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RECOMBINANT AMEBOCYTE CLOTTING
FACTORS AND USES THEREOF

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to and the benefit of U.S. Provisional Patent
Application No. 63/506,271 filed June 5, 2023, the contents of which are incorporated by

reference herein in its entirety.

FIELD

[0002] The present invention relates generally to methods and compositions for determining
the presence and/or amount of microbial endotoxin in a sample. More particularly, the invention
relates to recombinant amebocyte clotting factors, and their formulation and use in determining

the presence and/or amount of a microbial endotoxin in a sample.

BACKGROUND

[0003] Microbial contamination by, for example, Gram negative bacteria, may cause severe
illness and, in some cases, even death in humans. Manufacturers in certain industries, for
example, the pharmaceutical, medical device, and food industries, must meet exacting standards
to verify that their products do not contain levels of microbial contaminants that would otherwise
compromise the health of the recipient. These industries require frequent, accurate, and sensitive
testing for the presence of such microbial contaminants to meet certain standards, for example,
standards imposed by the United States Food and Drug Administration (USFDA) or
Environmental Protection Agency. By way of example, the USFDA requires certain
manufacturers of pharmaceuticals and invasive medical devices to establish that their products

are free of detectable levels of Gram negative bacterial endotoxin.

[0004] Endotoxins can be dangerous and even deadly to humans and animals. Symptoms of
infection with bacterial endotoxins may range from fever, in mild cases, to sepsis, and even
death. Humans or animals can be exposed to bacterial endotoxin by infection with Gram
negative bacteria, whereby endotoxins are released from the cell wall of the bacteria upon death,
mechanical damage, or during growth/division. Humans and animals may also be exposed to
endotoxin through the environment, as gram negative bacteria, and therefore, environmental

endotoxins, are ubiquitous.



10

15

20

25

30

WO 2024/254215 PCT/US2024/032663

[0005] To date, a variety of assays have been developed for determining the presence and/or
amount of microbial endotoxin in a sample of interest. One family of assays uses hemocyte
lysates prepared from the hemolymph of crustaceans, e.g., horseshoe crabs. These assays
typically exploit, in one way or another, a clotting cascade that occurs when the hemocyte lysate
is exposed to an endotoxin. A currently preferred hemocyte lysate is amebocyte lysate (AL)
produced from the hemolymph of a horseshoe crab, e.g., Limulus polyphemus, Tachypleus

tridentatus, Tachypleus gigas, and Carcinoscorpius rotundicauda.

[0006] These assays typically use blood harvested from horseshoe crabs, leading to concerns
over the ecological sustainability of this practice. However, to date, fully synthetic or
recombinant amebocyte lysate reagents have not performed comparably to a native amebocyte
lysate (Dubczak ef al., (2021) Eur. J. Pharm. Sci. 159:105716). Accordingly, there exists a need
for new reagents and testing methods that do not rely on blood harvested from horseshoe crabs
population while adequately detecting endotoxin at the same level of sensitivity and accuracy as

naturally derived amebocyte lysates.

SUMMARY
[0007] The invention is based, in part, upon the discovery that, under certain conditions,
isolated Factor C (FC), e.g., recombinant Factor C (rFC), and isolated Factor B (FB), e.g,,
recombinant Factor B (tfFB), when mixed together can be unstable, even in the absence of
exogenously added endotoxin. Based on this discovery, it is possible to create stable FC and FB
containing compositions, e.g., stable rFC and rFB containing compositions, for use in endotoxin
detection. This is achieved by maintaining the isolated FB and FC components separately from
one another, e.g., prior to use in an endotoxin assay or prior to drying in one or more suitable

vessels, e.g., an endotoxin detection/quantification cartridge or one or more vials.

[0008] In one aspect, the disclosure provides a cartridge for bacterial endotoxin testing of a test
sample. An exemplary cartridge comprises (a) a housing defining a test sample inlet area (also
referred to herein as a test sample inlet port); (b) a first composition comprising a first
recombinant factor disposed on a first region of the cartridge; and (¢) a second composition
comprising a second recombinant factor disposed on a second region of the cartridge. The
second region is spaced apart from the first region. Within the cartridge, the first region is in

fluid flow communication with the test sample inlet area, and the first and second regions are in
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fluid communication with one another to permit mixing of the first and second compositions in
the presence of a test sample deposited on the test sample inlet area. Furthermore, the first
composition comprises recombinant Factor B or recombinant Factor C, and the second
composition comprises recombinant Factor B or recombinant Factor C, but the first composition
and second composition do not both contain recombinant Factor B or recombinant Factor C. The
cartridge may further include an optical cell in fluid flow communication with the test sample

inlet area, first region, and/or second region.

[0009] In another aspect, the disclosure provides a cartridge for bacterial endotoxin testing.
The cartridge comprises (a) a housing defining a fluid inlet port, an optical cell, and a conduit
having a fluid contacting surface providing fluid flow communication between the fluid inlet
port and the optical cell; (b) a first composition disposed on a first region of the fluid contacting
surface of the conduit; and (c¢) a second composition disposed on a second region of the fluid
contacting surface the conduit. The first region is spaced apart from the second region, such that,
when the sample is applied to the fluid inlet port, the sample traverses the first region and the
second region and solubilizes the first and second compositions, during transport to the optical
cell. The first and second compositions are selected from the group consisting of recombinant
Factor B and recombinant Factor C, provided that the first composition is not the same as the

second composition.

[0010] In these exemplary cartridges, the Factor C and/or Factor B can remain substantially
inactive until contacted with microbial endotoxin in a liquid sample introduced into the cartridge

via the fluid inlet port or test sample inlet area.

[0011] In one cartridge configuration, the first composition on the first region comprises
recombinant Factor C but not recombinant Factor B, and the second composition on the second
region comprises recombinant Factor B and not recombinant Factor C. In another cartridge
configuration, the first composition on the first region comprises recombinant Factor B but not
recombinant Factor C, and the second composition on the second region comprises recombinant

Factor C but not recombinant Factor B.

[0012] In yet another cartridge configuration, the first composition further comprises
recombinant pro-clotting enzyme. Alternatively or in addition, the second composition further

comprises recombinant pro-clotting enzyme. In another configuration, a third composition
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comprising recombinant pro-clotting enzyme is disposed on a third region of the cartridge or the
fluid contacting surface of the conduit spaced apart from the first and second regions, where the
third region is in fluid communication with the first and/or second regions. The third
composition may further comprise a chromogenic substrate. However, in some configurations,
the third composition comprising a recombinant pro-clotting enzyme does not include a
chromogenic substrate. In another configuration, a third composition comprising a chromogenic
substrate is disposed on a third region of the cartridge or the fluid contacting surface of the
conduit spaced apart from the first and second regions and the third region is in fluid flow
communication with the first and/or second regions. The third composition comprising a
chromogenic substrate, in some configurations, does not include a recombinant pro-clotting

enzyme.

[0013] In other configurations, a fourth composition comprising a chromogenic substrate is
disposed on a fourth region of the cartridge or the fluid contacting surface of the conduit where
the fourth region is spaced apart from the first, second, and third regions, and is in fluid flow

communication with the first, second, and/or third regions.

[0014] In other configurations, a fourth composition comprising a recombinant pro-clotting
enzyme is disposed on a fourth region of the cartridge or the fluid contacting surface of the
conduit where the fourth region is spaced apart from the first, second, and third regions, and is in

fluid flow communication with the first, second, and/or third regions.

[0015] In certain configurations, the third region of the cartridge or fluid contacting surface of
the conduit is positioned between the sample inlet area or fluid inlet port and the first region, and
the second region is positioned on the cartridge or fluid contacting surface of the conduit
between the first region and the optical cell. For example, in such a configuration, the third
composition on the third region includes a chromogenic substrate, the first composition on the
first region includes recombinant Factor B (but not recombinant Factor C), and the second
composition on the second region includes recombinant Factor C (but not recombinant Factor B)
and recombinant pro-clotting enzyme. In another exemplary configuration, the third
composition on the third region includes a chromogenic substrate, the first composition on the
first region includes recombinant Factor C (but not recombinant Factor B) and recombinant pro-

clotting enzyme, and the second composition on the second region includes recombinant Factor
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B (but not recombinant Factor C). For example, in some configurations when the third
composition on the third region includes a chromogenic substrate, it does not include any
recombinant factors, and recombinant pro-clotting enzyme is included in only one region, e.g.,
with recombinant Factor B or recombinant Factor C in the first composition of the first region or

the second composition on the second region.

[0016] In another aspect, disclosed is a cartridge for detecting bacterial endotoxin in a test
sample. The cartridge comprises (a) a housing defining a fluid inlet port, an optical cell, and a
conduit having a fluid contacting surface providing fluid flow communication between the fluid
inlet port and the optical cell; (b) a chromogenic substrate disposed on a first region of the fluid
contacting surface of the conduit; (¢) a first recombinant amebocyte factor disposed on a second
region of the fluid contacting surface of the conduit, and (d) a second recombinant amebocyte
factor disposed on a third region of the fluid contacting surface. The second region is spaced
apart from and downstream of the first region in the direction of fluid flow along the conduit, and
the third region is spaced apart from and downstream of the second region and the first region in
the direction of fluid flow along the conduit. The first recombinant amebocyte factor comprises
recombinant Factor B, and the second recombinant amebocyte factor comprises recombinant
Factor C, and recombinant pro-clotting enzyme is disposed on the third region with the
recombinant Factor C; or (i1) the first recombinant amebocyte factor comprises recombinant
Factor C and the second recombinant amebocyte factor comprises recombinant Factor B, and
recombinant pro-clotting enzyme is disposed on the second region with the recombinant

Factor C. For example, in some configurations, the first recombinant amebocyte factor
comprises recombinant Factor B, and the second recombinant amebocyte factor comprises
recombinant Factor C, and recombinant pro-clotting enzyme is disposed on the third region with
the recombinant Factor C. In another configuration, the first recombinant amebocyte factor
comprises recombinant Factor C, and the second recombinant amebocyte factor comprises
recombinant Factor B, and recombinant pro-clotting enzyme is disposed on the second region
with the recombinant Factor C. In some configurations, recombinant Factor C and recombinant

Factor B are not present in the same region on the cartridge.

[0017] In some cartridge configurations, the substrate may comprise a -Gly-Arg-chromophore

containing moiety or a -Gly-Lys-chromophore containing moiety. For example, the substrate
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may be Ac-Ile-Glu-Gly-Arg-pNA or Ac-lle-Glu-Gly-Lys-pNA, wherein Ac is an acetyl group

and pNA is a para-nitroaniline group.

[0018] In some cartridge configurations, the compositions (e.g., the first, second and where
appropriate the third and fourth compositions) are dried compositions, e.g., dried onto a fluid

contacting surface of the conduit of the cartridge.

[0019] In another aspect, disclosed cartridges can be used in a method of determining the
absence, presence or amount of bacterial endotoxin in a test sample. The method comprises
applying a test sample to the test sample inlet area of the cartridge, permitting the test sample to
contact the first and second compositions in the presence of a chromogenic substrate; and
determining the absence, presence and/or amount of bacterial endotoxin in the test sample based
on a chemically detectable change in the chromogenic substrate. During the method,
recombinant pro-clotting enzyme may be provided in the first composition, the second
composition, or in a different composition. The substrate may comprise a -Gly-Arg-
chromophore containing moiety or a -Gly-Lys-chromophore containing moiety. For example,
the chromogenic substrate is Ac-Ile-Glu-Gly-Arg-pNA or Ac-lle-Glu-Gly-Lys-pNA, wherein Ac

is an acetyl group and pNA is a para-nitroaniline group.

[0020] In one aspect, the disclosure provides a method of producing a bacterial endotoxin
testing composition. The method comprises (a) providing a first composition comprising
recombinant Factor C that is free of Factor B; (b) providing a second composition comprising
recombinant Factor B that is free of Factor C; and (¢) mixing the first composition with the
second composition in the presence of recombinant pro-clotting enzyme to form a third
composition. During the method, the first and second compositions (i) remain separated until
mixed together immediately prior to contact with a test sample or (i1) remain separated until
mixed with a test sample. In one example, the first and second compositions remain separated
until mixed together immediately, e.g., within about 30 minutes or less, prior to contact with a
test sample. In another example, the first and second compositions remain separated until mixed

with a test sample.

[0021] In some embodiments, a chromogenic substrate may be mixed with the third
composition immediately prior to contact with the test sample, or a chromogenic substrate may

be mixed with the first and second compositions simultaneous with, or after, mixing with the test
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sample. In some embodiments, the method includes providing a composition comprising a
chromogenic substrate which remains separated from the first and second compositions until
mixed with the first and second compositions to form the third composition in step (c). In further
embodiments, the first composition additionally includes a chromogenic substrate, or the second
composition additionally includes a chromogenic substrate. The substrate may comprise a -Gly-
Arg-chromophore containing moiety or a -Gly-Lys-chromophore containing moiety. For
example, the substrate may be Ac-Ile-Glu-Gly-Arg-pNA or Ac-Ile-Glu-Gly-Lys-pNA, wherein

Ac is an acetyl group and pNA is a para-nitroaniline group.

[0022] The first and second compositions provided in steps (a) and (b) may be provided as
dried compositions. For example, the first and second compositions may be resolubilized prior
to mixing in step (c), e.g., with a buffer, or by a liquid test sample. Depending upon the
circumstances, the first and second compositions are dried in a test cartridge described herein,
wherein the first and second compositions become mixed when a liquid test sample 1s applied to
the cartridge. Alternatively, the first and second compositions provided in steps (a) and (b) may

be provided as buffered solutions.

[0023] In some embodiments, the first composition further comprises a recombinant pro-
clotting enzyme prior to mixing step (c). In other embodiments, the second composition further
comprises a recombinant pro-clotting enzyme prior to mixing step (c). Optionally, a fourth
composition may be provided that comprises recombinant pro-clotting enzyme. In one
embodiment, the first and second compositions are mixed together with the fourth composition
immediately, e.g., within about 30 minutes or less, prior to contact with the test sample, while in
another embodiment, the first, second, and fourth compositions are mixed together upon contact

with the test sample.

[0024] The fourth composition may additionally include a chromogenic substrate. The
substrate may comprise a -Gly-Arg-chromophore containing moiety or a -Gly-Lys-chromophore
containing moiety. For example, the substrate may be Ac-Ile-Glu-Gly-Arg-pNA or Ac-Ile-Glu-
Gly-Lys-pNA, wherein Ac is an acetyl group and pNA is a para-nitroaniline group.

[0025] In some embodiments, the Factor C provided in step (a) remains substantially inactive

in the absence of exogenously added endotoxin from a test sample or control. Similarly, the
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Factor B provided in step (b) also remains substantially inactive in the absence of exogenously

added endotoxin from a test sample or control.

[0026] In another aspect, the disclosure provides a method of detecting bacterial endotoxin in a
test sample. The method comprises contacting a bacterial endotoxin testing composition
produced according to the methods of producing a bacterial endotoxin testing composition
disclosed herein and determining the absence, presence and/or amount of bacterial endotoxin in
the sample based on a chemically detectable change in the chromogenic substrate. The substrate
may comprise a -Gly-Arg-chromophore containing moiety or a -Gly-Lys-chromophore
containing moiety. For example, the substrate may be Ac-Ile-Glu-Gly-Arg-pNA or Ac-Ile-Glu-
Gly-Lys-pNA, wherein Ac is an acetyl group and pNA is a para-nitroaniline group.

[0027] In certain embodiments, step (c) of the method is performed on a cartridge. For
example, a test sample is applied to the test sample inlet area or the fluid inlet port of a cartridge
as described herein. The first and second compositions on the cartridge contact the test sample
in the presence of a chromogenic substrate; and the presence, absence, and/or amount of bacterial
endotoxin in the test sample is determined based on a chemically detectable change in the

chromogenic substrate.

[0028] In yet another aspect, the disclosure provides a kit for determining the absence,
presence and/or amount of a bacterial endotoxin in a test sample. The kit comprises a first
composition comprising recombinant Factor C that is free of recombinant Factor B; a second
composition comprising recombinant Factor B that is free of recombinant Factor C. The first
and second compositions remain physically separated from one another. The kit further
comprises a means for mixing the first and second compositions together in the presence of
recombinant pro-clotting enzyme and a chromogenic substrate immediately, e.g., within about 30
minutes or less, prior to, or simultaneous with, contact with a test sample. In one example, the
first composition and the second composition are dried compositions and the kit further
comprises one or more buffered solutions for resolubilizing each of the first and second

compositions.

[0029] In the cartridges, kits, and methods disclosed herein, the recombinant factor B and/or
recombinant factor C and/or recombinant pro-clotting enzyme may be a recombinant Limulus

polyphemus recombinant factor B and/or recombinant Limulus polyphemus Factor C and/or
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recombinant Limulus polyphemus pro-clotting enzyme. For example, the recombinant factor C
comprises the amino acid sequence of SEQ ID NO:1; the recombinant factor B comprises the
amino acid sequence of SEQ ID NO:3; and/or the recombinant pro-clotting enzyme comprises
the amino acid sequence of SEQ ID NO:5. In some embodiments, the recombinant factor C lacks

(0-2,3)-linked terminal sialic acid and/or is expressed in a GnTI'HEK cell line.

[0030] In the cartridge, kits, and methods disclosed herein, the chromogenic substrate may
comprise a -Gly-Arg-chromophore containing moiety or a -Gly-Lys-chromophore containing
moiety. For example, the substrate may be Ac-Ile-Glu-Gly-Arg-pNA or Ac-Ile-Glu-Gly-Lys-

pNA, wherein Ac is an acetyl group and pNA is a para-nitroaniline group.

[0031] These and other aspects and features of the disclosure are described in more detail in

the following figures, detailed description and claims.

DESCRIPTION OF THE DRAWINGS

[0032] The objects and features of the disclosure may be better understood by reference to the

drawings described below.
[0033] FIG. 1 is a schematic representation of the coagulation system present in amebocytes.

[0034] FIGS. 2A-2D are schematic illustrations of an exemplary cartridge for use with
recombinant amebocyte factors described herein, in perspective view (FIG. 2A), top view (FIG.

2B), side view (FIG. 2C), and end view (FIG. 2D).

[0035] FIGS. 3A-3D are schematic illustrations of an exemplary cartridge for use with
recombinant amebocyte factors described herein, in perspective view (FIG. 3A), top view (FIG.

3B), side view (FIG. 3C), and end view (FIG. 3D).

[0036] FIGS. 4A-4E are schematic illustrations of exemplary cartridges in which FIG. 4A is a
top view of an exemplary cartridge showing the locations of immobilized recombinant
amebocyte factors (e.g., Factor B and Factor C) and a chromogenic substrate; FIG. 4B is a cross-
sectional view of the fabricated cartridge through sections A-A’ and B-B’ of FIG. 4A; FIG. 4C
1s a top view of an exemplary cartridge showing the locations of immobilized recombinant
factors and a chromogenic substrate; and FIG. 4D is a cross-sectional view of the fabricated
cartridge through sections A-A’, B-B’, and C-C’ of FIG. 4C. FIG. 4E is a top view illustration

of another exemplary cartridge for use with recombinant amebocyte factors described herein.
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[0037] FIGS. 5A-B are graphs showing the onset time (in seconds) over time (at O hours, 2
hours, 4 hours, 6 hours, and 24 hours) of endotoxin samples (0 EU/mL (negative control “NC”),
0.01 EU/mL, 0.1 EU/mL or 1.0 EU/mL) contacted with a cascade reagent prepared by mixing of
the two solutions prepared in Example 2 and stored at 5°C. FIG. 5A shows the onset time when
all three factors (tFC, 1FB, and rPCE) were combined together and the substrate was maintained
separately before subsequent mixing with the recombinant factors. FIG. 5B shows the onset
time at different time intervals when rFC was maintained separately from rFB, rPCE, and from
the substrate before subsequent mixing with the rFB, rPCE, and substrate prior to contact with

test samples.

[0038] FIG. 6 is a graph showing onset time (in minutes) over time (at O mins, 10 mins, 20
mins, 30 mins, and 60 mins) of negative control (NC) samples where a solution of rFC was kept
separate from a solution of rFB and rPCE and maintained at 25°C before mixing the solutions

together prior to performance of the assay.

[0039] FIG. 7 is a graph showing onset time (in seconds) over time (at O mins, 20 mins, 40
mins, 60 mins, 120 mins, and 180 mins) of NC samples where a solution of rFC was kept
separate from a solution of rFB and rPCE and maintained at 10°C before mixing the solutions

together prior to performance of the assay.

[0040] FIG. 8 is a graph showing onset time (in minutes) over time (at O mins, 5 mins, 10
mins, 20 mins, and 30 mins) of NC samples where a solution of rFC was kept separate from a
solution of rFB and rPCE were prepared and maintained at 37°C before mixing the solutions

together prior to performance of the assay.

[0041] FIG. 9 is a graph showing onset time (in minutes) at different time intervals (at O mins,
10 mins, 20 mins, 30 mins, 60 mins and 135 mins) of NC samples where a solution of rFB was
kept separate from a solution of rFC and rPCE and maintained at 25°C before mixing the

solutions together prior to performance of the assay.

[0042] FIG. 10 is a graph showing the stability of solutions where rFC was separated from the
other factors (in the absence or presence of substrate) at 25°C. The line denoted by open squares
(O) shows the onset time of the solutions in the absence of substrate over time where a solution

of rFB and rPCE was prepared separately from a solution of rFC. The data from FIG. 6 (closed

10



10

15

20

25

WO 2024/254215 PCT/US2024/032663

circles, ®), where the rFC was prepared in a solution with substrate, is included for comparison

purposes.

[0043] FIG. 11 is a graph showing the onset time (minutes) for samples (NC, 0.02 EU/mL
endotoxin, and 0.2 EU/mL endotoxin) over time where the assay reagent was prepared using
three separate solutions, one containing rFC, one containing rFB and rPCE, and the other
containing substrate. The solutions were maintained separately at 25°C until mixed together
prior to contact with the test samples. The stable onset times over the different time intervals
show that the solutions remained stable and that the separation of rFC from, e.g., rFB and rPCE,

and e.g., substrate, was effective to stabilize the solutions.

[0044] FIG. 12 is a graph showing the onset time (minutes) for samples (NC, 0.005 EU/mL
endotoxin, and 0.05 EU/mL endotoxin) at over time (0 mins, 60 mins, 120 mins, and 220 mins)
where the assay reagent was prepared using three separate solutions, one containing rFC and
rPCE, one containing rFB, and the other containing substrate. The solutions were maintained
separately at 25°C until mixed together prior to contact with the test samples. The stable onset
times over the different time intervals show that the solutions remained stable and that the
separation of rFB from, e.g., rFC and rPCE, and e.g., substrate, was effective to stabilize the

solutions.

[0045] FIG. 13 is a graph showing the onset time (in minutes) of samples (0 EU/mL
endotoxin, NC, 0.002 EU/mL endotoxin, or 0.02 EU/mL endotoxin) over time (O hours, 1 hour,
and 2 hours) where the assay reagent was prepared using three solutions, one containing rPCE,
one containing a mixture of tFC and rFB and another containing substrate. The solutions were
maintained separately at 25°C until mixed together prior to contact with the test samples. The
decreasing onset times over time shows that the separation of rPCE from other factors was not

effective to stabilize the solutions.

