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Enhancing Endotoxin Detection

BACKGROUND

Endotoxin, also known as lipopolysaccharide (LPS), is an integral component of the
Gram-negative bacterial cell membrane and is responsible for many, if not all, of the toxic effects
that occur during Gram-negative bacterial sepsis. LPS is a mixture of glycolipids consisting of a
variable polysaccharide domain covalently bound to a conserved glucosamine-based
phospholipid known as lipid A. LPS directly stimulates host monocytes and macrophages to
secrete a wide array of inflammatory cytokines that include tumor necrosis factor-I (TNF-I),
interleukin-1 (IL-1), and interleukin-8 (IL-8). Excessive release of these cytokines by host
macrophages contributes to organ failure and death that occur after episodes of Gram-negative
bacterial sepsis.

SUMMARY

Provided herein are methods for detecting endotoxin in a sample, including, for example,
a citrated or EDTA-containing sample. For example, provided herein is method of detecting
endotoxin in a sample comprising heating the sample; acidifying the heated sample to a pH of
about 1 to 4; contacting the acidified sample with an acidic protease; increasing the pH of the
protease-treated sample to about 6 to 8; and detecting endotoxin in the sample.

Also provided herein are kits for detecting endotoxin in a sample, including, for example,
a citrated or EDTA-containing sample. The details of one or more aspects are set forth in the
accompanying description below. Other features, objects and advantages will be apparent from
the description and from the claims.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 shows plasma protein digestion with EndoPrep™ treatment.

DETAILED DESCRIPTION

Since endotoxin contains a negative charge, a lipid and a carbohydrate, certain molecules
can interfere with the ability of assays to properly measure endotoxin. Provided herein are
improved methods and kits for detecting endotoxin in a sample. For example, provided herein is
method of detecting endotoxin in a sample comprising heating the sample; acidifying the heated
sample to a pH of about 1 to 4; contacting the acidified sample with an acidic protease;
increasing the pH of the protease-treated sample to about 6 to 8; and detecting endotoxin in the
sample. Optionally, the method can further comprise inactivating the acidic protease after
contacting the sample with an active protease and before detecting endotoxin in the sample.

Optionally, the acidic protease is inactivated by a pH of about 7.0.

1
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In the methods set forth herein, the sample can be, for example, a biological sample or an
environmental sample. As used herein, a biological sample subjected to testing is a sample
derived from a subject such as a mammal or human and includes, but is not limited to, any
biological fluid, including a bodily fluid. Examples of bodily fluids include, but are not limited
to, whole blood, plasma, serum, urine, saliva, ocular fluid, ascites, spinal fluid, tissue infiltrate,
pleural effusions, lung lavage fluid, and the like. The biological fluid includes a cell culture
medium or supernatant of cultured cells. For example, the sample can be a blood sample or a
serum sample. Optionally, the sample is a liquid sample, such as water or other agents used, for
example, in research or clinical laboratories or hospitals. The sample can also be from a
commercial source.

As used herein, an environmental sample includes, but is not limited to, fluid, waste,
water, dust and rain samples. Optionally, the environmental sample is obtained from a surface,
for example, in a hospital, for analysis in the provided methods. For example, a sample can be
obtained from a device used in a hospital, clinical or laboratory setting and analyzed for the
presence of Gram negative bacteria. Optionally, the sample is diluted in solution prior to
analysis.

A device used in a hospital, clinical or laboratory setting can be, but is not limited to a
medical device such as a tube, a stent, a hemodialysis membrane, a filter, a mesh, a bandage or
any other product that comes in physical contact with a patient during diagnosis, prevention,
therapy or surgery. A medical device can also be an instrument or a component of an instrument
utilized during diagnosis, prevention, therapy or surgery. A device can also be a laboratory
instrument, such as a centrifuge, a microscope, a laboratory hood, ctc.

