10

30

WO 2022/174082 PCT/US2022/016185

HYBRID AMEBOCYTE LYSATE AND USES THEREQF
CROSS-REFERENCE TO RELATED APPLICATIONS
{0601} This application claims the benefit of and priority to U.S. Provisional Patent Application

No. 63/148,916, filed February 12, 2021, the disclosure of which is incorporated herein by

reterence in its entirety for all purposes.
FIELD OF THE INVENTION

{0062] The present invention relates generally to methods and compositions for detecting and/or
guantifving endotoxin in a sample. More particudarly, the invention relates to hybrid amebocyte
tysates {including native and recombinantly produced components) and their use for detecting

and/or guantifying endotoxin 1n a sample.
BACKGROUND

{0063} Microbial contamination by, for example, Gram negative bactenia, may cause severs
illness and, in some cases, even death m humans. Manufacturers in certain industries, for
cxample, the pharmaceutical, medical device, and food industrics, must mect exacting standards
to verify that their products do not contain levels of microbial contaminants that would otherwise
compromuse 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 exaraple. the USFDA requires certain
manufacturers of pharmaceuticals and invasive medical devices to estabhish that their products

are free of detectable levels of Gram negative bacterial endotoxin.

{0004} Furthermore, when people become infected with Gram negative bactena, the bacteria
may produce and secrete fover-inducing bacterial endotoxins. Bacterial endotoxins can be
dangerous and even deadly to humans. Symptoms of infection may range from fever, in mild
cases, to death. In order to promptly nitiate proper medical treatment, i usually is important to
identify, as carly as possible, the presence of an endotoxin and, if possible, the concentration of
the endotoxin in the patient.

{0805] To date, a variety of assays have been developed to detect the presence and/or amount of
endotoxin in a test sample. One fanuly of assays ase hemocyie lysates prepared from the
hemolvmph of crostaceans, for example, horseshoe crabs. These assays typically exploit, in ong
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way or another, a clotting cascade that occurs when the hemocyte lysate is exposed to endotoxin.
A currently preferred hemocyte lysate is amebooyte bysate (AL) produced from the hemolymph
of a horseshoe crab, tor example, Limulus polyphemus, Tachypleus tridentatus, Tachypleus

gigas, and Carcinoscorpius volundicauda.

{0006] These assays use blood that is harvested from borseshoe crabs, which has resulted in
concemns over the ecological sustainability of this practice. However, to date, fully synthetic or
recombinant amebocyte lvsate reagents are not comparable in performance to native amebocyte
ivsate (Dubczak ef af. (2021) EUr. J. PHrM. Sct. 159:105716). Accordingly, there exists a need
for new reagents that reduce the burden on the horseshoe crab population while adeqguately
detecting ondotoxin at the same level of sensitivity and accuracy as naturally derived amebocyte

ysates.
SUMMARY OF THE INVENTION

{0007] The invention is based, in part, upon the discovery that the addition of a recombinant
factor B and/or a recombinant proclotting cnzyme to a native amebocyte lvsate, e.g., for
example, a diluted native amebocyvie lvsate, to produce a hybrid amebocyie lysate can reduce the
amount of the native amebocyte lysate required to detect endotoxin in 3 sample, while
maintaining, or in certain instances even execeding the sensitivity and/or activity of the native
amchocovte lysate for endotoxin. Furthermore, 1t has been discovered that hybrid amchocyte
ysates described herein are supernior to fully recombinant reagents, and comparable or superior

to native amchocyte lysates, at detecting naturally occurring endotoxins.

{0008] Accordingly, 1n one aspect, the invention provides a hvbrid amebocyte lysate
composition. The composition comprises a native horseshoe crab amebocvie tysate. The
composition also comprises a recombinant horseshoe crab factor B and/or a recombinant

horseshoe crab proclotting enzyme.

{0009] In another aspect, the mvention provides a hybnrid amebocvie lysate composition. The
composition comprises a native horseshoe crab factor C, a native horseshoe crab factor B, and a
native horseshoe crab pro-clotting enzyme. The composition also comprises a recombinant

horseshoe crab factor B and/or a recombinant horseshoe crab proclotting enzyme.

{0010} In aoother aspect, the wmventdion provides a hvbnd amebocvie lvsate composition. The
composition comprises a horseshoe crab factor C, horseshoe crab factor B, and a horseshoe crab
proclotting enzyme, wherein (a) the ratio of horseshoe crab factor B to horseshoe crab factor C s

greater than the ratio of horseshoe crab factor B to horseshoe crab factor € in a native horseshoe
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crab amebocyte lysate, and/or (b} the ratio of horseshoe crab proclotting enzyme to horseshoe
crab factor C is greater than the ratio of horseshoe crab proclotting enzyme to horseshoe crab

factor € in a native horseshoe crab amebocyte lysate.

{8011} In cortain embodiments of any of the foregoing hybrid amebocyvite lysate compositions,

the composition does 1ot comprise a recombinant horseshoe crab factor C.

{0012] In certain embodiments of any of the foregoing hybrid amebocyte lysate compositions,
the composition comprises from about 0.03 to about 1 U/mL, for example, from about 0.1 to

about 0.5 U/mL, of recombinant horseshoe crab factor B.

{8013} In cortain embodiments of any of the foregoing hybrid amebocyvte lysate compositions,
the composition comprises from .05 to about 2,000 U/mL, for example, from about 50 to about

200 U/md, of recombinant proclotting enzyvme.
g R~

{0014] In certaim embodiments of any of the foregoing hybrid amebocyie lysate compositions,
the composition has substantially the same or greater sensitivity in detecting endotoxin than
native horseshoe crab amebocyte lysate. In certain embodiments, the composition retains

substantially the same activity when stored at 4°C for 3, 4, 5, 6, 7, or 8 hours.

{0015] In certain embodiments of any of the foregoing hybrid amebocyte lysate compositions,
the horseshoe crab amebocvie lysate is a Limulus polvphiemus arnebocvie lysate. In certain
embodiments, the horseshoe crab factor B is a Limudus polyphemus factor B. In certain
embodiments, the horseshoe crab proclotting enzyme is a Limulus polyphemus proclotting

enzyme. In certain crabodiments, the horseshoe crab factor C 1s a Limndus polyphenus factor €.

{0016] In certain embodiments of any of the foregoing hybrid amebocyte lysate compositions,
the horseshoe crab amebocyvte Iysate i1s a Tachyplens amebocyte lysate. In certain embodiments,
the horseshoe crab factor B 1s a Tachypleus factor B. In certain emabodiments, the horseshoe
crab proclotting enzvme is a Tachypleus proclotiing enzyme. In certain embodiments, the

horseshoe crab factor € is a Tachyplens factor C.

{8017] In certain embodiments of any of the foregoing hybrid amebocevie lysate compositions,
the recombinant horseshoe crab factor B and/or the recombinant horseshoe crab proclotting
enzyme are expressed in a mammalian cell, for example, a Chinese hamster ovary (CHO) or
human embryonic kidney (HEK) cell. In certain embodiments, the recombinant factor B and/or
the recombinant proclotting enzyme has different glveosylation than the factor B and/or the

proclotting enzyme present in the native horseshoe crab amebocyte lysate.
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{081 8] In another aspect, the mvention provides a method for preparing an endotoxin detection
reagent. The method comprises adding a recombinant horseshoe crab factor B and/or a

recombinant horseshoe crab proclotiing enzvme to a native horseshoe crab amebocyie lysate.

{0019} In another aspect, the invention provides a method for increasing the endotoxin
sensitivity of a native horseshoe crab amebocyte lysate. The method comprises adding to the
native horseshoe crab amehocyte lysate a recombinant borseshoe crab factor B and/or a
recombinant horseshoe crab proclotting enzyme, thereby to increase the endotoxin sensitivity of

the native horseshoe crab amebocyte lysate.

{0020} In another aspect, the mvention provides a method for reducing the amount of a native
horseshoe crab amebocyte lysate required to detect endotoxin. The method comprises: (i}
diluting the native horseshoe crab amebocyte lysate; and (1) adding to the diluted native
horseshoe crab amebocyie lysate a recombinant horseshoe crab factor B and/or a recombinant

horseshoe crab proclotting enzyme 1o produce a hyvbrid amebocyte ysate.

{8021} In cortain cmbodiments of any of the foregoing methods, the method does not comprise
adding a recombinant horseshoc crab factor C to the native horseshoe crab amebocyte lysate or

diluted native horseshoe crab amebocyvte lvsate.

{0022] In cortain embodiments of any of the foregoing methods, the method comprises adding
from about 0.05 to about 1 U/ml, e.g., from about 0.1 o about 0.3 U/mL, of recombinant

horseshoe crab factor B to the native horseshoe crab amebocyie tyvsate or diluted native

horseshoe crab amebocoyie fysate.

{0823] In certain embodiments of any of the forcgoing methods, the method comprises adding
from 0.05 to about 2,000 U/mb, e g, from about 50 to about 200 U/mL, of recombinant
prociotiing enzyme to the native horseshoe crab amebocvte lysate or diluted native horseshoe

crab amebocyte lysate.

{0024] In certaim embodiments of any of the foregoing methods, the method resulisina
composition that has substantially the same or greater sensitivity in detecting endotoxin than

native horseshoe crab amebocoyte lysate.

{0025] In certain embodiments of any of the foregoing methods, the horseshoe crab amebocyte
lysate is a Limulus polyphemus amebocyte lvsate. In certain embodiments, the horseshoe crab
factor B is a Limulus pelyphemus factor B. In certain embodiments, the horseshoe crab
proclotting enzyme 18 a Limulus polyphemus proclotiing enzyme. In certain embodiments, the
horseshoe crab factor C is a Limulus polyphemus factor C.
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{3626] In certain embodiments of any of the foregoing methods, the recombinant horseshoe erab
factor B and/or the recombinant horseshoe crab proclofting enzyme are expressed ina
mammalian cell, for example, a Clunese hamster ovary (CHO) or human embryvonic kidoey
(HEKS cell. In certain embodiments, the recombinant factor B and/or the recombinant
proclotiing enzyme has different glveosvlation than the factor B and/or the proclotting enzyme

present i the native horseshoe crab amebocyte lysate,

{0027] These and other aspects and features of the invention are deseribed in the following

detailed description and claims.

DESCRIPTION OF THE DRAWINGS
{0028] The invention can be more completely understood with reference to the following
drawings.
{0029] FIGURE 1 is a schematic representation of the coagulation system present in
amebocyies.
{0630] FIGURE 2 is bar graph depicting relative activity of the indicated LAL reagenisin a
kinetic chromogenic assay (KCA).
{0031] FIGURE 3 18 bar graph depicting relative activity of the indicated LAL reagents in a
kinetic chromogenic assay (KCA).
{0032] FIGURE 4 15 a line graph depicting ounsct time for the indicated LAL reagentsas a
function of endotoxin concentration in a kinetic chromogenic assay (KCA}.
{0833] FIGURE 3A is 3 line graph depicting onset time for a hybrnid LAL reagent as a function
of endotoxin concentration 1n a kinetic turbidometrnic assay (KTA). FIGURE 5B 15 a chart
depicting gel clot formation using a hvbrid LAL reagent at the indicated endotoxin

concentrations.

{0634] FIGURE 6A 15 a hine graph depicting onset time for a hybrid LAL reagent as a function
of endotoxin concentration in a kinetic turbidometric assay (KTA). FIGURE 6B is a chast
depicting gel clot formation using a hybrid LAL reagent at the indicated endotoxin

concentrations.

{0035] FIGURE 7 is a line graph depicting onset time for the indicated TAL reagentsasa

function of cndotoxin concentration 1n a kinctic chromogenic assay (KCA).
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{0836] FIGURES B8A-8D are schematic illustrations in perspective view (FIGURE BA), top
view {(FIGURE 8B), side view (FIGURE 8C)}. and end view (FIGURE §D), of an exemplary

cartridge useful in performing assayvs with the hybrid lysate described herem.

{9837] FIGURE ¢ is a line graph depicting onset time for the indicated reagents as a function of

endotoxin concentration in a kinetic chromogenic assay (KCA).

{0038] FIGURE 18 15 a line graph depicting onset time for the indicated reagents as a function

of endotoxin concentration in a kinetic chromogenic assay {KCA).

BETAILED DESCRIPTION

{0039] The invention is based, in part, upon the discovery that addition of a recorabinant factor
B and/or a recombinant proclotting enzyvme to a native amebocyte bysate to produce a hybrid
amebocvie lvsate can reduce the amount of the native amebocvic bvsate required to detect
endotoxin in a sample, while maintaining, or in certain instances gven increasing the sensitivity
and/or activity of the araebocyic lysate. Furthermore, 1t has been discovered that hybrd
amebocyte lysates described herein are superior to fully recombinant reagents, and comparable

or superior to native amcbocyie lysates, at detecting naturally occurring endotoxins.
{0048} Various features and aspects of the imvention are discussed in more detail below.

1. Hvbrid Amebocvie Lyvsate

{0041} The invention relates, in part, t¢ hybrid ameboeyie bysate compositions mchuding one or
more native components {e.g., a native horseshoe crab amebocyte lysate, a native horseshoe crab
factor €, a native horseshoe crab factor B, and/or a native horseshoe crab pro-clotting cuzyme)
and one or more recombinant components {e.g., a recombinant horseshoe crab factor B, a

recombinant horseshoe crab proclotiing enzyme, and/or a recombinant horseshoe crab factor C).

{0042] In one aspect, the mvention provides a hybrid amebocyie lysate composition comprising:
{1} a native horseshoe crab amebocyte ysate, and (11} a recombinant horseshoe crab factor B

and/or a recombinant horseshoe crab proclotting enzyme.

{0043] In one aspect, the invention provides a hybrid amebocyie lyvsate composition comprising:
(1) a native horseshoe crab factor C, (ii} a native horseshoe crab factor B, (i11) a native borseshoe
crab pro-clotting enzvme, and (iv) a recombinant horseshoe crab factor B and/or a recombinant
horscshoe crab proclotiing enzyme.

{8044} In one aspect, the invention provides an amebocyie tysate composition comprising: (i) a

horseshoe crab factor €, {11) horseshoe crab factor B, and (111} a horseshoe crab proclotting
&
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enzyme, wherein {a) the ratio of horseshoe crab factor B to horseshoe crab factor C is greater
than the ratio of horseshoe crab factor B to horseshoe crab factor € in a native horseshoe crab
amebocyie lysate, and/or (b) the ratio of horseshoe crab proclotting enzyme to horseshoe crab
factor C is greater than the ratio of horseshoe crab proclotting enzyvme fo horseshoe crab factor €
in a pative horseshoe crab ameboceyte lysate. It is understood that the ratio of horseshoe crab
factor B to horseshoe crab factor € or the ratio of horseshoe crab proclotting enzyvme to
horseshoe crab factor C may refer to a ratio of enzymatic activity. Enzymatic activity may be
measured by an method known m the art (e.g., as deseribed 1n Example 1 herembelow}.
Alternatively, the ratio of horseshoe crab factor B to horseshoe crab factor C or the ratio of
horseshoe crab proclotting enzyme 1o horseshoe crab factor € may refer to a ratio of protein
quantity. Protein quantity may be measured by any method known in the art, including for

example, Western blot, ELISA, or ultraviolet (UV} absorption at 280 nm.

{0045] In certain embodiments, a hybud amebocyte lysate composition does vot contain

recombinant horseshoe crab factor €.

{0046] In certain embodiments, a hvbrid amebocyte lysate composition has substantially the
sarme or greater seasitivity for a microbial contamivant {e. g.. endotoxin) as a corresponding
native horseshoe crab amebocyte lysate. For example, the hybrid amebocyte lysate composition
may have at least 30%, at least 60%, at least 70%, at least 80%, at least 90%, at least 93%, at
feast 969, at least 97%, at least 98%, at least 99%, at least 1009, at least 110%, at least 120%,
at least 130%, at least 1409, at least 150%, at least 175%, at least 2009, at least 225%, at least
250%, at least 300%, at least 350%, or at least 400% of the sensitivity of the corresponding
native horseshoe crab amebocyte lysate. Amcbocyte lysate sensitivity may be assayed by any
method known in the art, including, for example, a kinctic chromogenic assay method (KCA), as

described i Example 2 hereinbelow.

{0847] In cortain embodiments, a bybrid amebocyte lysate composition containing less crude
ivsate than a reference native amebocvte lyvsate {e.g., contaiming 10%, 20%, 30%, 40%, 50%,
60%, 70%, 80%, or 80% of the crude lysate of a reference native amebocyie tysate) has the
substantially the same or greater sensitivity for a micrabial contaminant {e.g., cndotoxin) as the
reference native horseshoe crab amebocyte lvsate. For exaraple, the hybrid amebocyte lysate
composition may have at least 0%, at least 60%, at least 70%, at least 80%, at least 90%, at
least 85%, at least 96%, at least 97%, at least 8%, at least 99%, at least 100%, at least 1109%, at
least 120%, at least 130%, at least 140%, at least 150%, at least 175%, at least 200%, at least

25%, at least 250%, at least 300%, at least 3509, or at least 400% of the sensitivity of the
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reference native horseshoe crab amebocyte lysate. In certain embodiments, the hybrid
amebocyie lysate composition is substantially the same as the reference native amebocyte lysate
but for (i) the amount of crude lysate present, and (it} the presence or absence of any
recombinant proteins. Amebocyie lysate sensitivity may be assaved by any method known in
the art, including, for example, 3 kinetic chromogenic assay method (KCA}, as described in

Example 2 heremnbelow.

{0048] In certain embodiments, a hvbrid amebocyie lysate composition retains substantially the
same activity when stored at 4°C forat least 3,4, 5,6, 7, 8,9, 10, 11, or 12 hours, 0r 3, 4, 5,6, 7,

or 8 hours.

A, Native Horseshoe Crab Amebocvte Lysate

{0049] As shown in FIGURE 1, the coagulation system of hemolymph, like the mammalian
blood coagulation system, comprises at least two coagulation cascades that nclude an
endotoxin-mediated pathway {the Factor € pathway) and a {1—3)-8-D ghican-mediated
pathway {the Factor G pathwav).