[0046] FIG. 14 is a graph showing the onset time (in seconds) of NC samples for exemplary
cartridges selected from a series of production trays (Tray #). The cartridges were prepared with
a solution containing rFC, tFB, and rPCE, which was deposited at the same region of the
cartridge. The gradual decrease of onset times for production trays 1 to 5 indicate activation of

the solution and that combining all three factors is not suitable for cartridge production.
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[0047] FIG. 15 is a graph showing the onset time (in seconds) for exemplary cartridges
selected from a series of production trays (Tray #) with samples (0.05, 0.5, and 5 EU/mL). The
cartridges were prepared with different solutions, namely a first solution containing rFC
deposited at one region of the cartridge, and with a second solution containing rFB and rPCE
deposited at a separate region of the cartridge. The onset times were stable across the production
trays, showing that separation of rFC from rFB and rPCE was effective to produce stable

cartridges.

[0048] FIG. 16 is a graph showing the onset time (in seconds) for exemplary cartridges
selected from a series of production trays (Tray #) with samples (0 (NC), 0.01, 0.1, and 1
EU/mL). The cartridges were prepared with different solutions, namely a first solution
containing rFB deposited at a first region of the cartridge and a second solution containing rFC,
and rPCE deposited at a second region of the cartridge. The onset times were stable across the
production trays, showing that separation of rtFB from rFC and rPCE was effective to produce

stable cartridges.

[0049] FIG. 17 is a graph showing the onset time (in seconds) for exemplary cartridges
selected from a series of production trays (Tray #) with samples (0.01 EU/mL). The cartridges
were prepared with different solutions, namely a first solution containing substrate was deposited
at a first region of the cartridge, a second solution containing rFB was deposited at a separate
second region of the cartridge and a solution containing rFC and rPCE was deposited at a
separate third region of the cartridge. The onset times were stable across the production trays,

showing that separation of rFC and rPCE from rFB was effective to produce stable cartridges.
DETAILED DESCRIPTION

[0050] The invention is based, in part, upon the discovery that, under certain conditions,
isolated Factor C (FC), e.g., recombinant Factor C (tFC) and isolated Factor B (FB), e.g.,
recombinant Factor B (tfFB), when mixed together can be unstable, even in the absence of
exogenously added endotoxin. Based on this discovery, it is possible to create stable FC and FB
containing compositions, e.g., stable rFC and rFB containing compositions, for use in endotoxin
detection. This is achieved by maintaining the isolated FB and FC components separately from
one another, e.g., prior to use in an endotoxin assay or prior to drying in one or more suitable

vessels, e.g. one or more vials or an endotoxin detection/quantification cartridge.
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[0051] Various features and aspects of the invention are discussed in more detail below.
L Definitions

[0052] To facilitate an understanding of the present invention, a number of terms and phrases

are defined below.

[0053] As used herein, the terms “amebocyte lysate factor” and “hemocyte lysate factor,” refer
to one or more clotting factors, e.g., Factor B, Factor C, and/or pro-clotting enzyme, present in
the lysed blood of a horseshoe crab, e.g., Limulus sp. or Tachypleus sp. and encompass native

versions of the factors that can be isolated from the blood of a horseshoe crab.

[0054] As used herein, the terms “recombinant amebocyte factor” and “recombinant factor”
refer to one or more clotting factors, e.g., Factor B, Factor C, and/or pro-clotting enzyme, that
are recombinantly produced versions of factors present in the blood of horseshoe crabs, e.g.,
Limulus sp. or Tachypleus sp., including e.g., recombinant Factor B (“rFB”), recombinant Factor

C (“rFC”), and recombinant pro-clotting enzyme (“rPCE” or “rPE”).

[0055] As used herein, the term “activated factor” refers to an activated Factor B, activated
Factor C, and clotting enzyme, and the term “activated factors” refers to a combination of one or
more of activated Factor B, activated Factor C, and clotting enzyme. In this context, “activated”

refers to a state where the zymogen form of the protein is converted to an active enzyme.

[0056] As used herein, the term “immediately,” refers to the occurrence of an action within a
specific time frame and may depend upon the context of a given method. For example, in the
context of conducting an endotoxin detection assay using a cartridge disclosed herein,
“immediately” may mean within 10 seconds, 30 seconds, 45 seconds, 1 minute, 3 minutes, 5
minutes, 8 minutes, or 10 minutes. The assays conducted in a cartridge typically are performed
at 37°C. In the context of conducting an endotoxin detection assay using a liquid or reconstituted
reagent containing recombinant Factor B and Factor C prepared as described herein, that is
stored on ice or refrigerated at 2-8°C, e.g., 4°C , “immediately” may mean within about 4 hours,
3 hours, 2 hours, 1 hour, 45 minutes, 30 minutes, 15 minutes, 10 minutes, 5 minutes, or within 1

minute.

[0057] As used herein, the term “isolated” when used in conjunction with a particular article

(e.g., protein or peptide) is understood to mean: (1) that the article has been separated or purified
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from other components (e.g., other proteins, peptides, nucleic acids, or cellular materials); (2)
that the article may be separated or purified from the environment in which it may exist in
nature, for example, a tissue or fluid sample; (3) that the article may be separated or purified
from the environment in which it may initially exist, for example, a protein or peptide separated
from a crude amebocyte lysate or a cell culture containing an expression host. As used herein,
the term “isolated” can also refer to a molecule that is substantially free of other molecules of the
same species. For example, a protein or peptide may be “isolated” from other proteins or
peptides having different amino acid sequences. The purity or homogeneity of a desired article
can be assayed using techniques well known in the art, including gel electrophoresis, high

performance liquid chromatography, or mass spectrometry.

[0058] As used herein, the term “recombinant,” e.g., when referring to an amebocyte clotting
factor, refers to a factor which is produced using recombinant nucleic acid, e.g., recombinant
DNA, techniques wherein generally, DNA or other nucleic acid encoding the factor is inserted
into a suitable expression vector which is in turn introduced into a host cell to produce the

heterologous protein within the host cell.

[0059] As used herein, the terms “sample” and “test sample” are used interchangeably and
refer to, for example, a sample containing or suspected to contain a bacterial contaminant and/or
endotoxin. In some examples, a sample or test sample may include an environmental sample,
such as water, soil, or dust, or be from the surface of manufacturing equipment or a medical
device, or may be a pharmaceutical composition or article or composition used to make a
pharmaceutical composition, suspected of containing bacterial endotoxin contamination. In
other examples, the sample may be a biological sample, such as blood, serum, plasma, urine,
saliva, pulmonary fluids or aspirates, nasal mucus, vaginal secretions, ophthalmic secretions,
cerebrospinal fluid, lymph, tissue or homogenized tissue, pus or exudate from a wound, feces,

seminal fluid, or any other or body fluid, secretion, or exudate from the human or animal body.

[0060] Throughout the description, where compositions are described as having, including, or
comprising specific components, or where processes and methods are described as having,
including, or comprising specific steps, it is contemplated that, additionally, there are

compositions disclosed herein that consist essentially of, or consist of, the recited components,
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and that there are processes and methods disclosed herein that consist essentially of, or consist

of, the recited processing steps.

[0061] In the description, where an element or component is said to be included in and/or
selected from a list of recited elements or components, it should be understood that the element
or component can be any one of the recited elements or components, or the element or
component can be selected from a group consisting of two or more of the recited elements or

components.

[0062] Further, it should be understood that elements and/or features of a composition or a
method described herein can be combined in a variety of ways without departing from the spirit
and scope of the present invention, whether explicit or implicit herein. For example, where
reference is made to a particular compound or molecule, that compound or molecule can be used
in various embodiments of compositions of the present disclosure and/or in methods of the
present disclosure, unless otherwise understood from the context. In other words, within this
application, embodiments have been described and depicted in a way that enables a clear and
concise understanding of those embodiments, but it is intended and will be appreciated that
embodiments may be variously combined or separated without parting from the invention as

claimed.

[0063] The articles “a” and “an” are used in this disclosure to refer to one or more than one
(i.e, to at least one) of the grammatical object of the article, unless the context is inappropriate.

By way of example, “an element” means one element or more than one element.

[0064] The term “and/or” is used in this disclosure to mean either “and” or “or” unless

indicated otherwise.

[0065] It should be understood that the expression “at least one of” includes individually each
of the recited objects after the expression and the various combinations of two or more of the
recited objects unless otherwise understood from the context and use. The expression “and/or”
in connection with three or more recited objects should be understood to have the same meaning

unless otherwise understood from the context.

2 ¢ EEINT3 2

[0066] The use of the term “include,” “includes,” “including,” “have,” “has,” “having,”

29 ¢

“contain,” “contains,” or “containing,” including grammatical equivalents thereof, should be
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understood generally as open-ended and non-limiting, for example, not excluding additional

unrecited elements or steps, unless otherwise specifically stated or understood from the context.

[0067] Where the use of the term “about” is before a quantitative value, the present invention
also includes the specific quantitative value itself, unless specifically stated otherwise. As used
herein, the term “about” refers to a =10% variation from the nominal value unless otherwise

indicated or inferred from the context.

[0068] It should be understood that the order of steps or order for performing certain actions is
immaterial so long as the present invention remains operable. Moreover, two or more steps or

actions may be conducted simultaneously.

[0069] At various places in the present specification, variable or parameters are disclosed in
groups or in ranges. It is specifically intended that the description include each and every
individual subcombination of the members of such groups and ranges. For example, an integer
in the range of 0 to 40 is specifically intended to individually disclose 0, 1, 2, 3,4, 5,6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35,
36, 37, 38, 39, and 40, and an integer in the range of 1 to 20 is specifically intended to
individually disclose 1,2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, and 20.

[0070] The use of any and all examples, or exemplary language herein, for example, “such as”
or “including,” is intended merely to illustrate better the present invention and does not pose a
limitation on the scope of the invention unless claimed. No language in the specification should
be construed as indicating any non-claimed element as essential to the practice of the present

invention.

[0071] As a general matter, compositions specifying a percentage are by weight unless

otherwise specified.

[0072] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. The abbreviations used herein have their conventional meaning within the chemical

and biological arts.
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1L The Horseshoe Crab Hemolymph Clotting Cascade

[0073] As shown in FIG. 1, the coagulation system of hemolymph taken from horseshoe crabs
comprises at least two coagulation cascades that include an endotoxin-mediated pathway (the

Factor C pathway) and a (1—3)-B-D glucan-mediated pathway (the Factor G pathway).

[0074] When bacterial endotoxin comes into contact with amebocyte lysate, the endotoxin
initiates a series of enzymatic reactions, referred to in the art as the Factor C pathway, that
involve three serine protease zymogens called Factor C, Factor B, and pro-clotting enzyme (see,
FIG. 1). Briefly, upon exposure to endotoxin, the endotoxin-sensitive factor, Factor C, is
activated. Activated Factor C thereafter hydrolyses and activates Factor B, whereupon activated
Factor B activates pro-clotting enzyme to produce clotting enzyme. The clotting enzyme
thereafter hydrolyzes specific sites, for example, Argl8-Thr19 and Arg46-Gly47 of coagulogen,
an invertebrate, fibrinogen-like clottable protein, to produce an insoluble coagulin gel. See, for

example, U.S. Patent No. 5,605,806.

[0075] (1—3)-B-D glucans and other amebocyte lysate reactive glucans, produced by
microorganisms such as yeasts and molds, can also activate the clotting cascade of amebocyte
lysates, through a different enzymatic pathway, referred to in the art as the Factor G pathway
(see, FIG. 1). Factor G is a serine protease zymogen that becomes activated by (1—3)- B-D
glucan or other LAL reactive glucans. Upon exposure to (1—3)- B-D glucan, for example,
Factor G is activated to produce activated Factor G. Activated Factor G thereafter converts the
pro-clotting enzyme into clotting enzyme, whereupon the clotting enzyme converts coagulogen

into insoluble coagulin.

[0076] The present disclosure relates to a synthetic or recombinant Factor C pathway. Unlike
native horseshoe crab lysate, it has been surprisingly discovered that, in order to produce a stable
synthetic Factor C pathway using isolated factors, e.g., isolated recombinant factors, it is
necessary to maintain separately Factor C and Factor B until such time that the factors are
combined for use in an endotoxin assay or are otherwise dried, e.g., dried on a solid surface, e.g.,
in a vial or other container, until use in an endotoxin assay. The synthetic Factor C pathway can
comprise isolated Factor C (e.g., recombinant Factor C), isolated Factor B (e.g., recombinant

Factor B), and isolated pro-clotting enzyme (e.g., recombinant pro-clotting enzyme), which can
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be used to determine the presence and/or amount of a microbial (e.g., bacterial) endotoxin in a

sample.
III.  Methods of Making Recombinant Amebocyte Clotting Factors
A. Factor C

[0077] As used herein, the term “Factor C” refers to a zymogen, or a functional fragment
thereof, that 1s capable of being activated by endotoxin, and is capable of cleaving (e.g.,
enzymatically cleaving) Factor B to form an activated Factor B. The term Factor C includes
variants having one or more amino acid substitutions, deletions, or insertions relative to a wild-
type Factor C sequence, and/or fusion proteins or conjugates including a Factor C protein or
polypeptide. As used herein, the term “functional fragment” of a Factor C refers to fragment of a
full-length Factor C that retains, e.g., at least 20%, at least 30%, at least 40%, at least 50%, at
least 60%, at least 70%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99%, or 100% of the enzymatic activity of the corresponding full-length,
naturally occurring Factor C. Factor C enzymatic activity may be assayed by any method known
in the art, including, for example, by measuring cleavage of the chromogenic substrate Z-Val-
Pro-Arg-pNA, e.g. for example, as described in Example 1 of International Patent Application
Publication No. WO 2022/174082. In certain embodiments, the functional fragment comprises
at least 100, 200, 300, 400, 500, 600, 700, 800, 900, or 1,000 consecutive amino acids present in

a full-length, naturally occurring Factor C.

[0078] Recombinant Factor C (“rFC”) is a Factor C produced by recombinant nucleic acid,
e.g., recombinant DNA, techniques, wherein generally, DNA or other nucleic acid encoding
Factor C is inserted into a suitable expression vector which is in turn introduced into a host cell
to produce the heterologous protein within the host cell. Exemplary rFC and its synthesis are

described in International Patent Application Publication No. WO 2022/174082.

[0079] It is contemplated that Factor C expressed from DNA sequences encoding wild-type
Factor C from any horseshoe crab, or from DNA sequences having modifications as disclosed
herein from the wild-type DNA sequences, may be used herein. For example, DNA sequences
encoding Factor C from a Limulus polyphemus, Tachypleus tridentatus, Tachypleus gigas, or

Carcinoscorpius rotundicauda Factor C may be used.
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[0080] Exemplary Limulus polyphemus Factor C amino acid sequences are depicted in SEQ ID
Nos: 1 and 2. SEQ ID NO: 1 is the mature form, whereas SEQ ID NO:2 includes a signal
sequence as residues 1-25. Exemplary Tachypleus tridentatus Factor C amino acid sequences
are depicted in SEQ ID Nos: 7 and 8. SEQ ID NO: 7 is the mature form whereas SEQ ID NO: 8
includes a signal sequence as residues 1-21. In certain embodiments, a Factor C comprises the
amino acid sequence of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 7, or SEQ ID NO: 8, or an
amino acid sequence having at least 70%, at least 80%, at least 90%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99% identity, at least 99.5%, or at least 99.8% to the amino
acid sequence of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 7, or SEQ ID NO: 8. In certain
embodiments, the Factor C comprises a conservative substitution relative to a wild-type Factor C

sequence or a Factor C sequence disclosed herein.

[0081] As used herein, the term “conservative substitution” refers to a substitution with a
structurally similar amino acid. For example, conservative substitutions may include those
within the following groups: Ser and Cys; Leu, Ile, and Val; Glu and Asp; Gln and Asn; Lys,
Arg and His; Phe, Tyr, and Trp. Conservative substitutions may also be defined by the BLAST
(Basic Local Alignment Search Tool) algorithm, the BLOSUM substitution matrix (e.g.,
BLOSUM 62 matrix), or the PAM substitution: p matrix (e.g., the PAM 250 matrix).

[0082] As used herein, “percent identity” between a protein sequence and a reference sequence
is defined as the percentage of amino acid residues in the protein sequence that are identical to
the amino acid residues in the reference sequence, after aligning the sequences and introducing
gaps, if necessary, to achieve the maximum percent sequence identity. Similarly, percent
“identity” between a nucleic acid sequence and a reference sequence is defined as the percentage
of nucleotides in the nucleic acid sequence that are identical to the nucleotides in the reference
sequence, after aligning the sequences and introducing gaps, if necessary, to achieve the
maximum percent sequence identity. Alignment for purposes of determining percent sequence
identity (e.g., nucleic acid sequence identity or amino acid sequence identity) can be achieved in
various ways that are within the skill in the art, for instance, using publicly available computer
software such as BLAST (Basic Local Alignment Search Tool), BLAST-2, ALIGN,
MEGALIGN (DNASTAR), CLUSTALW, CLUSTAL OMEGA, or MUSCLE software. For a
discussion of basic issues in searching sequence databases see Altschul et al., (1994) NATURE

GENETICS 6:119-129, which is fully incorporated by reference herein. Those skilled in the art
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can determine appropriate parameters for aligning sequences, including any algorithms needed to

achieve maximal alignment over the full length of the sequences being compared.

[0083] In certain embodiments, a recombinant horseshoe crab Factor C for use as an endotoxin
detection reagent, either alone, or in combination with other horseshoe crab hemolymph
zymogens (e.g., Factor B, pro-clotting enzyme, whether sourced naturally or produced
recombinantly) is expressed in a mammalian cell, for example, a Chinese hamster ovary (CHO)
or human embryonic kidney (HEK) cell. In certain embodiments, Factor C may be produced
recombinantly in a gene-edited cell line, such as GnTI HEK cells (e.g., HEK cells that do not
have N-acetylglucosaminyltransferase I (GnTI) activity) that produce Factor C proteins, e.g.
recombinant Factor C, e.g., recombinant Limulus polyphemus Factor C, lacking (0-2,3)-linked
terminal sialic acid. Expression of Factor C (e.g., recombinant Factor C, e.g., recombinant
Limulus polyphemus Factor C) in GnTT- HEK cells is described in U.S. Patent Application No.
2023/0258647, the contents of which are incorporated herein by reference. Use of such readily
available gene-edited cell lines may be desirable for high-yield expression of homogenously

glycosylated recombinant proteins.
B. Factor B

[0084] As used herein, the term “Factor B” refers to a zymogen, or a functional fragment
thereof, that is capable of being activated upon cleavage by Factor C, and is capable of cleaving
(e.g., enzymatically cleaving) a pro-clotting enzyme to form an active clotting enzyme. The term
“Factor B” includes variants having one or more amino acid substitutions, deletions, or insertions
relative to a wild-type Factor B sequence, and/or fusion proteins or conjugates including Factor
B protein or polypeptide. As used herein, the term “functional fragment” of a Factor B refers to
fragment of a full-length Factor B that retains, e.g., at least 20%, at least 30%, at least 40%, at
least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99%, or 100% of the enzymatic activity of the corresponding
full-length, naturally occurring Factor B. Factor B enzymatic activity may be assayed by any
method known in the art, including, for example, by measuring cleavage of the chromogenic
substrate H-D-Leu-Thr-Arg-pNA, for example, as described in Example 1 of PCT Publication
WO 2022/174082. In certain embodiments, the functional fragment comprises at least 100, 150,
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200, 250, 300, 350, 360, 370, 380, or 390 consecutive amino acids present in a full-length,

naturally occurring Factor B.

[0085] Recombinant Factor B (“rFB”) is Factor B produced by recombinant nucleic acid, e.g.,
recombinant DNA, techniques, wherein generally, DNA or other nucleic acid encoding Factor B
is inserted into a suitable expression vector which is in turn introduced into a host cell to produce
the heterologous protein within the host cell. Exemplary rFB and its synthesis are described in

International Patent Application Publication No. WO 2022/174082.

[0086] It is contemplated that Factor B expressed from DNA sequences encoding wild-type
Factor B from any horseshoe crab, or from DNA sequences having modifications as disclosed
herein from the wild-type DNA sequences, may be used in the practice of the invention. For
example, DNA sequences encoding Factor B from a Limulus polyphemus, Tachypleus
tridentatus, Tachypleus gigas, or Carcinoscorpius rotundicauda Factor B may be used in the

methods and compositions described herein.

[0087] Exemplary Limulus polyphemus Factor B amino acid sequences are depicted in SEQ ID
Nos: 3 and 4. SEQ ID NO: 3 is the mature form, whereas SEQ ID NO: 4 includes a signal
sequence as residues 1-25. Exemplary Tachypleus tridentatus Factor B amino acid sequences
are depicted in SEQ ID Nos: 9 and 10. SEQ ID NO: 9 is the mature form, whereas SEQ ID NO:
10 includes a signal sequence as residues 1-22. In certain embodiments, a Factor B comprises
the amino acid sequence of SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 9, or SEQ ID NO: 10 or
an amino acid sequence having at least 70%, at least 80%, at least 90%, at least 95%, at least
96%, at least 97%, at least 98%, at least 99%, at least 99.5%, or at least 99.8% identity to the
amino acid sequence of SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 9, or SEQ ID NO: 10.

[0088] In certain embodiments, the Factor B, e.g., recombinant Factor B (“rFB”), comprises a
conservative substitution relative to a wild-type Factor B sequence or a Factor B sequence

disclosed herein.
C. Pro-clotting Enzyme

[0089] As used herein, the term “pro-clotting enzyme” refers to a zymogen, or a functional
fragment thereof, that is capable of being activated upon cleavage by an activated Factor B, and

is capable of cleaving (e.g., enzymatically cleaving) coagulogen to form coagulin. The term pro-
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clotting enzyme includes variants having one or more amino acid substitutions, deletions, or
insertions relative to a wild-type pro-clotting enzyme sequence, and/or fusion proteins or
conjugates including a pro-clotting enzyme protein or polypeptide. As used herein, the term
“functional fragment” of a pro-clotting enzyme refers to fragment of a full-length pro-clotting
enzyme that retains, for example, at least 20%, at least 30%, at least 40%, at least 50%, at least
60%, at least 70%, at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least
98%, at least 99%, or 100% of the enzymatic activity of the corresponding full-length, naturally
occurring pro-clotting enzyme. Pro-clotting enzyme enzymatic activity may be assayed by any
method known in the art, including, for example, by measuring cleavage of the chromogenic
substrate Ac-Tlu-Glu-Gly-Arg-pNA, for example, as described in Example 1 of PCT Publication
WO 2022/174082. In certain embodiments, the functional fragment comprises at least 100, 150
200, 250, 300, 320, 330, 340, 350, 360, or 370 consecutive amino acids present in a full-length,

>

naturally occurring pro-clotting enzyme.

[0090] Recombinant pro-clotting enzyme (“rPCE” or “rPE”) refers to pro-clotting enzyme
produced by recombinant nucleic acid, e.g., recombinant DNA, techniques, wherein generally,
DNA or other nucleic acid encoding pro-clotting enzyme is inserted into a suitable expression
vector which is in turn introduced into a host cell to produce the heterologous protein within the
host cell. Exemplary rPCE and its synthesis are described in International Patent Application

Publication No. WO 2022/174082.

