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nucleic acid amplification methods, such as PCR. There is, however, a continuing need

for a rapid sensitive method for detecting a pathogen, or a disease or a medical condition,
or a biomarker thereof, in a subject.

Many organisms have characteristic enzymatic activity associated with different
stages of growth, differentiation, or metabolism. Likewise, pathological processes often
have characteristic enzymatic activities that can be employed in their diagnosis, such as
biomarkers, for example, cancer markers and cardiac enzymes.

Provided is a method for competitive inhibition of an enzyme for detecting a
pathogen or a disease or a medical condition, or a biomarker thereof, in a subject. The
method comprises providing a biological sample from the subject that may or may not
contain an endogenous substrate. A test reaction is provided by contacting the biological
sample with an enzyme indicative of the biomarker of a pathogen, disease, or medical
condition and a substrate comprising a signaling moiety. The enzyme modifies the
endogenous substrate and the substrate comprising the signaling moiety. Modification of
the substrate comprising the signaling moiety by the enzyme produces a signal from the
signaling moiety. Data from a control reaction comprising the enzyme and the substrate
comprising the signaling moiety is further provided. The signal produced by the
signaling moiety in the test reaction is detected. The presence of the biomarker of the
pathogen, disease, or medical condition is indicated by a difference caused by the
presence of the endogenous substrate in the biological sample between the signal

produced in the test reaction and the data from the control reaction. The modification
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biological cascade is indicated by a difference between the sample profile and the
reference profile.

In another aspect, a method of detecting the presence or absence of a dysfunction
of a biological cascade is provided using an array of test reactions that detects in a
biological sample an enzyme that participates in the biological cascade. The method
comprises providing the biological sample from a subject that may or may not contain the
enzyme and providing an array of test reactions by contacting in each test reaction the
biological sample with a substrate comprising a signaling moiety. The enzyme, if
present, modifies the substrate comprising the signaling moiety and modification of the
substrate by the enzyme produces a signal from the signaling moiety. The signal
produced by the signaling moiety is then detected in the test reactions. The signal
produced indicates the presence of a dysfunction in the biological cascade in the subject.

The biological cascade may be, for example, chosen from a coagulation cascade,
fibrinolysis cascade, kinin cascade, signaling cascade, mitogen-activated protein kinase
(MAPK) cascade, and inflammation cascade. Also, the pathogen, disease, or medical
condition may be chosen from coagulation disorders, cancer, inflammation,

neurodegenerative disorders, hypertension, vasodilation, diabetes, and allergy.
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(CMYV), human immunodeficiency virus (HIV), or human T-cell lymphotrophic virus
(HTLV).

Also provided is a method for detecting the presence or absence of a fungal
infection in a subject. The method comprises contacting a biological sample obtained
from the subject that may or may not contain an enzyme produced from the fungus with a
substrate comprising a signaling moiety. The enzyme modifies the substrate and
modification of the substrate by the enyme produces a signal from the signaling moiety.
The signal produced from the signaling moiety is detected and the signal produced
indicates the presence of a fungal infection in the subject. The fungus may be, for
example, chosen from from Candida, Cryptococcus neoformans, Aspergillus fumigates,
Blastocladiomycota, chytridiomycota, Dikarya, Glomeromycota, Microsporidia, and
Neocallimastigomycota.

Also provided is a method for detecting the presence or absence of a meningitis
infection in a subject. The method comprises contacting a biological sample obtained
from the subject that may or may not contain an enzyme produced by a meningitis
pathogen with a substrate comprising a signaling moiety. The enzyme modifies the
substrate and modification of the substrate by the enyme produces a signal from the

signaling moiety. The biological sample is also contacted with one or more inhibitors of
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inhibit meningococcus protease activity, then the meningitis is meningococcus.

Similarly, if a signal is produced in the presence of one or more inhibitors of meningitis
protease activity that inhibit meningococcus protease activity and if a signal is not
produced in the presence of one or more inhibitors of meningitis protease activitythat
inhibit pneumococcus protease activity, then the meningitis is pneumococcus.