{0050] When bacterial cndotoxin 15 contacted with LAL, the endotoxin inttiates a series of
enzymatic reactions, referred to in the art as the Factor C pathway, that can involve three serine
protease zymogens called Factor C, Factor B, and pro-clotting enzyme (see, FIGURE 1).
Briefly, upon exposure to endotoxin, the endotoxin-sensitive factor, Factor C, s activated.
Activated Factor C thercafter hvdrolvses and activates Factor B, whercupon activated Factor B
activates proclotting enzyme to produce clotting enzyme. The clotting enzyme thereafier
hydrofyzes specific sites, for example, Are'®-Thr'? and Arg™-Glv' of coagulogen, an
mvertebrate, fibrinogen-like clotiable protein, to produce a coagulin gel. See, for exarnaple, U.S.

Patent No. 3,603,506

{0051] (1-53)-8-D glucans and other amcbocyie lvsate reactive glucans, produced by
microorganisms such as veasts and molds, can also activate the clotting cascade of amebocyte
lvsates, through a different enzvmatic pathway, referred 1o 1n the art as the Factor G pathway
{sce, FIGURE 1), Factor G is a serine protease zymogen that becomes activated by (1—-3)- B-D
glucan or other LAL reactive glocans. Upon exposare to {1533 B-D glocan, for example,
Factor G 1s activated to produce activated Factor G. Activated Factor G thereafter converts the
praclotting enzyme into clotting enzyme, whereupon the clotting enzyme converts coagulogen

o coagulin,
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{0052 Asused herein, the torm “native horseshoe crab amebocyie lvsate™ is understood to mean
any lysate or fraction thereof {e. g, the components of a factor € mediated cascade} produced by
the lysis, extrusion, or extraction of the cellular contents from amebocvtes extracted from a
horseshoe crab. Under certain circumstances, the native amebocyte lysate comprises the
natarally occurning components of an enzyvmatic cascade (e g, as shown in FIGURE 1)
produced, for example, by the lysis, extrusion, or extraction of the cellular contents from
amchocvtes extracted from a horseshoe crab. A native horse shoe crab amebocyie lysate, which
does not contain a recombinant zymogen or functional fragment thereof (e.g., recombinant factor
B, recombinant factor T or recombinant prociotting enzyme} can be used to produce a hybrid
iysate described herein, by supplementation of the native amebocyte lysate with, for example. a
recombinant zymogen or functional fragment thereof {(e.g., recombinant factor B, recombinant
factor C or recombinant proclotting enzyme). 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)-3-D glucan, produced
by a yeast or amold. Preferred amcebocyte lyvsates can be derived from horseshoe crabs
belonging to the Limulus genus, for example, Linndus polyphemus, the Tachypleus genus, for
example, FTachvpleus tridentatus and Tachypleus gigas, and the Carcinoscorpius genus, for

example, Carcinoscorpius rotundicauda.

{0033] In certain embodiments, a native horseshoe crab amebocyvie Iveate includes cach of a

native factor C. a native factor B, and a native proclotting enzyme.

B. Methods of Making Native Horseshoe Crab Amebocvie Lyvsate

{0854} Crude lysates may be produced using the procedure described in Levin e7 ol {1968)
TaroMB. DIATH. HABMORRH. 19 186, with modification, or m 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 i U S,
Patent Nos. 6,270,982 and 6,391,570, In certain erbodiments, a crude lysate is produced as

escribed in Example | hereinbelow.

{0055} It is possible to produce an endotoxin-specitic lysate by removing Factor G activity from
the lysate, such as the Factor G depleted lysates produced by the methods described m UK,
Patent Nos. 6,391,570 and 6,270,982, Also, it is contemplated that lysates may be depleted of
Factor G activity by the addition of certain inhibitors or modulators of Factor G activity, for
example, certain detergents, saccharides, polysaccharides, and other reagents described in US.
Patent Nos. 5,1535,032; 5,179,006; 5,318,893; 5,474,984, 3.641,643; and 6,270,982, An

9
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endotoxin-specific fysate is a lysate capable of reacting with a bacterial endotoxin but in which
the reactivity to (1—33-8-D glucan has been depleted by at least 80%, more preferably by at
y

least 90%, and more preferably by at least 85% relative to the crude lysate from which the

endotoxin-specific lysate was prepared.

{0056] Methods for enhancing the sensitivity of hemocyie lysate for endotoxin, for example,
may include, without Hmitation, aging the crude homocyie lysate, adjusting pH, adjusting the
concentration of divalent cations, adjusting the concentration of coagulogen, chioroform
extraction, and the addition of seram albumin, biocompatible buffers and/or biological

detergents.

{08571 As will be apparent to one of ordinary skill, divalent metal salts, which are known to
promote activation of the pro-clotting enzyme of hemocyte lysate, as well as buffers to avoid
extremes of pH that could inactivate the clotting enzyme preferably are included i the bysate.
Any of the buffers and salts that are vnderstood in the art to be compatible with the amchocyie
ivsate system may be used. Tvpical formulation additives may mclude, without lmitation, about
100-300 mM NaCl, about 10-100 mM divalent cations {e.g., Mg”"), biocompatible buffers, e g,
Tris (tristhydroxyaminomethane), to give a final pH of about 6.0 to about 8.0, and, if the lysate
1s to be frecze dried, then sugars, ¢.g., mannitol or dextran. It is contemplated that the choice of

appropriate formulation additives may alse be determined by routine experimentation.
C. Factor B

{0058} As used herein, the term “factor B” refers to a zvmogen, or a functional fragment thereof,
that 18 capable of being activated upon cleavage by a factor C, and is capable of cleaving (e.g..
enzymatically cleaving) a proclotting enzyme to form an active clotting enzyme. The temm
factor B includes vanants having one or more anuno acid substitutions, deletions, or ingertions
relative to a wild-type factor B sequence, and/or fusion proteins or conjugates inchuding a factor
B. Asused hereiu, the term “functional fragment” of a factor B refers to fragment of a full-
length factor B that retains, for example, at least 10%, at least 209, at least 30%, at least 40%, at
least 50%, at least 60%, at least 70%, at least 3094, at Ileast 90%, at least 95%, at least 96Y%, 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 assaved 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 hereinbelow. In

certain embodiments, the functional fragment comprises at feast 100, 150, 200, 250, 300, 350,

10
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360, 370, 380, or 390 consccutive amino acids present in a full-length, naturally occumng

factor B.

{06591 K is conternplated that any horseshoe crab factor B, for example, a Limufus polvphemus,

Tachypleus tridentatus, Tachypleus gigas, or Carcinoscorpius rotundicanda factor B, may be

h

used in the practice of the invention.

{00608] A DNA sequence encoding an exemplary Linadus polyphemus factor B 1s depicted 1
SEQ ID NG: 4. Exemplary Limulus polyphemus factor B amino acid sequences are depicted in
SEQ ID NOs: Sand 6. SEQ ID NO: 5 1s the mature form whereas SEQ ID NO: 6 includes the
signal sequence as residues 1-25. A DNA sequence encoding an exemplary Tachypleus

10 tridentarus factor B is depicted in SEQ 1D NOG: 13, Exemplary Tachypleus tridentatus factor B
amino acid scguences are depicted in SEQ ID NOs: 14 and 15, SEQ ID NG: 14 is the mature
form whereas SEQ ID NO: 15 includes the signal sequence as residues 1-22. In certain
embodiments, a factor B comprises the amino acid sequence of SEQ IDNO: 5, SEQ ID NO: 6,
SEQ ID NG: 14, or SEG ID NO: 13 or an anmino acid sequence having at least 70%, at least

[
W

80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 989, at least 99%, at least
99.5%, or at least 99 8% dentity to the amuno acid sequence of SEQ ID NG: 5, SEQ 1D NG: o,
SEQ ID NO: 14, or SEQ ID NQG: 15,

{03061} Scquence identity may be determined in vartous ways that are within the skl m the art,
¢.g., using publicly available computer software such as BLAST, BLAST-2, ALIGN or
20 Megalign (DNASTAR) software. BLAST (Basic Local Alignment Search Tool} analysis using

the algorithm employed by the programs blastp, blastn, blastx, thlastn and thlastx (Karlin ef of.

300; Altsehul ef o, (19973 NucLeid ACiDS RES. 25:3389-3402, mcorporated by reference)} are

tailored for scquence similarity scarching. For a discussion of basic issucs i scarching sequence

[
U

databases, sce Altschul er af (1994 NATURE GENETICS 6:119-129, which is fully incorporated
by reference. Those skilled in the art can determine appropnate parameters for measuring
alignment, including any algorithms needed to achieve maximal alignment over the full length of
the sequences being compared. The search parameters tor histogram, descriptions, alignments,
expect (.e., the statistical significance threshold for reporting raatches against database

30 sequences), cutoff, matrix and filter are at the default settings. The defauk scoring matrix used
by blastp, blastx, tblastn, and thlastx is the BLOSUMS2 matrix (Henikoft ef o, (1992} ProC.
NATL. ACAD. 8¢t USA 89:10915-10919, fuily incorporated by reference). Four blastn

parameters may be adjusied as follows: (=10 {gap creation penaltv); R=10 (gap extension
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penalty); wink=1 (generates word hits at every wink sup th position along the query): and
gapw=16 (sets the window width within which gapped alignments are generated). The
equivalent Blastp parameter setiings may be Q=9; R=2; wink=1, and gapw=32. Scarches may
also be conducted using the NCBI (National Center for Biotechnology Information) BLAST
Advanced Option parameter (e.g.. -G, Cost to open gap [Integer]: default = 5 for nucleotides/ 11
for proteins; ~E, Cost to extend gap Huteger}: default = 2 for nucleotides/ 1 for proteins; ~q,
Penalty for nucieotide nusmatch [Integer]: default = -3; -r, reward for nucleotide match
lntegerl: default = 1; -¢, expect value [Real]: default = 10; -W, wordsize [Integer]: defanlt = 11
for nucleotides/ 28 for megablast/ 3 for proteins; -y, Dropoff (X) for blast extensions in bits:
default = 20 for blastn/ 7 for others; -X, X dropott value for gapped alignment {in bits), defauit =
15 for all programs, not applicable to blastn: and -2, final X dropoff value for gapped alignment
{in bits): 50 for blastn, 25 for others). ClustalW for pairwise protein alignments may also be
used {default parameters may include, e g., Blosum62 matrix and Gap Opening Penalty = 10 and
Gap Extension Penalty = 0.1}, A Bestfit comparison between sequences, available in the GCG
package version 10.0, uses DNA parameters GAP=30 {gap creation penalty) and LEN=3 {(gap

extension penalty) and the equivalent settings in protein comparisons are GAP=8 and LEN=2,

{8662] In certain embodiments, the factor B comprises a conservative substitution relative to a
wild-type factor B sequence or a factor B sequence disclosed herein. As used herein, the term
“conscrvative substitution” refors to a substitution with a structurally sinular amino acid. For
cxample, conservative substitutions may include those within the following groups: Ser and
Cys; Lew, He, and Val; Glu and Asp; Glnand Asn; Lys, Arg and Fhs: Phe, Tyr, and Trp.
Conservative substitations may also be defined by the BLAST (Basic Local Alignment Search
Tool) algonthm, the BLOSUM substitition matrix {e.g., BLOSUM 62 matrix}, or the PAM
substitution:p matox {e.g., the PAM 230 matrix}.

{0863] In certain embodiments, the factor B 1s a recombinant factor B. As
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{0865] A o lated composiion nay comprise ample, from about $.01 to about §
U/mL, from about 0.01 to about 3 U/mL, from about 0.01 to about 1 U/mL, from about 0.01 to
about 0.9 U/ml, from about 0.01 to about 6.8 U/mL., from about 0.61 to about 0.7 U/mL, from
about 0.01 to about 0.6 U/mb, from about .01 to abouat .5 U/mL, from about .01 to about 6.4
U/mb, from about 0.01 to about 0.3 U/mL, from about 0.01 to about 0.2 U/mL, from about 0.01
to about 0.1 UL, from about 0.01 to about 0.075 U/ml, fron about 0.01 to about 0.05 U/ml,
from about 0.05 o about 5 U/mL, from about 8.05 to about 3 U/mL, from about 0.05 to about 1
UL, from about 0.05 {0 about 0.9 U/mL, from about 0.03 to about 0.8 U/mL, from about 0.03
to about 0.7 U/mL, from about .05 to about 0.6 U/mL, from about (.05 to about 0.5 U/mL,
from about 0.05 1o about 0.4 U/mL, from about 0.03 to about 0.3 UL, from about 0.05 to
about 0.2 U/mL, from about 0.05 to about 0.1 U/mL, from about 0.05 to about 0.675 U/mi, from
about 0.075 to about 5 U/mL, from about 6.073 to about 3 U/mL, from about 0.075 to about 1
U/ml., from about 0.075 to about 0.9 U/ml., from about 0.075 to about 0.8 U/mL., from about
0.075 to about 0.7 U/mL, from about 0.075 to about 0.6 U/mL, from about 0.075 to about 0.5
U/mkL, from about 0.075 to about 0.4 U/mL, from about 0.075 to about 0.3 U/mL, from about
0.075 to about 0.2 U/mL, from about 0.075 to about 6.1 U/mL, from about 9.1 to about 5 U/mL,
from about 0.1 to about 3 U/mL., from about 0.1 to about | U/ml., from about 0.1 to about 0.9
U/mL, from about 0.1 to about 0.8 U/mL, from about 0.1 to about 0.7 U/mL, from about 0.1 to
about 0.6 U/mL, from about 0.1 to about 0.5 U/mb, from about 0.1 to about 0.4 U/mi, from
about 0.1 to about 0.3 U/mL., from about 0.1 to about 0.2 UL, from about 0.2 to about 5
Uik, from about 0.2 to about 3 U/mL, from about 0.2 to abowt 1 U/mL, from about 0.2 to about
0.9 UmL, from about 0.2 to about 0.8 U/mL, from about 0.2 to about 0.7 U/imL, from about 0.2
to about 0.6 U/mlL, from about 0.2 to about 0.5 U/mL, from about 0.2 to about .4 U/mL, from
about 0.2 1o about .3 U/mL, from about 0.3 to about 5 U/mbL. from about 0.3 to about 3 U/md,
from about 0.3 to about 1 U/mL, from about 0.3 to about 0.9 U/mL, from about 0.3 to about 0.8
U/mL, from about 0.3 to about 0.7 U/mL, from about 0.3 to about 0.6 U/mL, from about 0.3 to

about 0.5 U/mL, from about 0.3 to about 0.4 U/mk, from abowut 0.4 to about 5 U/mL., from about
13



(9]

10

20

36

WO 2022/174082 PCT/US2022/016185

0.4 to about 3 U/mL, from about 0.4 to about 1 U/mL, from about 0.4 to about 0.9 U/mL, from
about 0.4 to about 4.8 U/mL, from about 0.4 to about 0.7 U/mL, from about 0.4 to about 0.6
Ulnal., from about 0.4 to about $.3 U, from about 0.5 1o about 3 U/mL, from about 0.5 t0
about 3 U/mL, from about 0.5 to abowt I U/mL, from about 0.5 to about (.9 U/ml, from about
0.5 to about 0.8 U/mL, from about 0.5 to about 0.7 U/mL, from about 8.5 to about 0.6 U/ml,
from about 0.6 to about 5 U/mL, from about 0.6 to about 3 U/mL, from about 0.6 to about 1
U/mL, from about 0.6 to about §.9 U/mL, from about 0.6 to about 0.8 U/mL, from about 0.6 10
about 0.7 U/mL, from about 6.7 to about 3 U/mL, from about 0.7 to about 3 U/mL, from about
0.7 to about 1 U/mL, from about 0.7 to about 0.9 U/mL, from about 0.7 to about 0.8 U/mL, from
about 0.8 to about 5 U/mkL., from about 0.8 to about 3 U/mL, from about 0.8 to about 1 U/mL,
from about 0.8 to about 0.9 U/mL, from about 0.9 to about § U/mL, from about 0.9 to about 3
U/mL., from about 0.9 to about 1 U/mL, from about 1 to about 5 U/mL, from about 1 to about 3
U/mb., or from about 3 to about § U/mb of factor B {e.g., recombinant factor B). Factor B
enzymatic activity may be assayed by any method known in the art, including, for example, by
measuring cleavage of the chromogemic substrate H-D-Leu-Thr-Arg-pNA, for example, as
deseribed in Example 1 herein. As used herein one unit (U} of factor B activity is defined as the
amount of enzyme that catalyzes the conversion of 1 micromole of a substrate (e.g., H-D-Lou-

Thr-Arg-pNA) per nunute.

D. Proclottine Ensyme

{0866] As used herein, the term “proclotting enzyme” refers to a zvmogen, or a functional
fragment thereof, that is capable of betng activated upon cleavage by an activated factor B, and
is capable of cleaving (e.g., enzymatically cleaving) coagulogen to form coagulin. The term
proclotting enzyme includes vanants having one or more amino acid substitutions, deletions, or
insertions relative to a wild-type proclotting enzyme sequence, and/or fusion proteins or
conjagates including a proclotting enzyme. As used herein, the term “fanctional fragment” of a
proclotiing enzyme refers to fragroent of a full-length proclotiing enzyme that retains, for
example, at least 10%, 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 969, at least 7%, at least 98%, at
ieast 99%,0r 100% of the enzymatic activity of the corresponding full-length, naturally occurring
proclotting enzyme. Proclotting cnzyme enzymatic activity may be assaved by any method
known in the art, including, for exaraple, by measuring cleavage of the chromogenic substrate
Ac-Hu-Ghe-Gly-Arg-pNA, for example, as described in Example | herein. In certain

embodiments, the functional fragment cormprises at least 100, 150, 200, 250, 300, 320, 330, 340,
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35{, 360, or 370 consecutive amino acids present in a full-length, naturally cecurring proclotiing
enzyme.

{0067} It is conternplated that any horseshoe crab factor proclotting enzyme, for example, a

Limnilus polyphemus, Tachvpleus tridentatus, Tachypleus gigas, or Carcinoscorpius

rotundicanda proclotiing enzyme, may be used in the practice of the invention.

