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Methods for Preserving DNA Integrity

Cross-Reterence to Related Application

The present application claims priority to and the benefit of U.S. provisional patent
application serial number 60/122,177, filed February 25, 1999, the entire disclosure of which 1s

incorporated herein by reference.

Technical Field

The invention provides methods for deoxyribonucleic acid ("DNA") extraction from a
biological sample. More particularly, the invention relates to methods for high yield DNA

extraction from a heterogeneous biological sample by inhibiting DNA degradation.

Background of the Invention

DNA is a relatively stable molecule that 1s routinely 1solated from biological samples.
Recently, many diseases invoiving instabilities (e.g., mutations) in genomic DNA have been
characterized. Also, many pathogens have been identified by the presence or absence of a
particular DNA 1n a biological sample. Many diseases, such as cancer, are optimally detected
early in their progression. In order for early detection to be etfective, relatively low levels ot
DNA which are indicative of cancer must be detected against a high background of other DNA
(e.g., normal human DNA, bacterial DNA, etc.). This type of detection is technically difficult
and typically results in low sensitivity of detection. Moreover, in certain complex specimens,
including stool, what little species-specific DNA exists, 1s rapidly degraded, making efficient
sequence-specific detection even more difficult. Thus, a need exists for methods to retain

integrity of DNA in a sample, especially in samples in which the DNA to be detected 1s 1n low

proportion relative to other DNA in the sample and is degraded quickly.
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Summary of the Invention

The present invention provides methods for preserving the integrity of DNA in a sample.
In a preferred embodiment, methods of the invention prevent enzyme-mediated DNA
degradation. Preservation of DNA integrity facilitates isolation and detection of DNA.

Methods of the invention are especially useful for extracting or detecting DNA in a
biological specimen, especially one that contains low levels of relevant DNA. A good example
of a specimen that contains lower-levels of relevant DNA is stool. Typical human stool contains
only small amounts of intact human DNA. Most of the human DNA in stool from a healthy
individual is presumably from exfoliated epithelial cells, and has undergone apoptotic
degradation. As the forming stool passes through the colon, colonic epithelial cells are sloughed
onto the stool as part of the cellular turnover that occurs in the colon. Stool also contains
sloughed cells from other luminal sources (¢.g.. lung, stomach, esophagus. erc.) Sloughed cells
typically have undergone or are undergoing apoptosis, leaving cellular DNA 1n small fragments.
Enzymes, such as deoxyribonuclease ("DNase") and Micrococcal nuclease contribute to the
degradation of any intact human DNA that remains. Prior art methods, while using DDNase
inhibitors. have failed to achieve significant yields of intact, species-specific DNA from stool.
Therefore, such methods failed to consider optimization of inhibition of DNA degradanion.
Methods of the invention are based on the realization that optimal inhibition of DNA degrading
enzyme(s) effectively preserves DNA, especially large, diagnostically-relevant DNA fragments
that are present 1n a sample.

In one aspect, the invention comprises inhibiting nucleic acid degradation in a sample

and optionally extracting a target DNA with. for example. a phenol-chloroform extraction.
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molecules of analyzable DNA. in one embodiment, methods of the invention comprise
inhibiting an enzyme capable of DNA degradation in a stool sample. In a preferred embodiment,
methods of the invention comprise exposing a stool sample to an 1on chelator, such as a divalent
1on chelator. lon chelators, in certain embodiments inhibit DNase. Examples of preferred
inhibitors include ethylenediaminetetraacetic acid ("EDTA"). Additional preferred methods of
the invention comprise exposing a stool sample to a Micrococcal nuclease inhibitor, such as

EGTA, also a divalent 1on chelator. Inhibitors of DNA degradation may be used either alone or

in combination to achieve optimal levels of DNA preservation.

Methods of the invention are practiced using any inhibitor of DNA degradation. The
amount of inhibitor varies depending on the inhibitor that is used. However, an inhibitor must be
used 1in an amount that preserves significant levels of DNA in the sample for subsequent
analysis. Methods for determining sufficient levels of DNA are presented below. Such methods
allow the skilled artisan to practice the invention with specificity regardless of the inhibitor used.
According to preferred methods, an amount of inhibitor is used that preserves sufficient DNA in
the sample for detection of a target DNA within a desired level of statistical confidence. Using
methods described herein, the skilled artisan can determine an appropriate amount of any

inhibitor for use in methods of the invention. The use of various specific inhibitors 1s

exemplified below.