[0091] It is contemplated that pro-clotting enzyme expressed from DNA sequences encoding
wild-type pro-clotting enzyme from any horseshoe crab, or from DNA sequences having
modifications as disclosed herein from the wild-type DNA sequences, may be used in the
practice of the invention. For example, DNA sequences encoding pro-clotting enzyme from a
Limulus polyphemus, Tachypleus tridentatus, Tachypleus gigas, or Carcinoscorpius
rotundicauda pro-clotting enzyme may be used. Exemplary Limulus polyphemus pro-clotting
enzyme amino acid sequences are depicted in SEQ ID Nos: 5 and 6. SEQ ID NO: 5 is the
mature form whereas SEQ ID NO:6 includes a signal sequence as residues 1-28. Exemplary
Tachypleus tridentatus pro-clotting enzyme amino acid sequences are depicted in SEQ ID Nos:
11 and 12. SEQ ID NO: 11 is the mature form, whereas SEQ ID NO:12 includes the signal
sequence as residues 1-21. In certain embodiments, a pro-clotting enzyme comprises the amino

acid sequence of SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 11, or SEQ ID NO: 12, or an
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amino acid sequence having at least 70%, at least 80%, at least 90%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99%, at least 99.5%, or at least 99.8% identity to the amino
acid sequence of SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 11, or SEQ ID NO: 12. In certain
embodiments, the pro-clotting enzyme comprises a conservative substitution relative to a wild-

type pro-clotting enzyme sequence or a pro-clotting enzyme sequence disclosed herein.
D. Methods of Making Recombinant Proteins

[0092] Methods for producing recombinant proteins are known in the art. For example, DNA
molecules encoding a protein of interest (e.g., Factor C, Factor B, and/or pro-clotting enzyme, as
disclosed herein) can be synthesized chemically or by recombinant DNA methodologies. The
resulting DNA molecules encoding the protein of interest can be ligated to other appropriate
nucleotide sequences, including, for example, expression control sequences, to produce
conventional gene expression constructs (7.e., expression vectors) encoding the desired protein.

Production of defined gene constructs is within routine skill in the art.

[0093] Nucleic acids encoding desired proteins (e.g., Factor C, Factor B, and/or pro-clotting
enzyme, as disclosed herein) can be incorporated (ligated) into expression vectors, which can be
introduced into host cells through conventional transfection or transformation techniques.
Exemplary host cells are E. coli cells, Chinese hamster ovary (CHO) cells, human embryonic
kidney 293 (HEK 293) cells, HeLa cells, baby hamster kidney (BHK) cells, monkey kidney cells
(COS), human hepatocellular carcinoma cells (e.g., Hep G2), and myeloma. Transformed host
cells can be grown under conditions that permit the host cells to express the genes that encode

the protein of interest.

[0094] Specific expression and purification conditions will vary depending upon the
expression system employed. For example, if a gene is to be expressed in E. coli, it is first
cloned into an expression vector by positioning the engineered gene downstream from a suitable
bacterial promoter, e.g., Trp or Tac, and a prokaryotic signal sequence. The expressed protein
may be secreted. The expressed protein may accumulate in refractile or inclusion bodies, which
can be harvested after disruption of the cells by French press or sonication. The refractile bodies
then are solubilized, and the protein may be refolded and/or cleaved by methods known in the

art.
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[0095] If the engineered gene is to be expressed in eukaryotic host cells, e.g., CHO or HEK
cells, it 1s first inserted into an expression vector containing a suitable eukaryotic promoter, a
secretion signal, a poly A sequence, and a stop codon. Optionally, the vector or gene construct
may contain enhancers and introns. The gene construct can be introduced into eukaryotic host

cells using conventional techniques.

[0096] A polypeptide or protein of interest (e.g., Factor C, Factor B, and/or pro-clotting
enzyme, as disclosed herein) can be produced by growing (culturing) a host cell transfected with
an expression vector encoding such a polypeptide or protein, under conditions that permit
expression of the polypeptide or protein. Following expression, the polypeptide can be harvested
and purified or isolated using techniques known in the art, e.g., affinity tags such as glutathione-

S-transferase (GST) or histidine tags.

[0097] Nucleic acids encoding the polypeptide sequences of SEQ ID NO:1, SEQ ID NO:2,
SEQ ID NO:3, SEQ ID NO: 4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8,
SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:11, or SEQ ID NO:12 can be spliced into a suitable
expression vector and operatively linked to a promoter for use in a desired expression host using
standard recombinant DNA methodologies. Also provided are expression host cells (e.g.,
mammalian host cells) comprising such an expression vector, which can then be used to express
the protein encoded by one or more of the foregoing nucleic acid sequences. Exemplary
methods for making recombinant Factor B, pro-clotting enzyme and Factor C are described in

Example 1 herein.

[0098] It is understood that a recombinantly expressed polypeptide or protein may have a
different molecular weight and/or be differently glycosylated relative to a corresponding native
polypeptide or protein. Similarly, a protein or polypeptide recombinantly expressed in a first
host cell type may have a different molecular weight and/or be differently glycosylated relative
to a corresponding protein or polypeptide expressed in a second, different host cell type.
Glycosylation of recombinant proteins produced in mammalian host cells is described, for
example, in Lis e al. (1993) EUR. J. BIOCHEM. 218:1-27, Parodi (2000) ANNU. REV. BIOCHEM.
69:69-93, Viswanathan et al. (2005) BIOCHEM. 44:7526-7534, Tomiya et al. (2004)
GLYCOCONJUGATE JOURNAL 21: 343-360, Tomiya et al. (2003) Acc. CHEM. RES. 36:613-620,
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Gerngros (2004) NAT. BIOTECHNOL. 22:1409-1414, and Demain ef al. (2009) BIOTECHNOLOGY
ADVANCES 27:297-306.

IV.  Methods of Making Native Horseshoe Crab Amebocyte Lysates and Isolation of
Clotting Factors from the Lysates

[0099] In addition to recombinant factors, isolated native clotting factors may be used in the
methods and compositions disclosed herein. The native factors can be isolated from crude native

horseshoe crab amebocyte lysates using methodologies know in the art.

[00100] A native horseshoe crab amebocyte lysate refers to any lysate or fraction thereof (e.g.,
the components of a Factor C mediated cascade) produced by the lysis, extrusion, or extraction
of the cellular contents from amebocytes extracted from a horseshoe crab. A native amebocyte
lysate comprises the naturally occurring components of an enzymatic cascade (e.g., as shown in
FIG. 1) produced, for example, by the lysis, extrusion, or extraction of the cellular contents from
amebocytes extracted from a horseshoe crab. Depending upon the components present in, or
admixed with, the lysate it may produce a clot in the presence of an endotoxin, for example, a
Gram negative bacterial endotoxin and/or a glucan, for example, a (1—3)-B-D glucan, produced
by a yeast or a mold. Amebocyte lysates can be derived from horseshoe crabs belonging to the
Limulus genus, for example, Limulus polyphemus, the Tachypleus genus, for example,
Tachypleus tridentatus and Tachypleus gigas, and the Carcinoscorpius genus, for example,
Carcinoscorpius rotundicauda. The term “native” when referring to Factor B, Factor C or pro-
clotting enzyme, refers to a factor derived from a natural source, e.g., from an amebocyte lysate,

as opposed to a factor produced using recombinant means, e.g., recombinant DNA technologies.

[00101] Crude amebocyte lysates can be produced using the procedures described in Levin et
al. (1968) THROMB. DIATH. HAEMORRH. 19: 186, with modification, or in Prior 1990 “Clinical
Applications of the Limulus Amebocyte Lysate Test” CRC PRESS 28-36 and 159-166, and in
U.S. Patent No. 4,322,217. Other lysates may include those, for example, described in U.S.
Patent Nos. 6,270,982 and 6,391,570. In certain embodiments, a crude lysate is produced as
described in Example 1 of International Patent Application Publication No. WO 2022/174082.

[00102] Crude lysates prepared according to the methods discussed above or known to those of
skill in the art may be further processed to isolate inactive native clotting factors from the lysate,

e.g., native Factor C, native Factor B, or native pro-clotting enzyme. For example, native Factor
25



10

15

20

25

WO 2024/254215 PCT/US2024/032663

B may be isolated from 7. tridentatus crude amebocyte lysate according to the methods disclosed
in Nakamura et al. (1986) J. BIOCHEM 99: 847-57. Native Factor C may be isolated from L.
polyphemus according to methods disclosed in Nakamura et al. (1986) EUR. J. BIOCHEM 154:
511-21. Native pro-clotting enzyme may be isolated from 7. tridentatus according to the

methods disclosed in Nakamura et al., J. BIOCHEM. 97:1561-1574 (1985).

[00103] It is contemplated that endotoxin assays can be performed with recombinant factors,
1solated native factors, or a combination of recombinant factors and isolated native factors. For
example, in certain embodiments, rFC may be substituted with native isolated Factor C, rFB may
be substituted with native isolated Factor B and/or rPCE can be substituted with native isolated

pro-clotting enzyme in the endotoxin detection assays methods of the invention.
V. Substrates

[00104] In order to detect the presence of endotoxin, a substrate for the clotting enzyme can be

used.

[00105] A crude or native amebocyte lysate contains coagulogen and the conversion of
coagulogen to a coagulin gel by clotting enzyme can be observed by measuring the optical
property of the assay reaction. However, in certain embodiments, coagulogen is not present, for
example, if only recombinant rFC, rFB, and rPCE are combined together. In such embodiments,
it 1s not possible to observe formation of coagulin gel when the coagulation cascade is activated
by exogenous endotoxin. Accordingly, in certain embodiments, when using recombinant factors,
e.g., recombinant rFC, rFB, and/or rPCE, a synthetic substrate, for example, a chromogenic
substrate, for the clotting enzyme is used. For example, the activated clotting enzyme cleaves
the substrate to create a detectable product, such as a colored or fluorogenic product. The
resulting product may be detected, for example, using a suitable detector, e.g., an optical or

fluorescent detector.

[00106] In some embodiments, a recombinant coagulogen (rCoagulogen) is used in place of a
substrate, e.g., a chromogenic substrate, so that the optical property of the assay reaction can be
measured by the formation of coagulin gel (gel clot assay) or change in turbidity (end point or
kinetic turbidimetric assay) when the coagulation cascade is activated by exogenous endotoxin.

rCoagulogen may be used with rPCE, rFB, and rFC, for example.
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[00107] In one embodiment, the chromogenic substrate for the clotting enzyme contains a para-
nitroaniline (pNA) chromophore. For example, the pNA chromophore is linked to a short
colorless peptide that is cleaved by an activated factor, releasing the pNA group that can be
detected using an optical detector. The peptide may comprise a -Gly-Arg- containing peptide, or
a -Gly-Lys-containing peptide. Exemplary substrates include, for example, Ac-Ile-Glu-Gly-Lys-
pNA, also known as S2834 (available from Pentapharm AG, Aesch BL, Switzerland), and Ac-
Ile-Glu-Gly-Arg-pNA, also known as S2423 (available from Pentapharm AG, Aesch BL,
Switzerland), wherein each Ac represents an acetyl moiety and pNA represents a para-
nitroaniline chromophore. Other exemplary chromogenic substrates are described in Harada-
Suzuki ef al. (1982) J. BIOCHEM. 92: 783-800 and Nakamura et al., J. BIOCHEM., 81, 1567-1569
(1977).

VI.  Methods of Detection and Sample Preparation Considerations

[00108] The recombinant amebocyte factors disclosed herein can be used in various assays to
determine the presence and/or amount of a microbial endotoxin, e.g., a bacterial endotoxin in a
sample (e.g., biopharmaceutical compositions, parenteral drugs, medical devices, solutions used
in biopharmaceutical and parenteral drug manufacturing, environmental samples, blood or body
fluid samples, etc.). The method comprises contacting amebocyte clotting factors (e.g.,
recombinant Factor C, recombinant Factor B, and/or recombinant pro-clotting enzyme) with a
sample (e.g., a sample suspected of containing endotoxin), allowing the factor(s) to react with the
sample to produce a detectable product (e.g., a gel, increase in turbidity, or a colored product
(e.g., a chromophore) or light-emitting product (e.g., a fluorophore), and detecting the detectable

product (e.g., visually or by the use of an optical detector).

[00109] Amebocyte clotting factors, e.g., recombinant amebocyte clotting factors, e.g., rFC, rFC
and/or rPCE, disclosed herein can be used to detect a microbial contaminant (e.g., endotoxin)
using, for example, a kinetic assay or an endpoint assay. Exemplary kinetic assays include a
one-step kinetic assay. Exemplary endpoint assays include an endpoint chromogenic assay.

Each of the assays is discussed in more detail below. Furthermore, it is understood that the
assays may be modified to be performed in a particular assay format, for example, in a cartridge

or in the well or wells of a plate, for example, a 96 well plate.
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A. Kinetic Assays

[00110] An exemplary kinetic assay is a single-step kinetic assay, for example, a single step-
chromogenic assay, is described in U.S. Patent No. 5,310,657. Briefly, a kinetic chromogenic
assay includes the steps of (1) solubilizing recombinant amebocyte lysate factors with a sample to
be analyzed and a substrate, for example, a chromogenic substrate, (i1) incubating the resulting
mixture at a temperature of about 0° to about 40°C, preferably about 25° to about 40°C, over a
predetermined time range and (ii1) measuring a time required for a colorimetric change to reach a
pre-selected value or change of the colorimetric readout, using a conventional

spectrophotometer.
[00111] This type of assay can be performed in a cartridge or a well-type format.
(i). Cartridge-based Format

[00112] It is understood that a kinetic assay can be run in a cartridge format. The cartridge
preferably is used with an optical detector, for example, a hand-held optical detector as shown
and described in U.S. Patent No. Des. 390,661. A kinetic assay can also be run in one or more

wells, e.g., on a multi-well plate.

[00113] Cartridges disclosed herein can be used in a method of detecting the presence and/or
amount of microbial contamination, e.g., bacterial endotoxin in a sample. For example, the
methods may include the steps of (a) introducing a liquid sample into the sample inlet port of a
cartridge, e.g., a cartridge disclosed herein; (b) permitting the sample to move to the optical cell;
and (c) measuring an optical property of the sample in the optical cell, wherein a change in the
optical property is indicative of the presence and/or amount of microbial endotoxin, in the
sample. The change in optical property may be an increase in absorbance of light of a
preselected wavelength. For example, the cartridges disclosed herein may be inserted into an
instrument (e.g., hand-held detector) that measures the color intensity produced by the substrate
in the optical cell and compares the resulting color against a standard curve to provide a co

concentration of endotoxin in the test sample.

[00114] As disclosed herein, Factor B, e.g., recombinant Factor B, and Factor C, e.g.,
recombinant Factor C, should be maintained separately from one another on the cartridge in

order to maintain the stability of each factor. Accordingly, Factor B and Factor C are disposed
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separately on the cartridge, e.g., maintained in separate areas or regions of the cartridge, and only
mixed together in the presence of a liquid sample traversing the cartridge. In other words, a
region or area of the cartridge where Factor B, e.g., recombinant Factor B, is present will not also

contain Factor C, e.g., recombinant Factor C, and vice versa.

[00115] Cartridges disclosed herein can be used in a method of determining the presence or
amount of a microbial contamination, e.g., bacterial endotoxin in a sample. For example, the
method may include the steps of (a) introducing a liquid sample into the sample inlet port of a
cartridge, e.g., a cartridge disclosed herein; (b) permitting the sample to move to the optical cell;
(c) measuring the time in which a preselected change occurs in an optical property of the sample
in the optical cell; and (d) comparing the time measured in step (c) against a predetermined
standard curve to determine the amount of microbial endotoxin in the sample. The change in
optical property may be an increase in absorbance of light of a preselected wavelength. The
change in optical property may be a decrease in absorbance or transmission of light of a
preselected wavelength. The change in optical property may be an increase in fluorescent light
of a preselected wavelength. The presence or amount of the endotoxin is indicative of a bacterial

infection or bacterial contamination in the sample.

[00116] By way of example and as illustrated in FIGS. 2A-2D and FIGS. 3A-3D, an exemplary
cartridge 1 has a substantially planar housing fabricated, for example, from a moldable
biocompatible material. The housing may be fabricated from any material, however, transparent
and/or translucent glass or polymers are preferred. Preferred polymers include, for example,
polystyrene, polycarbonate, acrylic, polyester, optical grade polymers, or any plastic such that
the optical cell is substantially transparent. The housing contains at least one fluid inlet port 4, at
least one optical cell 6, and at least one conduit 8 having a fluid contacting surface for providing
fluid flow communication between the fluid inlet port 4 and optical cell 6. The only
requirements for the optical cell 6 are that it defines a void capable of containing a sample to be
tested and that a portion of the optical cell 6 is transparent to light. Cartridge 1 may also have at
least one pump port 12 in fluid flow communication with fluid inlet port 4 and optical cell 6 for
attaching the cartridge 1 to a pump. The pump may then impart a negative pressure via pump

port 12 to pull the sample from fluid inlet port 4 to optical cell 6.
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[00117] In the configuration shown in FIGS. 2A-D, a first amebocyte factor, e.g., rFC, 1s
disposed on a first region 14 of the fluid contacting surface of conduit 8, so that when a sample is
applied to fluid inlet port 4, the sample traverses region 14 and solubilizes or reconstitutes the
amebocyte factor into the sample as it moves toward optical cell 6. A second region 16 of the
fluid contacting surface of conduit 8 is spaced apart from and downstream (7.e., in the direction
of fluid flow along the conduit 8 away from the fluid inlet port 4) of first region 14. A second
amebocyte factor, e.g., rFB is disposed at the second region 16, so that after the sample is
contacted with the first factor in region 14, the sample-factors mixture traverses conduit 8 and
contacts the second factor in region 16. It is contemplated that substrate and pro-clotting enzyme
can also be disposed in the first region, the second region or split between the first region and the
second region. The sample-factors-substrate mixture then traverses conduit 8 to optical cell 6.
Forward and reverse pump action facilitated by pump port 12 may be used to permit adequate
mixing of the sample-factors-substrate mixture before an optical property of the sample is

measured.

[00118] Referring to FIGS. 2A-D, in an alternate configuration, the amebocyte factor disposed
on a first region 14 is, e.g., rtFB and the amebocyte factor disposed on the second region 16 is
rFC. It is contemplated that substrate and pro-clotting enzyme can also be disposed in the first
region 14, the second region 16 or split between the first region and the second region. In one
configuration, the tFB and rPCE are disposed on the first region 14, with the rFC and substrate,
e.g., a chromogenic substrate, being disposed on the second region 16. In another embodiment,
the rFC and rPCE are disposed on the first region 14, with the rFB and substrate, e.g., a

chromogenic substrate, being disposed on the second region 16.

[00119] Referring to FIGS. 2A-D, in still yet another alternate configuration, a first amebocyte

lysate factor, e.g., rFC is disposed on a first region 14 along with the fluorogenic or chromogenic
substrate, and a second amebocyte lysate factor, e.g., rFB is disposed on the second region 16. It
1s contemplated that substrate and pro-clotting enzyme can also be disposed in the first region 14,

the second region 16 or split between the first region 14 and the second region 16.

[00120] In the configuration shown in FIGS. 3A-D, a first amebocyte factor, e.g., rFC, is
disposed on a first region 14 of the fluid contacting surface of conduit 8, so that when a sample is

applied to fluid inlet port 4, the sample traverses region 14 and solubilizes or reconstitutes the
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amebocyte factor into the sample as it moves toward optical cell 6. A second region 16 of the
fluid contacting surface of conduit 8 is spaced apart from and downstream (i.e., in the direction
of fluid flow along the conduit 8) of first region 14. A third region 18 is apart from and further
downstream of second region 16 (and downstream of first region 14). A second amebocyte
factor, e.g., rFB is disposed on the second region 16, and a chromogenic or fluorogenic substrate
is disposed on the third region 18. After the sample is contacted with the first amebocyte factor
in the first region 14, the sample-factor mixture traverses conduit 8 and contacts the second
amebocyte factor disposed in the second region 16 and the sample-factors mixture then further
traverses conduit 8 and contacts the chromogenic or fluorogenic substrate. The sample-factors-
substrate mixture then traverses conduit 8 to optical cell 6. It is contemplated that the pro-
clotting enzyme can be disposed in the first region 14, the second region 16, or the third region
18, or split between the first region 14 and the second region 16. Forward and reverse pump
action facilitated by pump port 12 may be applied to permit adequate mixing of the sample-
factors-substrate mixture before an optical property of the sample is measured. In other words,
the first region 14 is positioned between and spaced apart from the fluid inlet port 4 and the
second region 16, the second region 16 is positioned between and spaced apart from the first
region 14 and third region 18, and the third region 18 is positioned between and spaced apart
from the second region 16 and the optical cell 6. When a liquid sample is applied to the fluid
inlet port 4, the sample traverses the first region 14, then the second region 16, then the third
region 18, solubilizing the substrate and/or factors in each region before reaching the optical cell

6.

[00121] Referring to FIGS. 3A-D, in an alternate configuration, the amebocyte factor disposed
on the first region 14 is rFB, while the amebocyte factor disposed on the second region 16 is rFC.
The substrate can be disposed in the third region 18. It is contemplated that the pro-clotting
enzyme can be disposed in the first region 14, the second region 16, or the third region 18, or

split between the first region 14 and the second region 16.

[00122] Referring to FIGS. 3A-D, in yet another configuration, the substrate is disposed on the
first region 14, and the first amebocyte factor is disposed on the second region 16, and the
second amebocyte factor 1s disposed on the third region 18. Accordingly, when a sample is
applied to fluid inlet port 4, the sample moves along conduit 8 and contacts the substrate in the

first region 14. The resulting sample-substrate mixture traverses conduit 8 and contacts the first
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amebocyte factor in the second region 16. The sample-factor-substrate mixture then traverses

conduit 8 and contacts the second amebocyte factor in the third region 18. The sample-factors-
substrate mixture then traverses the conduit 8 to optical cell 6. Mixing can also be facilitated by
reciprocating the fluid and solubilized components back and forth along the conduit before
taking a measurement of the solution in the optical cell. The first amebocyte factor may be rFC
and the second amebocyte factor may be rFB. Alternatively, the first amebocyte factor may be
rFB and the second amebocyte factor may be rFC. The pro-clotting enzyme, e.g., rPCE, may be
disposed on any of the first region 14, the second region 16, or the third region 18, or split
between the first region 14 and the second region 16. In one embodiment, the first amebocyte
factor 1s rFC, the second amebocyte factor is rFB, and rPCE is disposed on the second region 16
with the rFC. In one embodiment, the first recombinant factor is rFC, the second recombinant
factor 1s rFB, and rPCE is disposed on the third region 18 with the tFB. In one embodiment, the
first recombinant factor is rFB, the second recombinant factor is tFC, and rPCE is disposed on
the second region 16 with the rFB. In another embodiment, the first amebocyte factor is rFB,
second amebocyte factor is rFC, and the rPCE is disposed on the third region 18 with the rFC. In

some configurations, therefore, the first region 14 does not contain any recombinant factors.

[00123] Referring to FIGS. 3A-D, in yet another exemplary configuration, the first amebocyte
factor is disposed on the first region 14, the substrate is disposed on the second region 16, and
the second amebocyte factor i1s disposed on the third region 18. The first amebocyte factor may
be rFC and the second amebocyte factor may be rFB. Alternatively, the first amebocyte factor
may be rFB and the second amebocyte factor may be rFC. The pro-clotting enzyme may be
disposed on any of the first region 14, the second region 16, or the third region 18, or split

between the first region 14, the second region 16, or the third region 18.