{0068] A DNA sequence encoding an exemplary Linndus polyphemus proclotiing enzyme 1
depicted in SEQ 1D NO: 7. Exemplary Limulus polyphemus proclotting enzyme amino acid
sequences are depicted 10 SEQ ID NOs: 8 and 9. SEQ ID NO: 8 is the mature form whereas
SEQ ID NO:9 mcludes the signal sequence as residues 1-28. A DNA sequence encoding an
exemplary Tachypleus tridentatus proclotting enzyme is depicted in SEQ ID NG 16,
Exemplary Tachypleus tridentatus proclotting enzyme aming acid sequences are depicted in
SEQ D NOs: 17 and 18, SEQ ID NO: 17 is the mature form whereas SEQ 1D NO: 18 includes
the signal sequence as residues 1-21. In cerfain embodiments, a proclotting enzyme comprises
the amine acid sequence of SEQ IDND: & SEQGID NQO: ¢, SEQ ID NG 17, or SEQ ID NG: 18,
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
aming actd sequence of SEQ ID NO: &, SEQIDNG: 8, SEQID NG: 17, or SEQID NGO 18 In
certain embodiments, the proclotiing enzyme comprises a conservative substitution relative to a

wild-type proclotting enzyme sequence or a proclotting enzyme sequence disclosed herein.

{0869] In cortain embodiments, the proclotting enzyvme is a recombinant proclotting enzyvme. In
certain embodiments, the proclotting enzyme is a native proclotting enzvme, e.g.. an isolated

native proclotting enzyroe.

{9870] A co p Lmay pri wnple, from aboat 0.01 to about 3,000
U/ml., from about 0.01 to about 2,500 U/mL., from about 0.01 to about 2,000 U/mL, from about
0.01 to about 1,500 U/mL, from about 0.01 to about 1,000 U/mL, from about 0.01 to about 500
U/mL, from about 0.01 to about 400 U/mL, from about $.01 to about 300 U/mL, from about 6.01
to about 200 U/mL, from about 0.01 to about 100 U/mL, from about $.01 to about 50 U/mL,
from about 0.01 to about 20 U/mL, from about 0.01 to about 10 U/ml., from about 0.01 to about
5 U/mL, from about 0.01 to about 2 U/mL, from about 0.01 to about 1 UimL, from about $.01 to
about 0.5 U/mL, from about 0.01 to about 0.1 U/mL, from abowt 0.1 to about 3,000 U/mL, from
about 0.1 to about 2,500 U/mb, from about 0.1 to about 2,000 U/mL, from about 0.1 to about
1,500 U/mL, from about 0.1 to about 1,000 U/ml, from about 0.1 to about 300 U/mlL, from
about 0.1 to about 400 U/mL, from about 0.1 to about 300 U/mL, from about 0.1 to about 200
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U/mL, from about 0.1 to about 100 U/mL, from about 0.1 €0 about 30 U/mL, from about 0.1 to
about 20 U/mL, from about 0.1 to about 10 U/mL, from about 0.1 to about 5 U/mL, from about
0.1 to about 2 U/mL, from about 0.1 to about 1 U/ml., from about 0.1 1o about 0.5 U/mL, from
about 0.5 to about 3,000 U/mL, from about (1.5 to about 2,500 U/mlL, from about (.5 to about
2,000 U/mL, from about 0.5 to about 1,500 U/mL, from about 0.5 to about 1,000 U/mL, from
about 0.5 to about 500 U/mL, from about 0.5 to about 400 U/mL, from about 0.5 to about 300
UlmL, from about 0.3 to about 200 U/ml, from about 0.5 to about 100 Uk, from about 8.5 10
about 50 U/mL, from about 0.5 to about 20 U/mL, from about 0.5 to about 10 U/mL, from about
0.5 to about 3 U/mL, from about 0.5 to about 2 U/mL, from about 0.5 o about 1 U/mL, from
about 1 to about 3,000 U/mL, from about 1 to about 2,300 U/mk, from about 1 to about 2,000
U/l from about | to about 1,500 U/mL, from about 1 to about 1,000 U/mL, from about 1 to
about 300 U/mL, from about 1 to about 400 U/mL, from about 1 o about 300 U/mL, from about
1 to about 200 U/mL, from about 1 to about 100 U/mL, from about 1 to about 30 U/mL, from
about 1 to about 20 U/mlL, from about 1 to about 10 U/ml, from about 1 to about 5 U/mi., from
about 1 to about 2 U/mL, from about 2 to about 3,000 U/ml., from about 2 to about 2 500 U/mlL,
from about 2 to about 2,000 U/mi, from about 2 to about 1,500 U/mL, from about 2 to about
1,000 U/mL., from about 2 to about 500 U/mL, from about 2 to about 400 U/mL, from about 2 o
about 300 U/mL, from abowt 2 to about 200 U/mL, from about 2 to abowt 100 UsmL, from about
2 to about 30 U/mL, from about 2 to about 20 U/mL, from about 2 to about 10 U/mL, from about
2 to about 5 U/mL, from about 3 to about 3,000 U/mb, from about 5 to about 2,300 U/mL, from
about 5 to about 2,000 U/mL, from about 5 to about 1,500 U/mL, from about 5 to about 1,000
U/mlL, from about S to about 300 U/l from about 3 to about 400 U/mL, from about S to about
300 U/mL, from about S o about 200 U/mE, from about 3 to about 100 U/mL, from about § to
about 50 U/mL, from about 3 to about 20 U/mL, from about 5 to about 10 U/mL., from about 10
to about 3,000 U/mL, from about 10 to about 2,300 U/ml., from about 10 to about 2,000 U/ml,
from about 10 1o about 1,508 U/mL, from about 10 to about 1,000 U/mL, from about 10 to about
300 U/mlb, from about 10 to about 400 U/mL, from about 10 to aboat 300 U/mL, from about 10
to about 200 U/ml, from about 10 to about 100 U/ml, from about 10 to about 50 U/mL, from
about 10 to about 20 U/mlL., from about 20 to about 3,000 U/mL, from about 20 to about 2,500
U/mL, from about 20 to about 2,000 U/mL, from about 20 to about 1,500 U/mL, from about 20
to about 1,000 U/ml, from about 20 to about 500 U/mL, from about 20 to about 400 U/mL,
from about 20 to about 300 U/ml, from about 20 o about 200 U/mL, from about 20 to about
100 U/mL., from about 20 to about 30 U/mL, from about 50 {o about 3,000 U/mL., from about 50

to about 2,500 U/mL, from about 50 to about 2,000 U/mi., from about 30 to about 1,500 U/mL,
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from about 30 to about 1,000 U/mL, from about 59 to about 300 U/mL, from about 30 to about
400 U/mL, from about 30 to about 300 U/mL, from about 50 to about 200 U/mL, from about 530
to about 100 U/, fron about 100 to about 3,000 U/mL, from about 100 to about 2,500 U/l
from about 100 to about 2,000 U/mL, from about 100 to about 1,500 U/mL, from about 100 1o
about 1,000 U/mL, from about 100 to about SO0 U/mL, from about 100 to about 400 U/mL, from
about 100 to about 300 U/mb, from about 100 to about 200 U/mL, from about 200 to about
3,000 U/ml, from about 200 to about 2,500 UL, from about 200 to about 2,600 U/mL, from
about 200 to about 1,500 U/ml., from about 200 to about 1,000 U/mL, from about 200 to about
500 U/mL, from about 200 to about 400 U/mL, from about 200 to about 300 U/mL, from about
300 to about 3,000 U/mL, from about 300 to about 2,500 U/mL, from about 300 to about 2,000
U/ml., from about 300 to about §,500 U/mL, from about 300 to about 1,000 U/mL, from about
300 to about 300 U/mL, from about 300 to about 400 U/mL, from about 4030 to about 3,000
U/mb, from about 400 to about 2,500 U/mL, from about 400 to about 2,000 U/mL, from about
400 to about 1,500 U/ml., from about 400 to about 1,000 U/md, from about 400 to about 500
UimL, from about 500 to about 3,000 U/ml., from about 300 to about 2,500 U/mL, from about
500 to about 2,000 U/, from about 500 to about 1,500 U/mL, from about 500 to about 1,000
UimL, from about 1,000 to about 3,000 U/mL, from about 1,000 to about 2,360 U/mbL, from
about 1,000 to about 2,000 U/mL, from about 1,000 o about 1,300 U/mL, from about 1,500 to
about 3,000 U/mL, from about 1,500 to aboet 2,300 U/mL, from about 1,500 to about 2,000
U/mb, from about 2,000 to about 3,000 U/mL, from about 2,000 to about 2,500 U/mL, or from
about 2500 to about 3,000 U/mL of proclotting enzyme {e.g., recombinant proclotting enzyme).
Proclotting enzyvme enzymatic activity may be assayed by any method known i the art,
including, for example, by measuring cleavage of the chromogenic substrate Ac-llu-Glu-Gly-
Arg-pNA for example, as described in Example 1 herembelow. Asused herein one unit (U) of
proclofting enzyme activity ts defined as the amount of enzyme that catalyzes the conversion of
| micromole of a substrate (e.g., Ac-Thu-Glo-Gly-Arg-pNA) per nunute.

E, Factor €

{0071] As used herein, the term “factor C7 refers to a zymogen, or a functional fragment thereof,
that is 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
sequence, and/or fasion profeins or conjugates including a factor €. As used herein, the term

“functional fragment” of a factor C rofers to fragment of a full-length factor C that retains, for
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example, at least 10%, 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 969, at least 7%, at least 98%, at
icast 99%,0r 100% of the enzymatic activity of the corresponding fuli-length, naturally occurdng
factor C. Factor C enzymatic activity may be assaved by any method known i the art,
mcluding, for example, by measaring cleavage of the chromogenic substrate Z-Val-Pro-Arg-
pNA, for example, as described in Example 1 herein. In cortain embodiments, the finctional
fragment comprises at feast 100, 200, 300, 400, 500, 600, 700, 800, 900, or 1,000 consecutive

amino acids present in a full-length, naturally occurring factor .

{8672] It is contemplated that any horseshoe crab factor C, for example, a Limulus polyphemus,
Tachypleus trideniatus, Tachyplens gigas, or Carcinoscorpius rotundicauda factor C, may be
psed in the practice of the invention.

{0073] A DNA sequence encoding an exemplary Lirfus polyphemus factor C is depicted in
SEQ ID NG: 1. Exemplary Limndus polyphemus factor C amino acid sequences are depicted in
SEQID NOs: 2 and 3. SEQ ID NG: 2 is the mature form whereas SEQ ID NG 3 includes the
signal sequence as residues 1-25. A DNA sequence encoding an exemplary Yachypleus
tridentarus factor C s depicted in SEQ ID NG 10, Exemplary Tachypleus iridentatus factor C
amino acid sequences are depicted in SEQ ID NQsa: 11 and 12, SEQ ID NG 11 is the matare
form whereas SEQ 1D NO: 12 mchides the signal sequence as residuss 1-21. In certain
embodiments, a tactor C comprises the amino acid sequence of SEQ 1D NO: 2, SEQ IDNG: 3,
SEQID NG: 1, or SEQ 1D NO: 12, or an amino acid sequence having at feast 70%, at least
80%, at least 90%, at least 953%, at least 6%, at least 97%, at least 98%, at least 99% identity, at
least 99.5%, or at least 99 8% to the anuno acid sequence of SEQ ID NG: 2, SEQ ID NO: 3,
SEQ D NG 11, or SEQ 1D NO: 12, In certain embodiments, the factor € comprises a
conservative substitution relative to a wild-type factor € sequence or a factor € sequence

disclosed herein.

{0874] In cortain embodiments, the factor C s a recombinant factor C. In cortan ermbodiments,

the factor C 18 a native factor C, e.g., an isolated native factor C.

{0675] In certain cmbodiments, a recombinant horseshoe crab factor C for use as an endotoxin
detection reagent, either alone, or in combination with other horseshoe crab proteins {e.g., factor
B, proclotting enzyme and/or factor C, whether sourced naturally or produced recombinantly} is
expressed 1 a manvnalian cell, for example, a Chinese hamster ovary (CHO) or human
embrvonic kidney (HEK) cell. In certain embodiments, the recombinant factor C 1s glycosvlated
differently (e.g., has one or more different glycosyvl groups or a glycosviation pattem}when
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compared to factor C present in the native horseshoe crab amebocyte lysate, or when compared
to factor € produced recombinantly in distinet expression host cells. As a non-limiting example,
factor C may be produced recombinantly in a genc-edited cell hine, such as GoTI- HEK cclis
{e.g., HEK cells that do not have N-acetylglucosaminvltransferase 1 (GnTI) activity) that
produce factor C proteins lacking {¢-2,3}-lisked terminal sialic acid. Use of such readily
available gene-edited cell lines may be desirable for high-vicld expression of homogenously

elveosylated recombinant proteins.

F. Methods of Making Recombinant Proteins

{0676] Methods for producing recombinant proteins known in the art. For example, DNA
molecoles encoding a protein of interest {e.g., factor B, proclotting enzyme and/or factor €, 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, 1o produce
conventional gene expression construdts (7.e., expression vectors) encoding the desired protein,

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

{08771 Nucleic acids encoding desired proteins {e.g., factor B, proclotting enzyme and/or
factor C, as disclosed herein} can be incorporated (ligated) mnto expression vectors, which can be
mtroduced mto host cells through conventional transfection or transformation techniques.
Exemplary host cells are £ coli cells, Chinese hamster ovary {CHO) cells, human embryonic
kidney 293 (HEK 293) cells, Hela cells, baby hamster kidney (BHK) cells, monkey kidney cells
{CO8), human hepatocellular carcinoma cells {e.g., Hep G2), and myycloma. Transformed host
cells can be grown under conditions that perout the host cells to express the genes that cucode
the protein of interost.

{0078]  Specific expression and purification conditions will vary depending upon the
expression system employed. For example, if a gene is to be expressed in £ cofi, it s first
cloned mto an expression vector by positioning the engineered gene downstream from a suttable
bacterial promoter, e.g., Trp or Tac, and a prokaryotic signal sequence. The expressed protein
may be seercted. The expressed protein may accuroulate i refractile or inclusion bodies, which
can be harvested after disraption 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.

{0079]  If the enginecred gene 1s to be expressed in enkaryotic host cells, e g, CHO or HEK

cells, it 1s first inserted info an expression vector containing a suitable eukaryotic promoter, a
19
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scoretion 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 fochuiques.

{0888] A polvpeptide or protein of interest {e.g., factor B, proclotting enzyme and/or factor C,
as disclosed herein) can be produced by growing {culturing} a host cell transfected with an
cxpression vector encoding such a polypeptide or protein, under conditions that pormut
expression of the polvpeptide or protein. Following expression, the polypeptide can be
harvested and purified or isolated using techniques known in the art, e g., affinity tags such ag

slutathione-S-transferase (GST) or histidine tags.

{0081] Provided herein are isolated nucleic acids comprising the sequence of SEQ IDND: 1,
SEQ ID NO: 4, SEQ ID NO: 7. SEG ID NO: 10, SEQ 1D NO: 13, or SEQ ID NO: 16, These
sequences can be spliced into a suttable 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 celis) 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, proclotting

enzyme and factor C are described in Example 1 herein.

{0082]  In onc embodiment, provided herein is a method of producing a borseshoe crab
recombinant factor C protein, the method comprising: (a) expressing a nucleic acid sequence
encoding the recombinant horseshoe crab factor C in a host cell {e. g, a HEK293 cell ora CHO
cell} engincered to remove a glycosyliransferase enzyme {e.g.,
N-acetviglucosanunyltransforase); and (b) purifying the recombinant factor C expressed i the
host cell. Also provided is a recombinant horseshoe crab factor T protein {e.g., a factor C
protein that does not contain {n-2,33-linked terminal sialic acid) produced by such a method.

The resulting recombinant horseshoe crab factor C can be used to prepare an endotoxin detection
reagent {e.g., a hybnd lysate), by admixing such a recombmant factor C with a composition
comprising recombinant horseshoe crab factor B and recombinant horseshoe erab proclotting

enzyIme.

{0083] TIt1s understood that a recombinantly expressed polvpeptide or protein may have a
different molecular weight and/or be differently glveosylated relative to a corresponding native
polypeptide or protein. Similarly, a protein or polvpeptide recombinantly expressed in a furst
host cell type may have a different molecular weight and/or be differently glycosyiated relative
to a corresponding protein or polypeptide expressed in a second, different host cell type.
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Glveosylation of recombinant proteins produced in mammalian host cells is described, for
example, in Lis ef o/, (1993) Eur. J. Brocuem. 218:1-27, Parodi (2000} AnnU. REV. BIOCHEM.
69:69-93, Viswanathan er of. (2005) BiocHEM. 44.7526-7534, Tonuva er ol {2004)
GLYCOUONIUGATE JOURNAL 21: 343-360, Tomiva ef of. (2003} Ace. CHEM, RES. 36:613-620,
Gerngros (2004) NAT. BIOTECHNOL, 22:1409-1414, and Deman ef al. {2009) BIOTECHNOLOGY

ADVANCES 27:297-306.

. Methods of Making Hvbrid Lysate

{0084] Hybrid amebocyte lysates may be produced by combining native and recombinant

components disclosed herein.

{0085] The invention provides a method for preparing a microbial contaminant {e. g., endotoxin)
detection reagent, for increasing the sensitivity of a native horseshoe crab amebocyte lysate fora
microbial contaminant {e.g., endotoxin), and/or reducing the amount of a native horseshoe crab
amebocyvie lvsate required to detoct a microbial contaminant {e.g., endotoxin}. The method
compriscs adding a recombinant horseshoe crab factor B and/or a recombinant horseshoe crab
proclotting enzyme to a native horseshoe crab amebocovte lysate. In certain embodiments, the
method comprises diluting the native horseshoe crab amebocyte lysate. For example, 3
contemplated method comprises dibuting a native horseshoe crab amebocyte lysate to produce a
diluted horseshoe crab amebocyie lysate; and adding to the diluted native horseshoe crab
amebocvie Ivsate a recombinant horseshoe crab factor B and/or a recombinant horseshoe crab
proclotiing enzyme. In certain embodiments, the native horseshoe crab amebocyte lvsate is
diluted by 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, 150%, 200%, 250%,

300%, 350%, 400%, 450%, 500%, 600%, 700%, 800%, 900%, or 1,000%.