In another preferred embodiment, methods of the invention comprise obtaining a
representative (circumfrential or cross-sectional) stool sample, exposing the sample or a portion
thereof to a DNase inhibitor, and isolating DNA from the sample. One preferred DNase

inhibitor is EDTA. Preferred amounts of EDTA are from about 0.042 g per gram of stool to

At N 71O v e crwnrn ~f ctan] anAd acrnantalle feane alnait N Y80 g ner aram af ctan] ta ahatt
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0.521 g per gram of stool. DNA may be extracted, for example, by a phenol-chloroform
extraction. After extraction, the DNA may be analyzed by methods known in the art. For

example, U.S. Patent No. 5,830,665 and U.S. Patent No. 5,670,325, which are incorporated by

reference herein, disclose methods for analyzing DNA which has been extracted from a stool

sample.

Methods of the invention are useful in any sample in which inhibition of DNA
degradation 1s desired. For example, methods of the invention are especially effective 1n
samples comprising exfoliated cells. especially exfoliated epithelial cells. The DNA contained

in such samples typically degrades rapidly, making analysis of a particular DNA, especially one

that exists in low proportion within the sampie, difficult. For example, such samples include
stool, sputum, urine, pus, and collostrum. Methods of the invention include inhibiting DNA
degradation in such samples, thus preserving a sufficient amount of DNA for specific, sensitive

detection. Any of the features described above, such as DNA degradation mhibitors or amounts

of inhibitors that are used, can be useful in samples containing exfoliated cells.

Brief Description of the Drawings

FIG. 1 shows a flow chart describing one aspect of the invention.

FIG. 2 shows a separation gel of DNA isolated from several different homogenized stool

supernatants that contained various concentrations ot EDTA.

FIG. 3 shows a separation gel of DNA isolated from homogenized stool supernatant that

contained various concentrations of EDTA followed by capture and amplification.
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FIG. 4 shows separation gel of DNA 1solated from homogenized stool supernatant that

contained various concentrations EDTA followed by capture, addition of more DNA, and

amplification.

FIG. 5 shows a set of curves produced by regression analysis of the data obtained using

the model as described for, for example, Tables 1 and 2.

Dectailed Description of the Invention

L. Introduction

The present invention provides methods for increased yield of DNA in a biological

sample by preserving the integrity of DNA in the sample. Such methods are especially useful

when the DNA of interest ("the target DNA") is present in the sample at a low frequency. or 1s
rapidly degraded. More particularly, methods of the invention include, for example, mnhibiting
enzymes that degrade DNA.

Prior to the present invention, those skilled in the art have not been concerned with
preventing DNA degradation prior to extraction from a sample. Typically, cither the DNA of
interest is present in samples in relatively large quantities (e.g., tumor cells, blood). or methods
are directed toward increasing sensitivity to low-{requency DNA, and not to preserving 1ts
integrity. However, especially in the case of low-frequency DNA 1n a heterogeneous sampie
(e.g., a sample having cells and/or cellular debris from multiple cell types and/or organisms).
methods for increasing sensitivity to DNA have not been entirely successful. Methods of the

invention provide a new approach by preserving the integrity of DNA. Methods ot the invention

increase the likelihood of detecting a specific target DNA, because such methods make more
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Referring to Figure 1, one generalized method of the invention involves obtaining a
sample (step 2) and exposing it to a DNA degradation inhibitor (step 4). Once the sample has
been exposed to the DNA degradation inhibitor, target DNA is extracted (step 6). The presence
or absence of this extracted target DNA 1is then detected (step 8).

In heterogeneous samples, such as stool, endogenous human DNases and/or bacterial
nucleases degrade DNA. Examples of nucleases include DNases, such as deoxyribonuclease |
("DNase 1") and Micrococcal nuclease. DNase and Micrococcal nuclease both require a divalent
cation to function optimally. For DNase, suitable 1ons include Mn*? and Mg™. For Micrococcal
nuclease, Ca'” is a suitable ion. lon chelators, and particularly divalent ion chelators, are capable
of inhibiting nucleases. Ion chelators remove ions from association with the nuclease, thus
inhibiting the nuclease's function. For example, EDTA or EGTA used in optimal amounts are
useful 1on chelators for use in the present invention.

Other compounds that inactivate, interfere with, or slow enzyme-mediated degradation of
DNA are useful. For example. ligands and/or antibodies which compete for or intertere with the
active site of DNA degrading enzymes, which inactivate those enzymes, and/or which block
messenger systems that control DNA degrading enzymes are useful in the practice of the
invention. Phenol-chloroform extraction components, at higher concentrations than those
typically used during extraction, also are capable of inhibiting nucleases by separation and
denaturation. For example, phenol denatures DNA degradation enzymes, and is used in methods
of the invention to preserve DNA integrity. Also, proteinases which degrade and/or denature

DNA degrading enzymes are useful.