The presence of anticoagulants such as, for example, sodium citrate or EDTA can cause
variation in standard assays, resulting in false positives and negatives, as well as affecting
accuracy. Therefore, the sample to be tested can comprise a citrated or EDTA-containing sample
which interferes with endotoxin assays. For example, the sample can comprise citrated plasma
or EDTA treated plasma.

In the methods described herein, the sample can be heated to a temperature of about 60°C
to about 70°C. Therefore, the sample can be heated to a temperature of about 60°C, 61°C, 62°C,
63°C, 64°C, 65°C, 66°C, 67°C, 68°C, 69°C or about 70°C. The sample can be heated for about
20 to about 40 minutes. For example, the sample can be heated for about 40, 39, 38, 37, 36, 35,
34,33, 32, 31, 30, 29, 28, 27, 26, 25, 24, 23, 22, 21 or about 20 minutes. The sample can be
cooled after heating to about, for example, 18°C to about 25°C. Therefore, the sample can be

cooled to about 18°C, 19°C, 20°C, 21°C, 22°C, 23°C, 24°C or to about 25°C.
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In the methods set forth herein, the sample can be acidified by adding an acid to the
sample. For example, hydrochloric acid can be added to the sample to obtain a pH of about 1 to
about 4. The acid can be at a molarity that one of the skill in the art can use to acidify a sample
to a pH of about 1 to about 4. For example, the acid can be 1M HCI. Other acids include, but
are not limited to, nitric acid, sulfuric acid and acetic acid. Optionally, an alkaline phosphatase
inhibitor can be included when acidifying the sample.

In the methods set forth herein, the sample can be contacted with an active acidic
protease at a pH of less than 4, less than 3, less than 2 or about 1. Therefore, the pH can be about
3.9,3.8,3.7,3.6,3.5,34,3.3,32,3.1,3.0,29,2.8,2.7,2.6,2.5,2.4,23,2.2,2.1,2.0, 1.9, 1.8,
1.7,1.6, 1.5, 1.4, 1.3, 1.2, 1.1 or about 1.0. Prior to acidifying the sample, the sample can be
diluted to about 1 part sample to about 10 parts diluent. For example, the sample can be diluted
to about 1 part sample to about 1 part diluent, to about 1 part sample to about 2 parts diluent, to
about 1 part sample to about 3 parts diluent, to about 1 part sample to about 4 parts diluent, to
about 1 part sample to about 5 parts diluent, to about 1 part sample to about 6 parts diluent, to
about 1 part sample to about 7 parts diluent, to about 1 part sample to about & parts diluent, to
about 1 part sample to about 9 parts diluent or to about 1 part sample to about 10 parts diluent.
The diluent can be, but is not limited to, a buffer comprising divalent cations, for example a Tris
buffer comprising MgCl, or a Tris buffer comprising CaCl,.

As used herein, acid, acidic, aspartic or aspartic acid proteases refer to proteases active at
low pH. For example, the protease is active at a pH from about 0.0 to about 6.0 or any pH
between 0.0 and 6.0, inclusive. Such proteases are inactive at a pH of about 6.0 to about 14.0.
As used herein, an inactive acidic protease refers to a protease without proteolytic activity (i.e., a
protease that is unable to cleave an amino acid sequence such as a polypeptide or protein). As
used herein, an active acidic protease refers to a protease with proteolytic activity (i.e., a protease
that is able to cleave an amino acid sequence). By way of example, an active acidic protease can
be inactivated by a pH of 6.5 or higher (i.e., the protease is in a solution with a pH of 6.5 or
higher). The pH of a solution can be altered by addition of chemicals to a solution. For
example, hydrochloric acid can be used to reduce pH and sodium hydroxide can be used to raise
pH. Phosphoric acid can be used to maintain a pH of about 6.5. Optionally, a pepsin inhibitor is
used to inactivate pepsin. Pepsin inhibitors include, but are not limited to, acetamidine, N-
acetyl-D-phenyalanyl-L-diiodotyrosine, N-acetyl-L-phenyalanyl-D-phenylalanine, p-
aminobenzamidine, benzamidine, butyamine, diazoketones, ethylamine, pepstatin, and