{8886] Hybrid amebocyte lysate compositions preforably are sterile. Sterilization can be
accomplished by any suttable method, e. g, filtration through sterile filtration membranes.
Where the composttion 1s fvophilized, filter sterilization can be conducted prior to or following

ivophilization and reconstitution.

{0087] Hybrid amebocyte lysate compositions can also be dried onto a solid surface (such as a
vial, acarinidge or a 12-well or 96-well plate), such as by Ivophilization. Prior to drving, one or
more additives are optionally admixed with the hybrid amebocyte lysate. For example, a
resolubifizing and/or an anti-flaking agent can be mchuded. The resolubilizing agent is an agent
that, cither alone or in combination with another resolubihizing agent, facilitates the
resolubilization of one or more components of the hvbrid amebocyte lysate once the hyvbrid

amebocvyie lysate is exposed to a fluid sample. The resolubilizing agent preferably also
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stabilizes the lysate in its dried form. The resolubilizing agent provided in the mixture facilifates
the stability of the reagents and their dissolution during the assay. Resolubilizing agents include,
for example, one or more sugars, salts, or combinations thercof. Preferred sugar resolubilizing
agents include, for example, mannitol, mannose, sorbitol, trehalose, maltose, dextrose, sucrose,
and other monosaccharides or disaccharides. The anti-flaking agent incladed in the mixture
further stabilizes the reagents and reduces flaking of the dried lvsate. The anti-flaking agent
preferably also stabilizes the lyvsate in its dried form. Preforred anti-flaking agents include, for
example, one or more polymers, for example, polyethvlene glycol, polyvinyl pyrolidone,
polyvinyl afcohol, manmitol, dextran, and proteins, for example, serum albumin, An anti-
frothing agent such as polyvinyl alcohol or polypropylene ghveol can also be included. Salts
and/or buffers, such as sodium chloride, magnesium sulfate, and HEPES buffer can also be
included. Other kinds of buffers, such as TRIS-HCE buffer, TES, MOPS, PIPES, BES, MOPSO,
DIPSQO, MOBS, TAPSQ, HEPPSQ, POPSO, TEA, EPPS, Trcine, and phosphate can be used, as
can other buffers with buffering capacity between pH 7 and pH £, as this is a preferred range of
pH for the reaction. The target pH of the composition, after admixture with a sample, is

preferably between 7.3 and 8.0

{0688] The mixture can be dried onto a surface of the conduit in an environment having a
temperature of about 4°C o about 40°C, more preferably, from about 10°C o about 35°C, more
preferably, from about 15°C to about 30°C and a relative humidity of about 0% to about 30%,
more preferably, from about 2% to about 20%, more preferably, fronm about 495 to about 10%.
Preferably, the ternperature 1s about 25°C and the relative humdity is about 5%. Dhrving
preferably occurs for about 10 minates to about 8 hours, more preferably for about 1 hourin a

temperature regulated drving chamber.

{8089} In another embodiment, the mixture is dried onto the swrface of the conduit by
Iyophilization or freeze-drying, for example, at temperatures below (°C, for example, from about

~75°C to about -1 0°C, more preferably from about ~30°C to about -20°C.

i1, Methods of Detection and Sample Preparation Congiderations

{0099] Hybrid amcbocyte lysates disclosed herein can be used in various assays to detect a
microbial contaminant {e.z., endotoxin). The mvention provides a method of detecting the
presence and/or amount of 2 microbial contaminant {e. g, endotoxin) in a sample. The method
comprises contacting a hybnid amebocyte lysate {e.g.. a hybrid amebocvie lvsate disclosed
herein) with a sample {e.g, a sample suspected of containing endotoxin), allowing the hybrid
amebocvie lysate to react with the sample to prodace a detectable product {e.g., a gel, increase in
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turbidity, or a colored or light-emitting product), and detecting the detectable product (e.g..

visually or by the use of an optical detector).

{0091] Hybnd amebocyvie lvsates disclosed herein can be used to detect a microbial
contaminant {e.g., endotoxin} using, for example, endpoint or kinetic assays. Exemplary
endpoint assays include an endpoint chromogenic assay or an cndpoint turbidimetric assay.
Exemplary kinetic assays nclude a kinetic turbidimetric assay, a one-step kinetic assay ora
multi-step kinetic assay. Each of the assays 1s discussed in more detail below. Furthermore, it1s
understood that the assavs may be modified to be performed in a particular assay format, for

example, in a cartridge or in the well of a plate, for example, a 96 well plate.

A, Kinetic Assays

{0892} Exemplary kinetic assays include multi-step kinctic assays, single-step kinetic assays,

and kinetic turbidimetric assays.

{i} Multi-Siep Kinetic Assay
{08931 A multi-step kinetic assay (for example, as described m U.S. Patent No. 7.329 538} is
mitiated by combining the sample to be tested with a volume of hybrid ameboceyte lysate to
produce a sample-hyvbrid amebocyte lysate mixture. The mixture then is incubated for a
predetermined period of time. The mixture then is contacted with a substrate, for example, a
chromogenic or fluorogenic substrate, to produce a sample-hybrid amcbocvte lvsate-substrate
mixture. Thereafter, the time in which a preselected change i an optical property (for example,
a specific change in an absorbance value or a specific change in a transmission value) is

measured.

{0094] The assay can be calibrated by measuring the time 1n which a preselected change n an
optical property sccurs when a certain amount of a microbial contaminant {e.g., endotoxin) is
introduced into the assay. By comparing the result generated by a fest sample against the results
generated by one or more known amounts of the microbial contaminant {e.g., endotoxin), it 18
possible to detect the presence or amount of the microbial contaminant {e. g, endotoxin} in a test
sample.

{0095] It is understood that a multi-step 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 i U.S. Patent No. Des. 390,661,

{8096} By way of example and as illustrated 1 FIGUREs 8A-8D, cartridge 1 has a substantially
planar housing fabricated, for example, from a moldable biocompatible material. The housing
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may be fabricated from any material, however, transparent and/or transtacent glass or polymers
are preferred. Preferred polymers include, for example, polystyrene, polycarbonate, acrvlic,
polvester, optical grade polvmers, or any plastic such that the optical cell ts substangially
transparent. The housing contains at least one fluid nlet port 4, at least one optical cell 6, and at
ieast one conduit 8 having a fluid contacting surface for providing fluid flow communication
between the fhiid inlet port 4 and optical cell 6. The only requirements for the optical cell 6 are
that 1t defines a void capable of contaiing a sample to be tested and that a portion of the optical
cell 6 15 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 mmpart a negative pressure via pump port 12 to pull the sample from fluid
inlet port 4 to optical cell 6. A hybrid amebocvte lvsate is disposed on a first region 14 of the
thud contacting surface of conduit 8, so that when 3 sample 15 applied to flmd nlet port 4, the
sample traverses region 14 and solubilizes or reconstitutes the hybrd amebocyte lysate into the

sample as it moves toward optical cell 6.

{0897 A second region 16 of the fluid contacting surface of conduit 8 is spaced apart from and
downstream of first region 14, In this configuration, hybnd amebocyte lysate is disposed at first
region 14 and a chromogenic or fluorogenic substrate is disposed at second region 16, so that
after the sample is contacted with the hybrid amebocyte lysate in region 14, the sample-lysate
mixture traverses conduit 8 and contacts the substrate in region 16, The sample-lysate~-substrate

mixture then traverses conduit 8 to optical cell 6,

{0098] The cartridges can be designed and used according to the type and/or number of tests
required. For example, a single samaple may be tested, for example, in duplicate or triplicate, for
example, for rescarch laboratory use or for medical device and biopharmaceutical testing.
Alternatively, two or more different samples may be tested individually. The cartridge
preferably s a single-use, disposable cartridge that ts discarded after one use. The cartridges
typically use approximately 20~100 fold less hemocyte lysate per samaple than is used 1o the
conventional endpoint chromogenic or kinetic chromogenic assays performed i multi-well

plates, and thus provides a less costly and environmentally-friendlier test.

{00991 With reference to FIGURE 8A, in order to perform a mulii-step kinetic assay m an
exemplary cartridge 1, a sample is first moved, for example, by pump action, 1o a first region 14
containing the hybrid amebocyte lysate, where it is mixed and incubated for a predeternined
period of time. The sample-hybrid amebocyte lysate mixture then is moved, for example, by

pump action, to the second region 16 contaiming the subsirate, for example, a chromogenic or
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fluorogenic substrate, where it 1s solubilized. The sample-substrate mixture then is moved (o
optical cell 6, for a measurement of an optical property. The time intervals required for mixing
and incubating steps are preprograramed for optimal specificity and sensthivity to the microbial

contaminant {e. g, endotoxin) concentration range of interest.

{00100} Although the nwlti-step assay may be performed in a cartridge of the type
discussed above, it may also be emploved in a variety of other formats, for example, within the
well of a microtiter plate. In this type of assay, a sample of interest 1s combined with a hybnd
amebocvie lvsate and incubated for a predetermined period of time. Then, after the
predetermined period of time, a chromogenic or fluorogenic substrate is added to the well. After
mixing, 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 valaes to measure the presence or

amount of a microbial contaminant {e.g., endotoxin} in the sample.

{00181} In the well-type 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 cach well in a repetitive

fashion.

(i} Single-Step Kinetic Assay
{00102} A single-step kinetic assay, for example, a single step-chromogenic assay, is
described m UK. Patent No. 5,310,657, Briefly, a kinetic chromogenic assay includes the steps
of (i} simultancously solubilizing a hvbrid ameboceyte lysate with a sample 1o be analvzed and a
substrate, for example, a chromogenic substrate, {i1) incubating the resulting mixture at a
temperature of about (° to about 40°C, preferably about 25° to about 40°C, over a predetermined
tume range and {111} measuring a time required for a calorimetric change to reach a pre-selected

vahie or change of the calorimetric readout, using a conventional spectrophotometer.

{06103] Thus type of assay, like the multi-step kinetic assay, can be performed ina
cartridge or a well-tvpe format. A cartridge similar to that described above for the multi-step
kinetic assay can be modified for use in single-step kinetic assay. With reference to FIGURE
84, chromogenic or fluorogenic substrate is applied, for example, to the surface of conduit 8 at
first region 14 together with the hybnd amebocyte lysate. To perform a kinetic assay in
cartridge 1 and in reference to FIGURE 8A, a sample s moved, for example, by pump action, o
a first region 14 of the conduit 8 containing both the hybrid amebocyie lysate and substrate,
where they are solubilized, for exaniple, by cycling between forward and reverse pumyp action.
The sample- hybnd amebocyie lvsate~-substrate mixture then is moved to optical cell 6 for
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measurement of an optical property, for example, the absorbance or transmittance properties of
the sample by an optical detector. The detector may determine how long it takes for each optical
property to exhibit, for cxample, a 5% drop 1o optical transmittance. Results from multiple

assays, for example, two assays, can be averaged.

{00104} The assay can be calibrated by measuring the time in which a preselected change
in an optical property occurs when a certain amount of a raicrobial contaminant {¢.g2., endotoxing}
1s introduced 1nto the assay. By comparing the result generated by a test sample against one or
more results with known amounts of the microbial contaminant {e.g., endotoxin), ¢ 1s possible to
measure the presence or amount of the microbial contaminant {e. £., cudotoxin) in the test

sarmaple.

{00105 This type of assay format may be emploved 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 a hvbrid amebocvie lysate and a chromogenic or fluorogenic substrate. Afier mixing, the
time in which a preselected change in an optical property occurs is measured. The resulf can then
be compared against standard values to measure the presence or amount of a microbial

contanminant {e.g., endotoxin} in the sample of wterest,

(i} Kinetic Turbidimetric Assay
{00106} A kinetic turbidimetric assay can inchude the steps of (1) solubilizing a hybrid
amebocyie lysate with a sample to be analyzed, (31) mcubating the resulting mixture at a
temperature of about 0% to about 40°C, preferably abowut 25% to about 40°C, over a predetermined
time range, and {iil) measuring a time required for either a turbidity change caused by
coagulation to reach a pre-selected value or a ratio in change of the turbidity, using a

conventional coagulometer, nepherometer, or spectrophotometer.

[00107] This type of assay, like the previous assays, can be performed in a cartridge ora
well-type format. A cartridge similar to that described above for the multi-step or single-step
kinetic assays can be modified for use n kinetic turbidimetric assays. With reference to
FIGURE 8A, no chromogemnic or fluorogenic subsirate needs to be applied fo either fisst region

14 or second region 16,

{00168} Refernng to FIGURE 8BA, in order to perform a kinctic twrbidimetric assay ina
cartridge 1, a sample s, for example, moved to a first region 14 of the conduit 8 contaming the
hybrid amehocyie tysate, where it is solubilized, for example, by cveling between forward and
reverse pump action. The sample-lysate mixture then 1s moved to optical cell 6 for measurement

of an optical property, for example, twbidity, by measuring, for example, the absorbance or
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transmittance properties of the sample-lysate mixture using an optical detector. The detector
may determine how long it takes for cach optical property to exhibit, for example, a 5% drop in

optical transmittance. Results from multiple assays, for example, two assays can be averaged.

{80109] The assay can be calibrated by measuring the time in which a presclected change
in an optical property, for example, turbidity, occurs when a certain amount of a microbial
contaminant {e.g., endotoxin} 1s introduced into the assay. By comparing the result generated by
atest sample against one or more results with known amounts of the microbial contaminant
{¢.g., endotoxin), it ts possible {o measure the presence or amount of the microbial contaminant

{e.g., endotoxin} in the test sample.

{00110} This type of assay format may be emploved in a variety of other formats, for
cxample, within the well of a microtiter plate. In this type of assay, a sample of interest is mixed
with a hvbnd amehocvie Iysate. After mixing, the time 1n which a preselected change in an
optical property, for example, turbidity, occurs 1s measured. The result can then be compared
against standard valoes to measure the presence or amount of a microbial contaminant (e.g.,

endotoxin} in the sample of mterest.

B. Endpoint Assavs

{00111} Exemplary endpoint assavs include endpoint chromogenic or flucrogenic and
endpoint turbidimetric assays.

{i} Endpoint Chromogenic or Fluorogenic Assay
{00112 Endpoint chromogenic or fluorogenic assays can include the steps of (i}
solubilizing a hybnd amebocyie lysate with a sample to be analyzed, (1) incubating the resulting
mixture at a femperature of about {° to about 40°C, preferably about 25° to about 40°C, fora
predetermined tune, (iii} contacting substrate, for example, a chromogenic or fluorogenic
substrate, with the incubated sample~-hvbnid amchocyie lysate nuxture, (iv) optionally adding a
reaction inhibitor, for example, acctic acid, and (v} measuring, for example by calorimetric

change, a substance produced from the substrate by enzymatic activity.

{00113] This type of assay can be performed in a cartnidge or in a well-type format. When
an endpoint chromogenic or fluorogentic assay is performed in 3 cartridge 1 (see, FIGURE 8A),
a sample is moved, for example, to a first region 14 of the conduit 8 containing the hybrid
amebocyie lysate, where it 1s solubilized, for example, by cycling between forward and reverse
pump action. Following a predetermined incubation period, the sample-hybrid amebocyte lysate

mixture then is moved, for example, by pump action to a second region 16 of the conduit §
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contaiming the chromogenic or fluorogenic substrate, where it is solobilized, for example, by
cycling between forward and reverse punap action. The samaple- hybrid amebocyte lysate-
substrate mixture optionally then is moved to a third region contaning a reaction inhibitor,
Afterwards, the sample-hyvbrid amebocyvie lvsate-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. H is contemplated. however, that when performing an end-
point chromogenic or fluorogenic assay in a cartridge it is not necessary to stop the reaction
using a reaction inlubitor. Under thas tvpe of assay, the final optical readings {endpoint readings)

are recorded at a predetermined time.

{00114} The assay can be calibrated by measuring an optical property, for example,
absorbance or transmittance, when a cerfaim amount of a microbial contaminant {e. g., endotoxin}
is introduced into the assay. By comparing the result generated by a tost sample against one or
more results with known amounts of the microbial contaminant {e.g., endotoxin}, it is possible to
measure the presence or amount of the microbial contaminant {e.g., endotoxin} in the fest
sample.

{00115} As discussed, this type of assay format may be emploved in a variety of other
formats, for example, within the well of a microtiter plate. In this type of assay, a sample of
mterest is mixed with a hybrid amebocyte lysate and incubated for a preselected period of time.
Then, a chromogenic or fluorogenic substrate 1s added to the mixture and the sampie meubated
for another period of time. Then a reaction inhibitor, for example, acetic acid, 1s added to the
sample, and an optical property of the sample, for example, absorbance or fransmittance, i3
measured. The result can then be compared against standard values to measure the presence or

amourt of a ricrobial contaminant {e.g., cndotoxin) 1 the sample of interest.

(i} Endpoint Turbidimetric Assay
{00116} End point turbidimetric assays can include the steps of 1) solubilizing a hybrid
amebocyie lysate with a sample to be analyzed, (11} incubating the resulting mixture ata
temperature of about 0% to about 40°C, preferably about 25° to about 40°C, for a predeternuned
time, (111} optionally adding a reaction inhibitor, for example, acetic acid, and (v} measuring the
mcrease in turbidity as a result of coagulation, if any, using a conventional coagulometer,

nepherometer, or spectrophotometer.

{00117] Endpoint tarbidimetric assays can be performed in a cartridge-type format. With
reference to FIGURE 8A, a sample i1s applied to cartridge 1 and is moved, for example, to a first
region 14 of the conduit 8 containing the hemocyvie lysate, where it 1s solubilized, for example,
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by cycling between forward and reverse pump action. The sample-lysate mixture then 1s moved
to optical ccll 6 for measurement of an optical property, for example, turbidity, using an optical

detector. Results from multiple assays, for example, two assays can be averaged.