Methods of the invention comprise the use of optimal amounts of DNA degradation
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heterogeneous samples, such as stool, target DNA (e.g., mutated DNA or reductions 1n

enumerated wild type DNA that are indicative of a mutation) is present in low amounts. An

optimal amount of a DNA degradation inhibitor is an amount that results in a measurable

improvement in the quantity of DNA available in the sample. Thus, the skilled artisan can

empirically determine optimal amounts of DNA degradation inhibitors for use in methods of the

invention by using inhibitor amounts necessary to preserve a diagnostically-relevant fraction of

high-integrity target DNA. A method for determining diagnostically-relevant DNA amounts 1s

presented below.

Amplification of DNA, and other stochastic processes, performed on heterogeneous
samples may actually contribute to the inability to measure low-frequency DNA. For example,

a typical cancer-associated (mutant) DNA in the early stages of oncogenesis represents about 1%

of the DNA in a heterogeneous sample (e.g., stool). If DNA in the sample is amplified at 30%
PCR efficiency, any particular DNA has only a 30% chance of being amplified in any round of
PCR. Thus, if a mutant DNA initially present as 1% of a sample is not amplified in the first
round, the mutant DNA will represent only about 0.7% of the DNA in the sample after round 1.

If no mutant is amplified in the first two rounds (0.7 x 0.7. or a 49% probability), the mutant

DNA will represent only about 0.6% of the DNA in the sample going into round three of the
PCR . If the post-amplification assay used to detect the mutant has a sensitivity of no more than
0.5% for the mutant, it may not be possible to reliably detect the presence of the mutant DNA.
Thus, the detection method itself may actually contribute to difficulties in detecting low-
frequency DNA, especially if sufficient amounts of intact DNA are not present in a sample.

Thus, one means for determining an appropriate amount of inhibitor to use 1n methods of the

strtrantiAm 10 Amimvm;ﬂa thao ﬂ\;r\;m1‘l11"\ ammnaint f\‘r;ﬂ‘l')f\f NI A f“w}f rvmi1¢ot }‘\P nracAant 1N 92 qunln T
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avoid the stochastic effects described above, and then to use sufficient inhibitor to produce at
least the minimum number of DNA molecules in the sample. Methods for calculating the
minimum number of DNA molecules necessary to overcome the effects of stochastic processes,
such as PCR, are presented below.

A model useful to generate sufficient DNA molecules for accurate measurement operates

by iterating stochastic processes over a number of rounds of PCR. In the context of molecular
disease diagnostics, the model dictates the number of molecules that must be presented to the
PCR 1n order to reliably ensure amplification of desired target DNA. The model incorporates a
preset PCR efficiency (established to meet separate specificity requirements), and a preset ratio
of mutant DNA to total DNA in the sample to be analyzed (which is a property of the disease to
be detected and the nature of the sample). Based upon those input values, the model predicts the
number of molecules that must be presented to the PCR in order to ensure, within a predetined
level of statistical confidence, that a low-frequency (target) molecule will be amplified and
detected. Once the number of molecules i1s determined, the skilled artisan can determine the
sample size to be used (e.g., the weight, volume, etc.), depending on the characteristics of the
sample (e.g.. its source, molecular makeup, etc.). The model dictates the number of molecules
that must be presented to the PCR in order to reliably ensure amplification and detection.

The exemplary model simulates selection of DNA for amplification through several
rounds of PCR. For purposes of the model. a sample is chosen that contains a ratio of mutant-to-
total DNA of 1:100, which 1s assumed to lie at the clinical threshold for disease. For example, in
colorectal cancer 1% of the human DNA 1n a specimen (e.g., stool) is mutated (i.¢.. has a

deletion, substitution, rearrangement, inversion, or other sequence that is different than a

nnvvoonnnr];nn 11:”:1 T o oannmhna\ f\wnr p ]ana nnmhpr ﬁ{" D(“p r/\nn/*]c* ]ﬂhfh f]“lp mittant ﬂﬂ(’l
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wild-type molecules will be selected (i.e., amplified) according to their ratio in the specimen
(here, nominally 1 in 100), assuming there are any abnormal molecules in the sample. However,
in any one round, the number of each species that is amplified is determined according to a
Poisson distribution. Over many rounds, the process is subject to stochastic errors that reduce
the ability to detect low-frequency mutant DNA. However, the earlier rounds of PCR
(principally, the first two rounds) are proportionately more important when a low-frequency
species is to be detected, and any rounds after round 10 are virtually unimportant. Thus, the
model determines the combined probability of (1) sufficient mutant molecules being presented to
the PCR, and (2) the effects of stochastic amplification on those molecules so that at the output
of the PCR there will be a sufficient number of molecules and a sufficient ratio of mutant to total
molecules to assure reliable detection.