[00124] Referring to FIGS. 4C-4D which provide a cross-sectional view of the exemplary
cartridge of FIGS. 3A-D, in which conduit 8 has a first surface 8 and a second surface 8”.
Accordingly, the amebocyte factors, substrate, and pro-clotting enzyme, as described with
respect to FIGS. 3A-D, may be disposed on the first surface 8” of the respective region (e.g., 14,
16, or 18) of the conduit 8 or on the second surface 8” of the respective region (e.g., 14, 16, or
18) of the conduit 8, or on both the first surface 8” and the second surface 8” of the respective

region (e.g., 14, 16, or 18) of the conduit 8.
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[00125] Similarly, in the configuration shown in FIGS. 4A-B, a first amebocyte factor, e.g.,
rFC 20, is disposed on a first surface 8 of a conduit 8 of a first region 14, while a second
amebocyte factor, e.g., rFB 22, is disposed on a second surface 8” of a conduit 8 of the first
region 14, so that when a sample is applied to fluid inlet port 4, the sample traverses region 14
and solubilizes or reconstitutes the first and second amebocyte factors into the sample as it
moves toward optical cell 6. A second region 16 of the fluid contacting surface 8 is spaced apart
from and downstream (i.e., in the direction of fluid flow along the conduit 8) of first region 14.
After the sample is contacted with the first and second amebocyte factors in the first region 14,
the sample-factors mixture traverses the conduit 8 and contacts the substrate 24, e.g., a
fluorogenic or chromogenic substrate, disposed on the second region 16 on either a first surface
8, or on a second surface 8”, or on both the first 8’ and second 8” surfaces of the region 16. The
sample-factors-substrate mixture then traverses conduit 8 to optical cell 6. It is contemplated
that the pro-clotting enzyme may be disposed on the first region 14, or the second region 16, and
may be disposed on the first surface 8, on the second surface 87, or on both the first and second

surfaces of the fluid contacting surface 8 of either the first 14 or second 16 region.

[00126] Referring to FIG. 4E, in another configuration, the first amebocyte factor is disposed
on the first region 14, the second amebocyte factor is disposed on the second region 16, the third
amebocyte factor is disposed on the third region 18, and a substrate is disposed on a fourth
region 20. The first amebocyte factor may be rFC, the second amebocyte factor may be rFB, and
the third amebocyte factor may be rPCE. Alternatively, the first amebocyte factor may be rFB
and the second amebocyte factor may be rFC, and the third amebocyte factor may be rPCE.
When a sample is applied to fluid inlet port 4, the sample traverses regions 14, 16, 18, and 20,
and solubilizes or reconstitutes the amebocyte factors and substrate into the sample as it moves
toward optical cell 6. Pump action may be applied via a pump 12 to permit mixing of the
sample, factors and substrate to promote the reaction between the factors, substrate and any
endotoxin in the sample to produce a detectable change that can be read by an analyzer capable

of detecting a change in an optical property in, or created by, the sample in the optical cell 6.

[00127] The cartridges can be designed and used according to the type and/or number of tests
required. For example, a single sample may be tested, for example, in duplicate or triplicate, for

example, for research laboratory use or for medical device and biopharmaceutical testing.
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Alternatively, two or more different samples may be tested individually. The cartridge

preferably is a single-use, disposable cartridge that is discarded after one use.

[00128] In certain embodiments, one or more native isolated factors are substituted for the
corresponding recombinant amebocyte factor on the cartridges. For example, in one
embodiment, native isolated Factor C is substituted for rFC. Alternatively or in addition, native
isolated Factor B is substituted for rFB. Alternatively or in addition, native isolated pro-clotting

enzyme may be substituted for rPCE.
(ii).  Well-based Format

[00129] Although a kinetic assay can be performed in a cartridge of the types discussed above,
it may also be employed in a variety of other formats, e.g., within the wells of a microtiter plate

or alternatively in one or more vials.

[00130] With regard to an assay performed in a well format, in one embodiment, a sample of
interest is combined with a first factor in a well, then a second factor and then a substrate can be
added to the well. Tt is contemplated that pro-clotting enzyme can be included with the first
factor, the second factor or the substrate. After mixing, the time in which a preselected change in
an optical property occurs is measured. The results can then be compared against one or more
standard values to determine the presence and/or amount of a microbial endotoxin in the sample.
The first factor may be rFC and the second factor may be rFB. In an alternative embodiment, the

first factor may be rFB and the second factor may be rFC.

[00131] It is contemplated that such an assay can be performed in multiple wells. For example,
a first amebocyte factor may be disposed in a first well, a second amebocyte factor may be
disposed in a second well and substrate may be disposed in a third well. It is contemplated that
pro-clotting enzyme can be present in the first well, the second well or the third well. The
sample of interest can be added to the first well, after mixing the resulting sample is then added
to the second well, and after mixing the resulting sample is added to the third well. However, it
is contemplated that the order of the addition of the sample to the wells can vary. For example,
the first amebocyte factor may be Factor C, e.g., rFC, the second amebocyte factor maybe Factor
B, e.g., rFB. Alternatively, the first amebocyte factor may be Factor B, e.g., rFB, and the second
amebocyte factor may be Factor C, e.g., rFB. Similarly, the sample could be added initially to

the second well, then the resulting mixture added to the first well, and then the resulting mixture
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added to the third well. Other sequential steps are contemplated where for example, the sample
1s added to the third well, and then the resulting mixture is added to the first well, and then the

resulting mixture is added to the second well.

[00132] After mixing the first factor, second factor, pro-clotting enzyme and substrate the time
in which a preselected change in an optical property occurs is measured. The result can then be
compared against one or more standard values to determine the presence and/or amount of a

microbial endotoxin in the sample.

[00133] In the well-type of format, the samples and reagents are added to each of the wells,
preferably using an automated system, such as a robot, and the plate processed by a microplate
reader, which can be programmed to sequentially read the absorbance of each well in a repetitive
fashion. In some examples, when the well-type format is performed, for example, in a vial or
tube, a tube reader is used to detect a change in the optical property of the sample. The order of
steps performed in a well-type format may also be adapted for use with microfluidic technology
so that quantities of the various reagents are present in and move through chambers of a
microfluidic device upon addition of a test sample in the same sequence as would occur if
performed in a well plate. When using a microfluidic device, a change in an optical property of

the sample, once it passes through the device, may be measured.

[00134] In certain embodiments, the recombinant amebocyte factors, the rPCE and the substrate
are dried on, e.g., lyophilized, or otherwise coated onto the surface of the respective wells and
reconstituted or solubilized as the sample added to each well. It is also contemplated that similar
approaches can be conducted where the factors are disposed in vials instead of wells of a

microtiter plate.

[00135] In certain embodiments, the recombinant factors (e.g., rFB, rFC, rPCE) are provided
together in a vial, or in separate vials as lyophilizates. For example, rFB, tFC, and rPCE may be
provided as lyophilizates in a single vial, or rFB and rFC may be provided in separate vials, with
rPCE being provided separately, or with the rFC or rFB. A substrate may be included in the vial
with one or more factors, or it may be provided in a separate vial and is lyophilized. The vials of
lyophilized factors and/or substrate are reconstituted with, a suitable liquid reagent, for example,
endotoxin free water (e.g., LAL reagent water) or an endotoxin free buffer and mixed together

prior to performing an assay with a sample. In one approach, a sample being tested for
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endotoxin is placed in the bottom of the well or vial after which factors and substrate, which
have been reconstituted, e.g., immediately, e.g., within about 30 minutes or less, prior to being
used, are added to the well or vial. In another approach, the sample is added to a well or vial in
which the factors and substrate are already present. The well or vial is then analyzed with an
automated analyzer equipped with endotoxin measuring software to detect a change of an optical

property in the sample.

[00136] In certain embodiments performed in one or more wells or vials, one or more native
isolated factors are substituted for the corresponding recombinant amebocyte factor. For
example, in one embodiment, native isolated Factor C is substituted for rFC, native isolated
Factor B 1s substituted for rFC, and/or native isolated pro-clotting enzyme is substituted for

rPCE.
B. Endpoint Assays

[00137] An exemplary endpoint assay 1s an endpoint chromogenic or fluorogenic assay.
Endpoint chromogenic or fluorogenic assays can include the steps of (1) solubilizing recombinant
factors with a sample to be analyzed, (i1) incubating the resulting mixture at a temperature of
about 0° to about 40°C, preferably about 25° to about 40°C, for a predetermined time, (iii)
contacting substrate, for example, a chromogenic or fluorogenic substrate, with the incubated
sample-factors mixture, (1v) optionally adding a reaction inhibitor, for example, acetic acid, and
(v) measuring, for example by colorimetric change, a substance produced from the substrate by
enzymatic activity. The endpoint assay measures how much of the substance is produced by

certain predetermined time point.

[00138] It is contemplated that such assays can be conducted in cartridges, one or more wells of
a microtiter plate or one or more vials such as those described above for the kinetic assays and
performed using the same or similar steps. However the difference is that the change in optical

property is measured at a predefined time rather than over time as in a kinetic assay.
(i). Cartridges

[00139] Cartridges disclosed herein can be used in a method of determining the presence and/or
amount of microbial endotoxin in a sample. For example, the methods may include the steps of

(a) introducing a liquid sample into the sample inlet port of a cartridge, e.g., a cartridge disclosed
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herein; (b) permitting the sample to move to the optical cell, and (c) measuring an optical
property of the sample in the optical cell at a predetermined time point, wherein a change in the
optical property is indicative of the presence and/or amount of microbial endotoxin in the
sample. The change in optical property may be an increase or decrease in absorbance of light of
a preselected wavelength. The method may further include step (d) of comparing the optical
property measured at the predetermined time point (c) against a predetermined standard curve to

determine the amount of microbial endotoxin in the sample.

[00140] As disclosed herein, Factor B, e.g., recombinant Factor B, and Factor C, e.g.,
recombinant Factor C, should be maintained separately from one another on the cartridge in
order to maintain each factor’s stability. Accordingly, Factor B and Factor C are separated in the
cartridge until use, e.g., maintained in separate areas or regions of the cartridge, and only become
mixed together in the presence of a liquid sample traversing the cartridge. In other words, a
region or area of the cartridge where Factor B, e.g., recombinant Factor B, is present will not also

contain Factor C, e.g., recombinant Factor C, and vice versa.

[00141] When an endpoint chromogenic or fluorogenic assay is performed in a cartridge 1 (see,
FIGS. 2A-2D), a sample is moved, for example, to a first region 14 of the conduit 8 containing
the first recombinant factor, where it is solubilized by the sample, for example, by cycling
between forward and reverse pump action. The sample-factor mixture then is moved, for
example, by pump action to a second region 16 of the conduit 8 containing the second
recombinant factor and the chromogenic or fluorogenic substrate, where they are solubilized, for
example, by cycling between forward and reverse pump action. Afterwards, the sample-factors-
substrate mixture is moved to optical cell 6 for measurement of an optical property, for example,
the absorbance or transmittance properties of the sample by an optical detector. It is
contemplated, however, that when performing an end-point chromogenic or fluorogenic assay in
a cartridge it 1s not necessary to stop the reaction using a reaction inhibitor. Under this type of

assay, the final optical readings (endpoint readings) are recorded at a predetermined time.

[00142] Referring to FIGS. 2A-D, in one configuration, the recombinant factor disposed on the
first region 14 1s rFB and the recombinant factor disposed on the second region 16 is rFC.
Depending upon the circumstances, the e.g., a chromogenic or fluorogenic substrate may be

located at the first region or the second region, but can optionally be separated from the rFB or
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the rFC. This can be achieved if the substrate, for example, is coated on the upper surface of
conduit 8 and the factor is coated on the lower surface of conduit 8. tPCE may be disposed on
the first region 14 or optionally can be disposed on the second region 16. In one embodiment,
the rFB and rPCE are disposed on the first region 14, with the rFC and substrate, e.g., a

chromogenic substrate, is disposed on the second region.

[00143] Referring to FIGS. 2A-D, in another configuration, the recombinant factor disposed on
the first region 14 is rFC and second factor disposed on the second region 16 is rFB Depending
upon the circumstances, the e.g., a chromogenic or fluorogenic substrate may be located at the
first region or the second region, but can optionally be separated from the rFB or the rFC. This
can be achieved if the substrate, for example, is coated on the upper surface of conduit 8 and the
factor 1s coated on the lower surface of conduit 8. rPCE may be disposed on the first region 14

or optionally can be disposed on the second region 16.

[00144] Referring to FIGS. 2A-D, in yet another alternate configuration, the recombinant factor
rFB 1s disposed on a first region 14 along with the fluorogenic or chromogenic substrate, and
rFC 1s disposed on the second region 16. rPCE may be disposed on the first region 14 or rPCE

may be disposed on the second region 16.

[00145] Referring to FIGS. 2A-D, in yet another alternate configuration, the recombinant factor
rFC 1s disposed on a first region 14 along with the fluorogenic or chromogenic substrate, and
rFB is disposed on the second region 16. rPCE may be disposed on the first region 14 or rPCE

may be disposed on the second region 16.

[00146] Referring to FIGS. 3A-3D, an endpoint chromogenic or fluorogenic assay is performed
in a cartridge 1 and a sample is moved, for example, to a first region 14 of the conduit 8
containing the first recombinant factor (e.g., rFC), where it is solubilized by the sample, for
example, by cycling between forward and reverse pump action. The sample-factor mixture then
1s moved, for example, by pump action to a second region 16 of the conduit 8 containing the
second recombinant factor (e.g., rFB), where it is solubilized by the sample-factor mixture, for
example, by cycling between forward and reverse pump action. The sample-factors mixture then
1s moved, for example, by pump action to a third region 18 of the conduit 8 containing the
chromogenic or fluorogenic substrate, where they are solubilized, for example, by cycling

between forward and reverse pump action. Afterwards, the sample-factors-substrate mixture is
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moved to optical cell 6 for measurement of an optical property, for example, the absorbance or
transmittance properties of the sample by an optical detector. The final optical readings

(endpoint readings) are recorded at a predetermined time.

[00147] Referring to FIGS. 3A-D, in one configuration, the recombinant factor disposed on the
first region 14 1s rFB, while the recombinant factor disposed on the second region 16 is rFC.
rPCE may be disposed on the first region 14 or in the second region 16. Alternatively, the rPCE
may be disposed on the third region 18 with the substrate.

[00148] Referring to FIGS. 3A-D, in one configuration, the recombinant factor disposed on the
first region 14 1s rFC, while the recombinant factor disposed on the second region 16 is rFB.
rPCE may be disposed on the first region 14 or in the second region 16. Alternatively, the rPCE
may be disposed on the third region 18 with the substrate.

[00149] Referring to FIGS. 3A-D, in yet another configuration, the substrate is disposed on the
first region 14, and the first recombinant factor 1s disposed on the second region 16, and the
second recombinant factor is disposed on the third region 18. The first recombinant factor may
be 1FC and the second recombinant factor may be rFB. Alternatively, the first recombinant
factor may be rFB and the second recombinant factor may be rFC. The rPCE may be disposed
on any of the first region 14, the second region 16, or the third region 18. In one embodiment,
the first recombinant factor is rFC, the second recombinant factor is rFB, and rPCE is disposed
on the second region 16 with the rFC. In one embodiment, the first recombinant factor is rFC,
the second recombinant factor is rFB, and rPCE is disposed on the third region 18 with the rFB.
In one embodiment, the first recombinant factor is rFB, the second recombinant factor is rFC,
and rPCE is disposed on the second region 16 with the rFB. In another embodiment, the first
recombinant factor is rFB, second amebocyte factor is rFC, and the rPCE is disposed on the third

region 18 with the rFC.

[00150] Referring to FIGS. 3A-D, in yet another configuration, the first recombinant factor is
disposed on the first region 14, the substrate is disposed on the second region 16, and the second
recombinant factor is disposed on the third region 18. The first recombinant factor may be rFC
and the second recombinant factor may be rFB. Alternatively, the first recombinant factor may
be rFB and the second recombinant factor may be rFC. The rPCE may be disposed on any of the
first region 14, the second region 16, or the third region 18.
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[00151] The assay can be calibrated by measuring an optical property, for example, absorbance
or transmittance, when a certain amount of a microbial contaminant (e.g., endotoxin) is
introduced into the assay. By comparing the result generated by a test sample against one or
more results with known amounts of the microbial endotoxin, it is possible to measure the

presence and/or amount of the microbial endotoxin in the test sample.

[00152] In some embodiments, one or more native isolated factors can be used to replace the
corresponding recombinant factor on the cartridge. For example, depending upon the
circumstances, native isolated Factor C can replace rFC, native isolated Factor B can replace

rFB, or native isolated pro-clotting enzyme can replace rPCE.
(ii).  Wells

[00153] As discussed, this type of assay format may be employed in a variety of other formats,
for example, within the well of a microtiter plate. In this type of assay, a sample of interest is
mixed with recombinant factors and substrate and incubated for a preselected period of time.
Optionally a reaction inhibitor, e.g., acetic acid, 1s added to the sample, and an optical property
of the sample, for example, absorbance or transmittance, is measured. The result can then be
compared against standard values to measure the presence or amount of a microbial endotoxin in

the sample of interest.

[00154] It is contemplated that the assays can be performed in a single well or multiple wells of
a microtiter plate as described above for the kinetic assays. However, the optical property is
measured at a predefined time rather than measuring the optical property over time as is
performed in the kinetic assay. Similarly it 1s contemplated that such assays can be performed in

one or more vials as described above for the kinetic assays.

[00155] In some embodiments, one or more native isolated factors can be used to replace the
corresponding recombinant factor in a well or vial. For example, depending upon the
circumstances, native isolated Factor C can replace rFC, native isolated Factor B can replace

rFB, or native isolated pro-clotting enzyme can replace rPCE.
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VII. Production of Compositions, Cartridges and Vials

[00156] All the reagents and materials used to prepare the cartridge, well plates, or vials
disclosed herein are preferably free of the microbial contaminant, e.g., endotoxin, for which the

cartridge ultimately will be used to test.

[00157] The cartridges, well plates, or vials may be fabricated with any of the recombinant
Factor B, recombinant Factor C, or pro-clotting enzyme disclosed herein. For example, the (FB
and/or tFC and/or rPCE may be a Limulus polyphemus, Tachypleus tridentatus, or

Carcinoscorpius rotundicauda rFB and/or rFC and/or rPCE.

[00158] In some embodiments, the cartridges may be fabricated with a combination of
recombinant amebocyte clotting factors and native isolated clotting factors. For example, one of
native or recombinant Factor B, one or native or recombinant Factor C, and one of native or
recombinant pro-clotting enzyme is used to fabricate the cartridge. For example, the native
isolated Factor B and/or Factor C and/or PCE may be a Limulus polyphemus, Tachypleus

tridentatus, or Carcinoscorpius rotundicauda Factor B and/or Factor C and/or PCE.
A. Endotoxin Testing Compositions

[00159] Disclosed herein are methods of producing bacterial endotoxin testing compositions.
The compositions can be used with cartridges, e.g., cartridge disclosed herein, or in well or vial
based assays, as disclosed herein. The composition may be a liquid, such as a buffered solution,

or the composition may be lyophilized, or freeze dried depending on the application.

[00160] In one embodiment, the disclosure provides a method of producing stabilized
compositions for detecting bacterial endotoxin in a sample. The method includes (a) providing a
first solution comprising recombinant amebocyte Factor C (rFC), and a second, different solution
comprising a recombinant amebocyte Factor B (rFB), wherein the rFC and rFB are substantially
inactive; and (b) combining the first solution and the second solution to produce a third solution
comprising a mixture of rFC and rFB under conditions so that, in the absence of a test sample (or
control) containing endotoxin, the rFC and the rFB remain substantially inactive in the mixture.
In some embodiments, the mixture is dehydrated immediately, e.g., within about 30 minutes or
less, upon mixing the first solution comprising rFC and the second solution comprising rFB. For

example, in some instances, dehydrating the mixture provides the conditions necessary so that
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the rFB and rFC remain substantially inactive. The dehydration may be accomplished by
lyophilization, or freeze drying. In some embodiments, the first solution further comprises a
recombinant pro-clotting enzyme (rPCE), while, in other embodiments, the second solution
further comprises rPCE. The method may further include a further step, step (c) of providing a
third solution comprising rPCE, and in step (b) mixing the first, second and third solutions to
produce a mixture of tFC, tFB, and rPCE. The rFC may be a Limulus Polyphemus Factor C,
Tachypleus tridentatus Factor C or a Carcinoscorpius rotundicauda Factor C. The rFB may be a
Limulus Polyphemus Factor B, Tachypleus tridentatus Factor B or a Carcinoscorpius
rotundicauda Factor B. The rPCE may be a Limulus Polyphemus pro-clotting enzyme,
Tachypleus tridentatus pro-clotting enzyme or a Carcinoscorpius rotundicauda pro-clotting
enzyme. The method may further include the step of contacting the mixture with a sample
suspected of containing microbial endotoxin, and determining the presence and/or amount of
endotoxin, if any, in the sample. If the mixture is lyophilized, it may be resolubilized by addition
of the sample, or by addition of a liquid, such as a buffer. With reference to Factor C, the term
“substantially inactive” refers to Factor C, e.g., rFC, that has not been materially converted to an
active enzyme to activate Factor B, e.g., tFB, and pro-clotting enzyme, e.g., tPCE. In other
words, the Factor C, e.g., rFC, remains inactive relative to the lowest level of endotoxin
detectable in a given endotoxin detection assay, e.g., as determined by a standard curve for the
assay. With reference to Factor B, the term “substantially inactive” refers to Factor B, e.g., rFB,
that has not been materially converted to an active enzyme to activate Factor C, e.g., rFC, and
pro-clotting enzyme, e.g., rPCE. In other words, the Factor B, e.g., rFB, remains inactive
relative to the lowest level of endotoxin detectable in a given endotoxin detection assay, e.g., as

determined by a standard curve for the assay.

[00161] In another embodiment, the disclosure provides a method for producing a bacterial
endotoxin testing composition where a first composition containing a first amebocyte factor, e.g.,
Factor C, e.g., rFC that is free of Factor B, and a second composition containing a second
amebocyte factor, e.g., a Factor B, e.g., rFB that is free of Factor C, are provided. In one
embodiment, the first and second compositions are mixed together in the presence of pro-clotting
enzyme, e.g., rPCE, to form a third composition, and the first and second compositions remain
separated until mixed together immediately, e.g., within about 30 minutes or less, prior to contact
with a test sample. This approach may be employed, for example, with wells or vials. In another
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embodiment, the first and second compositions are mixed together in the presence of pro-clotting
enzyme, e.g., TPCE, to form a third composition, and the first and second compositions remain
separated until the first and second compositions are mixed with a test sample. The approach

maybe employed, for example, with a cartridge.

[00162] In some embodiments of this method, the first and second composition provided in
steps (a) and (b) of the method are provided as dried compositions. These dried compositions
may be resolubilized prior to mixing in step (c) of the method. For example, the first and second
compositions may be resolubilized with one or more buffered solutions. Alternatively, the first
and second compositions may be resolubilized by the test sample. When first and second
compositions are provided as solutions, they can be mixed together in a container, e.g., a vial,
test tube, or well, immediately, e.g., within about 30 minutes or less, prior to a test sample being

added to the container.
B. Cartridges

[00163] Exemplary cartridges useful in carrying out the disclosed methods, and methods for
fabrication of the same, can be found in U.S. Patent No. 7,329,538 and U.S. Design Patent No.
D472,324.

[00164] According to one aspect, the disclosure provides a cartridge for bacterial endotoxin
testing. The cartridge comprises a housing defining a test sample inlet area, a first region upon
which is disposed a first composition that comprises a first recombinant factor, and a second
region upon which is disposed a second composition that comprises a second recombinant factor.
The first and second regions are spaced apart from one another, and are in fluid flow
communication with one another. The first region is in fluid flow communication with the
sample inlet area. Accordingly, when a test sample is added to the sample inlet area, the sample
mixes with the first composition and second compositions. In some embodiments, a pump is
applied to the cartridge to move the sample back and forth across the first and second regions to

permit mixing of the sample with the first and second compositions.