{001 18] The assay can be calibrated, for example, by measuring the tarbidity at a
preselected time when a certain amount of a microbial contaminant {e. g, cndotoxin) 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 contaminant (e.g., endotoxin}, i 1s possible to
measure the presence or amount of the microbial contanunant (e g, endotoxin) in the test

sarapic.

{00119} This type of assay format may also be num in other formats, for example, within
the well of a microtiter plate. In this type of assay, a sample of interest 1s mixed with a hybrid
amchocvte lvsate and incubated for a preselected period of time. The reaction can then be
stopped by the addition of an inhibitor. An optical property, for example, turbidity, of the
sample then s measured at a preselected time pomt. The result can then be compared against
standard values to measure the presence or amount of the microbial contaminant {e.g.,

endotoxin} in the sample of interest.

. Specimen Collection and Preparation Considerations

{O0120] 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, shovld 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 matenals from

subsequent environmental contamination.

{06121} The hybrid amehocyte Iysate may be used to measure the presence or amount of a
microbial contaminant {e.g., endotoxin} in a sample of interest, for example, in a fluid, for
example, a fluid to be adrunistered 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 bke. In addition, the assays may be used to
detect a nuerobial contaminant {e. g, endotoxin) present on a surface. For example, the surface
of mterest 1s swabbed and the swab then is introduced into or dissolved in liquid. The liguid can

then be assayed as described herein.

{08122] Throughout the description, where compositions are described as having, including, or

comprising specific components, or where processes and methods are described as having,
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including, or comprising specific steps, it is contemplated that, additionally, there ase
compaositions of the present invention that consist essentially of. or consist of, the recited
compaonents, and that there are processes and methods according to the present invention that

consist essentially of, or consist of, the recited processing steps.

{00123 In the application, where an element or component is said to be included in and/or
selected from a list of recited clements or components, it should be understood that the element
or component can be any one of the recited clements or components, or the clement or
component can be selected from a group consisting of two or more of the recited elements or

componenis.

{00124} 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 voplicit berein. For example, where
reference 1s made to a particular compound, that compound can be used i various embodiments
of compositions of the present invention and/or in methods of the present invention, unless
otherwise understood frony the context. In other words, within this application, embodiments
have been described and depicted in a way that enables a clear and concise application to be
written and drawn, but it is intended and will be appreciated that embodiments may be varntously
combined or separated without parting from the present teachings and invention{s). For
example, it will be appreciated that all features described and depicted herein can be applicable

to all aspects of the mvention{s) described and depicted herein.

{00125} The articles “a” and “an” are used in this disclosure {0 refer to one or more than one
{(i.c., to at least one) of the grammatical object of the article, unless the context is inappropriate.

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

{80126] The torm “and/or” is used i this disclosure to mean cither “and”™ or “or” unless

ndicated otherwise.

{00127 1t 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 anderstood 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
untless otherwise understood from the context.

{00128] The use of the term “incluade,” “includes,” “including,” “have,” “has,” “having,”
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30



i

[\

h

0

]

WO 2022/174082 PCT/US2022/016185

understood generally as open-ended and non-limiting, for example, not excluding additional

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

{00129} Where the use of the term “about” 1s before a quantitative value, the present mvention
also includes the specific quantitative value itself] unless specifically stated otherwise. As used
herein, the torm “about” refors to a £10% variation from the nominal value unless otherwise

mdicated or wferred from the context.

{00130} It should be understood that the order of steps or order for performing certain actions 18
immaterial so long as the present invention remain operable. Morcover, two or more steps or

actions may be conducted simultaneously.

{00131] At various places in the present specification, variable or paramecters are disclosed in
groups or in ranges. Ut is specifically intended that the description include cach and every
mdividual subcombination of the members of such groups and ranges. For example, an mnteger
in the range of § to 40 1s spectfically intended to mdividually disclose 6, 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
36, 37, 38, 39, and 40, and an indeger in the range of | to 20 is specifically mtended to

individually disclose 1,2,3,4,5,6,7,8,9, 10, 11, 12,13, 14, 15, 16, 17, 18, 19, and 20.

5

{00132] The use of any and all examples, or exemplary language herein, for example, “such as’
or “inclading,” 15 intended merely to illustrate better the present invention and does not pose a
imitation on the scope of the invention uniess claimed. No language in the specification should
be construed as indicating any non-claimed clement as essential to the practice of the present

Hvention.

{00133] As a general matter, compositions specifying a percentage are by weight unless

otherwise specified.

{00134} Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonty anderstood 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.



(&)

10

3
W

30

WO 2022/174082 PCT/US2022/016185

EXAMPLES

{00138] The following Examples are merely dlustrative and are not intended to hinut the scope

or content of the invention in any way.

Example 1

§8136] This Example describes the preparation of recombinant Linudus polyphemus factor C,
] F prex PO

factor B, and pro-clotting enzyme.

{80137F DNA sequences encoding Linndus polyphemus factor C, factor B and pro-clotting
enzyme {with codon usage optimized for expression in mammalian cells) were cloned into
expression plasmid BD6O9 (ATUM). The DNA sequence encoding Limudus polyphemus factor
C is depicted 1n SEQ 1D NO: 1 (and the corresponding amino acid sequence is depicted in SEQ
I NQ: 3). The DNA sequence encoding Limudus polyphemus factor B is depicted in SEQ ID
NQO: 4 (and the corresponding amino acid sequence is depicted in SEQ 1D NG: 6). The DNA
sequence encoding Limudus polyphemus pro-clotting enzyme is depicted in SEQ ID NO: 7 (and
the corresponding anuno acid sequence is depicted m SEQ HD NO: 9} Expression plasmids
were transfected into HEK-293 cells using the FreeStyle 293 Expression System {(Thermo
Fisher) to generate a stable clonal ceil lines.

{08138] For expression and purification, HEK-293 cells were thawed and added to FreeStyle
293 Expression Media o a flask. Cells were grown at 37°C, 5-7% C: 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 supermatant was harvested by
centrifugation at 4,000 x g for 15 minuetes followed by sterile filtration. The supernatant was
concentrated to < 2 L and buffer exchanged by Tangential Flow Filtration (TFF, GE Life
Sciences). The TFF systemn was equilibrated with 20 ;M Tris-HCl bufter pH 8.0 contating 20
mM Na(l.

{001391 To nutigate endotoxin exposure, all materials used were single use. Water for injection

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

{00148] The amount of each recombinant protein was measured in terms of activity (U/mL)
assayed under the following conditions. Recombimant factor C (fFC) was activated by addition
of endotoxin (1 ug/mL hpopolysacchande from E. coli 055:BS (List Labs)) and incubation at
37°C for 30 nunutes. Then, the cleavage of the synthetic substrate Z2-Val-Pro-Arg-pNA was
measured by monitoring absorbance at 405 nm at 37°C. Recombinant factor B (tFB} was
activated by addition of activated tFC and incubation at 37°C for 1 hour. Then, the cleavage of
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the synthetic substrate H-D-Leu-Thr-Arg-pNA was measured by monitoring absorbance at 405
nm at 37°C. Recombinant pro-clotting enzyme (tPCE)} was activated by addition of activated
rFB and incubation at 37°C for | hour. Then, the cleavage of the syuthetic substrate Ac-flu-Glu-
Glyv-Arg-pNA was measured by monitoring absorbance at 405 nm at 37°C. One unit of activity
was defined as the amount of enzyme that catalvzed the conversion of T micromole of substrate

POr munute.

Example 2

{00141} This example describes the addition of recombimant Limulus polvphemus tactor C,
factor B, and/or pro-clotting enzyme to crude Linuslus amebocyie lvsate (LAL), and the resulting

endotoxin detection activity.

{00142] Crude LAL was prepared generally as described 1 Levin ef af. (1968) THROMB. DIATH.
HapmorpH. 19:186. Buefly, bemolymph was harvesting from horseshoe crab. The resulting
hemolymph was centrifiged to produce an ameboceyte pellet. The amebocytes were then re-
harvested, re-rinsed, and re-centrifuged. After second rinsing and harvesting steps, the resulting
amebocytes were fyvsed by osmotic shock, and the resulting crude amebocyvie lysate was stored at
2-8°C until further use.

{00143} Recombinant Limuldus polyphemus factor C GFC), factor B (rFB), and pro-clotting
enzyme {fPCE) were prepared as deseribed in Example 1. A typical LAL endotoxin detection
reagent mcludes 20% crude LAL, appropriate/compatible divalent cations, detergents, excipients
for tyophilization, and substrate {Ac-Ilu-Glu-Gly-Arg-pNA). LAL endotoxin detection reagents
were generated meludmg reduced amounts of crude LAL {c.g., 10% or 3%, as well as additional

recombinant proteins, as shown in TABLE 1.

TABLE1
Reagent Final concentration
No. | Crude LAL (%) | FC UML) | ¥B (UL | rPCE (U/mL)
0 10 None None Nono
! 10 214 None None
2 10 None 07 Nome
3 10 None 011 114
4 3 None 611 14
5 5 107 011 14
6 5 MNone 012 190
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{08144] Endotoxin was detected using a kinetic chromogenic assay method (KCA). Briefly, 0.1
mb of LAL reagent was mixed with 0.1 mb of a sample containing RSE (US Reference
Standard Endotoxin). Reaction of endotoxin with the LAL reagent leads to cleavage of the Ac-
Hu-Glu-Gly-Arg-pNA substrate in the LAL reagent and a resulting chromogenic signal that can
be measured by absorbance at 405 am. The activity of the LAL reagent was measared by onset
time {the amount of time 10 reach to reach a particular absorbance (80D 0.05} at 405 nm. Onset
time was measured with 0.02-20 EU/mL RSE, and logarithmic plotting of the onset times at cach

concentration was used to generate a standard curve.

{00148] The onsect time at 0.2 EU/mb of RSE was compared for different reagents. Results are
shown in FIGURE 2. Activity in FIGURE 2 15 relative to an LAL reagent containing undiluted
20%) crude LAL, 1.¢., 100% activity in FIGURE 2 corresponds to the activity {onset tune for
0.2 EU/mL of RSE, calculated as described above) of an LAL reagent containing undiluted

{20%;) crude LAL.

{00146] Reagent No. 0 (including dituted (1096) crude LAL, with no additional recombinant
proteins) showed 25% activity relative to a reagent including undiluted (20%;) crude LAL.
Addition of rFc alone (Reagent No. 1) did not increase relative activity. Addition of «FB alone
{Reagent No. 2} did mcrease relative activity. However, the greatest increase in relative activity
was observed following the addition of both rFB and rPCE. For certain reagents (Reagent Nos.
4-6}) the relative activity was greater than 100%. In other words, even though these reagents
contained diluted crude LAL, they showed greater endotoxin detection activity than a

corresponding reagent with undiluted crude LAL.

{00147} Together, these results show that the addition of vFB and/or rPCE 10 a native
amebocyte lysate (e.g.. native LAL) can reduce the amount of native amebocyvie Ivsate required
to detect endotoxin {e.g., in a KCA assay) while maintaiming, or in certain instances cven

mercasing, sensitivity of the amebocyte ysate.
Example 3

{00148] This example descrbes the addition of varying amounts of recombinant Limmilus
polyphemus factor B to crude Limulus amebocvie tysate (LAL), and the resulting impact on

endotoxan detection activity.

{00149] Recombinant Limulus polyphemus factor B (tFB} and pro-clotting enzyme (fPCE) were
prepared as described in Example 1, crude LAL was prepared as deseribed in Example 2, and

LAL reagent activity was assayed generally as described in Example 2.
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{30150} LAL reagents were generated containing diluted crude LAL, rPCE, and varving

amounts of rFB, as shown in TABLE 2. The rFB amounts used were 0, 0.2, and 0.4 U/mL.

{00151} Results are shown m FIGURE 3 and TABLE 3. FIGURE 3 depicts activity for the
mdicated reagents refative to the activity of Reagent No. 1 {an LAL reagent containing undiiuted
{20%) crude LAL and no recombinant proteins) at the same endotoxin concentration, i.¢., 100%
activity in FIGURE 3 for a given endotoxin concentration corresponds to the activity of Reagent
No. 1 at the same endotoxan concentration. TABLE 3 depicts onset times at the mdicated

endotoxin concentration for each reagent.

{00152} As shown i FIGURE 3 and TABLE 3, addition of 1PCE alone increased activity, as
Reagent No. 2 (with diloted crude LAL and rPCE) had comparable activity to Reagent No. 1
{with undiluted crude LAL and no rPCE). However, the greatest increase in activity was
observed following the addition of both +FB and rPCE, as scen in Reagent Nos. 3 and 4, which
had substantially mcreased activity relative to Reagent No. 1. The increase in activity was

generally in proportion to the amount of rFB that was added.

TABLE 2

Reagent No. 1 2 3 4
LAL 100 % (20%) | 0% (10%) | 50% (10%) | 50% (10%)
¢PCE (U/mL) None 1320 1320 1320
FB (U/mL) None None 0.2 0.4
TABLE 3
Endotoxin Onset Time {Sec)
(EU/mL) i 3 3 4
NC 5090 | 5678 5220 5820
0.01 4650 | 4035 3233 2820
0.1 2543 | 2370 1903 1650
1 1403 1373 1103 083
10 785 784 630 584

{00153] Together, these results show that the addition of «FB and/or rPCE to a native
amchocvte lvsate {e.g., native LAL) can reduce the amount of native amebocyie lysate required
to detect endotoxin {e.g., in a KCA assay) while maintaining, or m certam instances even

increasing, sensitivity of the amebocyie lysate.
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Example 4

{00154] This example describes the preparation of lyophilized LAL reagents containing diluted
crude LAL and recombinant Liymudus polyphemus factor B (fFB) and pro-clotting enzyme
{(rPCE)}.

{00155] rFB and rPCE were prepared as descnbed in Example 1, and crude LAL was prepared
as described in Example 2. LAL reagents were generated contaming diluted crude LAL, vPCE,

and rFB as shown in TABLE 4, and were lvophilized.

{00156] LAL rcagent activity was assayed generally as desenibed 1n Example 2. Results are
shown in FIGURE 4 and TABLE 5. FIGURE 4 shows the onset time at each indicated
endotoxin concentration for the reagents, and TABLE 5 shows information on regression curves
that result from fitting the data shown in FIGURE 4. All formulations showed a dose-

dependent response to endotoxin,

TABLE 4
Reagent Final concentration
No. | Crude LAL (%) | TFB (UmbL) | (pCE (U/mL)
1 10 6.2 50
2 10 0.2 160
3 10 0.1 50
4 10 01 100
TABLE 38
ftem No. 1 No.2 | No.3 No. 4
Slope 0222 | 0223 0222 -0.221

Y-intercept | 2249 2101 2440 2257
r €009 | 100 | -0.998 | -0.969

{00157} These results indicate that hybnd amebocyte lysates (including, e. g, diluted crude
LAL, tFB, and/or rPCE} maintain activity following Ivophilization.

Example 8

{00158] This example describes the preparation of LAL reagents contaming diluted crude LAL,
recombinant Limulus polvphemus factor B (tFB), and recombinant Limulus polyphemus pro-

clotting enzyme (fPCE) and their use in kinetic turbidimetric (KTA) or gel-clot assays.
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{08159] (FB and fPCE were prepared as described in Example 1, and crude LAL was preparcd
as described 1n Example 2. LAL reagents were generated containing 0.5 U/mb rFB, 100 U/mbL
rPCE, and 19% crude LAL {which is about half amount of crude lysate in a typical KTA LAL
reagent). KTA and gel-clot assavs were performed according to the Bacterial Endotoxins Test as

escribed in the United States Pharmacopeia (USP).

{00160} Results for the KTA assay are shown in FIGURE SA and for the gel-clot assay are
shown in FIGURE 5B, The reagent exhibited a dose dependent response to RSE i the KTA

assay, and an endpoiat of 0.015 EU/mL in the gel-clot assay.

{06161] Together, these results show that the addition of recombinant proteins {e.g., 1FB and/or
rPCE) to a native amebooyte lysate {e.g., native LAL) can reduce the amount of npative
amcbocyte lysate required to detect endotoxin {e.g., in a K'TA or gel-clot assay) while

maintaining sensitivity of the amebocyte lysate.

Example 6

{00162} This example describes the preparation of LAL reagents comtaining further diluted
crude LAL, recombinant Linndus polyphemus factor B (iFB), and recombinant Linntdus
polyphemus pro-clotting enzyme (rPCE} and their use in kinetic turbidimetric (K'TA} or gel-clot

assays.

{00163] ¢FB and rPCE were prepared as described in Example 1, and crude LAL was prepased
as described 1n Example 2. LAL reagents were generated containing 0.5 U/mb 1FB, 100 U/mL
PCE, and 12% crude LAL (which 1s about 30% the amount of crude lysate in a typical KTA
LAL reagent). LAL reagent activity was assayed generally as described in Example 3.

{00164] Results for the KTA assay are shown 1n FIGURE 6A and for the gel-clot assay are
shown in FIGURE 6B. The LAL reagent exhibited a dose dependent response to RSE mn the
KTA assay, but did not achieve an endpoint 1n this gel-clot assay.

{00168] Together, these results show that the addition of recombinant proteins {e.g.. 1B and/or
PCE) to a native amebocyte tysate {e.g., native LAL) can reduce the amount of native
amebocyte lysate required to detect endotoxin {e.g., in a KTA} while mansaining sensitivity of
the amebocyie lysate.

Example 7

{00166} Natural environmental endotoxins (NEE), including endotoxins in water samples, are

different from purified endotoxin, such as RSE prepared from £. coli, and often show low
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reactivity to recombinant reagents including recombinant Factor C reagents and recombinant
LAL {(Dubczak er @d. (2021) Eur. J. Parv. 8C1. 159:105716). This example describes the
preparation of LAL reagents containing diluted crude LAL, recombinant Limulus polyphemus
factor B (rFB}), and recombinant Linndus polyphemus pro-clotiing enzvme (tPCE) and their use

in the detection of NEEs.