The model used to run the number of molecules necessary at the first round ot PCR was
generated as a “Monte Carlo” simulation of a thousand experiments, each experiment consisting
of 10 cycles of PCR operating on each molecule in the sample. The simulation analyzed (1)
taking a sample from the specimen; and (2) each round of PCR iteratively to determine whether,
for each round, a mutant DNA if present in the sample was amplified. Upon completion of the
iterative sampling, the model determined the percent of rounds in which a mutant strand was

amplified, the percent of mutants exceeding a predetermined threshold for detection (in this

example 0.5% based upon the mutant:total ratio of 1%), the coefficient of variation (CV) for

stochastic sampling in each round alone, and the coefficient of variance for stochastic sampling

and PCR 1n combination.

Stochastic noise is created in PCR if the PCR efficiency is anything other than 0% or

100/, (thhnce tvwwn macec roanrocont mther there ic‘ "N amnlificratian at 51” 'aXa hPt’FP{‘f ﬁ(iP'if\} (\F
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specific amphfication). The noise, or background, signal level in a PCR that 1s between 0% and

100% varies with the efficiency of the PCR. The standard deviation of stochastic noise, S. in a
PCR is given by the equation, S = Vnpq, where n is the number of molecules in the sample, p 1S

the efficiency of PCR, and q 1s 1-p. Table 1 presents results obtained for iterative samplings
with PCR efficiency set at 100% and 20%, and a mutant:total ratio of 0.5%.

Table 1 represents output from the model in 12 experiments conducted under various
conditions. The first row shows the nominal number of molecules entering the first round of
PCR (i.e., the total number of molecules available for amplification). The second row shows the
percent of molecules (DNA) in the biological specimen that is expected to be mutant. For
colorectal cancer indicia in DNA recovered from stool, the threshold for clinical relevance in the
detection of early stage cancer is 1%. That is, 1% of the DNA in a sample derived from a
heterogeneous specimen (€.g£., stool) contains a mutation associated with colorectal cancer. The
6th row 1s the threshold of detection of the assay used to measure PCR product after completion
of PCR. That number is significant, as will be seen below, because sufficient mutant DNA must
be produced by PCR to be detectable over aberrant signal from wild-type and random
background noise. Under the heading “Outputs”, the first line provides the likelihood that at
least one mutant molecule is presented to the first round of PCR. The Secoﬁd line under the
Output heading provides the likelihood of detection of mutants (after PCR) above the
predetermined threshold for detection. For example, in experiment 4, the results indicate that in
87.9% of experiments run under the conditions specified for experiment 4. the number of
mutants will exceed the threshold number for detection. Finally, the last two rows provide the

coefficient of variation for sampling, and for the combination of sampling and PCR.
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TABLE 1

L 520% Efficiency PCR

r WA At sar v ovn  BAAAALA A8 AW AAIN o draspasas canylrra ¢ 25 wigirs wY P14 PP AV AR A - Mu’-\wm.
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‘Number olaxpe merts modeled - 1000 1,000 1.000 1,000 1.000 1.006 - 1,000 1.000 1.000 1000 - 1,000

L —

© 050%  0.50%  050%  050% 050% | 050%  050% 050%  050% 050%  050%

MW atio whichcan be reliably detect ed by
! a%say

Outputs

% of Exparments sach wih the number ofmutan
scels ~ 0

39 30% - 64.40% 87.30% 89 40% 100% 100% 39.10% 83.50% 86.10% 99 60% 100% 100%

‘% of Expermerts cach vt h nunber of mutant

38 30% 64.40% B7.30% 87 90% 91.\0% 100% 36.20% $240% 63.30% 63 30% $1.60% 100%
cells exceeding threshold

.Stochastic Sampling CV 14220% 100% 70% 44 10%  32.10% 9 90% 144 60% . 101.80% 72.00% . 44 20% 32.00% 10%
Stochastic Sanphing and Stachsstic PCRCV 143.20% 100% 70% 44.10% 32.10% 9.00% 179.70% 123.10% 0 92.10% 56.40% 4030% .- 1270%