phenylactamidine.
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Acid or acidic proteases, such as endopeptidases, are known and have been grouped into
three families, namely, pepsin (A1), retropepsin (A2), and enzymes from pararetroviruses (A3).
The members of families Al and A2 are known to be related to each other, while those of family
A3 show some relatedness to Al and A2. Microbial acid proteases exhibit specificity against
aromatic or bulky amino acid residues on both sides of the peptide bond, which is similar to
pepsin, but their action is less stringent than that of pepsin. Acid proteases include microbial,
fungal, viral, animal and plant acidic proteases. Microbial aspartic proteases can be broadly
divided into two groups, (i) pepsin-like enzymes produced by Aspergillus, Penicillium, Rhizopus,
and Neurospora and (i) rennin-like enzymes produced by Endothia and Mucor spp (Rao ct al.,
Microbiology and Molecular Biology 62(3):597-635 (1998); Richter et al., Biochem. J. 335:481-
90 (1998)). Examples of acidic proteases include, but are not limited to, pepsins, including
pepsins A, B and C; rennin; chymosin; plasmepsin; cathepsins, such as, for example, cathepsin D
and cathepsin E; human urinary acid protease; and viral proteases like HIV protease. Fungal
proteases include, but are not limited to, fungal proteases derived from Neurospora oryzae,
Mucor pusillus, Mucor miehei, Aspergillus niger, Rhizopus chinensis, or Endothia parasitica.
Microbial proteases include, but are not limited to, yeast proteinase A, aspergillopepsinogen,
rhizopuspepsin, penicillopepsin, and endothiapepsin.

In the methods set forth herein, the pH of a protease-treated sample can be increased to a
pH greater than 6, greater than 6.5, greater than 7, greater than 7.5 or about 8 by addition of a
base to the protease-treated sample. Therefore, the pH can be about 6, 6.1, 6.2, 6.3, 6.4, 6.5, 6.6,
6.7,6.8,69,7.0,7.1,7.2,7.3,7.4,7.5,7.5,7.7,7.8, 7.9 or about 8. The base can be at a
normality that one of skill in the art can use to increase the pH of a sample from about 6 to about
8. For example, 0.5 N sodium hydroxide can be used to increase pH. Other examples of bases
include, but are not limited to, potassium hydroxide and ammonia. Prior to increasing the pH of
the sample, from about 6 to about &, the sample can be diluted to about 1 part sample to about 10
parts diluent. For example, the sample can be diluted to about 1 part sample to about 1 part
diluent, to about 1 part sample to about 2 parts diluent, to about 1 part sample to about 3 parts
diluent, to about 1 part sample to about 4 parts diluent, to about 1 part sample to about 5 parts
diluent, to about 1 part sample to about 6 parts diluent, to about 1 part sample to about 7 parts
diluent, to about 1 part sample to about 8 parts diluent, to about 1 part sample to about 9 parts
diluent or to about 1 part sample to about 10 parts diluent. The diluent can be, but is not limited
to a buffer comprising divalent cations, for example a Tris buffer comprising MgCl, or a Tris

buffer comprising CaCl,.
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Endotoxin can be detected via methods standard in the art, for example, and not to be
limiting, these include gel-clot assays, turbidimetric assays, and chromogenic assays. The
PyroGene”™ Recombinant Factor C Endotoxin detection System (Lonza 50-658U) is an example
of a fluorescence assay that can be utilized. It is understood that since endotoxin is an integral
component of the Gram-negative bacterial cell membrane, the methods set forth herein can also
be utilized to detect the presence of Gram negative bacteria in a sample.