{00167} The following reagents were tested 1o this Example: (i} a fully recombinant LAL,
mcluding 20 U/mbL oFC, 0.3 UsnL tFB, and 350 U/nL vPCE ("rLAL™), (1) a hybnid LAL
including dilited {10%) crude LAL, 0.1 U/mL rFB, and 100 U/mL fPCE Chybnd™), () a first
commercially available recombinant factor C (PyroGene, Lonza, “tFC #17), (iv} a sccond
commercially available recombinant factor C (EndoZyme, BioMereux, “rFC #27}, (v} a first
commercially available native LAL reagent (Endochrome-K, Charles River), and (vi) a second
commercially available native LAL reagent (Kinetic QCL, Lonza). For rLAL and hybnid, rFc,
rFB and rPCE were prepared as described in Example 1, crude LAL was prepared as described
m Example 2, and activity was assayed gencrally as deseribed in Example 2. All commereially

available reagents were used according to manufacturer’s instnictions.

{00168} The comumercially available native LAL reagents (Endochrome-K and Kinetic QCL)
were used as a positive control. NEE in 114 water samples was detected using both
Endochrome-K and Kinetic QCL, and the average of these two values was set to 100%. rLAL,
hyvbud, tFC #1, and rFC #2 were also used detect NEE in the same 114 water samples, and the
results were compared to those obtained using Endochrome-K and Kinetic QCL. According to
the cniteria in the Bacterial Endotoxins Test (BET) in pharmacopoctas, each reagent was
considered to agree with the Endochrome-K and Kinetic QUL average if it differed by no more

than a factor of 2 (f.e., ranged from 50% to 2009%). The results are shown i TABLE 6.

TABLE 6
o fFC# 1 FC#2 rLAL Hybrid

Criteria - ' . .
Subtotal | Ratio | Subtotal | Ratio | Subtotal | Ratio | Subtotal | Ratio
<50% 93 516% 1 111 | 97.4% 44 38.6% 1 0.9%
50%-200% | 21 18.4% 3 2.6% 70 614% | 110 | 965%
>200% 0 0.0% 0 0.0% 0 0.0% 3 2.6%
Total 114 1 100% | 114 | 1060% 114 100% 114 160%

{00169] Ag shown in TABLE 6, the hybnd lvsate showed 96.3% agreement with the native

LAL reagents (Endochrome-K and Kinetic QCL) while rLAL, «FC #1, and vFC #2 showed high
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rates of fatlure. Notably, rFC #1 and 1FC #2 reagents failed on the lower side more than 80%,

suggesting a high rate of potential false negatives when using these reagents.
{00170} Together, these results mdicate that hybrid amebocyvie Tysate reagents (including, e.g.,
diluted crade LAL, vFB, and/or rPCE} are able to detect NEE at fevels comparable to native

LAL reagents. and are superior at detecting NEE relative to fully recombinant reagents.

Example 8

{00171} This example descnbes the addition of recombinant Tachypleus tridentatus factor B,
and/or pro-clotting enzyme to crade Tachyplens amebocvie lvsate (TAL), and the resulting

endotoxin detection activity.

{00172] Recombinant Tachypleus rridentarus factor B (rFB) and proclotting enzyme (fPCE)
were prepared using the same cloning, expression, and purification methods deseribed in
Example 1. The DNA sequence encoding Yachvpleus fridentatus factor B is depicted in SEQ ID
NG 13 {and the corresponding amino acid sequence is depicted in SEQ 1D NO: 158}, The DNA
sequence encoding Tachypleus midentfatus pro-clotting enzyme is depicted in SEQ D NG: 16

{and the corresponding amino acid sequence is depicted in SEQ TD NO: 18).

{08173] Commercially available TAL reagent (Zhanjiang A & € Biological Lid., China} was
reconstituted with LAL reagent water and diluted two-fold in a buffer containing 88 mM HEPES
buffer {pH 7.6}, 1.6% NaCl, 20 mM MgSQ4, and 1 mM Ac-The-Glo-Gly-Arg-pNA. This reagent
is referred to as “100% TAL”. A hybrid reagent, referred to as “50% TAL-Hybrid”, was
prepared by diluting 100% TAL two-fold and adding 0.1 U/mL +FB and 1060 U/ 7PCE. A
control reagent, referred to as “50% TAL” was also prepared by difuting 100% TAL two-fold

without the addition of any recombinant proteins.

j08174] 100% TAL, 50% TAL, and 50% TAL-Hyvbrid were tested in a KCA assay (generally as
described in Example 2}. Results are shown in FIGURE 7. As depicted, the sensitivity of 50%
TAL was lower than 100% TAL (with 50% TAL having 25% of the sensitivity of 100% TAL}.
However, 50% TAL-Hybnid showed similar sensttivity as 100% TAL (with 50% TAL-Hybnd
having 79% of the seusitivity of 1009 TAL).
{B0175] 100% TAL, 30% TAL, rLAL {as described i Example 7) and 50% TAL-Hybnid were
also used to detect NEE 1 one of the water samples from Example 7. Results are shown in
TABLE 7. Endotoxim values measured using 100% TAL were set to 100%. As depicted, 50%
TAL-Hybrid had comparable activity to 100% TAL, and greater activity than 50% TAL or
rLAL.
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TABLE 7
Reagent Relative Activity
100% TAL 100%
530% TAL 57%
rLAL 9%
50% TAL Hybnd 88%
{00176] Together, these results show that the addition of 1FB and/or rPCE to a native

amebocvie lvsate {e.g., native TAL) can reduce the amount of native ameboeyte lysate required
to detect endotoxin {e.g., in a KCA assay) while maintaining, or in certain mstances even

increasing, senstiivity of the amebocyte lysate.
Example @

{O0177] This example describes the addition of recombinant Limulus polyphenms factor B,
and/or pro-clotting enzyme to crude Tachypleus amebocyte lysate (TAL), and the resulting

endotoxin detection activity.

{08178] Recombinant Limuius polyphemus factor B (tFB} and proclotting enzyvme (fPCE} were
prepared as described in Example | Commercially available TAL reagent (Zhanjlang A & C
Biological Ltd., China) was reconstituted with LAL reagent water and diluted two-foldina
buffer containing 80 mM HEPES buffer (pH 7.6}, 1.6% Na(l, 20 mM MgS04, and | mM Ac-
He-Ghe-Gly-Arg-pNA. This reagent is referred to as “100% TAL”. A hvbrid reagent, referred
to as “30% TAL-rLP Hybrid”, was prepared by diluting 100% TAL two-fold and adding 0.1
UL, Limandlus polypheraus vFB and 100 UL Limulus polyphemus v/PCE. A control reagent,
referred to as “50% TAL” was also prepared by diluting 100% TAL two-fold without the
addition of any recombinant proteins.

{8179] 100% TAL, 50% TAL, and 50% TAL-rLP Hybrid were tested in a KCA assay
{gencrally as descnbed in Example 2). Results are shown i FIGURE 2. As depicted, the
sensitivity of 50% TAL was lower than 100% TAL (with 50% TAL having 38% of the
sensitivity of 100% TAL). However, 50% TAL~rLP Hybrid showed greater sensitivity than

100% TAL (with 50% TAL-rLP Hybrid having 113% of the sensitivity of 100% TAL}.

{00180] 100% TAL, 50% TAL, rLAL (as described in Example 7} and 50% TAL~rLP were also
used to detect NEE in one of the water samples from Example 7. Results are shown in TABLE
8. Endotoxin valoes measured using 100% TAL were set to 100%. As depicted, 30% TAL-1LP
had improved activity relative to 50% TAL or rtLAL.
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TABLE 8
Reagent Relative Activity
100% TAL 100%
0% TAL 68%
rLAL 9%
50% TAL~LP Hybnd 77%
{00181} Together, these results show that the addition of tFB and/or 1PCE {e.g., Limulus tFB

and/or rPCE) to a native amebocvie lysate (e.g., native TAL) can reduce the amount of native
amebocyvie lysate required to detect endotoxin {e.g., 1n a KCA assay) while maintaining, or in

certain instances even increasing, sensitivity of the amebocyte lysate.

Example 18
{00182] This example describes the addition of recombinant Tachyplens tridentatus factor B,
and/or pro-clotting enzyme to crude Limualus amebocyte tysate (LAL}, and the resulting

endotoxin detection activity.

{08183] Recombinant Tachypleus trideniatus factor B (¢FB} and proclotting enzyme (fPCE}
were prepared as described in Example 8. Crude LAL was prepared as described in Example 2.
This reagent s referred to as “100% LAL”. A hybrid reagent, reforred to as “50% LAL-T
Hybnd”, was prepared by dilating 100% LAL two-fold and adding 0.1 U/mL Tachyplens
fridentatus «FB and 100 U/mL Tachypleus tridentarus yPCE. A control reagent, referred to as
“50% LAL” was also prepared by diluting 100% LAL two-fold withowt the addition of any

recombinant proteins.

{00184] 100% LAL, 30% LAL, and 50% LAL-¢T Hybrd were tested in a KCA assay
{generally as described 1 Example 2}, Results are shown mn FIGURE 18, As depicted, the
sensttivity of 50% LAL was lower than 100% LAL (with 50% LAL having 77% of the
sensitivity of 100% LAL). However, 30% LAL-r'T Hybrid showed greater sensitivity than 100%
LAL {with 50% LAL-T Hybrid baving 129% of the sensitivity of 100% LAL).

{06185] 100% LAL, 50% LAL, rLAL (as described in Example 7) and 509 LAL-rT Hybrid
were alse used to detect NEE in one of the water samples from Example 7. Results are shown in
TABLE 9. Endotoxin values measured using 100% LAL were setto 100%. As depicted, 50%
LAL~T Hybrid had comparable activity to 100% LAL, and greater activity than 50% LAL or
rLAL.
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TABLE 9
Reagent Relative Activity
100% LAL 100%
50% LAL 66%
rLAL 9%
50% LAL-rTAL Hybnd 91%
{00186] Together, these results show that the addition of tFB and/or rPCE {(e.g., Tachypleus

fridentatus (FB and/or tPCE) to a native amebocyte lysate {e.g., native LAL) can reduce the
amount of native amebocyie lysate required to detect endotoxin {e.g., in a KCA assay) while

maintaining, or m certamn instances even ncreasing, sensittvity of the amebocyte lysate.
INCORPORATION BY REFERENCE
{00187F The entire disclosure of each of the patent and scientific documents referred to herein s
incorporated by reference for all purposes.
EQUIVALENTS

{00188} The nvention may be embodicd 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 deseribed 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 enmbraced therein,
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SEQUENCE LISTING
[00189] SEQIDNO: 1

ATGETGCTTGCCTCCTTTCTCETETCOGETCTTGTGCTCGECCTCITOGCCCARMAAGATECGAC
3 CCETECAGTCCAGAGGAGTGGACTTGGGCCTCTGUGACGATACCCGET TCGAGTGTARATGCGE
CEACCOGGETTACGTETTCAATGIGCOTGCGAAGCAGTETACC STTTTACCGOTGEHCECOCT
[GCAAGCCATGCGACAAGUTTCAGGCTARAAGATGIGTGCCCCAAG TACAAGAGETGCTAAG
Af\""‘ CCGCECCGGECCTGEATTCATGCETGAGTTGCCCCCCAAACAAATACGGCACTIGETGITC
CGGEGEA ’L‘CL(‘AL-}‘I‘ GCAAGAACGGCGGAATCTGCGACCAGAGGAL :&:rG.:\,C’l"}CAC’I‘TCC. CGJ
10 GACCGUTACGAGGGGETGCATTGCGAGATCCTGLAGGETTGCCC SCTGCAGTCCGACCOC
ARG 'GCAGCZ\GG’l‘f“f—\Auﬁ‘ ACCCCCCOAACGACCCGCAGACCATCGACTACTCCTGTTCACT lG('
GTTCAAGCTGAAGGGCETGGECACGGATTACGTGICTCCCCAALGE C‘I‘GC"‘(‘A’I""C“""Cf"’IC
CCTAAGTGCATTCGGGACTGCAGCATGGTGTCCGAGCTTGGAACACGGAAAGETCAACTCCCCGA
GCGCCGACCTCATTGAGGEGECGACCCTTCCETTCTCETECGACTCCCCCTATTACCTGATCGG
TCAGGAAACCCTGACCGTGCCAGGGCAACGGCCAATGGTCGGGECACGAT CCCGCAGTGTCAGAAG
f"""C"‘T("' r"'""’"TC CGATTTGGACCCAGTGTICCCATGCCGAACACCAGGTCAAGATCGGACTGG
AACAGAAA GGACAGTTCCCCCAAGGCA TGnAG"'CACTTA ACTTGCACCGGAAACTACTT
cC ’“"AT&:G CCTG ACACCCTCAAGTGCAATCCCGACGEA C"‘CC‘«T ‘GGGCACTCAGCCGETCC
TCCETGAAAGTCGCAGA CAGAGAAGTGAACTCTwATAGC’ SCTGETGGACTTCCTGGACGACG
20 TGEEGCGAACCGETCCGCA CCAC'T'GCCCGCCC JLr”CCA\,CC‘TCPCLG”"’G’“WA\VT”"‘ TGGGG
TACCGCCATCTATCATCAACTTTCETCCGTCTCCCGGECCECCATTCACGCCGGAAAGGTCCCG
AATAGCGGCECTGCAGTGCAC "'“CuTGAACFmLGGACCCTAC‘TCCGATTT CCTCGCCT GCACT
r‘“’“-nAT -GLA T AAGTCCCGACGAGCTCAAGTCCCTLGGCCCAGTCCTTCOGGTTCGACTACE
VICCAGCACGGUCGGACGGAAGTCGEGUTGICTTGATGGUTH ””""C(“A}) ATCGAAGAGA L‘{["]"Gﬁ.‘
C" "CTACGT ~A( CTCAAAGCAGAGAGCOTGEGEGAATGC :r(;C‘_"CAC% SEAGTCTGCACTAACATGEGITG
C‘(“”G'ir PIGGCCETGUICCACAAGEATGTGATCCCEGTYCOUTUGCTCACTGAAACCUTGCGEGEAMA
FGACTGGUTACCACTTGCATCHGCACTGCACAGGUTCCGATGCGHGACAACCACTTCATCTGGEAA
C"“C SATGGACCGOTCOTCCETGHECOCTGAACGACAGCCTCGACCTTCTGGGLCICTGGAGAGUCAG
GARACGABACCAACTGCETGTACCTGGACATCCAGGACCAACTGCAGCCTGTIUTGGAAAACCAA
30 GTCGTGUTTTCAACCCTCOTCTTTCETGTGCATGATGGACCTGAGCGATAAGAACAAGGCUAAG
TGCAAGGATCLCGLECUCECTCGAGAALGETCACGCGAAGCTGCACGEGGLAGTCCATCGACGECT
TCTATGCCGETTCCRCCETGCGCTACTCGTETGAAGTETTGCACTACCTETCCGGETACCGAAAL
CETGTCCTETACCTCCAACGEGACTTGGETCEECCCCEAAGTUCACGUTGTATTAAGGTCATCACC
TETCAGACTCCGLCTETCCCGTCCTACGGETCCGTGGATATCAAG CC""\,Gn SCCGGACTARCT
CGATTAGCCGCETGGGCTCACCCTTTCTGCEGCTCCCAAGGTTGCCECTTCCGCTGGECCEEEL
GGC "~GCCCHCCT¢ CCGAAGCCTAGATCCGCGCCTCCGTCCACCGTGGAT TTGT CAGCARAGTC
AAGCTCCCTGAGGGACATTACA AGT GGGATCCCAGGCCATCTACACTTGCGAATCACGCTATT
ACGAGCTGCTCG GZ&MCC‘CA'—;GGC ACGCTGTCACAGCAACGGAAAGTGETCGGECAGACCEGL
CAGCTGTATTCCCGTGETGCGGEGE! -u]—\ CGAC“CgCCTCwCT”‘f‘ CCTTCATCETGARCGGAAAC
40 TCAACCGARATCGGCCACGTGGCCETGGCAGECCGGARTCTCTCGETGGLTGECTGATCATAACA
TCETGETTCCTGCAATGCGEGEGEGECCC ””""“:&A\, SAGAAGTGCGATAATCACAGCCGCTCACTG
CCT”‘Ah ATACTCGGCAACCGCCGAAATCATCCGATCCOCTCCCAATT CAAGTTCTACCTGGCAAAG
ACTACCGGCATGACTCTAAGCACCGACGATTATGTGCAAGTCCGECGAAGCCATTGAGATCCACG
: (;MCCCTZS.ALT“("GAL LCG(“GAAATCTGAACTT\VGACATTGL.(;C'T’GATCf”A(;CTF’A?AAZﬁCCTC
GTGECGCTGACCACTCGUGTCCAGCCGATITGCCTCOCTCACTGACTTGACCACACGGEAGAAL
CTGAAGE A?\GGG(‘C‘CC’“'"”Gi“!‘;G"’(W TGACCGEATGGGCACTCAACGAGAACAACACCTAITCCG
AGATGATCCAGCAGGCCGTGUTCCCTETGETGECEHGCCAGCACCTETGAACAGEGITACCAGGA
CTCCGGECCTCCCACTCGATTGTGACTGAGAACATGTTCTEIGCCGGETACAAGCAGGGHCECTAC
GACGCGTEITCCGGCGACAGTGGIGEGUCACTEETEITCEGCUGATGACTCGAGEACCGACTGGEL
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GTGCTCCGAGGGTATTGTGTCCTGGGCATCCCCCAACGGATGCGGGAAGTCCAACCAATA
CGCGGATTCACCAAGETCAACGTETTCTTCTCCTGGATTCGCCACTTCATCTGA

[08190] SEQID NO:2

i0

[
L

{B0191]  SEQID NG: 3 (Residues 1-25 shown in bold represent the signal sequence)