As shown in Table 1, even at 100% PCR efficiency, mutant DNA 1s detected 1n only

97.1% of the samples when 1000 input molecules are used (i.e., 1000 DNA molecules are
available for priming at the initial PCR cycle), even though 100% of the DNA is amplified 1n
any given round of PCR. When 10,000 molecules are presented, 1t 1s virtually certain that the
mutant DNA will be amplified and detected, as shown in the results for experiment 6 in Table 1.
Stochastic errors due to variation in the number of input molecules become less significant at
about 500 input molecules and higher (i.e., the CV for stochastic variations 1s about the same
regardless of whether PCR efficiency is 20% or 100%). At lower PCR efficiency (20% in Table
1), the model shows that introducing 50, 100. 200. 500, or even 1000 molecules into the PCR
does not assure either amplification or detection. As shown in experiment 12, introducing
10,000 molecules results in amplification of the mutant target, and a high likelihood of its

subsequent detection. Thus, even with 100% efficient PCR, significant false negative events
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The foregoing analysis shows that there is a unique range for the number of molecules
that must be presented to a PCR in order to achieve amplification of a low-frequency DNA, and
to allow its detection. That range is a function of the PCR efficiency, and the percentage of low-
frequency (mutant) DNA in the sample, and the detection threshold. The aforementioned model
was developed and run in Visual Basic for Applications code (Microsoft, Office 97) to simulate
a PCR as described above. The statistical confidence level within which results were measured
was held constant at approximately 99%. Only the PCR efficiency and percent mutant DNA
were varied. As discussed above, the model iteratively samples DNA in a “Monte Carlo™

simulation over a thousand experiments, each experiment consisting of 10 rounds of PCR. The

results are shown below in Table 2.
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TABLE 2

PCR Efficiency
10%
20%
50%
100%

1% Mutant
3,000
| 2.500
2,200
1,600

CA 02362251

2% Mutant

2002-01-08

Number of molecules needed

5% Niutant “10% Mutant

PCT/US00/01759

1,500
1.200
50% 1,000
100% 800
10% i o o 500
20% 450
50% 400
100% 300

10% l 225
20%

200
50% 150

100% 125

10% ’ ]
20%

Regression of the data obtained using the model as described above produced the set of curves
set forth below in Figure 5.

Using Figure 5, the optimal number of molecules to be presented to the PCR 1s
determined by selecting a PCR efficiency (or determining the efficiency by empirical means),
and selecting a percentage of the sample suspected to be mutant DNA assoclated with disease.
This, in turn. dictates a threshold of detection. Not all detection strategies have similar
underlying detection thresholds. so an appropriate technology must be selected. The percentage
mutant DNA may be determined by clinical considerations as outlined above for colorectal
cancer.

One may determine the PCR cfficiency and percent expected mutant in order to

maximize the probability of obtaining amplified. detectable mutant DNA. For example, one may

colort NI tha mumibher Af it malacnlec frami the 104 ctirve 1in Friaure S when S%, af the
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sample is expected to be mutant DNA in order to increase the confidence of the assay result.

This model, and particularly Figure 5, are useful when determining optimal
concentrations of a DNA degradation inhibitor. If PCR 1s used to analyze DNA after the DNA
sample is exposed to a DNA inhibitor, Figure 5, will indicate how many molecules of target
DNA need to be preserved in order to have sufficient analyzable DNA. Thus, the optimal
amount of any DNA degradation inhibitor may be determined as that amount, or range ot
amounts, of inhibitor that produce a sufficient number of analyzable DNA according to I'igure 5.
Of course, this modeling system may be applied to DNA detection technmques other than PCR.
Specifically, those skilled in the art can apply this modeling system to any process and/or
detection technique in which stochastic noise is problematic. Thus, the optimal amount of any
DNA degradation inhibitor can be determined based upon the number of DNA molecules that
are sufficient to produce analyzable DNA.

Once the number of molecules for input to the PCR is determined, a sample comprising
that number of molecules (or greater) is prepared for PCR according to standard methods. The
number of molecules in a sample may be determined directly by, for example, enumerative
methods such as those taught in U.S. Patent No. 5,670,325. incorporated by reference herein.
Alternatively, the number of molecules in a complex sample may be determined by molar
concentration, molecular weight, or by other means known in the art. The amount of DNA 1 a
sample may be determined by mass spectrometry. optical density, or other means known 1n the
art. The number of molecules in a sample derived from a biological spectmen may be
determined by numerous means in the art, including those disclosed 1n U.S. Patent Nos.

