07-28

WO 2007/096182 PCT/EP2007/001585

Fig. 3a

‘PR TG - P g €% srele e
. | 4

~ 0 Bl Ssne b giliemted |
@ eg & et K : R e T R A SR ) . .- -. - Co-
‘ 5'."..“.: e
C.P. Harw s anplmeaﬂon Cuwox

o FE—r— . g ==,

hGEFOHM20 €8 » il o B0

160,

4 1.0 .8
¢ B0 43
5 168000 19.44
6 1000000 1513
¥ GIPOHHIOED b pH @3 N1 8
g8 1 21.82
2
19
S
L5

(e e Gitirae

]
l-lllélllﬂlﬁﬁIllllgl

1.0%0 <15
16400 2 8%
[t hite 12 88
1 03040 151
¥3 hOAPGHHIOEY » PUTpM 8BS 2190
14 30D &t 2t
1000 21 A3
18 1000 25
T 100000 10
18 1.000.000 ] 1808
19 hOSPOHHIDES P pH &Y 3243 i
20 196 23 :
21 14a% wle (&
22 1000 3 ; ~
22 1600 18 56 :
24 1000000 15.14
25 WEPERMXIELPTIpH B 24 |
& %@ -1 - S
o S A O (5385 { | a1 0%

ERy 2 .
R RECRE 512 ’

S,';

== N N T -
-

. -
3
L X

P o -
At

I

<

TtT T e e N W T M, Y P s S« P P I B W S WA A, S Spryopliry, remg ¢

F_ . d—n

YR GO

I
"

3T

——_

2A4-

- iy —

e e A e e
-
-
Sy
&
=2

8!
21

I ] 3b
R UK R L — e = Fopg TS T S ‘ ' - ettt il btk

Utmy | - . .
Malting Poaks

1
N
{
1
‘a

m_h

3'-*'3

- —

c-urt,
-ri
g

M |

i
{

ti'

1 P MO B - PthHﬁ.ﬂ LY e

ML L T s TR T Lo R BTN L Dl T o TR DAL Ll LT B R Ty )

R

3

1<

L8

1

-

1406
1000
10000
100 40

1 (0D

6174
BLW
61 30
0 9
B? B8

hOEPDY WX 0« PLE pe R
1

™ pO e -
—_— S g - - -
[~ o)

KOL

Y
%-!BIIEI

e
4
—

¢
-

yELC K3
.;f%Ell%l%.llllﬁllﬂglﬁ?

Ny
&t

K3

12 1tmm

13 hOERGH N ED » 8 oM 85
_ 4 100

t‘:’ 1,000

" % 1000

17 100000

19 1 00000d

19 hOIPOH MO €Y PO HAT €
ARRIRY 13345
21 1.0 g x
22 1 gr23
23 1000 o7 2
25 WOEPGH MM EL o FN pBR X5 | Wi
5 180 8y | 5
¥ 1165 (1. | . — - - S— . I
B R it H xR ¥ T4 - & b

28 10000 107 B Tanparkura C°C)

360 1005000 THivs B

JLelisiis

i<

[ -'ﬂ-\d-‘--_';-‘--"—; d‘:ﬂ 'w-'\r'\ T -'\-"‘uﬂ\'s--f%- B I N I e -"' - -° .

L |l.
.

e

| &0

L}

o‘
»

I

YL

e
<
—r—

- . TR TR R WL e R TR N TR W e - e = .

- ik e e
r
'

N
- n.“. s

RO

CiLC

[«
o

"'
-
b

)

{

3/35



CA 02638854 2008-07-28

WO 2007/096182 PCT/EP2007/001585
‘ Samples
...{C...|P...|Name CP | Amplification Curves
vl 1 hG6PDHH20E1 + P16+ DIET NH4 20.83 — -
(V1 IR 2 100 21.09 -
vi B 3 1.000 21.07 '
7J B 4 10.000 20.55 |
¥} B 5 100.000 1824 iy
v} B} 6 1.000.000 15.05 *
VI 7 hGEPDHH20E1+PI6+DIETTFA 2649 5.1
vl B 8 100 26.00
Ml £3 9 1.000 24.81 54
(v i} 10 10.000 22.56
“/1 BB 11 100.000 1898
Vi I8 12 1.000.000 674 g Y
vi B 13 hG6PGHH20E1 +P19+DIETNH4 2186 - £
Vi R 14 100 2214 8 4
v} £ 15 1.000 21.90 D
v # 16 10.000 21.23 B 3.3-
V) I 17 100.000 18.66 3
v I} 18 1.000.000 15.60 “ " g
v} MR 19 hGBPDHH20 E1+P19+DIET TFA 27.66 ‘
ivi i} 20 100 26.45
vl @ 21 1.000 25.51 1.8
Vi IR 22 10.000 2277 |
v B 23 100.000 19.52 1.24
v} M 24 1.000.000 15.88
h 05.:
)
t _—ty T T 1 QU SRttt thia R [ Y T > S SRS S X 3 i
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44
Cycles
[ - bamples Mering
I... 1Co...} Pos|Name - Tml | .
v hGGPDH H20 £1 + P16 + DIET NH4 BB.BTB—I Melting Peaks ~
¥ B 2 100 83 81
ivi B 3 1.000 83.29
}11. B 4 10000 8S.11
v B 5 100.000 88.03
VI B 6 1.000.000 88.07 -
Vi B 7 hGEPDHH20E1 +Pi6+DIETTFA 8291
t[Zj B 8 100 87.71 .
[V 9 1.000 87.60
Vi B 10 10.000 8757
Vi B 11 100.000 87.62 B
vi B 12 1.000.000 8761 . ¢
v B 13 hGEPGHH20E1+P19+DIETNH4 8363 :  §
~ W 14 100 8343 |
Vv 15 1.000 8319
VI @ 16 10.000 88.02 T
¥1 W 17 100.000 87.86 s
¥l B 18 1.000.000 87.93 g,
¥ M 19 hGEPDHH20E1+P19+DIETTFA 8296
(vl I 20 100 ' 87.25
vl B 21 1.000 87.50
B 22 10000 87.52
B 23 100.000 8755
¥} W 24 1.000000 8761
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Fig. 4
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