MVLASFLVSGLVLGLLAQKMRPVQSRGVDLELCDDTRFECKCGDPGYVENVEPAKOCTYFYRWRE
YCKPCDELEAKDVCPRKYKRCQECRAGLDECVSCPPNKYGTWCSGECQCENGGICDORTCACTCR
25 DRYEGVHCEILQGCPLLOSDPOVOEVENPPNDEPQTIDYSCSPGFKLKGVARITCLPNGOQWSSER
PRKCIRECSMVSSLEHGKVNSPSADLIEGATLRFECDSPYYLIGQRETLTCQGNGOWSGQIFPOCOK
LVEFCPDLDPVSHAEEQVEIGLEQKYGOFPQCTEVTY TCTGNYFLMGLDTLRKCNPDGSWSGTORS
CVEVADREVNCDESKAVDFLDDVGEPVRIHCPAGCSLTAGTVWGTAIYHELSSVCRAATHAGKVP
NSGCGAVHVVNNGPYSDFLASDLNGLKSDELKSLAQSFREDYVSSSTAGRKSGCPDGWFRE T RENC
30 VYVTSKQRAWERAQGVCTNMAARLAVLIDKDVIPSSLTETLRGKGLATTWI GLHRLDADNHE IWE
LMDRESVALNDSLITFWAPGE PGNETNCVY LD IQDOLOPVHK TKSCFOPSSFVCMMDLSDENKAK
CKDPGRPLENGHAKLHGQS IDGFYAGSSVRY SCEVLEYLSGTEIVSCTSNGTWSAPKPRCIKVIT
CQTPPVRPSYGSVDIKPESRINS ISRVGSPFLRLPRLPLPLARAAGPPPKPRSAFPSTVDLESKY
RLPEGHYRVGSQAIYTCESRYYELLGSQGRRCDSNGKWSGRPASCIPVCGREDSPREPEFIVNGN
STEIGQWPWOAGTISRWLADHNMWELOCGGALLNEKW I T TAAHCVIYSATAERL IDPSQFKFYLGK
YYRDDSKDDDYVOVREATEIRVNPNYDPGNLNFDIALIQLKTSVALTTRVOPICLPTDLTTREN
LKEGALAVVIGWGLNENNTY SEMIQOAVLPVVAASTCEQGYQUSGLELTVIENMEFCAGYROGRY
DACSGDSGGEPLVFADDSRIDRRWVLEGIVSWES PNGCGKENQYGEGFTKVNVFLEWIRQF T

(53]
L

40 [080192] SEQIDNO: 4

ATGCUCTGGATCTGIGTCATTACCCTTTTCGCTCTCGICTCETCTACTCTGTCCAACAAAGTGY
CGAGGGTCEGAATCATCTTCCCCAAGACTCAGAACGACAACALAGCAGTGCACGGUTAAGEGTGGE
ACTCAAGGGCAGCTGCAAATCCCTCACTGACTGCCCCECOGTGCTGECGACCCTTAAGEATAGC
TTCCCTGEICETETE TGGCCGETTCCARCCGATTGTETGUTGTCLGGACGCIGICG
43 CCCCTTCCETGACRACTACCGETRGACCACTATCETGCCGACCAAGEAAATTAAGATCCCTAGACT
GCATATCCCGGEEUTIGCGEGAARCGGAMAGTCAALGTGGACATCACCACCATCGGACGHTCCESET
AGCCCGATCUTGCCGCCCATTAGCACGTCACAGGACCTGAAGGGEGGECLGCEEAATCATTGCCG
GUGGEAGTGERAAGUGAAGATTGGEGGUCTGGCCUTGGATCGCCGCAGTETTCETGAAGRACTTTGG
CATTGGAAGATTCCACTGUGLUGGEATCCATCATTTCETCCAAGTACATTCTGTCCGCCGECICAL
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GCCTTCCTGATCGGCGECCGCAAGCTGACCCCCACCC CTT&:G CEGTGCGCETGEGGCGGACALT
ACGTCAAGATGGGCCAAGAGTACCACGTGGAAGATGTCATCATCCACCCTGACTACGTGGAAC

GCAGAA'“‘”‘ACAACGLLATCGCT TCATCGTGCTGARGE AG‘:G&GCTG CTTCACCGACCTCETG
CECCCAATCTGCOTGCCEGCATCCAGAGGCCETCGACCGATTCACTCAAGGGTCEGAGAGTGACCG
TCECCGETTEGEOGCACCTCCGACTTCGCGEECCCCCGETCCCAAGTGCTGCEGCGAGETETCCAT
ACCAGTGGTGCCTATTGECCGATTCCAACALAGCGCATATCAGAAGCTCAACACCTTGGCTCTGAAG
AACGGAATTACCAAGAAGTTCATCTGCGCCGGECTGCAAGAAGGEGEAALGEACGCGTECCAGE

SOGATTCGEGTGGACCCUTGATGCTCETCAACAACTCATCETGEATCETGACTGGAGTGETGTC
CTTCEGACATAAGTGCECUGAAGAAGGGTTTCCGEHGAGTTTACACCAGGETGETGTCCTACCTG

?\ "'. GGATCGUAAAGETCACCAATTCCTIGCATCAGACCGTCACTAACTAA

p

{06193] SEQID NGS5

{00194] SEQ ID NO: 6 (Residues 1-25 shown in bold represent the signal sequence)

[00195]  SEQIDNO: 7

ATGEGEAATCTTGCCOTCGCCOGGAATGCCTGCCCTGCTTAGCCTCETGTCACTCCTETCCETCC

TEOTCOA &TG I 17

SCTGCETGECOTCCTCACTEGEACGCCAGUGGAGACAGTTCHTE ‘f\, CCGGEATGA
CCGAAGAGTCUTGTAGCAAICGETTTACCAALGACGE C‘f\"'f"’l‘GC AAGGACGTGCTGAACTGICGC
GATCTGCTGCAGAAGAATGACTACAACCTCTTCGAAGGRAATCCATCTELGGCTTC AAGCCATCA

CCCCTAAAGTCTGCTGTCCAAAGCAATCCATTCTGAACCCCATCACCGAAGCCCCGCCTAAGAC

CACCACTACTGAGAGGCCTCCGATCCGGATCCCCTCCAACCTCCCGAAGCAGTECGGARATCGG

AACATCACTACCACTAGGATCATCEGCGGACAGGAAGCCAL TLf'CCC’nf’LF"“GGC GTGGATGG

CAGCCE TGTACAT“J—;CCA GGGEGEATTCCETCCGTGCAG CETGGCGCCCTTGTCACCAA

Ci *\::AC“" TCACCGCCTCACACTGCGTCETGAATTCCC T’GG\-« ACCGATGTGATGAGGGECT

TF’TWC'—'CU”‘.L(;C’*"‘ TGGCAGAACATAACCTGTACAGCACTAACGACTCETCAGACCCAA

TCuACTTL‘GCCGT GACGAGC TGm&(’CA’CPAT’GZ—&. ACTTCGTGCTCGCCACCTACCTCAACGA

CATCGCGAT CCTf"AﬂuCT\;%f’CPCALTGanC TCACACACAACATTAAGCCGATTTGCCTC

CCTTACGAGTCCCTGCGCTATGAG wCACCTCuCTATGFQC" ACCCCTTCGTGECCEGATGEGECA

CTACCGUGTTCAACGGACCGAGCAGUGUTGTCCTGAGAGAAGTGLAACTCCCAATCTGEEETCA

CEAGCOGTGCUGTCAAGUGTACGAGAAAGACTTGAACATCACCAACGTGTATATGTG ‘”“"GGG(“

TACGCCGACGETGGAAAGGACGCATGCCAGEGUGATTUTGGUGGUCCCATGATGCTGCITGAL

AGTCCEGGAACTTCTACCTGETCGEAATCETETCE T TCEGAAAGAAATGCGCICT G(‘C‘("{""("“l“’”

A \J\" =
[ACACCAAGGTCACCGAATTTTTGGATTGEATTGLCETGAACATGGTCTAA

POCCEOATT
B DLV (b
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[08196] SEQIDNO: S

[00197] SEQIDNO: 9

{00198] SEQIDNO: 16

ATGAAGTTCCTCGTCAACGTCGCCCTCGTGCTTTATGGTCCTGTATATTAGCTACATCTATGCTC
GTGGCGTCCGATCTGEGECCTGTGCCGATGAG ACCLGCTTC\JAATGWAAKJTGFG sCGACCCCGGECTA
TEIGTTCAACGTCCCCATGAAGCAGTGCACCTAL GGECGCCCCTACTGTAAGCCT
TCUGATGACTTG ’“A WGOUTAAAGATATTTGCOCTAAGTA "”»\/»X C‘(:r'.?’I‘(?Cif‘z"sACéAA’l‘ G'.I.’A!\CC}‘C'I‘C'%
GUCTGGATTCCTGCGTCACOTGETCE ‘iTC’I""sA"’F AGTATGGCACTTGEETC COGGTGAATGUCA
3’1‘( CAAAAACGGCGGCATCTGCGA STACTGGCECTTGCACCTGCCETCGATCGCTATGAG
CGCOCACTETGAAATTCTH :AfsAi“Gi“] GRCOTCTGUIGCCTTICCEGATAGCCAAGTGCAGGAGG
"‘C ’36’ ACCCCCCTGACAACCOTCAGACCATCGAT GCTGCTCCCCCGECTTCARGCTGAA
GEGUGTGGUCCGTATTAGCTGTCTGCOCAACGG TCAGTGGA 1'3:(“”(‘ CTTTCCCCCCARAGTECATC
CETCGAATGTGCCAAGGTCTCOCTCCCUCGAACACGECAAGGT CAACGITCCCTCUGGCAACATGA
‘I‘CGE’\_AG(JCGC"L"ﬁ“‘C"‘"‘("f CTGCGACTCCCCTTACTA L,("”‘(‘AT GGCCAGGAGAC
ACTTGTCAGGGCAATGGUCAGTGCAGCGETCAAATCUCTCAGTGCAAGAAGCTGGTGETTCTGY
C‘U’l’C ACCTCCATCCCETGAACCACGCTGA (::Cl\ SCAAGTGAAGATCECUGTGEAACAAAAGTACG
GTCAGTTCCCTCAGGECACTGAGET CACTTACACTTGUTCCGGECAACTACT PCOTGATGEECTY
CAACACCCTGAAATGTAACCCCGA CGF'TLLCTGF'Tf' CCGETTCCCAGCCCTCCTGUGTGAAAGTC
GCTGACCGTGAAGt caalCTGTGACAGCAARGCCETGCACTTCCTGCACGACETGGGLEGAGCCTG
TGCETATTICACTGTCCCGCTEGCTCTAGCCTCGACTGCCEETACCETETGGEETACTGCTATCTA
CCACGAGCTCTCCAGCETETGCCGCGITGCTATCCACGCTGGCAAGCTGCCTAACAGCGGECGEGT
GCTGTCCACCGTEGTGAACAACGGETCCCTACTCCGACTTCCTCGETAGCGACCTGAACGETATCA
ARAGCGAGCAACTGAAGT CCCTGECCCGTAGCTTTCGCTTCGACTACGTGTCCTCCTCCACCGL
TGECCGTAGCGECTGTCCTGATGECTGETTTCAGGTGEAAGAGAAT TGTGTCT CGTC@CLTL C
ALGCAGCGTCCTTGGCACGCETGCTCAGGGTETCTGTACCAATATGECCGOCCETCTGGCTS
TCCGATAAGGATCTCATCCCTTCCTCCCTCACCGAGA ””CTFCGC”GTAA G CLTGACC‘—;LTAF'
”'—'GCAT\,G’""“LTC‘ CACCGCCTGGACGCTCAGAAGCCTTTCEGTCTGECAGCTCATGGACCECAGT
AACGTGGETGUTGAACGACAACCTGACCTTCIGEGCCAGCEGUGAGCUTGGCAATGAAACCAALT
GCGTCTACCTGGACATCUGTGATCAGUTCCAGCICGTCTCEGAAGACCAAGAGUTGCTTCIAGCC
CTCCAGCTTUGUTTGCATGATGCGATCTCTCIGA CC‘G(‘!\A(JM“1Gl'f“’\Ml”(z PGATGATCCOGGEC
COCCTGGA \Z\(,E"—‘rb(?l'.f,‘a'[’i}if‘ CACTOTGCATGECTAGAGTATCGACGE T T CTACGCTGGTTOCT
CCATCCGUTACTCCIGUGAAGTGUTCCACTACOT (" "C T’C(?C ACCGAGACCGETGACCTGTACTALC
CAACGGETACTTGGAGCGE _“(T‘C’I‘AAAC?C’.‘SC'Z’” sT f’\m( GGTGATTACCTIGETCAGAACCOTCCT

C )
GTCCCCAGCTACGGCTCCETGGAAATCAAGCCUCOCAL C‘f"G‘I ACTAATAGCATCAGCCETGTCG
46
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GTTCCCCTTTCCTGCETCTGCCTCETCTGCCCCTGCOTCTCGCTCECGCTGCTAAGCITCCCCC
TAAGCCCCGETTCCAGCCAGCCTAGCACTGTGCATCTCGCTAGCAAAGTGARACTCCCCGAGSG
CACTATCGTGTGGGCTCCCGCGCCATTTACACCTGCCAGAGCCGCTACTACCAGCTCOTGGEE
GCCAGGGTCETCETTECCGACAGCAACGGTAACTGGAGCEETCGCCCTGCCAGCTGCATTCCCGT
GTGCGGTCGCAGCGACTCCCCTCGCAGCCCTTTCATCTGCGAACGECAACAGCACCGAGATCGGET
CAGTGGCCCTGGCAAGCTCGCATTAGCCGUTGGCTCGCTCATCACAACATGTEETTCCTCCAAT
GTGGCGGCAGCCTGCTCGAACGAGAAGTGGATCETGACTGCCEGCTCACTGCGTGACCTACAGCGT
CACCGUTGAGATCATCGACCCCTCICAAT TTAL GGCAAGTACTACCGCGACGAT
AGCCGCGACGACGATTATETGCAAGTCOGCEAAGTTCTCEGAAATTCACGTGAATCOTAACTACG
ATCCCEETAACCTGAACTTCGACATTGCCOUTGATCCAGCTGARGACCCCTGTGACCCTCACTAC
TCECETCCAGCCTATCTGCCTCCICACCHGACATTACCACTCGCGAACATCTCGAAAGAAGGTALC
CTGGECOGTIGTGACCEGUTGGEHCUTTAACCGAAAACAACACTTACAGUGAGATGATCCAGCAGG
CTETGCTGCITETCGTGEUTGCTAGCACCTGETGAGGAAGECTACAAAGAGGUCEGATCTCCCCOT
GACCGTCACCGAGAACATGETTTTGCGUTGET TACAAARAGGGCCGCTACGACGCOTGCAGCESET
GATAGCGETGGCCOTCTCETETTCCUCGATCGATTCCCETACCGAACGTOGCTGEETGCTCGAGE
GCATTGTGTCCTGGGETAGCCCTTCCGGCTETCECAAGGCTAACCAATACGGUGGECTTCACCAA

GCTGAACGTGETTCORGTCOTGGATTCGTCAGTTCATCTAATGA

¢
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[00199] SEQ ID NO: 11

RGVDLGLCDETRFECKCEDPGYVENVRPMKQCTY FYRWREYCKPCDDLEARD ICPRKYKRCOECKA
GLRDSCVTCPENKYGTWCSGECQCKNGG ICDORTGACTURDRYEGARCE ILKGCRPLLPSDSQVOER
VRNEPPDNPQTIDYSCSPGFKLKGVARISCLPNGOWSSFPPKCIRECAKVESPEHGKVNARPSGNM
TEGATLRESCDSPYYLIGOETL TCQGNGUWSGQ I POCKRLVECPRLDPVNHARHQ VK IGVEQKY
GOEFPQGTEVIVYTCSGNY FLMGENTLKONPDGSWSGSQPSCVKVADREVDCDSKAVDELDDV
VREIRCPAGCSLTAGTVWGTATY SSVCRAATHAGRKLPNSGGAVHVVNNGPYSDFLGSDLNGE
KSEELKSLARSFRFDYVSSSTAGRSGUPDGWFEVEENCVYVTSKQRAWERAQGVIUTNMAARLAV
LDKBLIPSSLTETLRGKGLTTTWIGLHRLDAEKPFVWELMDRSNVVINDNLTFWASGEPGNETN
CYYLDIRDOLOPVRKTRKSCFQPSSFACMMDLSDRNKARCDDPGPLENGHATLHGOS IDGFYAGS

SIRYSCEVLHYLSGTETVTCTTNGTWSAPKPRCIKVITCONPPVPESYGSVEIKPPSRTNSISRY
GSPFLRLPRLPLPLARAAKPPPKPRESQPSTVDLASKVELPEGHYRVGERAIYTCESRYYELLG
SQCGRRCDSNGNWEGRPASCIPVCGRSDSPRSPEFIWNGNSTEIGOWPWQAGISRWLADHNMWELQ
CGGSLLNEXWIVTAAHCVTYSATAETIDPSQFKIYLGKYYRDDSROPDYVOVREALETHVNPNY

DPGNLNFDIALIQLKTPVTLTTRVOPICLPTDITTREHLKEGTLAVVTGWGLNENNTYSEMIOQ
AVLPVVAASTCEEGYKEADLPLTVTENMPCAGYKKGRYDACSGDSGEGPLVFADRSRTERRWVLE
GIVEWGSPSGCCKANQYGGEFTRKVNVELSWIRQFL

{06200] SEQID NG 12 (Residues 1-21 in bold represent the signal sequence)