5,741,650 and 5,670,325, both of which are incorporated by reference herein.

NMathnade ac Aacerrihed cilhavie are neard tn HPTPrminp minimum ar mntimﬂl AMMINTQ ﬁf‘ DNA
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degradation inhibitors for use in any DNA isolation, detection. or amplification process in which
stochastic processes occur. Using the above-described model for determining the minimum
number of molecules that must be measured to reliably detect a low-frequency species, one can

empirically determine how much of any given inhibitor should be used.

1. Example - Detection of DNA 1n Stool with EIDTA as a DNA Degradation Inhibitor

A. Introduction

Methods of the invention are useful for analyzing DNA from stool to detect colorectal
cancer. [f colorectal cancer 1s diagnosed early, it may be treated effectively by surgical removal
of the cancerous tissue. Colorectal cancers originate in the colorectal epithelium, and typically
are not extensively vascularized (and therefore not invasive) during the early stages of
development. The transition to a highly vascularized, invasive and ultimately metastatic cancer
which spreads throughout the body commonly takes ten years or longer. If the cancer 1s detected
prior to invasion, surgical removal of the cancerous tissue 1s an effective cure. However.
colorectal cancer is often detected only upon manifestation of clinical symptoms, such as pain
and black tarry stool. Generally, such symptoms are present only when the disease 1s well
established, often after metastasis has occurred. and the prognosis ior the patient 1S poor. even
after surgical resection of the cancerous tissue. Early detection of colorectal cancer. therefore. 1s
important because early detection may signiticantly reduce patient morbidity.

B. Experiments

The following experiments demonstrate that EDTA. an inhibitor of DNase. increases the
yield of high-integrity DNA from a stool sample with a concomitant increase in the amount of

amplifiable DNA. In these experiments, three aliquots of stool (5 ¢ each) were homogenized 1n
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was used for each 5 g of stool. The buffer contained either 0 mM EDTA, 16 mM EDTA, or 96
mM EDTA. Each of the three aliquots was then diluted with additional buffer (not containing
EDTA) to a final butter to stool ratio of 20:1. Each aliquot was then centrifuged, and the
supernatant, which carried the active DNA degrading fraction, was removed to a clean tube.
Then, a DNA mixture of 2 pg E. coli DNA and 100 ng human genomic DNA was added to each
tube. Each tube was incubated for 75 minutes at 37°C. Then, 42 ul of Proteinase K and 250 ul
of 10% SDS (sodium dodecyl sulfate) were added to each tube followed by an overnight
incubation at 37°C. After the overnight incubation, the DNA 1n each sample was prepared by
standard techniques. See, e.g., SHORT PRQTOCOLS IN MOLECULAR BIOLOGY §§ 2.1-2.4 (Ausubél

et al., 3d ed., 1995). Generally, a phenol extraction, a phenol/chloroform extraction, and a

phenol extraction were performed prior to isolating the DNA. Then, the isolated DNA was

placed into a standard Tris buffer.

Three experiments were conducted on the isolated DNA. The first experiment
demonstrated that the DNA degrading activity present in homogenized stool supernatant is
inhibited by optimal amounts of EDTA, increasing the amount of high-integrity DNA. In this
experiment, DNA was isolated from homogenized stool supernatant which was taken from
aliquots of stool homogenized in buffer having 0 mM. 16 mM, or 96 mM EDTA. Total nucleic
acld was run on a separation gel. Results are shown in Figure 2, where arrows identify the
location of the smear (or lack thereof) containing the DNA of interest.

Lanes 4, 5, and 6 represent samples of DNA added to homogenized stool supernatant,
obtained from stool homogenized in buffers containing 0 mM, 16 mM, or 96 mM EDTA,

respectively, that was subsequently isolated. Note that each lane shows a high molecular weight

kanr‘ ‘lI]’\‘i(‘]‘l rionmrecaoanto Pﬁf“f\ﬂ'f—lf‘l!\‘llt‘ T\T\" A f‘rr\n‘\ fhP er‘\(\l cqmnlo anA 22 CMeAanr frnw\ fhP eEYOhoenntig
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DNA. The intensity of the band and smear in the photograph (which correlates with the amount
of DNA in the band, a greater intensity corresponding to a greater amount of DNA) increased as
the concentration of EDTA in the origina! buffer increased. Lanes 7-9 and 10-12 are replicates
of lanes 4-6. The increasing intensity of the bands and the smears as EDTA concentration
increased indicated that DNA integrity was preserved as the concentration of EDTA in the butfer
increased. Thus, the DNA degrading activity of the homogenized stool supernatant was
inhibited by the EDTA in a roughly dose-dependent manner.