[00165] In one embodiment, the first composition comprises recombinant Factor B or
recombinant Factor C, and the second composition comprises recombinant Factor B or
recombinant Factor C, but the first composition and second composition do not both contain

recombinant Factor B or recombinant Factor C. For example, in one configuration, the first
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composition on the first region comprises recombinant Factor C and not recombinant Factor B
and the second composition on the second region comprises recombinant Factor B and not

recombinant Factor C.

[00166] In other embodiments, the first composition further comprises recombinant pro-clotting
enzyme, or the second composition further comprises recombinant pro-clotting enzyme. In other
configurations, the cartridge includes a third region that is separate from the first and second
regions and in fluid flow communication with the first and/or second regions of the cartridge; a
third composition is disposed on the third region. The third composition may comprise a
chromogenic substrate in some configurations, while in other configurations, the third
composition may comprise a recombinant pro-clotting enzyme, while in other configurations, the
third composition may comprise both a recombinant pro-clotting enzyme and a chromogenic
substrate. In some embodiments, the third region is positioned between the sample inlet area and
the first region, such that the sample traverses the third region, followed by the first region, and
then the second region. For example, when the third region is positioned between the sample
inlet area and the first region, the third composition comprises a chromogenic substrate, but does

not include any recombinant factors.

[00167] In some embodiments, the cartridge includes a fourth region which is separate from the
first, second, and third regions, and is in fluid flow communication with the first, second and/or
third region. In one configuration, the fourth region comprises a fourth composition disposed
thereon that includes a recombinant pro-clotting enzyme, while in another configuration, the

fourth composition includes a chromogenic substrate.

[00168] An exemplary cartridge containing a first, second, third, and fourth region is shown in
FIG. 4E. The sample inlet 4 is upstream of first region 14, which is upstream of second region
16, which is upstream of third region 18, which is upstream of fourth region 20. When a test
sample 1s placed on the cartridge in sample inlet 4, it flows in a downstream direction from the
sample inlet 4 towards optical cell 6. A pump port 12 is provided for attaching to a pump that
can apply negative pressure to pull a sample from fluid inlet port 4 to optical cell 6. The pump
may apply positive and negative pressure to move the sample back and forth across the first,
second, third, and fourth regions to ensure mixing of the sample with the first, second, third, and

fourth compositions before the results are read in the optical cell 6.
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[00169] In certain embodiments, the cartridges comprise a housing defining a test sample inlet
area, a first region upon which is disposed a first composition, a second region upon which is
disposed a second composition, and a third region upon which is disposed a third composition.
Each of the regions are spaced apart from one another, and are in fluid flow communication with
one another. The first region is in fluid flow communication with the sample inlet area and the
second region and is positioned between the sample inlet area and the second region. The
second region is in fluid flow communication with the first region and the third region and is
positioned between the first region and the third region. The third region is in fluid flow
communication with the second region, and is positioned next to the second region, and
optionally next to and in fluid flow communication with an optical cell. Accordingly, when a
test sample is added to the sample inlet area, the sample first mixes with the first composition on
the first region, then moves to and mixes with the second composition on the second region, and
then moves to and mixes with the third composition on the third region, before optionally
traveling to an optical cell. In some embodiments, a pump is applied to the cartridge to move the
sample back and forth across the first, second, and third regions to permit mixing of the sample
with the first, second, and third compositions. In one configuration, the first composition
comprises a substrate, e.g. a chromogenic substrate, but does not include any recombinant
factors; the second composition includes recombinant Factor B, but does not include
recombinant Factor C or pro-clotting enzyme; and the third composition includes recombinant
Factor C and recombinant pro-clotting enzyme, but does not include recombinant Factor B. In
another configuration, the first composition comprises a substrate, e.g. a chromogenic substrate,
but does not include any recombinant factors; the second composition includes recombinant
Factor C and recombinant pro-clotting enzyme, but does not include recombinant Factor B; and
the third composition includes recombinant Factor B, but does not include recombinant pro-

clotting enzyme or recombinant Factor C.

[00170] An exemplary cartridge containing a first, second, and third region is shown in FIGS.
3A-B. The sample inlet 4 is located upstream of first region 14, which is located upstream of
second region 16, which is located upstream of third region 18. When a test sample is placed on
the cartridge in sample inlet 4 of the cartridge, it flows in a downstream direction from the
sample inlet 4 towards optical cell 6 through the first region 14, then the second region 16, and
then the third region. A pump port 12 is provided for attaching to a pump that can apply
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negative pressure to pull a sample from fluid inlet port 4 to optical cell 6. The pump may apply
positive and negative pressure to move the sample back and forth across the first, second, and
third regions to ensure mixing of the sample with the first, second, and third compositions before

the results are read in optical cell 6.

[00171] Also disclosed is an exemplary cartridge for determining the presence and/or amount, if
any, of a microbial (e.g., bacterial) endotoxin in a liquid sample. The cartridge comprises (a) a
housing defining a fluid inlet port, an optical cell, and a conduit having a fluid contacting surface
providing fluid flow communication between the fluid inlet port and the optical cell; (b) a first
composition disposed on a first region of the fluid contacting surface of the conduit; and (c) a
second composition disposed on a second region of the fluid contacting surface the conduit. The
first region is spaced apart from the second region, such that, when the sample is applied to the
fluid inlet port, the sample traverses the first region and the second region and solubilizes the
first and second compositions, during transport to the optical cell. The first and second
compositions are selected from the group consisting of amebocyte Factor B and amebocyte
Factor C, provided that the first composition is not the same as the second composition. In some
embodiments, the Factor C and/or Factor B remain substantially inactive until contacted with

microbial endotoxin in the liquid sample.

[00172] In some embodiments, the second region of the cartridge is located between the first
region and the optical cell. In other embodiments, the first region is a first circumferential
section of the fluid contacting surface of the conduit and the second region is a second, different
circumferential region of the fluid contacting surface of the conduit. For example, the first
circumferential section is defined by at least a portion of an upper half of the conduit, and the

second circumferential section is defined by at least a portion of a lower half of the conduit.

[00173] In some configurations of the cartridge, the first composition contains Factor C and the
second composition contains Factor B, while in other configurations, the first composition
contains Factor B and the second composition contains Factor C. The Factor B may be
recombinant Factor B, for example, a Limulus Polyphemus Factor B, Tachypleus tridentatus
Factor B or a Carcinoscorpius rotundicauda Factor B. The factor C may be recombinant Factor
C, for example, Limulus Polyphemus Factor C, Tachypleus tridentatus Factor C or a

Carcinoscorpius rotundicauda Factor C.
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[00174] In some configurations of the cartridge, the first region or the second region further
comprises a pro-clotting enzyme. In yet other configurations, pro-clotting enzyme is disposed in
a third region of the fluid contacting surface of the conduit spaced apart from the first region and
the second region. For example, the pro-clotting enzyme is a recombinant pro-clotting enzyme,
such as a Limulus Polyphemus pro-clotting enzyme, Tachypleus tridentatus pro-clotting enzyme

or a Carcinoscorpius rotundicauda pro-clotting enzyme.

[00175] In some configurations of the cartridge, a chromogenic substrate is disposed on the first
region, the second region, the third region or a fourth region of the fluid contacting surface
spaced apart from the first region, the second region or the third region. The third region may be
downstream of the first and/or second regions. The fourth region, if present, may be downstream
of the first/and or second regions. However, in certain configurations, a third region is
positioned upstream of the first and second regions, and, if present, upstream of any fourth
region. For example, a chromogenic substrate is disposed on a third region that is located
upstream of the first and second regions, and if present, the fourth region. The fourth region may

be downstream from the first, second, and third regions.

[00176] An exemplary fabrication process for a cartridge is described with reference to FIGS.
4A-B, in which FIG. 4A provides a top view of one configuration of a cartridge according to the
disclosure, and FIG. 4B provides cross-sectional views of the cartridge taken at positions A-A’
and B-B’ of FIG. 4A. As shown by the cross-section A-A’ of FIG. 4B, the cartridge 1 has a first
(e.g., lower) half 2 and a second (e.g., top) half 3. Once prepared, the two halves of the cartridge
1 are joined to one another by adhesive, solvent bonding, ultrasonic welding, snap fit joints, or
the like. It is contemplated that the cartridges of FIGS. 2 and 3 may be created by similar

principles.

[00177] As depicted by FIGS. 4A-B, the cartridge 1 includes a first (e.g., lower) half 2 and a
second (e.g., top) half 3. The first half 2 of the cartridge 1 defines one half of each conduit 8
(each having a first region 14 and a second region 16), such that the conduit 8 has a first (e.g.,
lower) surface 8’ on the first (e.g., lower) half of the cartridge 1 and a second (e.g., upper)
surface 8” on the second (e.g., upper) half of the cartridge 1. During fabrication, a first reagent,
e.g., an amebocyte factor 20, can be applied to a first (e.g., lower) surface 8’ of a first region 14°

of a conduit 8 and a third reagent 24 is applied to a first (e.g., lower) surface 8’ of a second
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region 16’ of the conduit 8 on the first (e.g. lower) half 2 of the cartridge 1. The direction of
fluid flow on the cartridge is away from fluid inlet port 4 and toward optical cell 6 via the
conduit. Accordingly, the first region 14’ is downstream from the fluid inlet port 4, and
upstream of the second region 16°. The second region 16’ is downstream of the first region 14°.
The first region 14” and second region 16’ regions are in fluid flow communication with one

another, and the first region 14’ is in fluid flow communication with the fluid inlet port.

[00178] During fabrication, a second reagent, e.g., an amebocyte factor 22, is applied to a
second (e.g., top) surface 8’ of the first region 14°” of the conduit 8 on the second (upper) half 3
of the cartridge 1. The cartridge 1 may also have at least one pump port 12 in fluid flow
communication with fluid inlet port 4 and optical cell 6 for attaching the cartridge 1 to a pump
for imparting negative pressure via pump port 12 to pull a sample from fluid inlet port 4 to

optical cell 6.

[00179] Referring still to FIGS. 4A-4B, in one configuration, the first reagent contains Factor
B, e.g., rFB, the second reagent contains Factor C, e.g., rFC. The third reagent contains a
substrate for a pro-clotting enzyme, e.g., rPCE, such as a chromogenic or fluorogenic substrate.
In another configuration, the first reagent contains Factor C, e.g., tFC, and the second reagent
contains Factor B, e.g., tFB. The third reagent contains a substrate for a pro-clotting enzyme,
e.g., TPCE, such as a chromogenic or fluorogenic substrate. In one configuration, a pro-clotting
enzyme, e.g., rPCE, is disposed on the first region 14, either on the first surface 8’ the second
surface 8”, or on both the first 8 and second 8” surfaces, whereas in another configuration, a
pro-clotting enzyme, e.g., rPCE, is disposed on the second region 16, either on the first surface
8, the second surface 8”, or both the first 8’ and second 8” surfaces. Once the reagents have
been applied to the respective top 3 and lower 2 halves of the cartridge 1, the cartridge halves 2
and 3 then are dried under conditions that preserve the activity of the reagents, e.g., the
amebocyte factors, e.g., tFC, rFB, and rPCE, and the substrate, and to permit solubilization or

reconstitution of the factors and substrate to perform in an assay to detect microbial endotoxin.

[00180] In another configuration according to FIGS. 4A-B, a first amebocyte factor 20, e.g.,
tFC, is disposed on a first surface 8 of a fluid contacting surface 8 of a first region 14, while a
second amebocyte factor 22, e.g., rFB, is disposed on a second surface 8” of the fluid contacting

surface 8 of the first region 14. The pro-clotting enzyme may be disposed on the first region 14,
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or the second region 16, and may be disposed on the first surface 8, on the second surface 8”, or
on both the first and second surfaces of the fluid contacting surface 8 of either the first 14 or
second 16 region. The substrate 24 may be disposed on the second region 16 on either a first

surface 8’ or on a second surface 8”, or on both the first and second surfaces of the region 16.

[00181] Another exemplary fabrication process for the cartridge is described with reference to
FIGS. 4C-D, in which FIG. 4C provides a top view of one configuration of a cartridge
according to the disclosure, and FIG. 4D provides cross-sectional views of the cartridge taken at
positions A-A’, B-B’, and C-C’ of FIG. 4C. As shown by the cross-sections at A-A’, B-B’, and
C-C’ of FIG. 4D, cartridge 1 has a first (e.g., lower) half 2 and a second (e.g., top) half 3. Once
prepared, the two halves of the cartridge 1 are joined to one another by adhesive, solvent

bonding, ultrasonic welding, snap fit joints, or the like.

[00182] As shown by FIGS. 4C-D, the cartridge 1 includes a first (e.g., lower) half 2 and a
second (e.g., upper) half 3. The first half 2 of the cartridge 1 defines one half of each conduit 8
(each having a first region 14, a second region 16, and a third region 18), such that the conduit 8
has a first (e.g., lower) surface 8 on the first (e.g., lower) half of the cartridge 1 and a second
(e.g., upper) surface 8” on the second (e.g., upper) half of the cartridge 1. During fabrication, in
one configuration, a first reagent 20, e.g., an amebocyte factor or a substrate, is applied to a first
(e.g., lower) surface 8 of a first region 14 of a conduit 8, a second reagent 22, e.g., an amebocyte
factor, 1s applied to a first (e.g., lower) surface 8’ of a second region 16 of a conduit 8, and a
third reagent 24, e.g., an amebocyte factor, is applied to a first (e.g., lower) surface 8 of a third
region 18 of the conduit 8 on the first (e.g. lower) half 2 of the cartridge 1. The direction of fluid
flow on the cartridge is away from fluid inlet port 4 and toward optical cell 6 via the conduit.
Accordingly, the first region 14 is downstream from the fluid inlet port 4, and upstream of the
second region 16. The second region 16 is downstream of the first region 14 and upstream of the
third region 18. The first region 14 is in fluid flow communication with the fluid inlet port, the
first region 14 and second region 16 are in fluid flow communication with one another, and

second region 16 is in fluid flow communication with the third region 18.

[00183] The second (e.g., upper) half 3 of the cartridge 1 defines a second (e.g., upper) surface
8” of conduit 8, which in one embodiment may be free of any reagents. However, in some

embodiments, during fabrication of the cartridge, a first reagent 20, e.g., an amebocyte factor or
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a substrate, 1s applied to a second (e.g., upper) surface 8” of a first region 14 of a conduit 8, a
second reagent, e.g., an amebocyte factor 22, is applied to a second (e.g., upper) surface 8” of a
second region 16 of a conduit 8, and/or a third reagent 24, e.g., an amebocyte factor, is applied to
a second (e.g., upper) surface 8’ of a third region 18 of the conduit 8 on the second (e.g. upper)
half 2 of the cartridge 1. In one embodiment, the reagents applied to the first, second, and third
region of the lower surface 8 of the conduit 8 respectively are also applied to the same region of
the upper surface 8” of the conduit 8. The cartridge 1 may also have at least one pump port 12 in
fluid flow communication with fluid inlet port 4 and optical cell 6 for attaching the cartridge 1 to
a pump for imparting negative pressure via pump port 12 to pull a sample from fluid inlet port 4

to optical cell 6.

[00184] Referring still to FIGS. 4C-4D, in one configuration, the first reagent contains

Factor B, e.g., 1FB, and the second reagent contains Factor C, e.g., rFC. The third reagent
contains a substrate for a pro-clotting enzyme, e.g., rPCE, such as a chromogenic or fluorogenic
substrate. In another configuration, the first reagent contains Factor C, e.g., rFC, and the second
reagent contains Factor B, e.g., tFB. The third reagent contains a substrate for a pro-clotting
enzyme, e.g., TPCE, such as a chromogenic or fluorogenic substrate. In one configuration, a pro-
clotting enzyme, e.g., 1PCE, is disposed on the first region 14 either on the first surface 8’, the
second surface 8”, or on both the first 8’ and second 8” surfaces, whereas in another
configuration, a pro-clotting enzyme, e.g., iPCE, is disposed on the second region 16, either on

the first surface 8, the second surface 8”, or both the first 8’ and second 8 surfaces.

[00185] In another configuration according to FIGS. 4C-D, a first amebocyte factor, e.g., 1FC
20, is disposed on a first surface 8’ (or a first 8” and second 8” surface) of a fluid contacting
surface 8 of a first region 14, while a second amebocyte factor, e.g., tFB 22, is disposed on a first
surface 8” (or a first 8’ and second 8” surface) of a fluid contacting surface 8 of a second region
16, and a substrate 24 is disposed on a first surface 8 (or a first 8” and second 8 surface) of a
third region 18 of a fluid contacting surface 8. The pro-clotting enzyme may be disposed on the
first region 14, or the second region 16, and may be disposed on the first surface 8’, on the
second surface 8”, or on the first 8’ and second 8” surfaces of the fluid contacting surface 8 of
either the first 14 or second 16 or third 18 region. The substrate may be disposed on a first
surface 8’ (or a first 8” and second 8” surface) of a fluid contacting surface of a third region 16.

In an alternative configuration, the first amebocyte factor 20 is rFB, while the second amebocyte
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factor 22 is rFC. In yet a further configuration, the fluid contacting surface has a first 14, second
16, and third 18 regions on the fluid contacting surface 8, the first amebocyte factor, the second
amebocyte factor, and the substrate are each disposed on different region of the fluid contacting
surface 8 and rPCE may be disposed on any of the first, second or third regions of the fluid

contacting surface. However, rFC and 1FB are not disposed on the same region.

[00186] In some embodiments, the order in which reagents are applied to the regions (e.g., 14,
16, or 18), is varied, so long as Factor B, e.g., rFB is applied to one region (e.g., 14, 16, or 18),
Factor C, e.g., tFC 1s applied to a second region (e.g., 14, 16, or 18), and the substrate is applied
to a third region (e.g., 14, 16, or 18), on the conduit 8, where Factor C and Factor B are not
applied to the same region, and each region (14, 16, and 18), contains only one of Factor C,
Factor B, and substrate. Pro-Clotting enzyme, e.g., rPCE, can be applied to at least one of
regions 14, 16, or 18. For example, in one particular arrangement, substrate 1s applied to the first
region 14, rFC and rPCE are applied to the second region 16, and rFB is applied to the third
region 18. In another arrangement, substrate is applied to the first region 14, rFB and rPCE are
applied to the second region 16, and rFC is applied to the third region 18. In another
arrangement, substrate, e.g., a chromogenic substrate, is applied to the first region 14, rFB is
applied to the second region 16, and rFC and rPCE are applied to the third region 18. For
example, in one configuration, the first reagent 20 contains a substrate, e.g., a chromogenic
substrate, the second reagent 22 contains recombinant Factor B, and the third reagent 24 contains
recombinant Factor C and recombinant pro-clotting enzyme. In another embodiment, the first
reagent 20 contains a substrate, e.g., a chromogenic substrate, the second reagent 22 contains
recombinant Factor C and recombinant pro-clotting enzyme, and the third reagent 24 contains

recombinant Factor B.

[00187] Once the reagents have been applied to lower half 2 of the cartridge 1, (or to the lower
half 2 and top half 3 when reagents are added to the top half 3), the cartridge halves 2 and 3 then
are dried under conditions that preserve the activity of the reagents, e.g., the amebocyte factors,
e.g., tFC, rFB, and rPCE, and the substrate, and to permit solubilization or reconstitution of the

factors and substrate to perform in an assay to detect microbial endotoxin.

[00188] Referring to FIG. 4E, in one configuration, a first reagent is disposed on a first region

14, a second reagent is disposed on a second region 16, a third reagent is disposed on a third
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region 18, and a fourth reagent is disposed on a fourth region 20. In one configuration, the first
reagent contains Factor B, e.g., tFB, while the second reagent contains Factor C, e.g., rFC, the
third reagent contains pro-clotting enzyme, e.g., rPCE, and the fourth reagent contains a
chromogenic substrate. In another configuration, the first reagent contains Factor C, e.g., rFC,
while the second reagent contains Factor B, e.g., rFB. The third reagent contains pro-clotting

enzyme, e.g., TPCE, and the fourth reagent contains a chromogenic substrate.

[00189] Another exemplary fabrication process is described with reference to FIGS. 2A-D,
where FIG. 2A provides a perspective view of a cartridge, FIG. 2B provides a top view, FIG.
2C provides a cross-sectional view, and FIG. 2D provides an end view. During fabrication, a
first reagent is applied to a first region 14 of the conduit 8 and a second reagent is applied to a
second region 16 of the conduit 8. The reagents can be dried onto the conduit. In one
configuration, the first reagent contains a Factor B, e.g., tFB, and the second reagent contains
Factor C, e.g. rFC. In other configurations, the first reagent contains a Factor C, e.g., rFC, and
the second reagent contains Factor B, e.g. rFB. In some configurations, the first reagent also
contains a chromogenic or fluorogenic substrate, while in other embodiments, the second reagent
contains the substrate. In some configurations, the first reagent also contains a pro-clotting
enzyme, e.g., TPCE, while in other embodiments, the second reagent contains the pro-clotting
enzyme, e.g., fPCE. In one exemplary configuration, the first reagent contains rFB and rPCE,
while the second reagent contains rFC and substrate. In another exemplary configuration, the

first reagent contains rFC and rPCE, while the second reagent contains rFB and substrate.

[00190] In order to preserve the activity of the reagents during drying, the cartridge halves 2 and
3 are placed in an environment having a temperature from about 4°C to about 40°C, more
preferably, from about 10°C to about 35°C, more preferably, from about 15°C to about 30°C, and
a relative humidity from about 0% to about 30%, more preferably, from about 2% to about 20%,
more preferably from about 4% to about 10%. Preferred drying conditions include a temperature
of about 25°C and a relative humidity of about 5%. In an alternative approach, the factors, e.g.,
recombinant factors, may be dried via freeze drying, e.g., lyophilization, under standard

conditions, about -30°C to about -40°C under vacuum.

[00191] The dimensions of a particular cartridge 1 may vary depending upon the number and/or

type of assays to be performed. However, in one embodiment, as shown schematically in FIG.
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2A, for example, the cartridge 1 has a length of about 10.16 cm (4.00”), width of about 2.54 cm
(1.00), and a height of about 0.476 cm (.188”). The bore of the conduit 8 running from the fluid
inlet port 4 to the optical cell 6 is about .127 cm (.050”), where a first reagent is dried on a region
14 of the conduit 8 about 2.381 cm (.938”) from the fluid inlet port 4, and a second reagent is
dried on a region 16 of the conduit 8 about 4.65 cm (1.831”) from the fluid inlet port 4. The

optical cell 6 in this embodiment is dimensioned to accommodate about 25 uL of sample.
C. Well Plates

[00192] The invention also provides multi-well plates and vials for carrying out the assays

disclosed herein.

[00193] For example, in one embodiment, a well plate is prepared having a first reagent
disposed on a first well and a second reagent disposed on a second well. In one embodiment, the
first reagent contains Factor B, e.g., tFB, and the second reagent contains Factor C, e.g., rFC. In
another configuration, the first reagent contains Factor C, e.g., tFC, and the second reagent
contains Factor B, e.g., tFB. A pro-clotting enzyme, e.g., rPCE, may be disposed in the first well
or the second well. A substrate for clotting enzyme, e.g., a chromogenic or fluorogenic
substrate, may be disposed in the first well or the second well, or in a third well. For example, in
another example, a well plate is prepared having a first reagent disposed on a first well, a second
reagent disposed on a second well, and a third reagent disposed on a third well. The first,
second, and third reagents are each one of Factor B, e.g., rFB, Factor C, e.g., tFC, and a
substrate; only one of these reagents is applied to each of the first, second, and third well.
However, pro-clotting enzyme, e.g., rPCE can be applied to any one or more of the first, second,

and third wells.