Also provided are methods for detecting the presence or absence of a disease or
medical condition, or a biomarker thereof, in a subject. The disease or medical condition
may be, for example, a dysfunctional endocrine system or prostate cancer. The method
comprise contacting a biological sample obtained from the subject that may or may not
contain an enzyme indicative of the disease or medical condition with a substrate
comprising a signaling moiety. The enzyme modifies the substrate and modification of
the substrate by the enzyme produces a signal from the signaling moiety. The signal
produced from the signaling moiety is detected and the signal produced indicates the
presence of a the disease or medical condition. The disease or medical condition may be,
for example, a dysfunctional endocrine system and the enzyme may be, for example,
aromatase. The disease or medical condition may also be, for example, prostate cancer,
and the enzyme may be, for example, prostate specific cancer (PSA).

The methods provided may additionally comprise, for example, a separation step.

In those embodiments, the substrate comprises a separation moiety and a signaling
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In some embodiments, the signaling moiety may be an enzyme, a fluorophore, a
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chromophore, a protein, a peptide, a chemiluminescent substance, a quencher, a
Fluorescence Resonance Energy Transfer (FRET) pair, a pre-enzyme, and a radiosotope.

In some methods provided, one or more inhibitors of non-specific enzymatic
activity may be added to the biological sample. In another aspect, one or more activators
of an enzyme may be added to the biological sample.

Figure 1 is an example of an assay for a biological cascade.

Figure 2 is an example of a reference (control) profile and a sample (patient’s)
profile based on signals detected from an assay for a biological cascade.

Figure 3 is an example of an assay for a biological cascade utilizing inactive
enzyme precurors (Zymogens).

Figure 4 is an illustration of a coagulation cascade.

Figure 5 is an illustration of a fibrinolysis cascade.

Figure 6 is an illustration of a kinin cascade.

Figure 7 is an illustration of a signaling cascade.

Figure 8 is an illustration of a mitogen-activated protein kinase (MAPK) cascade.

Figure 9 is an illustration of an inflammation cascade.

Figure 10 is an illustration of the structure of a substrate.
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Figure 18 is an example of an assay for the coagulation cascade.
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Figure 19 shows the activity of 200nM of recombinant CMV protease with 4uM
of the substrate Bachl.

Figure 20 shows WBC samples with and without inhibitors of non-specific
protease activity and the effect of the inhibitors on CMV protease activity.

Figure 21 shows the effect of an inhibitory cocktail on recombinant human
rhinovirus 3C protease (3C) in specimen pools (Figure 21A) and in WBC lysates (Figure
21B).

Figure 22 shows the effect of inhibitors on viral and bacterial meningitis. Figure
22A shows the effect of phosphoramidon on pneumococcus 6B and 23F but not on
echovirus 3C protease. Figure 22B shows the effect of 2,6-pyridinedicarboxylic acid on
meningococcus but not on echovirus 3C protease.

Figure 23 shows the effect of inhibitor cocktails 110, I9a, and I9b on enterovirus
3C protease, pneumococc protease, and meningococc protease activities.

Figures 24A and 24B show the effect of nonbinding (NB) plates on the blank
curve shape. Figure 24A shows the wave shaped blank curve typical of regular plates
and Figure 24B shows the more linear shape with a slight positive slope with NB plates.
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Figures 28A shows the ratio between positive control and blank at different
substrate concentrations (Camb2) and time intervals in the enterovirus assay. The data
represent means of three experiments (each experiment was performed in triplicates) +
S.E. Figures 28B and 28C show CV values of blank and positive control, respectively,
at different substrate concentrations (Camb2) and time intervals in the enterovirus assay.
The data represent means of three experiments (each experiment was performed in
triplicates) + S.E.