Lanes 1, 2 and 3 and lanes 13, 14 and 15 were control samples containing 2 pg £. coli
DNA and 100 ng exogenous human DNA in buffer made with 16 mM EDTA. As expected,
each lane showed a smear representative of the added DNA.

In a second experiment. the isolated DNA as described above was captured and
amplified. The results of this experiment demonstrated that EDTA not only inhibits the DNA
degrading activity present in stool supernatant but also increases the amount of amplitiable
DNA. In this experiment, after preparing the DNA as described above, a standard hybrid capture
was performed using Kras-specific capture probes to capture Kras DNA. The Kras DNA then
was PCR amplified. Figure 3 shows the effect of EDTA on the preservation of Kras DNA. The
location of the band (or lack thereof) representing Kras DNA is 1dentified with an arrow.

Lanes 4, 5, and 6 represent Kras DNA that was amplified from template DNA that was
added to homogenized stool supernatant obtained from stool homogenized in buffer containming U
mM, 16 mM, or 96 mM EDTA, respectively. Note that the Kras band in lane 4 was nearly
absent, while the Kras band grew in intensity (representing an increase in the amount of Kras

DNA actually present) in lanes 5 and 6 as the concentration of EDTA in the butfer increased.

T e ™ () mnenn smemlonatan ~F Vamme A £ amd chmtrr a crrmslav tsmnaranca 1m hanA imtencity fan 1merraace 1
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the amount of DNA present) as the concentration of EDTA in the original buffer increased.
Thus, more Kras DNA was amplified, resulting in a more robust signal at higher concentrations
of EDTA.

Additionally, 1n the population, levels of DNA which can be amplified from stool vary
across individuals. These individuals have been characterized in groups from A to F, with A
being the highest level of DNA and F being an undetectable level of DNA. The high levels of
DNA in group A are due to low DNA degradation activity in their stool ("high-integrity stool™).
Adding EDTA to the buffer in which a stool aliquot from a Group A individual is homogenized
would not be expected to produce a large etffect because Group A stool has little DNA degrading
activity. In fact, when Kras DNA was amplified from template DNA that was added to
homogemzed stool supernatant obtained from Group A stool homogenized in buffer containing 0
mM, 16 mM, or 96 mM EDTA, little difference in the amount of amplified Kras DNA was
observed (lanes 10, 11, and 12, respectively). Only a slight increase in Kras band intensity can
be seen between 0 mM EDTA and 16 mM or 96 mM EDTA, representing only a slight increase
1n the amount of Kras DNA at inhibitory concentrations of EDTA.

Lanes 1-3 as well as lanes 13-15 represent samples of amplified Kras DNA that was not
exposed to homogenized stool supernatant. As expected, those control lanes show a band of
equal intensity across lanes representing Kras DNA. Lanes 16 and 17 are negative controls and.
as expected, show no band representing Kras, indicating that any observed Kras DNA is due to
captured DNA and not to contamination. Lane 18 is a negative control, and, as expected, has no
band representing the Kras gene, indicating that the PCR products are from the sample and not

from contamination. Lanes 19-21 are positive controls where 50 pg, 100 pg, or 200 pg of human
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DNA is amplified in a background of E. coli DNA, indicating that human DNA can be amplified
in an E. coli background in this model system. Finally, lane 22 1s a molecular weight marker.

In a third experiment, the same protocol was used as in the second experiment except
human genomic DNA was added into each sample after capture. Kras DNA was again amplified
by PCR. Thus, an excess of template DNA was available for PCR. This experiment
demonstrated that the varying levels of PCR amplification in the second experiment were not
due to EDTA interfering with or enhancing normal PCR but were due to varying levels of
template DNA available to be amplified resulting from various levels of DNA degradétion
inhibition by EDTA. Figure 4 shows the results of this experiment. The location of the band (or
lack thereof) representing Kras is identified with an arrow. Lanes 1-6 and 8-13 correspond with
lanes 1-12 in the second experiment (i.¢., lanes 1-3 were controls, lanes 4-6 and 8-10 were
excess Kras DNA amplified in samples exposed to homogenized stool supernatant trom stool
homogenized in 0 mM, 16 mM, or 96 mM EDTA, and lanes 11-13 were excess Kras DNA
amplified in samples exposed to homogenized stool supernatant {rom high-integrity stool
homogenized in 0 mM, 16 mM, or 96 mM EDTA). As expected, lanes 1-6 and 8-135 show a
PCR product of roughly equal intensity because an excess of template DNA 1s available. The
EDTA does not interfere with or enhance normal PCR. This result indicates that the varying
levels of PCR amplification in the 0 mM, 16 mM, or 96 mM EDTA samples in the second
experiment was due to varying levels of template DNA and not to inhibitor. Lane 14 shows a
sample of human genomic DNA. Lanes 15-18 are the same controls as lanes 17 and 19-21 1n the

second experiment.