Kits for detecting endotoxin, Gram negative bacteria or lipopolysaccharide are provided.
The kits comprise an acidic protease, an acid and a base. The acid can be, for example,
hydrochloric acid, nitric acid, sulfuric acid or acetic acid, to name a few. The acid can be at a
molarity that one of skill in the art can use to acidify a sample to a pH of about 1 to about 4. For
example, the acid can be about 1M HCI. The base can be, for example, sodium hydroxide,
ammonia, or potassium hydroxide, to name a few. The base can be at a normality that one of
skill in the art can use to increase the pH of a sample from about 6 to about 8. For example, the
base can be about 0.5N NaOH. As discussed above, the acidic protease can be any acidic
protease. For example, the acidic protease is selected from the group consisting of pepsin,
rennin, chymosin, plasmepsin, cathepsin D, cathepsin E, human urinary acid protease, HIV
protease, Neurospora oryzae protease, Mucor pusillus protease, Mucor miehei protease,
Aspergillus niger protease, Rhizopus chinensis protease, Endothia parasitica protease, yeast
proteinase A, aspergillopepsinogen, rhizopuspepsin, penicillopepsin, and endothiapepsin.
Optionally, the kits further comprise one or more buffers, such as, for example, an acidic
protease buffer. Optionally, the kits further comprise an alkaline phosphatase inhibitor.

Disclosed are materials, compositions, and components that can be used for, can be used
in conjunction with, can be used in preparation of, or are products of the disclosed methods and
compositions. These and other materials are disclosed herein, and it is understood that when
combinations, subsets, interactions, groups, etc. of these materials are disclosed that, while
specific reference to each various individual and collective combinations and permutation of
these compounds may not be explicitly disclosed, each is specifically contemplated and
described herein. For example, if a method is disclosed and discussed and a number of
modifications can be made to materials used in the method or in the steps of the method, each
and every combination and permutation of the method and the modifications that are possible are
specifically contemplated unless specifically indicated to the contrary. Likewise, any subset or
combination of these is also specifically contemplated and disclosed. Thus, if there is a variety
of additional steps that can be performed in a method, it is understood that each of these

additional steps can be performed with any specific method steps or combination of method
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steps of the disclosed methods, and that each such combination or subset of combinations is
specifically contemplated and should be considered disclosed. Thus, a number of aspects have
been described. Nevertheless, it will be understood that various modifications may be made.
Furthermore, when one characteristic or step is described, it can be combined with any other
characteristic or step herein even if the combination is not explicitly stated. Accordingly, all
combination of disclosed agents, steps and characteristics are provided even in the absence of
explicit disclosure herein.

Ranges may be expressed herein as from about one particular value, and/or to about
another particular value. When such a range is expressed, this includes from the one particular
value and/or to the other particular value. Similarly, when values are expressed as
approximations, by use of the antecedent about, it will be understood that the particular value is
disclosed.

Throughout this application, various publications are referenced. The disclosures of
these publications in their entireties are hereby incorporated by reference into this application.

The following examples are put forth so as to provide those of ordinary skill in the art
with a complete disclosure and description of how the compounds, compositions, articles,
devices and/or methods claimed herein are made and evaluated, and are intended to be purely
exemplary and are not intended to limit the scope of the methods and materials provided herein.

EXAMPLES

In the following examples, an endotoxin spike refers to the defined amount of exogenous
endotoxin added to the plasma samples prior to treatment. The ability to detect the spike after
treatment dictates the success of the protocol. Each set of experiments included a set of treated
controls. These controls were identical to the samples but contained water instead of plasma.
These samples were diluted in the same buffers and incubated under identical conditions. Each
set of experiments included a set of untreated controls. These controls were prepared using
identical handling and dilution procedures but using endotoxin-free water immediately prior to
testing. Recovery is defined as the percentage of endotoxin spike detected in the treated samples
as compared to the control samples. Every replicate of every sample was performed both with
and without a 1 EU/ml Positive Product Control (PPC) according to industry standards. The
PPC is a sample of product to which a known amount of endotoxin spike has been added. It is
used as a monitor of product inhibition or enhancement. Industry standards dictate that a PPC
value of 50-200% represents an acceptable assay.