As used herein, “biological sample” refers to any sample obtained from a subject,
including, but not limited to, amniotic fluid mucus, saliva, throat wash, blood, white
blood cells (WBC), serum, plasma, urine, cerebrospinal fluid (CSF), sputum, tissue
biopsy, broncheoalveolar fluid, vaginal fluid, and tear fluid. In one aspect, red blood
cells in a biological sample are removed before analysis by, for example, centrifugation.
In another aspect, the red blood cells are removed by, for example, centrifugation, before
freezing the sample.

As used herein, “biomarker” refers to a substance used as an indicator of normal
biologic processes, pathogenic processes, or pharmacologic responses to a therapeutic
intervention. A biomarker may include, for example, an antibody, peptide, protein,
nucleic acid, an exogenous substance, or a chemical substance.

As used here, an “endogenous”’substrate refers to a substrate that originates from
an organism, tissue, or cell, and one that is not exogenously added to the biological

sample being tested.
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enterovirus assay using different tubes and
As used herein, “disease” refers to an abnormal medical condition of a subject

that impairs bodily functions. Diseases include, but are not limited to, infections caused
by, for example, fungi, yeast, or bacteria, cancer, auto-immune disorders,
neurodegenerative disorders, allergies, cardiovascular disorders, and coagulation
disorders.

As used herein, “enzyme” refers to any biomolecule that catalyzes chemical
reactions. Enzymes include, but are not limited to, proteases, lipases, phospholipases,
phosphatases, esterases, neuroaminidases, isomerases, hydrolases, polymerases, and
helicases. Specific examples of enzymes include the viral proteases, neuraminidase,
prostate specific antigen (PSA), and Sap2.

As used herein, “inhibitor” refers to any agent that abolishes or reduces the
activity of an enzyme.

As used herein, “modify” refers to any chemical change in a substrate.
Modification includes, but is not limited to, cleavage of the substrate and addition of a
moiety such as the addition of a phosphate group.

As used herein, “pathogen” refers to an infectious agent that causes disease or an
illness in a host. Pathogens include, but are not limited to, bacteria, viruses, yeast, and
fungi.

As used herein, “procalcitonin” refers to full length 116 amino acid procalcitonin

(SEQ ID NO: 47), or any of its naturally occurring truncated products, such as
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therapeutic intervention. A biomarker may include, for exanple, an
anti body, prpicddereingffayty pair” refers to any two moieties that have affinity
towards each other. Examples of affinity pairs include, but are not limited to, Biotin-
Avidin; an Antibody-Substrate/antigen; Receptor-Substrate; Sialo-
oligosacharid/ganglizides - lectins; Sense-Anti-sense DNA/RNA strands, based on
nucleic acid hybridization; Nucleic acid Aptamers/ target substrate; and pH dependent
color molecule.

As used herein, “subject” refers to any person or non-human animal. The subject
may be healthy or in need of treatment for a disease, disorder, or infection, or may refer
to any subject for whom treatment may be beneficial. Non-human animals include all
domesticated and feral vertebrates.

As used herein, “substrate” refers to a molecule that is capable of being modified
by an enzyme. The substrate may be present in a biological sample. Or the substrate
may be added to the test assay. In one embodiment, the substrate may comprise the
general formula A-B, wherein B comprises a substance capable of being modified by an
enzyme and A comprises a signaling moiety. In another embodiment, the substrate may
comprise the general formula A-B-C, wherein B comprises a substance capable of being
modified by an enzyme, and A and C each comprises a signaling moiety. The signaling
moiety may be selected from an enzyme, a fluorophore, a chromophore, a protein, a
peptide, a chemiluminescent substance, a quencher, a Fluorescence Resonance Energy
Transfer (FRET) pair, a pre-enzyme, and a radiosotope. In yet another embodiment, A

comprises a signaling moiety and C comprises a separation moiety. In a further
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Speci fic eXaHnddsren, asampief Whitebdrodgeds (WBL)™ by aswyddeadsderivedr ani ni dase,
sample comprising WBC, such as at least 70% v/v WBC, further such as at least 80% v/v
WBC, even further at least 90%v/v WBC, or even further such as at least 95%v/v WBC.
Accordingly, the sample of WBC may include other components, such as bacteria and
bacterial components.
The methods provided may be semi-quantitative by using control samples that
contain a limited range of known enzyme and/or substrate concentrations. The methods
may be quantitative by using control samples that contain a full range of known enzyme
and/or substrate concentrations. Or the methods may be qualitative and may be observed

by detecting a difference between the test sample and control sample.