[00194] As a final step in preparing the well plates, the reagents are dried on to the well plate,
e.g., by air drying or freeze drying under conditions that preserve the activity of the reagents, and

are reconstituted by a sample applied when an endotoxin assay is performed on the well plate.

[00195] In order to preserve the activity of the reagents during drying, the wells are placed in an
environment having a temperature from about 4°C to about 40°C, more preferably, from about
10°C to about 35°C, more preferably, from about 15°C to about 30°C, and a relative humidity
from about 0% to about 30%, more preferably, from about 2% to about 20%, more preferably

from about 4% to about 10%. Preferred drying conditions include a temperature of about 25°C
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and a relative humidity of about 5%. In an alternative approach, the factors, e.g., recombinant
factors, may be dried via freeze drying, e.g., lyophilization, under standard conditions, about -

30°C to about -40°C under vacuum.
D. Vials

[00196] The disclosure describes the preparation of vials of amebocyte factors, e.g., Factor C,
Factor B, and pro-clotting enzyme, for example, rFC, rFB, and rPCE for use in carrying out

endotoxin detection assay.

[00197] In one embodiment, a vial is prepared containing stabilized Factor C, e.g., stabilized
rFC. The rFC and the vial, itself, are free of tFB. The rFC may also be substantially free of
exogenous endotoxin, e.g., may contain only acceptable trace amounts of environmental
endotoxin as a contaminant. Accordingly, the rFC is substantially inactive until contacted with a
test sample (or control) that contains endotoxin. In another embodiment, a vial is prepared
containing stabilized Factor B, e.g., stabilized recombinant Factor B. The rFB and the vial,
itself, are free of tFC. The rFB may also be substantially free of exogenous endotoxin.
Accordingly, the rFB is substantially inactive until contacted with a test sample (or control) that

contains endotoxin.

[00198] The stabilized amebocyte factors, e.g., recombinant factors may be in an aqueous
solution, e.g., prepared from pyrogen-free, e.g., endotoxin free water or an appropriate buffer.
The aqueous solutions may be used for an endotoxin detection assay, or they may be dried in the
vial, e.g., by air drying, heating, or lyophilization, and may be later reconstituted in the vial with
endotoxin free water to create a solution of the factor for use in an endotoxin detection assay.
Vials containing the dried amebocyte factors may be stored, preferably between -20°C and 25°C,

until ready for use.

[00199] In another embodiment, a vial is prepared having stabilized recombinant factors therein.
The vial 1s prepared by a method where (1) a first solution containing recombinant Factor C, and
a second solution containing recombinant Factor B are provided. The rFC in the first solution
and the rFB in the second solution are substantially inactive; (i1) the first and second solutions
are combined to produce a third solution under conditions so that the rFC and the rFB remain
substantially inactive in the mixture, e.g., until contacted with endotoxin in a test sample (or

control). Alternatively, once combined in step (i1), the third solution containing the rFC and rFB
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can be dried on the surface of a solid support, e.g., by freeze drying or lyophilization so that the
rFC and the rFB remain substantially inactive in a dehydrated form. For example, the third
solution can be immediately dried on the surface of the solid support, e.g., within about 1 hour,
45 minutes, 30 minutes, 15 minutes, 10 minutes, 5 minutes, or 1 minute of producing the third

solution.

[00200] The solid support can include, for example, a cartridge, or a vial. In another
embodiment, the rPCE is provided in a third solution, and step (i1) above involves mixing the
first, second, and third solutions together to produce a mixture of rFC, rFB, and rPCE. The first
or second solutions may further include a substrate for the rPCE. Alternatively, the third

solution may further include a substrate for the rPCE.

[00201] The substrate may be a chromogenic or fluorogenic substrate. For example, the
substrate may be a chromogenic substrate with a paranitroaniline group (pNA). For example, the
substrate 1s Ac-Ile-Glu-Gly-Arg-pNA, or Ac-Ile-Glu-Gly-Lys-pNA. For example, the Factor C,
Factor B or pro-clotting enzyme is a Limulus polyphemus, Tachypleus tridentatus, or
Carcinoscorpius rotundicauda Factor C, Factor B or pro-clotting enzyme, e.g., rFC, rFB, or

rPCE.
E. General Considerations

[00202] In fabricating the cartridge, well plates, or vials of the invention, it may be helpful to
combine the factors, e.g., recombinant factors, and/or substrate (e.g., a chromogenic or
fluorogenic substrate) with one or more resolubilizing agents, such as a sugar or salt, and/or one
or more anti-flaking agents, such as a polymer, prior to drying the factors onto a well, or a vial,

or a solid support, e.g., a cartridge.

[00203] The resolubilizing agent preferably stabilizes the factors, e.g., the recombinant factors
in the dried form and facilitates resolubilization of the reagents during the assay. Useful
resolubilizing agents include, for example, mannitol, mannose, sorbitol, trehalose, maltose,

dextrose, sucrose, and other monosaccharides and disaccharides.

[00204] The anti-flaking agent can be used to prevent or reduces the likelihood that the factors,
e.g., recombinant factors, and/or chromogenic substrate become disassociated from a solid

support in the form of a dry flake. The anti-flaking agent preferably also stabilizes the factors,
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e.g., the recombinant factors, and/or chromogenic substrate in the dried form. Useful anti-
flaking agents include, for example, one or more polymers, including, for example, polyethylene

glycol, polyvinyl pyrrolidone, dextrans, mannitol, and proteins, for example, serum albumin.

[00205] Anti-frothing agents may also be added to the factors, e.g., the recombinant factors,
prior to drying the factors onto a well, or a vial, or a solid support, e.g., a cartridge. Certain
polymers reduce the formation of air bubbles (e.g., frothing) when the factors, e.g., the
recombinant factors, and/or chromogenic substrate are resolubilized. Useful anti-frothing agents

include polyvinyl alcohol and polypropylene glycol.
VIIL. Specimen Collection and Preparation Considerations

[00206] In general, materials used to harvest, store, or otherwise contact a sample to be tested,
as well as test reagents, should be free of microbial contamination, for example, should be
pyrogen-free. Materials may be rendered pyrogen-free by, for example, heating at 250°C for 30
minutes. Appropriate precautions should be taken to protect depyrogenated materials from

subsequent environmental contamination.

[00207] The recombinant amebocyte clotting factors disclosed herein may be used to measure
the presence or amount of a microbial endotoxin in a sample of interest, for example, in a fluid,
for example, a fluid to be administered locally or systemically, for example, parenterally to a
mammal, or a body fluid to be tested for infection, including, for example, blood, lymph, urine,
serum, plasma, ascites fluid, lung aspirants, and the like. In addition, the assays may be used to
detect a microbial endotoxin present on a surface. For example, the surface of interest is
swabbed and the swab then is introduced into or dissolved in liquid. The liquid can then be

assayed as described herein.
IX. Kits

[00208] The invention provides kits of parts used to perform an assay to determine the presence

and/or amount of endotoxin in a sample of interest.

[00209] The disclosure provides a kit for determining the presence and/or amount of a bacterial
endotoxin in a sample includes a first composition containing rFC, and free of tFB. The kit also
includes a second composition containing rFB, and is free of tFC. The kit optionally further

comprises means (e.g., a vial or test tube, stirrer (e.g., spatula, spoon efc.), dispensing tool (e.g.,
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pipette tip, syringe etc.)) for mixing the first and second compositions together in the presence of

recombinant pro-clotting enzyme and a chromogenic substrate.

[00210] In some embodiments, the kit may further comprise a third composition comprising a
chromogenic substrate for a pro-clotting enzyme (rPCE), for example, Ac-Ile-Glu-Gly-Arg-pNA
or Ac-Ile-Glu-Gly-Lys-pNA.

[00211] Depending upon the circumstances, the first composition or the second composition
further comprises a rPCE. Alternatively or in addition, the kit includes a fourth composition

comprising rPCE.

[00212] In some embodiments, the rFC in the first composition is substantially inactive and/or
the rFB is substantially inactive, e.g., until contacted with endotoxin from a test sample (or

control).

[00213] In one embodiment, the first, and second compositions, and the third and fourth
compositions, if provided, are dried on a solid support, e.g., on one or more fluid contacting
surfaces of a cartridge. In another embodiment, the first and second compositions, and third and
fourth compositions, if provided, are each dried on a surface of a corresponding first, second,
third or fourth container, e.g., wells or vials. The kit may further include pyrogen free, e.g.,

endotoxin free, water for reconstituting the dried compositions in each container.

[00214] Alternatively, a kit for determining the presence and/or amount of a bacterial endotoxin
in a sample can comprise a first stabilized solution containing rFC, wherein the rFC is
substantially inactive; a second stabilized solution containing a rFB, wherein the rFB is
substantially inactive; and a composition comprising a chromogenic substrate for a tPCE. In
some embodiments, the first stabilized solution or the second stabilized solution further
comprises a rPCE. In other embodiments, the kit further comprises a third stabilized solution

comprising TPCE. In some embodiments, the kit has a shelf-life of at least 6 months.

[00215] Alternatively, a kit for determining the presence and/or amount of a bacterial endotoxin
in a sample can comprise a first dehydrated composition comprising rFC, wherein the rFC is
substantially inactive, e.g., in the absence of endotoxin from a test sample or control a second
dehydrated composition including a rFB, wherein the rFB is substantially inactive, e.g., in the

absence of endotoxin from a test sample or control; and a third dehydrated composition
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comprising a chromogenic substrate for a pro-clotting enzyme (rPCE). In some embodiments,
the first dehydrated composition or the second dehydrated composition further comprises rPCE,
while in other embodiments, the kit further comprises a fourth dehydrated composition
comprising rPCE. In some embodiments, each dehydrated composition is disposed within a
separate container. In yet other embodiments, each dehydrated composition is disposed within a
cartridge for determining the presence and/or amount of bacterial endotoxin in a sample of

interest.

EXAMPLES

[00216] The following Examples are merely illustrative and are not intended to limit the scope

or content of the invention in any way.
I. Example 1 — Preparation of Recombinant Lysate Factors

[00217] Recombinant Limulus polyphemus factors rFB, rFC, and tPCE were prepared as
follows. DNA sequences encoding Limulus polyphemus Factor C, Factor B and pro-clotting
enzyme (with codon usage optimized for expression in mammalian cells) were cloned into
expression plasmid BD609 (ATUM). The amino acid sequence of Limulus polyphemus Factor C
is depicted in SEQ ID NO: 2. The amino acid sequence of Limulus polyphemus Factor B 1s
depicted in SEQ ID NO: 4. The amino acid sequence of Limulus polyphemus pro-clotting
enzyme is depicted in SEQ ID NO: 6. Expression plasmids were transfected into HEK-293 cells

using the FreeStyle 293 Expression System (Thermo Fisher) to generate a stable clonal cell lines.

[00218] For expression and purification, HEK-293 cells were thawed and added to FreeStyle
293 Expression Media in a flask. Cells were grown at 37°C, 5-7% COz at 120 rpm and passaged
every 24-72 hours. When cells reached the desired volume and density, they were used to seed a
total of 20 L of culture in a WAVE Bioreactor. After 72 hours, the supernatant was harvested by
centrifugation at 4,000 x g for 15 minutes followed by sterile filtration. The supernatant was
concentrated to < 2 L and buffer exchanged by Tangential Flow Filtration (TFF, GE Life
Sciences). The TFF system was equilibrated with 20 mM Tris-HC1 buffer pH 8.0 containing 20
mM NaCl. The supernatant can also be used directly without further purification in various

experiments to, for example, study the formulation of the factor or performance of the factors.

[00219] To mitigate endotoxin exposure, all materials used were single use. Water for injection

was used for all buffers, and all buffers were made on the day of use.
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[00220] Each of the factors was formulated separately in a buffered solution until ready for use.

[00221] International Patent Application Publication No. WO 2022/174082 describes making
recombinant factors (e.g., rFB, rFC, and rPCE) from Tachypleus tridentatus, as described below.

[00222] In particular, DNA sequences encoding Tachypleus tridentatus Factor C, Factor B and
pro-clotting enzyme (with codon usage optimized for expression in mammalian cells) were
cloned into expression plasmid BD609 (ATUM). The amino acid sequences of Tachypleus
tridentatus Factor C are depicted in SEQ ID Nos: 7 and 8, where SEQ ID NO: 7 is the mature
form whereas SEQ ID NO: 8 is the Factor C protein that still includes the signal sequence as
residues 1-21. The amino acid sequences of Tachypleus tridentatus Factor B are depicted in
SEQ ID NOs: 9 and 10, where SEQ ID NO:9 is the mature form, whereas SEQ ID NO:10 is the
Factor B protein that still includes the signal sequence as residues 1-22. The amino acid
sequences of Tachypleus tridentatus pro-clotting enzyme are depicted in SEQ ID NOs: 11 and
12, where SEQ ID NO:11 is the mature form, whereas SEQ ID NO: 12 is the pro-clotting
enzyme that still includes the signal sequence as residues 1-21). Expression plasmids were
transfected into HEK-293 cells using the FreeStyle 293 Expression System (Thermo Fisher) to

generate a stable clonal cell lines.

[00223] For expression and purification, HEK-293 cells were thawed and added to FreeStyle
293 Expression Media in a flask. Cells were grown at 37°C, 5-7% COz at 120 rpm and passaged
every 24-72 hours. When cells reached the desired volume and density, they were used to seed a
total of 20 L of culture in a WAVE Bioreactor. After 72 hours, the supernatant was harvested by
centrifugation at 4,000 x g for 15 minutes followed by sterile filtration. The supernatant was
concentrated to < 2 L and buffer exchanged by Tangential Flow Filtration (TFF, GE Life
Sciences). The TFF system was equilibrated with 20 mM Tris-HC1 buffer pH 8.0 containing 20
mM NaCl. The supernatant can also be used directly without further purification in various

experiments, for example, to study the formulation of the factors or performance of the factors.

[00224] To mitigate endotoxin exposure, all materials used were single use. Water for injection

was used for all buffers, and all buffers were made on the day of use.

[00225] Each of the factors was formulated separately in a buffered solution until ready for use.
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1L Example 2 - Evaluating the Stability of a Mixture Containing Three Factors (rFC,
rFB, and rPCE)

[00226] In order to determine the impact of various combinations of factors on stability of the
overall formulation, a number of assays were performed using the recombinant factors. Testing
was performed on multi-well plates using solutions of recombinant factors and other reagents, as

well as in test tubes, to simulating the planned sequence of the reaction on the cartridge.

[00227] To evaluate whether the recombinant factors could be formulated together in a
synthetic cascade reagent solution (assay reagent) as is the case with commercially available
bacterial endotoxin tests made from native amebocyte lysate, the stability of a mixture of rFB,

rFC, and rPCE was evaluated at 5°C.

[00228] Supernatants containing Limulus polyphemus tFC, tFB, and rPCE, respectively, from
the cell cultures generated as described in Example 1, and not subject to TFF purification, were
used to prepare an aqueous solution containing 12% rFC, 12% rFC, and 12% rPCE (each by
volume). To stabilize the factors in solution, the pH of the solution was lowered by addition of 1

mM HEPES (pH 5.3) to about pH 6 and the solution was maintained at 5°C.

[00229] Within 15 minutes of performing the experiment described below to measure onset
times following different periods of incubation, the solution described above was mixed with
substrate (10 mM S2423, Ac-Ile-Glu-Gly-Arg-pNA) and 100 mM HEPES buffer (pH 7.6)
containing 2% NaCl and 24 mM MgSOs. The final synthetic cascade reagent contained 5% rFC,
5% 1FB, 5% rPCE, 0.75 mM substrate, 12 mM MgSOs, and 1% NaCl in 50 mM HEPES buffer
pH 7.6. Samples (0.1 mL each of water for negative controls (NC) and endotoxin standards at
0.01, 0.1, and 1 EU/mL) were distributed in a 96-well microplate (M9005, Charles River), and
the same amount of the final reagent was added to each well. The absorbance at 405 nm was
monitored by a microplate reader (BioTek Elx 808™!, BioTek Instruments, Inc., Winooski, VT)
at 37°C, and onset time of each sample was measured. Onset time was defined as a reaction time
to reach a predetermined absorbance (onset OD, 0.05 for this experiment). Accordingly, the

higher the activity of the sample, the shorter the onset time.

[00230] FIG. SA shows the stability of the solution as tested at Oh, 2h, 4h, 6h and 24 h after
preparing the final synthetic cascade (assay) reagent solution. The onset times of NC and 0.01

EU/mL endotoxin were shortened after 2 h, and there was no difference between NC and 0.1
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EU/mL endotoxin. This indicated that the solution was activated, and the reagent could not
detect 0.1 EU/mL endotoxin after 2 h. The solution was completely activated after 24 h. The
results indicated that, contrary to what was expected, the synthetic cascade reagent solution

containing all three factors was not stable even at 5°C at a low pH.

1. Example 3. Separating rFC from rFB Improves the Stability of the Factor Solutions
Used to Make the Assay Reagent

[00231] This experiment demonstrates the significance of separating rFC from FB.

[00232] To examine the effect of separation of rFC on stability, two solutions were prepared.
The first solution contained 15.4% rFC with 1 mM HEPES (pH 5.3). The second solution
contained 7.4% rFB, 7.4% rPCE, 1.1 mM substrate, 1.4% NaCl, 17.8 mM MgSQ4, and 74.1 mM
HEPES buffer pH 7.6. The Limulus polyphemus factors used to create the solutions were the
supernatants from the cell culture, i.e., the factors obtained before the TFF concentration step
described in Example 1. The two solutions were mixed at the ratio of 0.65:1.35 (first solution
(rFB) to second solution (rFC)) to form the synthetic cascade (assay) reagent within 15 minutes
before contact with an endotoxin standard. The final reagent was therefore composed of 5%
tFC, 5% 1FB, 5% rPCE, 0.75 mM substrate, 12 mM MgSOQ4, and 1% NaCl in 50 mM HEPES
buffer pH 7.6. The final concentrations were the same as Example 2. Onset time measurements
following exposure to different concentrations of endotoxin standard were performed at different
time points following preparation of the initial two solutions (Oh, 2h, 4h, 6h, and 24h) as in
Example 2.

[00233] FIG. 5B shows the effect of rFC separation on the stability of the solutions. The results
clearly indicate that the solutions were much more stable than the solution in Example 2 where
rFC and rFB were mixed together in the initial solution. This is apparent based on the generally
consistent onset time for all samples at the time periods tested. This indicated that separating

rFC from the other factors in the initial solution yielded a stable synthetic cascade assay reagent.

V. Example 4 — Effect of Temperature on the Stability of the Factor Solutions Used to
Make the Assay Reagent (25°C)

[00234] To study the effect of temperature on the stability of the solutions used to make a

synthetic cascade assay reagent, two solutions were prepared. The first solution contained 0.6%
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rFC and 3.3 mM substrate (S2834, Ac-Ile-Glu-Gly-Lys-pNA). The second solution contained
1.4% 1FB, 5.8% rPCE, 100 mM MgSQs, 72.8% 250 mM HEPES buffer pH 7.4 containing 1.6%
Dextran and 5% NaCl. The Limulus polyphemus factors were prepared as described in Example
1 including TFF purification and concentration. At different time points (i.e., 0 min, 10 min, 20
min, 30 min, and 60 min, measured from the time of preparing the first and second solutions) a
0.1 mL of a sample (NC) was added to a glass tube containing 0.05 mL of each of the two
solutions and 0.05 mL of a solution containing 0.1% polyvinyl alcohol and 1% mannitol. For
each time point measurement, the glass tube was set on a tube reader (Fujifilm Wako, Japan),
and endotoxin was measured with a kinetic chromogenic assay at 37°C. Onset time was defined
as the reaction time to reach a certain absorbance (onset OD, 95% of initial light strength for this
experiment). The first and second solutions were kept at 25°C, and the mixture of the solutions
in the glass tube to form the synthetic cascade (assay) reagent was prepared within 15 minutes

before each assay was performed.

[00235] FIG. 6 shows the stability of the solutions over time. As seen, an unacceptable level of
nactivation of the solution was observed in the first 10 min at 25°C. Thus, maintaining the
factor solutions at a temperature of 25°C prior to formation of the assay reagent was found to

negatively impact the stability of the solutions used to make the synthetic cascade assay reagent.

V. Example 5 — Effect of Temperature on the Stability of the Factor solutions Used to
Make the Assay Reagent (10°C)

[00236] To further study the effect of temperature on stability of the factor solutions used to
make a synthetic cascade reagent, two solutions were prepared. The first solution contained 0.6%
rFC, 100 mM MgSOy4, and 3.3 mM substrate (S2834, Ac-Ile-Glu-Gly-Lys-pNA). The second
solution contained 1.4% rFB, 5.8% rPCE, 82.8% 250 mM HEPES buffer pH 7.4 containing
1.6% Dextran and 5% NaCl. The Limulus polyphemus factors were prepared as described in
Example 1 including TFF purification and concentration. At different time points, a 0.1 mL of a
sample (NC) was added to a glass tube containing 0.05 mL each of the two solutions and 0.05
mL of a solution containing 0.1% polyvinyl alcohol and 1% mannitol. Onset time measurements
were taken at different time points as described in Example 4, except the time points used were O

min, 20 min, 40 min, 60 min, 120 min and 180 min measured from the time of preparing the first
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and second solutions. The first and second solutions were kept at 10°C, and mixed together to

form the synthetic cascade (assay) reagent within 15 minutes prior to performance of the assay.

[00237] FIG. 7 shows the stability of the solutions at 10°C over time, as demonstrated by the
relatively stable onset times over the time points tested. There was no significant inactivation
observed for 3 h at 10°C indicating that the solutions remained stable prior to formation of the

assay reagent .

VI Example 6 — Effect of Temperature on Stability of the Factor Solutions Used to
Make the Assay Reagent (37°C)

[00238] To further study the effect of temperature on stability of the factor solutions used to
make the synthetic cascade reagent, two solutions were prepared. The first solution contained
0.6% rFC and 3.3 mM substrate (S2834, Ac-Ile-Glu-Gly-Lys-pNA). The second solution
contained 1.4% rFB, 5.8% rPCE, 300 mM MgSO4, 52.8% 250 mM HEPES buffer pH 7.4
containing 1.6% Dextran and 5% NaCl. The Limulus polyphemus factors were prepared as
described Example 1 including TFF purification and concentration. At different time points (i.e.,
0 min, 5 min, 10 min, 20 min, 30 min) after preparation of the first and second solutions, a 0.1
mL of a sample (NC) was added to a glass tube containing 0.05 mL each of the two solutions and
0.05 mL of a solution containing 0.1% polyvinyl alcohol and 1% mannitol. Measurement was
performed the same as in Example 4. The first and second solutions were kept at 37°C, and
mixed together to form the synthetic cascade (assay) reagent within 15 minutes prior to the

performance of the assays.

[00239] FIG. 8 shows the stability of the solutions. Inactivation of the solution was observed in
the first 5 min. The results of Examples 4-6 suggest that the inactivation is temperature
dependent, and lower storage temperatures are required for stability of the first and second

solutions under conditions where substrate 1s included in the rFC solution.