Set forth below are experiments for accurate endotoxin detection in blood-derived

products. The first set of experiments showed that heat-inactivation alone was insufficient for
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detection (Table 1). The second set of experiments involved digestion of the samples with the
EndoPrep™ system. These results also indicated a lack of detection accuracy (Table 2). The
third set of experiments involved a combination of heat-inactivation and EndoPrep™ digestion.
These results showed adequate PPC data but poor spike recovery (7able 3). Alteration of pH
resulted in more efficient digestion (Figure 1) without causing product insolubilization. By
changing the “spike-point” (Table 4-5) it was determined that there was a pH- and heat-sensitive
component in plasma that prevented spike recovery. After addressing these issues, and testing
the protocol with crude environmental endotoxin, the protocol was tested with citrated plasma
and showed acceptable results at a 1:100 final dilution (7able 6).

HEAT INACTIVATION

A heat inactivation protocol was performed on all samples. These results are from 30

minute incubations in the Lonza® PyroGene assay using a polynomial standard curve based on
endotoxin standards provided with the kit. Each set of data represents triplicate testing using 10
unique plasma/serum samples (5 male, 5 female).

TABLE 1. Heat Inactivation of Normal Samples.

Citrated Plasma 1:10 21.0% 1.9%
1:100 4.9% 182.7%
1:1000 12.3% 162.5%
Heparinized Plasma 1:10 139.0% -2.9%
1:100 90.7% 2.7%
1:1000 375.8% -3.8%
Serum 1:10 21.2% 2.3%
1:100 15.0% 5.7%
1:1000 14.9% 0.3%

The low to negative PPC values associated with heparinized plasma and serum suggest
that the spike recovery numbers are endotoxin-independent and are a result of interfering factors
in the sample that persist after heat treatment. The citrated plasma data give marginally
acceptable PPC results and low recovery at the 1:100 and 1:1000 dilutions. These results
demonstrate that heat-inactivation alone is insufficient for endotoxin detection.

ENDOPREP™ TREATMENT

An EndoPrep™ treatment protocol was performed on all samples. Briefly, plasma
samples were diluted 1:10 in BDTI Digestion Buffer (i.e. 270 ul buffer + 30 ul plasma). To this
mixture 30 pl of BDTI Protease Solution was added and mixed with vortexing. The solution was
incubated in a 37°C water bath for 60 minutes. The solutions were then diluted 1:10 and 1:100

in endotoxin-free water and tested for endotoxin in the PyroGene assay.

7



10

15

20

WO 2012/118800 PCT/US2012/026935

Attorney Docket No. 10040-012WO1
After treatment, the samples were subjected to Lonza® PyroGene testing. These results

are from 30-minute incubations in the Lonza® PyroGene assay using a polynomial standard
curve based on endotoxin standards provided with the kit. Each set of data represents triplicate

testing using 10 unique plasma/serum samples (5 male, 5 female).

TABLE 2. EndoPrep™ Treatment of Normal Samples.

Citrated Plasma 1:100 353.8% 38.4%
1:1000 265.8% 198.3%

Heparinized Plasma 1:100 212.3% 5.0%
1:1000 27.5% 381.4%

Serum 1:100 2470.0% 0%
1:1000 2157.7% 297.0%

The PPC data show a pattern of low recovery at 1:100 and excessive recovery at 1:1000.

This pattern is a result of saturation caused by the excessively high spike recovery data at 1:100.

Summarily, this shows that both the PPC and recovery data are significantly higher than the
controls. There were samples of citrated plasma at the 1:1000 dilution that gave acceptable
results. These results demonstrate that EndoPrep™ treatment alone is insufficient for endotoxin
detection in citrated plasma.