Enzymatic assay based on competitive inhibition for detecting the presence or absence of

a substrate in a biological sample

In some embodiments, the method provided utilizes competitive inhibition of an
enzyme for detecting the presence or absence of a pathogen or a disease or a medical
condition, or a biomarker thereof, in a subject. The method comprises providing a
biological sample from the subject that may or may not contain an endogenous substrate.
A test reaction is further provided by contacting the biological sample with an enzyme
indicative of the biomarker of a pathogen, disease, or medical condition and a substrate
comprising a signaling moiety. The enzyme modifies the endogenous substrate and the

substrate comprising the signaling moiety. Modification of the substrate comprising the
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cascade, the inflammation cascade, the kinin cascade, and the allergy cascade.

A dysfunction of one or more enzymes participating in a biological cascade may
lead to a pathological medical condition. Some pathological medical conditions
associated with a dysfunctional cascade result from an abnormal enzymatic activity of an
enzyme participating in the cascade. An abnormal biological cascade may lead to the
development of a pathological medical condition. Such pathological medical conditions
may include, but are not limited to, coagulation disorders, cancer, inflammation,
neurodegenerative disorders, hypertension medical conditions, vasodilation medical

conditions, diabetes, and allergy.

In one embodiment, there is provided a method of determining in a biological
sample the enzymatic activity of a plurality of enzymes participating in a biological
cascade, both quantitatively and qualitatively. An activity profile of all the tested
enzymes can be generated and correlated with a pathological medical condition. That
profile allows not only the qualitative determination between a healthy or a pathological
medical condition in the biological sample, but also allows the identification of one or
more enzymes associated with the pathological medical condition and the nature of its
dysfunction (e.g., lack of activity, increased activity, low activity etc.). The method is

based on competitive inhibition as described above.
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reactions is further provided by contacting in each test reaction the biological sample

with an enzyme that participates in the biological cascade and a substrate comprising a
signaling moiety. The enzyme modifies the endogenous substrate and the substrate
comprising the signaling moiety, and modification of the substrate comprising the
signaling moiety by the enzyme produces a signal from the signaling moiety. Upon
detecting the signal produced, a “sample profile” comprising signal levels from each
assay may be created and compared with a reference profile. As used herein, “reference
profile” refers to an activity profile of each enzyme participating in a cascade. The
enzymatic activity of the various enzymes may be presented as a histogram, a pie, or by
any other means for presenting enzymatic activity. A difference between the sample
profile and the reference profile indicates a dysfunction in the cascade. The difference
may also indicate a pathological medical condition in the subject.

In another embodiment, the presence or absence of a dysfunction of a biological
cascade is detected using an array of test reactions that detects in a biological sample an
enzyme that participates in the biological cascade. The method comprises providing the
biological sample from a subject that may or may not contain the enzyme and providing
an array of test reactions by contacting in each test reaction the biological sample with a
substrate comprising a signaling moiety. The enzyme, if present, modifies the substrate

comprising the signaling moiety and modification of the substrate by the enzyme
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Sample profiles for each array may be compared to a reference profile. A

decrease in the difference between the profiles with treatment indicates effectiveness of
treatment.

In another embodiment, biological cascades may be tested as illustrated in Figure
1. To each well of the array, a biological sample that may or may not contain an
endogenous substrate is contaced with an enzyme that participates in the cascade and a
substrate comprising a signaling moiety. Fluorescence in each well is measured and
activity profiles are created as shown in Figure 2.

In another embodiment, an inactive precursor of the enzyme participating in the
biological cascade may be utilized. An example of the embodiment is shown in Figure 3.
To activate the enzyme, a second enzyme is added that activates the first inactive

enzyme. The activated enzyme then can act on one or more substrates.