Vil. Example 7 — Effect of Temperature on the Stability of rFB Separated Solutions
Used to Make the Assay Reagent (25°C)

[00240] To examine the effect of separation of rFB from rFC and rPCE on stability of the factor
solutions used to make the synthetic cascade reagent, two solutions were prepared. The first

solution contained 1.4% rFB, and 3.3 mM substrate (S2834, Ac-Ile-Glu-Gly-Lys-pNA). The
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second solution contained 0.6% rFC, 5.8% rPCE, 100 mM MgSQs, 68.6% 250 mM HEPES
buffer pH 7.4 containing 1.6% Dextran and 5% NaCl. The Limulus polyphemus factors were
prepared as described in Example 1 including TFF purification and concentration. . At different
time points (i.e., 0 min, 10 min, 20 min, 30 min, 60 min, and 135 min) after preparation of the
first and second solutions, 0.1 mL of a sample (NC) was added to a glass tube containing 0.05
mL each of the two solutions and 0.05 mL of a solution containing 0.1% polyvinyl alcohol and
1% mannitol. Measurement was performed the same as in Example 4. The solutions were kept at
25°C, and mixed together to form the synthetic cascade (assay) reagent within 15 minutes prior

to performance of the assays.

[00241] FIG. 9 shows the stability of the solutions. Gradual and unacceptable inactivation was
observed in the rFB separated solutions (which included substrate) at 25°C.

VIII. Example 8 — Effect of Substrate on Stability of Factor Solutions Used to Make the
Assay Reagent (25°C)

[00242] To examine the potential cause of the inactivation of the solutions, three solutions were
prepared. The first solution was 1.2% rFC. The second solution was 6.6 mM substrate (S2834,
Ac-lle-Glu-Gly-Lys-pNA). The third solution contained 1.4% rFB, 5.8% rPCE, 100 mM
MgSOs, 72.8% 250 mM HEPES buffer pH 7.4 containing 1.6% Dextran and 5% NaCl. The
Limulus polyphemus factors were prepared as described Example 1 including TFF purification
and concentration. At different time points after preparation of the first, second, and third
solutions, 0.1 mL of a sample (NC) was added to a glass tube containing 0.025 mL each of the
first and the second solutions, 0.05 mL of the third solution, and 0.05 mL of a solution
containing 0.1% polyvinyl alcohol and 1% mannitol. The composition of the reagent mixture
was the same as that in Example 4. The glass tube was set on a tube reader (Fujifilm Wako,
Japan), and endotoxin was measured with a kinetic chromogenic assay at 37°C. The solutions
were kept at 25°C, and mixed together to prepare the synthetic cascade assay reagent within 15

minutes before the performance of each of the assays.

[00243] FIG. 10 shows the stability of the solutions (open squares) where the substrate was
maintained separately from the factors. The results of Example 4 (FIG. 6), where rFC and
substrate were mixed in the initial solution, is shown (closed circles) for comparison purposes

because the reagent composition produced by the mixture of the two solutions prepared in
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Example 4 had the same components as the reagent composition produced in this example by the
mixture of the three solutions. Unlike in Example 4, significant inactivation of the solution was
not observed, indicating that a potential cause of the inactivation of the solutions at higher
temperatures was the presence of substrate with a factor in the solution. The separation of

substrate from the factors was effective to stabilize the solutions.

IX Example 9 — Effect of rFC Separation on The Stability of the Factor Solutions Used
to Make the Assay Reagent Under Substrate Separated Conditions (25°C)

[00244] To examine the stability of the factor solutions with separated rFC and separated
substrate, three solutions were prepared. The first solution contained 1.2% rFC, 63 mM MgSQOsx,
43.3% 250 mM HEPES buffer pH 7.4 containing 1.6% Dextran and 5% NaCl. The second
solution contained 1.4% rFB, 5.8% rPCE, 63 mM MgSOs, 40.7% 250 mM HEPES buffer pH 7.4
containing 1.6% Dextran and 5% NaCl. The third solution contained 3.3 mM substrate (S2834,
Ac-lle-Glu-Gly-Lys-pNA), 0.1% polyvinyl alcohol, and 1% mannitol. The Limulus polyphemus
factors were prepared as described in Example 1 including TFF purification and concentration.
At different time points (Oh, 1h, and 3h) after preparation of the first, second, and third solutions,
a 0.1 mL of a sample (NC, 0.02 EU/mL, or 0.2 EU/mL) was added to a glass tube containing
0.05 mL each of the three solutions. Endotoxin was measured with a kinetic chromogenic assay
at 37°C and measurements were performed as in Example 4. The three solutions were kept
separately at 25°C, and mixed together to prepare the synthetic cascade assay reagent within 15
minutes before the assays were performed. FIG. 11 shows the stability of the solutions over
time. The solutions were stable at 25°C for at least 3 h. This indicated that the separation of tFC

from other factors (e.g., from rFB) was effective to stabilize the solutions.

X Example 10 Effect of rFB Separation on the Stability of the Factor Solutions Used
to Make the Assay Reagent Under Substrate Separated Condition (25°C)

[00245] To examine the stability of the factor solutions with separated rFB and separated
substrate, three solutions were prepared. The first solution contained 1.4% rFB, 63 mM MgSQOx,
50.0% 250 mM HEPES buffer pH 7.4 containing 1.6% Dextran and 5% NaCl. The second
solution contained 0.6% rFC, 5.8% rPCE, 63 mM MgSQs4, 50.0% 250 mM HEPES buffer pH 7.4
containing 1.6% Dextran and 5% NaCl. The third solution contained 3.3 mM substrate (S2834,

Ac-Ile-Glu-Gly-Lys-pNA), 0.1% polyvinyl alcohol, and 1% mannitol. The Limulus polyphemus
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factors were prepared as described in Example 1 including TFF purification and concentration.
At different time points (0 mins, 60 mins, 120 mins, and 220 mins) after preparation of the first,
second, and third solutions, 0.1 mL of a sample (NC, 0.005 EU/mL or 0.5 EU/mL) was added to
a glass tube containing 0.05 mL each of the three solutions. Endotoxin was measured with a
kinetic chromogenic assay at 37°C the same as described in Example 4. The three solutions were
kept separately at 25°C, and mixed together to prepare the synthetic cascade assay reagent within
15 minutes before the assays were performed. FIG. 12 shows the stability of the solutions. The
three solutions were stable at 25°C for at least 3 h. This indicated that the separation of rFB from

other factors (e.g., rFC and rPCE) was effective to stabilize the solutions.

XL Example 11 — Effect of rPCE Separation on the Stability of the Factor Solutions
Used to Make the Assay Reagent Under Substrate Separated Condition (25°C)

[00246] To examine the effect of factor solutions with rPCE separated on stability, three
solutions were prepared. The first solution contained 5.8% rPCE, 63 mM MgSQOs, 41.5% 250
mM HEPES buffer pH 7.4 containing 1.6% Dextran and 5% NaCl. The second solution
contained 1.2% rFC, 1.4% rFB, 63 mM MgSQOs4, 43.0% 250 mM HEPES buffer pH 7.4
containing 1.6% Dextran and 5% NaCl. The third solution contained 3.3 mM substrate (S2834,
Ac-lle-Glu-Gly-Lys-pNA), 0.1% polyvinyl alcohol, and 1% mannitol. The Limulus polyphemus
factors were prepared as described in Example 1 including TFF purification and concentration.
At different time points (0 h, 1h, and 2h) after preparation of the first, second, and third
solutions, a 0.1 mL of a sample (NC, 0.002 EU/mL, or 0.02 EU/mL) was added to a glass tube
containing 0.05 mL each of the three solutions. Endotoxin was measured with a kinetic
chromogenic assay at 37°C the same as described Example 4. The three solutions were kept
separately at 25°C, and mixed together to prepare the synthetic cascade assay reagent within 15

minutes prior to performance of the assays.

[00247] As shown in FIG. 13, the solutions were gradually activated over the 2 hour time
period of testing. This indicated that the separation of rPCE from other factors was not effective

to stabilize the solutions.
XII. Example 12 — Application of Recombinant Factors to Cartridge Technology

[00248] Endotoxin detection cartridges were prepared by applying three solutions to a channel

of the cartridge, each to different stations in the channel. The solution for the first station was
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0.1% polyvinyl alcohol and 1% mannitol. The solution for the second station contained 8.9%
rFC, 4.2% 1FB, 7.4% rPCE, 10 mM MgSO4, 4.5% NaCl, 1.4% Dextran, 224 mM HEPES buffer
pH 7.4. The solution applied to the third station was 3.3 mM substrate (S2834, Ac-Ile-Glu-Gly-
Lys-pNA). The Limulus polyphemus factors were prepared according to Example 1 including

TFF purification and concentration.

[00249] Cartridges, similar to those shown in FIGS. 4C and 4D were prepared by depositing
the first solution at the first station 14, the second solution at the second station 16, and the third
solution at the third station 18, on the surface of the conduit 8 in the bottom half of a cartridge.
The solutions were dried onto the conduit. A top half 3 of the cartridge was adhered to cartridge
bottom 2 to produce a complete cartridge 1, where the resulting cartridge housing defines a fluid
inlet port 4 and an optical cell 6. Further details regarding cartridge production can be found in

U.S. Patent No. 7,329,538.

[00250] Resulting cartridges were sampled from each production tray with the lower tray
numbers corresponding to an earlier production time and higher tray numbers corresponding to a
later production time. Water for injection (negative control) was assayed on the sampled
cartridges. FIG. 14 shows the onset times for each tray. Activation was observed in the
beginning of the production (Trays 1-5). This indicated that the factor solution containing rFC,

rFB, and rPCE in a mixture was not suitable for cartridge production.
XIII. Example 13 — Application of rFC Separation to Cartridge Technology

[00251] rFC separation was applied to the cartridge technology. Cartridges were prepared as in
Example 12, except that the solution for the first station was 0.1% polyvinyl alcohol and 1%
mannitol. The solution for the second station contained 1.7% 1FB, 5.7% rPCE, 50 mM MgCla,
82.1% 250 mM HEPES buffer pH 7.4 containing 1.6% Dextran and 5% NaCl. The solution for
the third station contained 48% rFC and 3.3 mM substrate (S2834, Ac-Ile-Glu-Gly-Lys-pNA).

rFC, rFB and rPCE were prepared from cell culture supernatant as described in Example 1.

[00252] Resulting cartridges were sampled from each tray. Endotoxin dilutions (0.05, 0.5, and 5
EU/mL) were measured with the sampled cartridges. FIG. 15 shows the onset times for each
tray. The onset times were stable. This suggested that the factor solutions were stable during the
production. Therefore, the rFC separation from rFB and rPCE was effective to produce stable

cartridges.
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X1V. Example 14 - Application of rFB Separation to Cartridge Technology

[00253] rFB separation was applied to the cartridge technology. Cartridges were prepared as in
Example 12, except that the solution for the first station contained 3.3 mM substrate (S2423, Ac-
Ile-Glu-Gly-Arg-pNA), 0.1% polyvinyl alcohol and 1% mannitol. The solution for the second
station contained 6.0% rFC, 5.8% rPCE, 63 mM MgSOQs, 50.0% 250 mM HEPES buffer pH 7.4
containing 1.6% Dextran and 5% NaCl. The solution for the third station contained 1.4% 1FB,
63 mM MgSOs4, 50.0% 250 mM HEPES buffer pH 7.4 containing 1.6% Dextran and 5% NaCl.
Recombinant Limulus polyphemus factors were prepared according to Example 1 including TFF

purification and concentration.

[00254] Resulting cartridges were sampled from each tray. Endotoxin dilutions (0.05, 0.5, and 5
EU/mL) were measured with the sampled cartridges. FIG. 16 shows the onset times for each
tray. The onset times were stable. This suggested that the factor solutions were stable during the
production. Therefore, the rFB separation from rFC and rPCE was effective to produce stable

cartridges.
XV.  Summary of Examples 1-14

[00255] The results on stability of the factor solutions are summarized in Table 1 (Examples 2-
11). When substrate was separated from factors, separation of tFC or rFB (Examples 8-10)
provided factor solutions that were stable even at 25°C. When substrate was included in the
factor solution (i.e., tFC or rFB), a low temperature (lower than 10°C) was required to obtain
stable solutions with rFC or rFB separated formulations. When the solution contained all 3
factors (i.e., tFC, tFB, and rPCE) or tFC and rFB together, the factor solutions were not stable.
These results clearly suggest that separation of tFC from rFB can provide stable solutions. When
substrate 1s separated from the factors, there is not much restriction on temperature. If substrate

1s in a solution with a factor, low temperature is desirable to obtain stability of the solution.

638



10

15

WO 2024/254215 PCT/US2024/032663
Table 1 Summary of Examples 2-11

Example Factors Substrate Temperature Result
Example 2 |3 factor together Separated Low (5°C) Activated
Example 3 | rFC separated | With rFB/fPCE Low (5°C) Stable
Example 4 rFC separated With rFC 25°C Sensitivity decrease
Example 5 | rFC separated With rFC Low (10°C) Stable
Example 6 rFC separated With rFC 37°C Sensitivity decrease
Example 7 rFB separated With rFB 25°C Sensitivity decrease
Example 8 | rFC separated Separated 25°C Stable
Example 9 | rFC separated Separated 25°C Stable
Example 10 | rFB separated Separated 25°C Stable
Example 11 | rPCE separated Separated 25°C Activated

[00256] Application of these observations to preparation of an endotoxin detection cartridge

also demonstrated the stabilizing effect of separation of rFC from rFB when preparing the initial

factor solutions. Table 2 shows the results of cartridge preparations (Examples 12-14). The

results demonstrate that rFC and rFB are preferably separated from one another when preparing

an endotoxin detection cartridge with recombinant factors.

Table 2 Summary of Examples 12-14

Example Factors Substrate Result
Example 12 | 3 factor together Separated Not stable
Example 13 | rFC separated Separated Stable
Example 14 | rFB separated Separated Stable

[00257] Collectively, the data in these Examples demonstrate that rFC, rFB and rPCE should be
mixed together to form a cascade assay reagent immediately prior to conducting an endotoxin
detection assay, and generally should not be combined together on a cartridge during fabrication;
rather the rFC and rFB can be allowed to mix during the performance of the assay on the
cartridge. However, when rFC was separated from rFB, stable cascade assay reagents were

achieved.

[00258] For example, when designing an endotoxin detection cartridge it is beneficial to
separate rFC from rFB at different positions on the cartridge to create stable assay reagents.
rPCE may be mixed with another factor, e.g., 1FB or rFC, and the factor that is not mixed with
rPCE should be placed separately on the cartridge. rPCE may also be placed on the cartridge
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separate from rFB and rFC. Additional temperature-independent stability of solutions for
production of cartridges or use in endotoxin detection assays may be obtained, if desired, by

separating the substrate from the recombinant factors, on the cartridge production.
XV1. Example 15 - Application of rFB Separation to Cartridge Technology

[00259] rFB separation was applied to the cartridge technology. Cartridges were prepared as in
Example 14, except that the solutions for the second and third stations were swapped.
Accordingly, the first solution for the first station contained 3.3 mM substrate (S2423, Ac-lle-
Glu-Gly-Arg-pNA), 0.1% polyvinyl alcohol and 1% mannitol. The second solution for the
second station contained 1.4% rFB, 63 mM MgSO4, 50% 250 mM HEPES buffer pH 7.4
containing 1.6% Dextran and 5% NaCl. The third solution for the third station contained 6.0%
rFC, 5.8% rPCE, 63 mM MgSO4, 50% 250 mM HEPES buffer pH 7.4 containing 1.6% Dextran
and 5% NaCl. Recombinant factors were prepared according to Example 1 including TFF

purification and concentration.

[00260] Resulting cartridges were sampled from each tray. An endotoxin dilution (0.01 EU/mL)
was measured with the sampled cartridges. FIG. 17 shows the onset times for each tray. The
onset times were stable across the production trays demonstrating that the factor solutions were
stable during the production. Therefore, the rFB separation from tFC and rPCE was effective to
produce stable cartridges.

INCORPORATION BY REFERENCE

[00261] The entire disclosure of each of the patent and scientific documents referred to herein is

incorporated by reference for all purposes.

EQUIVALENTS

[00262] The invention may be embodied in other specific forms without departing from the
spirit or essential characteristics thereof. The foregoing embodiments are therefore to be
considered in all respects illustrative rather than limiting on the invention described herein.
Scope of the invention is thus indicated by the appended claims rather than by the foregoing
description, and all changes that come within the meaning and range of equivalency of the claims

are intended to be embraced therein.
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SEQUENCE LISTING
SEQ ID NO: 1:

RGVDLGLCODDTRFECKCGDPGYVENVPAKQCIYFYRWRPYCKPUDKLEAKDVCPEYKRCOECRA
GLDSCOVECPPNKYGTWCSGECQCHNGGICDORTCACTCRDRYEGVECEILQGCRLLOSDROVOE

VIENPPNDPQTIDYSCSPEFKLKGVARITCLEPNGOWSEFPPHCIRECSMVSELEHGRKVNS PSADL
IEGATLREFESCDEPYYLIGOETLTCOGNGOWSGOIPOCORLVECPDLDEVSHAEHOVKIGLEQKY
GRPPOGTEVIYTCTGNYFLMGLUDTLKCNPDGEWSGTOPSCVIKVADREVNCDEKAVIFLDDVGED
VRIHCPAGCELTAGTVWETAIVHELSSVCRAATHAGKVPNEGGAVEVVNNGPYSDFLASDINGT
KEDELKSLAQSFREFDYVSSSTACRKSGCPRGWFEIEENCVYVTERKQRAWERAQGVCTNMAARLA
VLDKOVIPSSELTETLRGKGLATTWIGLERLDADNHE IWELMDREEVALNDS LTFRWAPGEPGNET
NCVYLDICDOLOPVWKTKSCFCRPS SFVOMMDLS DKNFARCKDPGPLENGHAKLHGOS IDGEYAG
VRYSCEVLHYLEGTETVSCTONGTWEAPKPRCIKVITCQT PPVRSYGSVDIKPPSRTNG ISR
VOEPFLRELFRLPLPLARAACGPPPHPRSAPPETVDLSEXVKLPECGHYRVESQAIYTCESRYYELL
GSQGKRCDENGRWSGREPASCIPVCGRSDEPREPFIVNGNETEIGOWPWCAGI SRWLADHNMNEL
QUGGALILNEXWI ITAAHCVTYSATAETIIDPSCFKEFY LGKYYREDSKDDDY VQVREATETHVNEN
YOPGNLNFDIALIQLKTEVALTTRVCPICLPTDLTTRENLKEGALAVVTIGRGLNENNTYSEMIQ
CAVLPVVALASTCEQGYQDSGLPLTVTENME CAGYKQGRYDACSCGDSGGPLVEFADDERTDRRIWVL:
EGIVEWGEPNCCGESNOQYGGFTRVNVELSWIRQET

SEQ ID NO: 2 (Residues 1-25 shown in bold represent the signal sequence):

MVLASFLVSGLVLGLLAQKMRPVQSRGVDLGLCDDTRFECKCGDPGYVEFNVPAKQCTYFYRWRP
YCKPCDKLEAKDVCPKYKRCQECRAGLDSCVSCPPNKYGTWCSGECQCKNGGICDQRTGACTCR
DRYEGVHCEILQGCPLLQSDPQVQEVKNPPNDPQTIDYSCSPGFKLKGVARITCLPNGQWSSFEFP
PKCIRECSMVSSLEHGKVNSPSADLIEGATLRFSCDSPYYLIGQETLTCQGNGQWSGQIPQCQOK
LVFCPDLDPVSHAEHQVKIGLEQKYGQFPQGTEVTYTCTGNYFLMGLDTLKCNPDGSWSGTQPS
CVKVADREVNCDSKAVDFLDDVGEPVRIHCPAGCSLTAGTVWGTAIYHELSSVCRAATHAGKVP
NSGGAVHVVNNGPYSDFLASDLNGIKSDELKSLAQSFRFDYVSSSTAGRKSGCPDGWFEIEENC
VYVTSKQRAWERAQGVCTNMAARLAVLDKDVIPSSLTETLRGKGLATTWIGLHRLDADNHFIWE
LMDRSSVALNDSLTFWAPGEPGNETNCVYLDIQDQLOPVWKTKSCFQPSSFVCMMDLSDKNKAK
CKDPGPLENGHAKLHGQSIDGFYAGSSVRYSCEVLHYLSGTETVSCTSNGTWSAPKPRCIKVIT
CQTPPVPSYGSVDIKPPSRTNSISRVGSPFLRLPRLPLPLARAAGPPPKPRSAPPSTVDLSSKV
KLPEGHYRVGSQAIYTCESRYYELLGSQGRRCDSNGKWSGRPASCIPVCGRSDSPRSPFIVNGN
STEIGOWPWQAGISRWLADHNMWEFLQCGGALLNEKWIITAAHCVITYSATAEITDPSQFKFYLGK
YYRDDSKDDDYVQVREAIEIHVNPNYDPGNLNFDIALIQLKTSVALTTRVQPICLPTDLTTREN
LKEGALAVVTGWGLNENNTYSEMIQQAVLPVVAASTCEQGYQDSGLPLTVTENMFCAGYKQGRY
DACSGDSGGPLVFADDSRTDRRWVLEGIVSWGSPNGCGKSNQYGGFTKVNVFLSWIRQFET

SEQ ID NO: 3:

IIFPKTONDNYXOCTARKGEGLUGSCKSLTDCRPAVLATLEDSFPVVESWNGREFQPIVCCPDAAARPSV
TTIVITIVPTRETKIPRLHIPGCGRKRXVNVDITTICREGSFILFPISTSQDLKGGRGITAGEVE
AKTIGAWPWMAAVEVENFGIGRFHCAGELISSKY I LEAAHAPLIGCGRKLTFTRLAVEVGGHYVEM
GOEYHEVEDVIIHPDYVERENYNDIATIVLKEELNPTDLVREPICLPDPEAVTDELKGRRVIVAGW
GDLDFAGPRSQVIREVSIPVVPIGDCONKAY QK LNTLALKNGITHRKF ICAGLEEGGKDACQGDSG
GPLMLVNNSSWIVIGVVSFGHRCAREGEPGVYTRVVEYLEWLI AXVINS LEQTVTN
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SEQ ID NO: 4 (Residues 1-25 shown in bold represent the signal sequence):

MAWICVITLFALASSTLSNKVSRVGIIFPHETONDNKQCTAKGGLKGSCKSLTDCPAVIATILKDS
FRPYVCEWNGRFOPIVCCPDAAAPSYVTTTVITIVITKETKIPREUHIPGCGERREVNVIITTIGRES
SPILPRPISTSODLKGORGIIAGGVEARIGAWPWMAAVEVKNFGIGRFHCAGETISSKYTLSARH
“FAIJVRKLTP"RLAVRVGCHVNﬁMGg:YHVEDVI HPWYVERHNYﬂDIAIIVWKEEthTDLV
RPICLPDPEAVTIDELKGREVIVACWCGDLDFAGPREQVLEEVEIPVVEPIGLUONKAYQKINTLALK
NGITKEPICAGLEEGGRDACQGDEGGPLMLVNNSSWIVIGCVVSPGHKCAERGEPGVYTREVVEY L
EWIAKVTNSLDOTVIN