From the experimental data described above. the amount of EDTA required to inhibit

NDNace was calenlated The concentration of FNTA 1n the variong hiffers nced in the three
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experiments was normalized as grams of EDTA per gram of stool. Generally, the concentration
of EDTA was multiplied by the molecular weight of EDTA and by the volume of bufter in
which the stool was homogenized. The product was divided by the amount of stool that was

homogenized. For example, the following equations were used to normalize EDTA

concentration.

For 16 mM EDTA:

(0.016 EDTA M/L x 372.2 g/M x 0.035L) + 5¢ = 0.042 g EDTA per gram of stool
For 96 mM EDTA:

(0.096 EDTA M/L x 372.2 g/M x 0.035L) =+ 5g = 0.250 g EDTA per gram of stool
Thus, for any amount of stool to be homogenized, at least about 0.042 g EDTA per gram of stool
should be used in the homogenization buffer in order to maximize yield of DNA. The range ot
EDTA which may bc used is from about 0.042 g EDTA per gram of stool to about 0.782 ¢
EDTA per gram of stool. More preferably, about 0.250 g EDTA per gram of stool to about

0.521 ¢ EDTA per gram of stool is used. Most preferably, about 0.391 g EDTA per gram ot

stool 1s used.

These calculations indicate that at commonly used buffer volumes and stool amounts, the
amount of EDTA present in the homogenized sample is a more important factor than the final
concentration of EDTA in the homogenized sample. However, as one skilled in the art realizes.
at some point, although the amount of EDTA will remain the same in a given volume, the
volume may become so large that the effect of EDTA on DNA integrity is diluted. When

examining a stool sample within commonly used parameters, this dilution eftect 1s not seen.

However, in alternative embodiments. the concentration of EDTA 1s a relevant factor. In these

ermhndimente fram ahnant 1A M EDTA ta abhvant 200 mM ETNDTA 1c neafiil Mare nreferahly
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from about 100 mM EDTA to about 200 mM EDTA is useful. Most preferably, about 150 mM

EDTA 1is useful.
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What 1s claimed is:

L. A method for preserving the integrity of DNA in a stool sample, the method comprising:

exposing the stool sample to an amount of an inhibitor of DNA degradation sufticient to

produce a critical number of molecules of analyzable DNA.

2. The method of claim 1 wherein the inhibitor comprises an 1on chelator.
3. The method of claim 2 wherein the i1on chelator comprises a divalent 10n chelator.
4, The method of claim 3 wherein the divalent 1on chelator 1s selected from the group

consisting of EDTA and EGTA.

5. The method of claim 1 wherein the step of exposing the stool sample to an amount of an

inhibitor of DNA degradation comprises providing EDTA in a range from 0.042 g EDTA per

gram of stool to 0.782 g EDTA per gram of stool.

6. The method of claim 1 wherein the inhibitor of DNA degradation comprises an enzyme
inhibitor.

7. The method of claim 1 turther comprising a step of extracting a target DNA.

8. The method of claim 7 wherein the step of extracting comprises a phenol-chloroform
extraction.

9. A method for preserving the integrity of DNA in a sample containing extoliated cells, the

method comprising:

exposing the sample to a minimum amount of an inhibitor of DNA degradation sufticient

to produce a critical number of molecules of analyzable DNA.

10.  The method of claim 9 wherein the sample is obtained from stool.
11.  The method of claim 9 wherein the inhibitor comprises an 1on chelator.
1M Thn cenntlhnd AF AlAatma 11 tvihhnwniin tha tAan Alhalatar cnnnricac o Aivaloant 1nan chelatar
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13. The method of claim 12 wherein the divalent 1on chelator is selected from the group
consisting of EDTA and EGTA.

14.  The method of claim 10 wherein the step of exposing the sample to a minimum amount
of an inhibitor of DNA degradation comprises providing EDTA in a range from 0.042 g EDTA
per gram of stool to 0.782 g EDTA per gram of stool.

15. The method of claim 9 further comprising extracting a target DNA.

16. The method of claim 9 wherein the step of extracting comprises a phenol-chlorotorm

extraction.
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