Examples of biological cascades

Coagulation cascade

Coagulation is a complex process by which blood forms clots. It plays a role in
homeostasis (the cessation of blood loss from a damaged vessel). Coagulation is initiated
almost instantly after an injury to the blood vessel in the endothelium. Platelets
immediately form a haemostatic plug at the site of injury. Later, proteins in the blood
plasma called coagulation factors respond in a complex cascade to form fibrin strands

which strengthen the platelet plug.
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Structure of the coagulation protease zymogens

The protease zymogens involved in coagulation are secreted into the bloodstream
by hepatocytes and contain a signal peptide that is removed during transit into the
endoplasmic reticulum. About 200 amino acids at the c- terminal end of each zymogen
are homologous to trypsin and contain the Ser, Asp, His residues of the active site of the
protease. Those domains appear to be involved in specific interactions between the

proteases and their substrates, cofactors and/or inhibitors.
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The fibrinolysis cascade

The fibrinolysis cascade (see Figure 5) acts in opposition to the coagulation
system and involves degrading the fibrin clot when it is no longer needed. It also serves
to prevent extension of a clot beyond the site of injury. Fibrinolysis is initiated by tPA
(tissue plasminogen activator) or uPA (urokinase-like plasminogen activator), which
converts plasminogen to plasmin in the presence of fibrin by cleaving the Arg561-Val562
peptide bond in plasminogen. Plasmin degrades the fibrin clot and intact fibrinogen to
soluble fibrin/fibrinogen degradation products (FDP). Plasmin also inactivates factors Va
and VIIlIa (as does Protein C and Protein S). tPA is produced by endothelial cells;
activation of plasminogen is major mechanism for lysis of fibrin clots. Recombinant tPA
is used to treat myocardial infarction, stroke, and in some cases, acute thrombosis. uPA
is produced by urine and plasma,; it keeps renal tracts free of blood clots. It also plays a

role in initiating nonfibrinolytic activities of plasmin. Excessive fibrinolysis is regulated
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fibrinolytic cascades. Kallikrein also cleaves high molecular weight kininogen (HMWK)

to produce bradykinin, a potent inflammatory mediator that produces vasodilation during

the recruitment of leukocytes.

Signaling cascade

Apoptosis is a form of programmed cell death (PCD) in multicellular organisms.
It is a type of PCD and involves a series of biochemical events leading to a characteristic
cell morphology and death. Morphological changes include blebbing, changes to the cell
membrane such as loss of membrane asymmetry and attachment, cell shrinkage, nuclear
fragmentation, chromatin condensation, and chromosomal DNA fragmentation.
Processes of disposal of cellular debris whose results do not damage the organism

differentiate apoptosis from necrosis.

The caspases, which are cysteine proteases that are homologous to the C. elegans
ced-3, play a role in the apoptotic signaling cascade that is activated in most cases of
apoptotic cell death. The catalytic activity of caspases depends on a cysteine residue
within a highly conserved pentapeptide QACRG. The caspases specifically cleave their

substrates after Asp residues.
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A MAP3K that is activated by extracellular stimuli phosphorylates a MAP2K on
its serine and threonine residues, and then MAP2K activates a MAP kinase through

phosphorylation on its serine and tyrosine residues.

All MAPK pathways operate through sequential phosphorylation events to
phosphorylate transcription factors and regulate gene expression. They can also

phosphorylate cytosolic targets to regulate intracellular events.

The inflammation cascade

The inflammation cascade is a complex biological response of vascular tissues to
harmful stimuli, such as pathogens, damaged cells, or irritants. It is a protective attempt
by the organism to remove the injurious stimuli as well as initiate the healing process for

the tissue. An example of a model of an inflammation cascade in endothelial cells is

shown in Figure 9.