SEQ ID NO: 5

SSLEGRORROFVEPDDEESCENRFTNDCICKDVLNCRDLLOENDYNLLKESTCGREGITRRVCCE
RQSIVNP;THAPPKTTTTERPPIREPSNL?K{CPhFNIrTTtIIJUC:ATPSAWPWMAAVYIRQ
GGIREVOCGCALVTINREVITASHCVVNSLGTDVMRADVESVRLCGEENLYSTNDSSDRPIDFAVTS
VKHHENPVIATY LNDIATLELNDTVITPTHKIKPICLPYESLEY EDLAMRNPEVAGWS TTAPNGE
SSAVLREVOLPIWGHEPCRQAYEKDLNITNVYMCAGY ADGGRDACOGDSGGPMMLPDKEGNEFY L
VEIVSFGRKCALPGEFRPCVYTEVTEFLDW IAVNMY

SEQ ID NO: 6 (Residues 1-28 shown in bold represent the signal sequence):

MGILPSPGMPALLESLVSLLSVLLMGOVAS S LGRORROEFVEFPDDERSCONREFTNIN
DLLOKNDYNLLRKESICGPFEGITPRVCCPKQSIVNRP ITEAPPETTTITERPPIRIP KOCENR
NITTTRIIGGOEATPGAWFWMAAVYIKQGGIREVOCGGALVINREVITASHCIVV DVMRA
DVESVRLGEHNLYSTHDSSDRIDPAVTEVKHHENFVLATYL FLADTVIFTHKIKPICL
PYESLRYEDLAMRNPEVAGHRGTTAFNGPESSAVLREVQLPIWCGHEPCRQAYEXKDLNITNVYMCAG
YADGGKDACQGRSGEPMMLPDKSGNEFYLVGIVSFOGRKCALPGEFPGVYTRVTEFLDWIAVNMY

GICKDVLNCR

SEQ ID NO: 7:

RGVDLGLCDETRFECKCGDPGYVENVPMKQCTYFYRWRPYCKPCDDLEAKDICPKYKRCQECKA
GLDSCVTCPPNKYGTWCSGECQCKNGGICDQRTGACTCRDRYEGAHCEILKGCPLLPSDSQVQE
VRNPPDNPQTIDYSCSPGFKLKGVARISCLPNGOQWSSFPPKCIRECAKVSSPEHGKVNAPSGNM
IEGATLRFSCDSPYYLIGQETLTCQGNGQWSGQIPQCKKLVFCPDLDPVNHAEHQVKIGVEQKY
GQFPQGTEVTYTCSGNYFLMGFNTLKCNPDGSWSGSQPSCVKVADREVDCDSKAVDFLDDVGEP
VRIHCPAGCSLTAGTVWGTAIYHELSSVCRAATHAGKLPNSGGAVHVVNNGPYSDFLGSDLNGI
KSEELKSLARSFRFDYVSSSTAGRSGCPDGWFEVEENCVYVTSKQRAWERAQGVCTNMAARLAV
LDKDLIPSSLTETLRGKGLTTTWIGLHRLDAEKPFVWELMDRSNVVLNDNLTFWASGEPGNETN
CVYLDIRDQLOPVWKTKSCFQPSSFACMMDLSDRNKAKCDDPGPLENGHATLHGQSIDGFYAGS
SIRYSCEVLHYLSGTETVTCTTNGTWSAPKPRCIKVITCONPPVPSYGSVEIKPPSRTNSISRV
GSPFLRLPRLPLPLARAAKPPPKPRSSQPSTVDLASKVKLPEGHYRVGSRAIYTCESRYYELLG
SQGRRCDSNGNWSGRPASCIPVCGRSDSPRSPFIWNGNSTEIGQWPWQAGISRWLADHNMWELQ
CGGSLLNEKWIVTAAHCVTYSATAEIIDPSQFKIYLGKYYRDDSRDDDYVQVREALETIHVNPNY
DPGNLNFDIALIQLKTPVTLTTRVQPICLPTDITTREHLKEGTLAVVTGWGLNENNTYSEMIQQ
AVLPVVAASTCEEGYKEADLPLTVTENMFCAGYKKGRYDACSGDSGGPLVFADDSRTERRWVLE
GIVSWGSPSGCGKANQYGGFTKVNVFLSWIRQFT
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SEQ ID NO: 8 (Residues 1-21 in bold represent the signal sequence):

MKFLVNVALVFMVVYISYIYARGVDLGLCDETRFECKCGDPGYVFNVPMKQCTYFYRWRPYCKP
CDDLEAKDICPKYKRCQECKAGLDSCVTCPPNKYGTWCSGECQCKNGGICDQRTGACTCRDRYE
GAHCEILKGCPLLPSDSQVQEVRNPPDNPQTIDYSCSPGFKLKGVARISCLPNGOQWSSFPPKCI
RECAKVSSPEHGKVNAPSGNMIEGATLRFSCDSPYYLIGQETLTCQOGNGQWSGQIPQCKKLVEC
PDLDPVNHAEHQVKIGVEQKYGQFPQGTEVITYTCSGNYFLMGFNTLKCNPDGSWSGSQPSCVKV
ADREVDCDSKAVDFLDDVGEPVRIHCPAGCSLTAGTVWGTAIYHELSSVCRAATHAGKLPNSGG
AVHVVNNGPYSDFLGSDLNGIKSEELKSLARSFRFDYVSSSTAGRSGCPDGWFEVEENCVYVTS
KQRAWERAQGVCTNMAARLAVLDKDLIPSSLTETLRGKGLTTTWIGLHRLDAEKPFVWELMDRS
NVVLNDNLTFWASGEPGNETNCVYLDIRDQLOPVWKTKSCFQPSSFACMMDLSDRNKAKCDDPG
PLENGHATLHGQSIDGFYAGSSIRYSCEVLHYLSGTETVTCTTNGTWSAPKPRCIKVITCQNPP
VPSYGSVEIKPPSRTNSISRVGSPFLRLPRLPLPLARAAKPPPKPRSSQPSTVDLASKVKLPEG
HYRVGSRAIYTCESRYYELLGSQGRRCDSNGNWSGRPASCIPVCGRSDSPRSPFIWNGNSTEIG
QWPWQAGISRWLADHNMWFLQCGGSLLNEKWIVTAAHCVTYSATAEIIDPSQFKIYLGKYYRDD
SRDDDYVQVREALETHVNPNYDPGNLNFDIALIQLKTPVTLTTRVQPICLPTDITTREHLKEGT
LAVVTGWGLNENNTYSEMIQQAVLPVVAASTCEEGYKEADLPLTVTENMFCAGYKKGRYDACSG
DSGGPLVFADDSRTERRWVLEGIVSWGSPSGCGKANQYGGFTKVNVEFLSWIRQFT

SEQ ID NO: 9:

VGVLFPKTRNDNECTARGGLKGSCKSLIDCPSVLATLKDSFPVVCSWNGRFQPIVCCPDAIAPP
PVTTTAVTVISTKEPKLPRLHISGCGKRKVKIDITTVGRSGSPILPPISTPONSTGGRGIIAGG
VEAKIGAWPWMAAVFVKNFGIGRFHCAGSIISNKYILSAAHAFLIGGRKLTPTRLAVRVGGHYI
KRGQEYPVKDVITHPHYVEKENYNDIATTELKEELNFTDLVNPICLPDPETVTDPLKDRIVTAA
GWGDLDFSGPRSQVLREVSIPVVPVDKCDQAYEKLNTPSLKNGITNNFLCAGLEEGGKDACQGD
SGGPLMLVNNTRWIVVGVVSFGHKCAEEGYPGVYSRVASYLDWIAKVTNSLDHAVTN

SEQ ID NO: 10 (Residues 1-22 represent the signal sequence):

MDMRVPAQLLGLLLLWFPGSRCVGVLFPKTRNDNECTARGGLKGSCKSLIDCPSVLATLKDSFP
VVCSWNGRFQPIVCCPDAIAPPPVITTAVIVISTKEPKLPRLHISGCGKRKVKIDITTVGRSGS
PILPPISTPONSTGGRGI IAGGVEAKIGAWPWMAAVEVKNFGIGRFHCAGSIISNKYILSAAHA
FLIGGRKLTPTRLAVRVGGHYIKRGQEYPVKDVITHPHYVEKENYNDIAITELKEELNFTDLVN
PICLPDPETVTDPLKDRIVTAAGWGDLDFSGPRSQVLREVSIPVVPVDKCDQAYEKLNTPSLKN
GITNNFLCAGLEEGGKDACQGDSGGPLMLVNNTRWIVVGVVSFGHKCAEEGYPGVYSRVASYLD
WIAKVTNSLDHAVTN

SEQ ID NO: 11:

STLSRQRRQFVEFPDEEELCSNRFTEEGTCKNVLDCRILLOKNDYNLLKESICGFEGITPKVCCP
KSSHVISSTQAPPETTTTERPPKQIPPNLPEVCGIHNTTTTRIIGGREAPIGAWPWMTAVYIKQ
GGIRSVQCGGALVINRHVITASHCVVNSAGTDVMPADVFSVRLGEHNLYSTDDDSNPIDFAVTS
VKHHEHFVLATYLNDIATILTLNDTVTFTDRIRPICLPYRKLRYDDLAMRKPFITGWGTTAFNGP
SSAVLREVQLPIWEHEACRQAYEKDLNITNVYMCAGFADGGKDACQGDSGGPMMLPVKTGEFYL
IGIVSFGKKCALPGFPGVYTKVTEFLDWIAEHMV
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SEQ ID NO: 12 (Residues 1-21 represent the signal sequence):

MLVNNVFSLLCFPLLMSVVRCSTLSROQRRQFVFPDEEELCSNRFTEEGTCKNVLDCRILLQKND
YNLLKESICGFEGITPKVCCPKSSHVISSTQAPPETTTTERPPKQIPPNLPEVCGIHNTTTTRI
IGGREAPIGAWPWMTAVYIKQGGIRSVQCGGALVINRHVITASHCVVNSAGTDVMPADVESVRL
GEHNLYSTDDDSNPIDFAVTSVKHHEHFVLATYLNDIAILTLNDTVTFTDRIRPICLPYRKLRY
DDLAMRKPFITGWGTTAFNGPSSAVLREVQLPIWEHEACRQAYEKDLNITNVYMCAGFADGGKD
ACQGDSGGPMMLPVKTGEFYLIGIVSFGKKCALPGFPGVYTKVTEFLDWIAEHMV
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WHAT IS CLAIMED IS:

1.

A cartridge for bacterial endotoxin testing of a test sample comprising;

(a) a housing defining a test sample inlet area;

(b) a first composition comprising a first recombinant factor disposed on a first region of
the cartridge;

(c) a second composition comprising a second recombinant factor disposed on a second
region of the cartridge,

wherein the second region is spaced apart from the first region,

wherein the first region is in fluid flow communication with the test sample inlet area and

the first and second regions are in fluid communication with one another to permit mixing of the

first and second compositions in the presence of a test sample deposited on the test sample inlet

area, and

wherein the first composition comprises recombinant Factor B or recombinant Factor C, and

the second composition comprises recombinant Factor B or recombinant Factor C, but the first

composition and second composition do not both contain recombinant Factor B or recombinant

Factor C.

2.

The cartridge of claim 1, further comprising an optical cell in fluid flow communication with

the test sample inlet area, first region, and second region.

A cartridge for bacterial endotoxin testing comprising;

(a) a housing defining a fluid inlet port, an optical cell, and a conduit having a fluid
contacting surface providing fluid flow communication between the fluid inlet port and the
optical cell;

(b) a first composition disposed on a first region of the fluid contacting surface of the
conduit; and

(c) a second composition disposed on a second region of the fluid contacting surface of the
conduit,

wherein the first region is spaced apart from the second region, such that, when a liquid

sample 1s applied to the fluid inlet port, the sample traverses the first region and the second region

and solubilizes the first and second compositions, during transport to the optical cell, and
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wherein, the first and second compositions are selected from the group consisting of
recombinant Factor B and recombinant Factor C, provided that the first composition is not the same

as the second composition.

4, The cartridge of any one of claims 1-3, wherein the Factor C and/or Factor B remain
substantially inactive until contacted with microbial endotoxin in a liquid sample introduced into the

cartridge via test sample inlet area or fluid inlet port.

5. The cartridge of any one of claims 1-4, wherein the first composition further includes

recombinant pro-clotting enzyme.

6. The cartridge of any one of claims 1-4, wherein the second composition further includes

recombinant pro-clotting enzyme.

7. The cartridge of any one of claims 1-4, further comprising a third composition comprising
recombinant pro-clotting enzyme disposed on a third region of the cartridge or the fluid contacting
surface of the conduit spaced apart from the first and second regions, wherein the third region is in

fluid communication with the first and/or second regions.

8. The cartridge of claim 7, wherein the third composition further comprises a chromogenic
substrate.
9. The cartridge of claim 7, further comprising a fourth composition comprising a chromogenic

substrate disposed on a fourth region of the cartridge or the fluid contacting surface of the conduit
spaced apart from the first, second, and third regions, and wherein the fourth region is in fluid flow

communication with the first, second, and/or third regions.

10. The cartridge of any one of claims 1-6, further comprising a third composition comprising a
chromogenic substrate disposed on a third region of the cartridge or fluid contacting surface of the
conduit spaced apart from the first and second regions and wherein the third region is in fluid flow

communication with the first and/or second regions.

11. The cartridge of claim 10, further comprising a fourth composition comprising a

recombinant pro-clotting enzyme disposed on a fourth region of the cartridge or fluid contacting
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surface of the conduit spaced apart from the first, second, and third regions, and wherein the fourth

region is in fluid flow communication with the first, second, and/or third regions.

12. The cartridge of any one of claims 1-11, wherein the first and second compositions are dried

compositions.

13. The cartridge of any one of claims 1-12, wherein the first composition on the first region
comprises recombinant Factor C and not recombinant Factor B and the second composition on the

second region comprises recombinant Factor B and not recombinant Factor C.

14. The cartridge of any one of claims 1-12, wherein the first composition on the first region
comprises recombinant Factor B and not recombinant Factor C and the second composition on the

second region comprises recombinant Factor C and not recombinant Factor B.

15. The cartridge of claim 10, wherein the third region of the cartridge or fluid contacting
surface is positioned between the sample inlet area or fluid inlet port and the first region, and the
second region is positioned on the cartridge or fluid contacting surface between the first region and

the optical cell.

16. The cartridge of claim 15, wherein the first composition on the first region comprises
recombinant Factor B and not recombinant Factor C, and the second composition on the second
region comprises recombinant Factor C and not recombinant Factor B, and a recombinant pro-

clotting enzyme.

17. The cartridge of claim 15, wherein the first composition on the first region comprises
recombinant Factor C and not recombinant Factor B, and a recombinant pro-clotting enzyme, and

the second composition on the second region comprises recombinant Factor B and not recombinant

Factor C.
18. A cartridge for detecting bacterial endotoxin in a sample comprising;
(a) a housing defining a fluid inlet port, an optical cell, and a conduit having a fluid

contacting surface providing fluid flow communication between the fluid inlet port and the
optical cell;
(b) a chromogenic substrate disposed on a first region of the fluid contacting surface of
the conduit;
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(c) a first recombinant amebocyte factor disposed on a second region of the fluid contacting

surface of the conduit, and

(d) a second recombinant amebocyte factor disposed on a third region of the fluid contacting

surface;

wherein the second region is spaced apart from and downstream of the first region in the
direction of fluid flow along the conduit, and the third region is spaced apart from and downstream
of the second region and the first region in the direction of fluid flow along the conduit; and

wherein (1) the first recombinant amebocyte factor comprises recombinant Factor B, and the
second recombinant amebocyte factor comprises recombinant Factor C, and recombinant pro-
clotting enzyme is disposed on the third region with the recombinant Factor C; or (ii) the first
recombinant amebocyte factor comprises recombinant Factor C and the second recombinant
amebocyte factor comprises recombinant Factor B, and recombinant pro-clotting enzyme is

disposed on the second region with the recombinant Factor C.

19. The cartridge of claim 18, wherein the first recombinant amebocyte factor comprises
recombinant Factor B, and the second recombinant amebocyte factor comprises recombinant Factor
C, and recombinant pro-clotting enzyme is disposed on the third region with the recombinant

Factor C.

20. The cartridge of claim 18, wherein the first recombinant amebocyte factor comprises
recombinant Factor C, and the second recombinant amebocyte factor comprises recombinant Factor
B, and recombinant pro-clotting enzyme is disposed on the second region with the recombinant

Factor C.

21. The cartridge of any one of claims 8-20, wherein the substrate is Ac-Ile-Glu-Gly-Arg-pNA,

wherein Ac is an acetyl group and pNA is a para-nitroaniline group.

22. The cartridge of any one of claims 8-20, wherein the substrate is Ac-Ile-Glu-Gly-Lys-pNA,

wherein Ac is an acetyl group and pNA is a para-nitroaniline group.
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A method of producing a bacterial endotoxin testing composition, the method comprising:
(a) providing a first composition comprising recombinant Factor C, but free of Factor B;
(b) providing a second composition comprising recombinant Factor B, but free of Factor
C; and
(c) mixing the first composition with the second composition in the presence of
recombinant pro-clotting enzyme to form a third composition,
wherein

1) the first and second compositions remain separated until mixed together immediately
prior to contact with a test sample; or

(1)  the first and second compositions remain separated until mixed with a test sample.

24. The method of claim 23, wherein the first and second compositions remain separated until

mixed together immediately prior to contact with a test sample.

25. The method of claim 23 or 24, wherein the first and second compositions are mixed together

no more than 30 minutes prior to contact with a test sample.

26. The method of claim 23 or 24, wherein a chromogenic substrate is mixed with the third

composition immediately prior to contact with the test sample.

27. The method of claim 23, wherein the first and second compositions remain separated until

mixed with a test sample.

28. The method of claim 23 or 27, wherein a chromogenic substrate is mixed with the first and

second compositions simultaneous with, or after, mixing with the test sample.

29. The method of any one of claims 23-28, wherein the first composition further comprises

recombinant pro-clotting enzyme prior to mixing step (c).

30. The method of any one of claims 23-29, wherein the second composition further comprises

recombinant pro-clotting enzyme prior to mixing step (c).

31. The method of any one of claims 23-25, or 27-30, wherein the first composition further

comprises a chromogenic substrate.
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32. The method of any one of claims 23-25, 27, 29, or 30, wherein the second composition

further comprises a chromogenic substrate.

33. The method of any one of claims 23-26, further comprising providing a fourth composition
comprising recombinant pro-clotting enzyme, and wherein the first and second compositions are

mixed together with the fourth composition immediately prior to contact with the test sample.

34. The method of any one of claims 23-27, further comprising providing a fourth composition
comprising recombinant pro-clotting enzyme, and wherein the first, second and fourth compositions

are mixed together upon contact with the test sample.

35. The method of any one of claims 33 or 34, wherein the fourth composition further comprises

a chromogenic substrate.

36. The method of any one of claims 23-30, or 33-35, further comprising providing a
composition comprising a chromogenic substrate which remains separated from the first and second

compositions until mixed with the first and second compositions to form the third composition in

step (c).

37. The method of any one of claims 26, 28, 31, 32, 35, or 36, wherein the chromogenic
substrate 1s Ac-Ile-Glu-Gly-Arg-pNA or Ac-lle-Glu-Gly-Lys-pNA, wherein Ac is an acetyl group

and pNA is a para-nitroaniline group.

38. The method of any one of claims 23-37, wherein the first and second compositions are

provided in steps (a) and (b) as dried compositions.

39. The method of claim 38, wherein the first and second compositions are resolubilized prior to

mixing in step (c).

40. The method of claim 39, wherein the first and second compositions are resolubilized with a
buffer.
41. The method of claim 39, wherein the first and second compositions are resolubilized by the

test sample.
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42. The method of any one of claims 23-37, wherein the first and second compositions are

provided in steps (a) and (b) as buffered solutions.
43, The method of any one of claims 23-42, wherein step (c) 1s performed on a cartridge.

44. The method of any one of claims 23-43, wherein the Factor C provided in step (a) is

substantially inactive in the absence of exogenously added endotoxin from a sample or control.

45, The method of any one of claims 23-44, wherein the Factor B provided in step (b) is

substantially inactive in the absence of exogenously added endotoxin from a sample or control.

46. A method of detecting bacterial endotoxin in a test sample comprising:

(a) contacting a bacterial endotoxin testing composition produced by the method of any

one of claims 23-45 with the test sample in the presence of a chromogenic substrate; and
(b) determining the presence, absence and/or amount of bacterial endotoxin in the

sample based on a chemically detectable change in the chromogenic substrate.

47. The method of claim 46, wherein the substrate is Ac-Ile-Glu-Gly-Arg-pNA or Ac-Ile-Glu-

Gly-Lys-pNA, wherein Ac is an acetyl group and pNA is a para-nitroaniline group.

48. A method of detecting bacterial endotoxin in a test sample comprising:
(a) applying test sample to the test sample inlet area or the fluid inlet port of the
cartridge of any one of claims 1-22;
(b) permitting the first and second compositions to contact the test sample in the

presence of a chromogenic substrate; and

(c) determining the presence, absence, and/or amount of bacterial endotoxin in the test

sample based on a chemically detectable change in the chromogenic substrate.

49. The method of claim 48, wherein the chromogenic substrate is Ac-Ile-Glu-Gly-Arg-pNA or

Ac-Tle-Glu-Gly-Lys-pNA, wherein Ac is an acetyl group and pNA is a para-nitroaniline group.

50. A kit for determining the presence and/or amount of a bacterial endotoxin in a test sample,

the kit comprising;

(a) a first composition comprising recombinant Factor C, which is free of recombinant

Factor B;
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(b) a second composition comprising a recombinant Factor B, which is free of
recombinant Factor C, wherein the first and second compositions are physically separated;
and

(c) a means for mixing the first and second compositions together in the presence of
recombinant pro-clotting enzyme and a chromogenic substrate immediately prior to, or

simultaneous with, contact with a test sample.

S1. The kit of claim 50, wherein the first composition and second composition are dried
compositions and the kit further comprises a buffer for resolubilizing each of the first and second

compositions.

52. The cartridge of any one of claims 1-22, the method of any one of claims 23-29, or the kit of

claims 50-51, wherein the recombinant factor C lacks an (0-2,3)-linked terminal sialic acid.

53. The cartridge of any one of claims 1-22, or 52, the method of any one of claims 23-29, or 52

or the kit of claims 50-52, wherein the recombinant factor C is expressed in a GnTT" HEK cell line.

54, The cartridge of any one of claims 1-22, 52, or 53, the method of any one of claims 23-29,
52, or 53, or the kit of claims 50-53, wherein the recombinant factor B and/or recombinant factor C
is recombinant Limulus polyphemus recombinant factor B and/or recombinant Limulus polyphemus

recombinant factor C.

55. The cartridge of any one of claims 1-22, or 52-54, the method of any one of claims 23-49, or
52-54, or the kit of claims 50-54, wherein, wherein the recombinant factor C comprises the amino

acid sequence of SEQ ID NO:1.

56. The cartridge of any one of claims 1-22, or 52-55, the method of any one of claims 23-49, or
52-55, or the kit of claims 50-55, wherein the recombinant factor B comprises the amino acid

sequence of SEQ ID NO:3.

57. The cartridge of any one of claims 5-17, 19-22, or 52-56, the method of any one of claims
20-46, or 52-56, or the kit of any one of claims 50-56, wherein the recombinant pro-clotting enzyme

is a recombinant Limulus polyphemus pro-clotting enzyme.
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58. The cartridge of any one of claims 5-17, 19-22, or 52-57, the method of any one of claims
20-46, or 52-57, or the kit of any one of claims 50-57, wherein the recombinant pro-clotting enzyme

comprises the amino acid sequence of SEQ ID NO:5.
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