MEFPFLVNVALVEFMVVYISYIYARGVDLGLCDETRYECKCGDPGYVENVEMKOCTYFYRWRPYCKP
CDDLEAKDICPRKYKRCOECKAGLDSCVTCPPNKYGTWCSGECQCKNGE ICDORTGACTCRDRYE
GAHCEILKGCPLLPSDSOVOEVENPPDNPQTIDYSCSPGFKLKGVARISCLPNGQWSSEFPPKCT
RECAKVSSPEHGKVNAPSGNMIECATLRFSCDSPYYLIGOETLTCQONGQWSCOIPQCKKLVEC
POLDPVNHAEHQVK IGVEQKYGQOFPOGTEVIYTCSGNYFLMGENTLKCNPDGSWSGSQRPSCVKY
ADREVDCDSKAVDEFLDDVGEPVRIHCPAGCSLTAGTVWGETAIYHELSSVCRAATHAGKLPNSGG
AVHVVNNGPYSDFLGSDLNGIKSEELKSLARSFREFDYVSSSTAGRSGUPDGWEFEVEENCVY VTS
KORAWERAQGVCTNMAARLAVLDEDLIPSSLTETLRGKGLTTTWIGLHRLDAEKRPFVWELMDRS
NVVLNDNLTFWASGEPGNETNCVYLDIRDQLOPVWKTKSCFQOPSSFACMMDLSDRNKAKCDDRG
PLENGHATLHGOSIDGFYAGSS IRYSCEVLHYLEGTETVICTINGTWSAPKPRCIKVITCONRPP
VPSYGSVEIKPPSRINSISRVGSPFLRLPRLPLPLARAAKPPPKFRESQPSTVDLASKVELPEG
HYRVGERAIYTCESRYYELLGSQGRRCDSNGNWSGRPASCIPVCGERSDSPRSPFIWNGNSTEIG
OWPWQAGISRWLADHNMWFLOCGGES LLNEKW IVTAAHCVTYSATARTIIDPSQFKIYLGKYYRDD
47
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SRDDRPYVOVREALEIHVNENYDPCGNLNFDIALIQLKTPVTLTTRVOPICLPTDITTREHLKEGT
LAVVTGWGLNENNTYSEMIQCAVLEVVAASTCEEGYKEADLPLTVTENMEF CAGYKKGRYDACSG
DSGGPLVFADDESRTERRWVLEGIVSWGEPSCGCCGKANQYGEF TKVNVFLEWIROQFT

[00261]  SEQIDNO: 13

TGGACATGCECGTGCCTGCCCAACTGUTCGECCTECTGCTGCTGTEETTCCCGEGTAGCCGT
GTETGCGGEGEETCCTGITCCCCAAGACCCGGAACCGACAACGARATGCACTGCCAGGEGTGGATTGAL
uqu”’m”CAAuAGCCT SATCGACTGCCCETCGETGCTTGCCACCCTGARGGA TLCTTTCL_
GTCGTGTGCTCCTGCAACGGCAGATTCCAGCCAATTGTGTGCTGTCCGGATGCAATTGCCCCCC
dACLTUTGﬁCCACCACCuCCGT SACCGTCGATCTCTACCAAGGAACCCAAGCTGCCTCGECTCCA
CATCAGCGCTTETGGCAAGCGGAAGGTCAAGATTGACATTACCACTETGGGACGCTCAGGATCA
CCGATTCTCCLC CGATCTCCACCCCGCAAAACTCCACTGETGGCAGGLGCATCATTGCCGETG

GAGTGGAAGCG. UAJ_CGCAGNCTGCCC”TCGATUUL GCGETETTTCTGAAAAACTTCEGAAT
CEGGCEGTTCCACTGCGCTGGTTCCGATCATCTCCAACAAGCTACATCCTGTCCECCGCACATELT
TTCCTGATCECAGGCCL ~\:Z\1\C‘”’”C sACCCCCACGAGACTGECUGTCAGAGTCECAGGHCATTACA

TUAAGCGCGGACAGGAATAC COCGTGAAGEATGTEATAATCCACCUCTACTACGTGCGAMAGEA
GAACTACAATGACATCECOATTATCEAGCTEAAGCAGEAGCTEAACTT TACCCATCT TETGAAL
CCCATCTGCCTCCCTGACCCCGAGACAGTGACCGACCCACTCARAGACCGCATCGTGACTGUAG
CTGGATGECECEATCTGEACT T CAGUGGACTGAGAAGI CAGET CUTGCREGAGHTGTCAATCOC
YETGCTECUAGTCGACAAATGCEATCAGGCC TACGAGAAGCT (‘M ACTCCCTCOOTCARBALS
GGGATCACTARCAACTTCCTGTGCGCGGEACTTGAAGAAGGCGGARAGGACGCCTGT CAGGELE
ATTCCGECEEACOTOTEATEOTCETEAAC AR TAC TCGETEEATTETCATC BEUATGETATCOTT
COGACATARGTECGCCEAGEAAGECTACCOTEGCETCTATTCCCECETGRCUTCCTACTUTGEAC
TGEEATTGCCAAGGTCACCAACTCECTCGACCATGCCHTEACTAACTGA

[00202] SEQIDNO: i4

VEVLEFPKTENDNECTARGGLKGSURSLIDCESVLATL YA)%““JV\/””‘WN( REQPIVCCPDATARE
PVITTAVIVISTKERPKLPRLHISGUCGKRRKVKIDITIVGRSGSPILFPISTPONSTGGRGILAGG
\7 EARTGAWPWMAAVEVKNFGIGRFHCAGS ITSNEKYILS ,\AH AFLIGERKLITFTIRLAVRVGGHY X

KRGOEYPVKDVIITHPHYVEKENYNDIAT IELKEELNEFTDLVNPICLPDPETVIDPLKIRIVTAA

GWEDLDESGPRSQVLREVSIPVVRPVDKCDOAYEKENTPSLEKNGITNNFLCAGLE b,GaI\.JAF QGD

SGGPLMLVNNTRWIVVGVVSFGHRUAREGY PGVYSRVASYLDW TAKVTNS LDHAVT)H

{00203]  SEQ ID NO: 15 (Residues 1-22 represent the signal sequence)

MDMEVPAQLLGLLLLWFPGSRCVEVLFPKTRNDNECTARGGLKGSCKSLIDCPSVLATLEDSER
VVCSWNGRFQPIVCCEDAIAPPRPVTTTAVIVISTEEPKLPRLEISGCGERKVKIDITTVGEREGS
PILPRPISTPONSTGERGITAGHEVEAKIGAWPWMAAVEVENFGIGRFHCAGSTISNKY ILSAAHA
FLIGGRELTPTRLAVRVGGHY IKRGOEYPVEDVITHPHYVEKENYNDIAI TELKEELNEFTDLVN
PICLPORPETVIDPLKDRIVTAAGWGDLDES SQVLREVS IPVVPVDKCDOAYEKLNTPSLKN
GITNNFLCAGLEEGGKDACQGDSGEPLMLVNNTRWIVVEGVVSFGHKCAREGY FGVYSRVASYLD
WIAKVINSLDHAVEN

[00204] SEQIDNO: 16

B TET TCCCTGCTCTECTTCCCTCTCCTGATGTCCGTCETGCECTECT
FCTCGAGACAGCGGCGCCAGTTT uuTT (CCTCATGAAGAGGAACTGETGTTCCAACCG
Gh CACCGAAGAGGGAACTTGCAAGAACGET GGACTGCCGCATCCTGCTTCAAAAGAACGAC
TACAACCTTCTCAAGGAGTCA f"s’I‘(" [GC 1&'%’1"..,”” "GAI: SECATTACCCCAAAAGTUTGCTECICGA

AGFTCCTCGIACGTGATCTCAAGCACCTAGGCACCCCUTGAAACTACCACTACTGAGCGGLCCCC

48




(3

16

WO 2022/174082 PCT/US2022/016185

GAAGCAARTTCCCCCGAACTTGCCGGAAGTCTGLGGCATCCACAACACCACCACCACTAGGATC
ATCEGGGECAGAGAAGCCCCTATCEECGCCTEGCCCTGEATGA ﬂC“CT“”GTACnTTAn SCAGG
GCGGETATCCGGAGCGTECAGTGCEETGGAGCTCTGETCACCARTCECCACGTGATCACAGCETC
ACMLTULrﬁCpTUAACmCGGCGGGT CCGACGTGATGCCCGCCGA CG GTTCTCTGTGCGETTG
GGCCAACATAACCTTTACTCCGACCGATCGATCACTCCAACCCAATCCATTTCCECCGTGACGTCCG
TGnA“'ALCnTGAGLPCTTCGT CTCGCCACCTACCTGAACGACATAGCAATTCTCACTCTGAA

CGACACCGTGACTTTTACTGATCCGCATCAGGCCAATCTCTCTGCCETACCGCAAGCTCAGATAL
(ﬂll\\ j:‘(j\:.:‘((:lll "\j( C,{?l rr ~N ’1/\ j\ n ’;(:(1/\!’ tH ]1«"( /X!T{r il Z&"‘if‘ ‘1(‘"111’{( wf\(: (‘4 M\(‘)T(Z\\ \:"(C_}(‘{(:ﬂi"l(ﬂc /&(‘l ‘_}(;{\\C(:r]j)l{

CCPTCEGCCETCUTGCEGECAAGTGIAGCTGCIGATOTGECGAGCACGAAGCCTETAGACAAGICTA
CEAAAAGGACTTGAACATTACCAACGTGTATATGTG WCC@A”““G?FGAT~GTPGC&ﬁF”&
GCATGCCAGGGAGACTCCEGUGGICUGATGATGCTGCUTETGAAAALCGGAGAGTTCTACCTCA
TCGECATCEICAGCTTCEGEAAGAAATGCGCLCTGCCCGEATT CCCCGGAG T GTACACTAAGGT
CACCCAGTTCCTCCACTGOA COGAAC] e ;

[00205] SEQIDNO: 17

STLSROREQFVEFPDEEELCENRPTEEGTCKNVLDCRILLOKNDYNLLKESICGFEGITPKVCC
KSSHVISSTOAPPETTTTERPPKQIPPNLPEVCGIH ZZ\ITTTTR: IGGREAPIGAWPWMTAVYIKQD
GGIRSVQCCCGALVTINREVITASHCVVNSAGTDVMPADVESVRLGEHNLYSTDDDENPIDFAVTS

CHHEHEPVLATYLNDIATLL DIVTET ICLPYRKL ‘E\.‘.’DDI.‘AM REPFITGWGETTAFNGE
SEAVLREVOQLP IWEHBACROAYERDLNTTNVYMCAGFADGGKDACOGDSGHPMMLP VKT GEEYL
IGIVSPGKRCALPGFPGVYTKVIREF LDWIAREMY

{00206 SEGQID NG: 18 (Residues i-21 represent the signal sequence)

MLVNNVFSLLCFPLILMSVVRCETLESROREQFVFPDEEELCSNRFTEEGTCKNVLDCRILLOKND
YNLLKESICGFEGITPKVCCPKSSHVISSTQAPPETTTTERPPKOQIPPNLPEVCGIHNTTTTRE
IGCREAPIGAWPWMTAVY IKQGGIRSVOCGCGALVTNRHVITASHCVVNSAGTDVMPADVESVRL
GEHNLYSTDDDSNPIDFAVTEVKHHEHFVLATYLNDIAILTLNDTVTFTDRIRPICLPYRKLRY
DDLAMREKPF ITGWGTTAFNGPSSAVLREVOLEFIWEHEACRQAYEXDLNITNVYMCAGFADGGEKD
ACQGRSGEPMMLEPVKIGENYLIGIVSFGKKCALPGF PGVYTKVIRFLDWIAERMY
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WHAT IS CLAIMED IS
i. A hybrid amebocyte lysate composition, the composition compnising:
{1} a native horseshoe crab ameboceyte lysate; and
(i1} a recombinant horseshoe crab factor B and/or a recombinant horseshoe crab

proclotiing enzyme.

2. The composition of claim 1, wherein the composition comprises a recombinant

horseshoe crab factor B and a recombinant horseshoe crab proclotiing enzyme.

(5]

A hybrid amebocyte Iysate composition, the composition comprising:

(1) a native horseshoe crab factor C;

{11} a native horseshoe crab factor B;

(111} a native horseshoe crab pro-clotting enzyme; and

(1v} a recombinant horseshoe crab factor B and/or a recombinant horseshoe crab

proclothng enzyme.

4. The composition of claim 3, wherein the composition comprises a recombinant

horseshoe crab factor B and a recombinant horseshoe crab proclotting enzyme.

(¥4

A hybrid amebocyie lysate composition, the composition comprising:

(1) horseshoe crab factor C;

(11} horseshoe crab factor B; and

(111) horseshoe crab proclotting enzyme;

wherein (a) the ratio of horseshoe crab factor B to horseshoe crab factor C is greater than
the ratio of horseshoe crab factor B to horseshoe crab factor C in a native horseshoe crab
amebocyte lysate, and/or (b} the ratio of horseshoe crab proclotiing enzyvme to horseshoe crab
factor C is greater than the ratio of horseshoe crab proclotting enzyme to horseshoe crab factor €

i a native horseshoe crab amchocyie tysate.

6. 'The composition of claim 5, wherein the ratio of horseshoe crab factor B to horseshoe
crab factor C s greater than the ratio of horseshoe crab factor B to horseshoe crab factorCin a

native horseshoe crab amebocyte lysate, and the ratio of horseshoe crab proclotting enzyme to
0
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horseshoe crab factor € is greater than the ratio of horseshoe crab proclotting enzyme to

horseshoe crab factor € in a native horseshoe crab amebocyte lysate.

7. The composition of any one of claims 1-6, wherein the composition does not comprise a

recombinant horseshoe crab factor C.

3. The composition of any one of claims 1-7, wherein the composition comprises from

about 0.05 to about 1 U/mL of recombinant horseshoe crab factor B.

9. The composition of clain 8, wherein the composition comprises from about 0.1 to about

6.5 U/rolL. of recombinant borseshoe crab factor B.

10. The composition of any one of claims 1-9, wherein the composition comprises from

about 0.05 to about 2,000 U/mL of recombinant proclotting enzyme.

1. The composition of claim 10, wherein the composition comprises from about 50 1o about

200 U/mb of recombinant proclotting enzyme.

12, The composition of any one of claims 1-11, wherein the composition has substantially

the same sensttivity m detecting endotoxin as native horseshoe crab amebocyie lysate.

13, The composition of any one of claims 1-12, wherein the composition has a greater

sensifivity in detecting endotoxin than native horseshoe crab amebocyte ysate.

14, The composition of any one of claims 1-13, wherein the horseshoe crab amebocyie lvsate

is a Limulus polyphemus or a Tachypleus amebocyte lysate.

15, The composition of any one of claims 1-14, wherein the horseshoe crab factor Bisa

Limulus polvphemus or a Tachyplens factor B.

16.  The composition of any one of claims 1-15, wherein the horseshoe crab proclotting

enzyme is a Linudus polyphemus or a Tachyplens proclotting enzyme.

17 The composition of any one of ¢laims 1-16, wherein the horseshoe crab factor Cisa

Limulus polypherus or a Tachypleus factor C.

18, The composition of any ove of clatms 1-17, whercin the recombinant borseshoe crab
factor B and/or the recombinant horseshoe erab proclotiing enzyme are expressed in a

mammalian cell.
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19, The composition of claim 18, wherein the mammalian cell is 8 Chinese hamster ovary

(CHQ) or human embryonic kidney (HEK) cell.

20.  The composition of claim 19, wherein the recombinant factor B and/or the recombinant
proclotiing enzyme has different glveosylation than the factor B and/or the proclotting enzyvme

present m the native horseshoe crab amebocyte lysate,

21, A method for preparing an cndotoxin detection reagent, the method comprising adding a
recombinant horseshoe crab factor B and/or a recombinant horseshoe crab proclotting enzyme to

a native horseshoe crab amebocyte lysate.

2

22, The method of clam 21, wherem the method comprises adding a recombinant horseshoe

t

crab factor B and a recombinant horseshoe crab proclotiing enzyme to the native horseshoe crab

amebocvie lysate.

23, A method for increasing the endotoxin scusitivity of a native horseshoe crab amebocyte
ysate, the method comprising adding to the native horseshoe crab amebocyie lyvsate a
recombinant horseshoe crab factor B and/or a recombinant horseshoe crab proclotiing enzvme,

thereby {0 increase the endotoxin sensitivity of the native horseshoe crab amebocyte lysate.

24, The method of claim 23, wherein the method comprnises adding a recombmant horseshoe
crab factor B and a recombinant borseshoe crab proclotting enzyme to the native horseshoe crab

amchocyte lyvsate.

25. A method for reducing the amount of a native horseshoe crab amebocyte lysate required
io detect endotoxin, the method comprising: (i} diluting the native borseshoe crab amebocyte
Iysate; and (1) adding to the diluted native horseshoe crab ameboeyie lysate a recombinant
horseshoe crab factor B and/or a recombinant horseshoe crab proclotiing enzyme to produce a

hvbrid amebocyte lysate.

26.  The method of claim 25, wherein the method comprises adding a recombinant horseshoe
crab factor B and a recorobinant horseshoe crab proclotiing enzyroe to the diluted native

horseshoe crab amebocyie lysate.

27, The method of claim 25 or 26, wherein the hybrid amebocyie lvsate has substantially the
same, or greater, sensitivity in detecting endotoxin as the native horseshoe crab amebocyte

iysate.

W
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28, Anisolated nucleic acid comprising the sequence of SEGQ 1D NO: 1, SEQ ID NO: 4, SEQ
1D NG 7, SEQ 1D NO: 10, SEQ [D NO: 13, or SEQ 1D NO: 16,

29, An expression vector comprising a nucleic acid of claim 28 operatively hinked to a
promoter.

30, Ahosteell {e. g, a mamomalian host cell) comprising the expression vector of claim 29.
31, A method of producing a recombinant horseshoce crab factor € protein comprising:

{(a) expressing a nucleic acid sequence encoding the recombinant horseshoe crab factor C

in a host cell enginecred to remove a glycosyltransferase enzyme; and

(b} purifving the recombimant factor € expressed i the host cell.
32. The method of claim 31, wherein the host cell 1s a HEK293 or CHO cell.

33, The mothod of claims 31 or 32, wherein the glvcosyltransferase ig

N-acetylglucosaminyltransferase.

34, A recombinant horseshoe crab factor C protein produced by the method of any one of

claims 31-33.

35, The recombinant tactor C of claim 34, whercin the factor C dogs not contain (2,3 )-

fked terounal sialic acid.

36. A method of preparing an endotoxin detection reagent, the method comprising admixing
the recombinant horseshoe crab factor € of claim 34 or 35 o a composttion comprising

recombinant horseshoe crab factor B and recombinant horseshoe crab proclotiing enzyvme.
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