HEAT INACTIVATION + ENDOPREP TREATMENT

A heat inactivation + EndoPrep™ treatment protocol was performed on all samples with

the addition of a 60-minute room temperature equilibration step. These results are from 30-
minute incubations in the Lonza® PyroGene assay using a polynomial standard curve based on
endotoxin standards provided with the kit. Each set of data represents triplicate testing using 10
unique plasma/serum samples (5 male, 5 female).

TABLE 3. Heat Inactivation + EndoPrep™ Treatment of Normal Samples.

Citrated Plasma 1:100 3.2% 80.4%
1:1000 5.5% 78.7%
Heparinized Plasma 1:100 34.6% 27.4%
1:1000 20.9% 124.3%
Serum 1:100 7.3% 65.4%
1:1000 10.1% 83.5%

There was a similar pattern with all three sample types: poor spike recovery but
acceptable PPC recovery. The most appealing result was PPC recovery over 80% in citrated
plasma at the 1:100 dilution. This indicates that the sample that is going into the assay is

amenable for the endotoxin detection but the spike is not detected. This suggests that the spike is
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being either inactivated or masked during treatment. Extensive control reactions show that no
part of the treatment (i.e., heat-inactivation, EndoPrep™ digestion, incubation, dilution in Tris,
etc.) adversely affects endotoxin. These results demonstrate that a combination of heat-
inactivation and EndoPrep™ treatment is sufficient for endotoxin detection but the endotoxin
“spike” is being destroyed or masked by an unknown plasma/serum component.

REDUCTION OF ENDOGENOUS ENDOTOXIN-INACTIVATING ACTIVTY

The initial hypothesis was that plasma/serum proteins were binding endotoxin and then
becoming insoluble during treatment. This would cause the endotoxin to be in an insoluble form
and therefore undetectable. Further treatment indicated that plasma/serum samples could exhibit
insolubility if allowed to incubate at 37-65°C at a pH range from approximately 4.5 to 6. The
protocol was amended to avoid this pH range by decreasing the EndoPrep™ digestion pH to 1-2.
As set forth above, this pH can be decreased from about 1 to about 4. This resulted in more
efficient protein digestion as indicated by PAGE results although it did not restore adequate
spike recovery (See Figure 1)

The next hypothesis was that a plasma/serum component was inactivating endotoxin.
Surprisingly, the sourced samples were at a pH of 8.3, indicating that alkaline enzymes (such as
alkaline phosphatase) would be active. To test this, samples of citrated plasma were tested at a
1:100 dilution with the current protocol with different “spike-points.” One sample was treated as
normal. A second sample (post-pH) was pH adjusted to an acidic range prior to adding the
endotoxin spike. A third sample (post-Heat) was pH adjusted to an acidic range and heat-
inactivated prior to adding the endotoxin spike.

TABLE 4. Heat Inactivation + EndoPrep™ Treatment of Samples with Various

“Spike-Points”.,
Normal 2.4-3.3% 158.0%
Post-pH 20.7-28.8% 67.6%
Post-Heat 29.4-40.8% 143.7%

The post-Heat experiment was then repeated with a few alterations (e.g., increased heat-
inactivation time, increased EndoPrep™ digestion time, alteration of divalent cation addition,
etc.) to maximize recovery:

TABLE 5. Optimization of Post-Heat “Spike-Point” Sample.

Post-Heat 50.1-105.5% 76.9-81.0%
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These results demonstrate that there is a plasma component that is interfering with
endotoxin detection. It is both pH- and heat-sensitive. It is necessary to incorporate a treatment
step at the time of sample collection to inactivate this component to make endotoxin detection
possible.

DEVELOPING A PROTOCOL

The last alteration of the protocol was to test it using crude, environmental endotoxin
rather than purified endotoxin. A sample of bacteria was grown, lysed, and diluted in endotoxin-
free water. This endotoxin stock resulted in even more efficient recovery and was used as the
“spike” to test the protocol.

The protocol incorporates the following:

e Heat-inactivation step at the time of collection to inactivate endogenous factors that
interfere with endotoxin detection.

e Involves pH manipulation that results in optimal EndoPrep™ and Lonza® PyroGene
activity and avoids insolubilization.

e Detects crude, environmental endotoxin.

e A final dilution of only 1:100 allowing minimum detection in the 0.1-1.0 EU/ml range.

The following is an example of a protocol that can be used to detect endotoxin in citrated
plasma. The results are set forth in Table 6.
1. Add 100 pl citrated plasma to a 12 x 75 mm borosilicate glass culture tube.
2. Heat sample in a 65 + 1°C water bath for 30 minutes.
3. Coolto 18-25°C.
4. Remove 30 ul sample and transfer to a new endotoxin-free culture tube.
5. Add 3 ul endotoxin stock solution and vortex for 5-10 seconds.
6. Add 270 ul 10 mM Tris pH 1.0 containing 0.75 uM MgCl,.
a. Lower final pH to 1-2 using 1 M HCI.
b. Typical samples require approximately 8 ul 1 M HCI.
c. Test final pH with pH-Indicator Strips.
7. Add 30 pul BDTI Protease Solution and vortex for 5-10 seconds.
8. Incubate sample in a 37 £ 1°C shaking water bath for 180 minutes at an oscillation speed
of 150 strokes/minutes.
9. In an endotoxin-free tube mix 50 pl sample with 450 ul 10 mM Tris pH 7.0.
a. Raise final pH to 6-8 using 0.5 N NaOH.
b. Typical samples require approximately 5 ul 0.5 N NaOH.

c. Test final pH with pH-Indicator Strips.
10
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10. Allow sample to equilibrate for 60 minutes.

11. Test samples with and without 1 EU/ml PPC using the Lonza® PyroGene assay

according to manufacturer’s specifications.

TABLE 6. Protocol for Treatment of Citrated Plasma.

All (#1-10) 772+267% | 89.3+12.8% 87.0 + 28.6%
Males (#1-5) 017+ 18.1% | 90.5+ 14.3% 101.8 + 16.3%
Females (#6-10) | 72.9 = 17.8% | 86.5+ 12.1% 84.6+ 19.7%
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What is claimed is:

L.

10.

11.

12.

13.

14.

15.

A method of detecting endotoxin in a sample comprising:

a) heating the sample;

b) acidifying the heated sample to a pH of about 1 to 4;

c) contacting the acidified sample with an acidic protease;

d) increasing the pH of the protease-treated sample to about 6 to 8 and

e) detecting endotoxin in the sample.

The method of claim 1, wherein the sample is a biological sample or an
environmental sample.

The method of claim 1 or 2, wherein the biological sample is selected from the
group consisting of plasma, blood, serum, ascites, pleural fluid, ocular fluid and
spinal fluid.

The method of any of claims 1-3, wherein the environmental sample is selected from
the group consisting of fluid, waste, water, dust and rain.

The method of claim 3, wherein the plasma is citrated plasma or EDTA collected
plasma.

The method of any of claims 1-5, wherein the acidic protease is pepsin.

The method of any of claims 1-6, wherein the biological sample of step a) is heated
to a temperature of about 60°C to about 70°C.

The method of any of claims 1-7, wherein the biological sample is diluted to about 1
part sample to about 10 parts diluent prior to step b).

The method of claim 8, wherein the diluent is a Tris solution comprising MgCl,.
The method of claims 1-7, wherein the biological sample is diluted to about 1 part
sample to about 10 parts diluent prior to step d).

The method of claim 10, wherein the diluent is a Tris solution.

The method of claim 11, wherein the Tris solution is at a pH of about 6 to 8.

The method of any of claims 1-12, further comprising inactivating the acidic
protease.

A kit for detecting endotoxin in a sample comprising;:

a) an acidic protease;

b) an acidic protease buffer;
c) an acid; and

d) a base

The kit of claim 14, wherein the acidic protease is pepsin.
12
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FIGURE 1. Plasma Protein Digestion with EndoPrep™ Treatment.
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