Enzymatic assay for detecting the presence or absence of an enzyme in a biological

sample
A method for detecting enzymatic activity in a biological sample is well-known

and has been described in W02005/01791, W02007/029262, and WO 2007/049276.
Detection of enzymatic activity indicates the presence of a pathogen, disease, or medical

condition, or a biomarker thereof in a subject from which the biological sample was
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the cascade, ultimately resulting in cross-linked fibrin. Serine proteases
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fibrinolysis cascade The fibrinolysis cascade (see Figure 5) acts in

opposition to the coagul ati on
Determining the effectiveness of a treatment

In addition to detecting a pathogen, disease, or medical condition, or a biomarker
thereof, in a subject, the methods provided may be useful for determining the
effectiveness of a treatment for the pathogen, disease, or medical condition. Biological
samples may be obtained at different time points before, during, or after treatment and
subjected to the enzymatic assay of the present methods. In one embodiment, a
biological sample is obtained prior to treatment, and another is obtained during treatment.
In another embodiment, a biological sample is obtained before treatment, and another is
obtained after completion of treatment. In yet another embodiment, two or more
biological samples are obtained during treatment. A difference, such as a reduction, in
the signals produced from the two or more biological samples is indicative of the

effectiveness of therapeutic treatment.

Separation step

Any of the methods provided can include a separation step. In this embodiment,,
the method comprises: 1) separation between substrates that are processed in the reaction
and substrates which are not processed; and 2) detection of processed substrates only.
Separation may be achieved by either specific binding of two moieties, such as between
an antibody and antigen and between nucleic acids, or through binding to an immobilized
surface, such as membranes, chips, and beads. The detection step can be based on

affinity or via a signaling moiety, or both.
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coaguP@e?ssed- and pain. See Figure 6. Their medi at or s br adyki ni n and
kallidin a t re smal |
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similar in their separation moiety (C) but differ in their specific cleavage molecule (B).
In this case, each substrate has a unique and different signaling moiety (A) that can be
associated with the core molecule comprising the cleavage site (B). After cleavage and
separation between processed and unprocessed substrates, only the TS of the different
(and processed) substrates are bound by affinity (in accordance to the above described
method). Any molecule that contains C (unprocessed substrates or SS of processed
substrates) is separated out by the separation moiety. The different TSs of different
substrates may be distinguished by immobilizing its binding partner to a predetermined
location on a solid surface, such as a membrane, well, or chip, such that each location can
bind only to one kind of TS. By knowing which TS should bind to the predetermined
location, the substrates processed can be identified. Because each substrate is specific to
the enzyme that initiated the substrate cleavage, the enzyme can be identified, allowing
the deduction of which pathogen, disease, or medical condition, or biomarker thereof, is
present in the subject.

Yet another embodiment utilizes the Reverse pH System (RPHS). In this
embodiment, the C segment is a molecule common to all substrates. The A segments that
are associated with the various substrates are dye molecular entities in which their

different dyes are sensitive to different pHs. After cleavage, the reaction mixture is
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S of the processed substrates. This method also allows monitoring the kinetics of

each substrate.

2. Dynamic Separation System (DSS) — This embodiment is shown in Figure 13. In this
system, segment C in Figure 10 is a special molecule common or unique to all
substrates. After cleavage, the reaction mixture contacts a solid surface, such as a
membrane or chip. The membrane is vertical and comprises a moiety with affinity to
segment C at the bottom. Other parts of the membrane include different loci
comprising a moiety with affinity to segment A of the different substrates. The
reaction mixture is then pushed along the length of the membrane or chip by capillary
or electro force. Any molecule that contains C (unprocessed substrates or SS of
processed substrates) will be retained at the bottom of the membrane. Only the TS of
the processed substrates (that do not contain C) will be able to move up the
membrane and bind by affinity to their predetermined loci.

3. Affinity Filtration System (AFS) - In this embodiment, the reaction mixture is filtered
through a column with affinity to C, thus any molecule that contains C (unprocessed
substrates or SS of processed substrates) will remain in the column. The flow through

will contain only the TS of the processed substrates.

Detection system

Modification of substrates can be detected by a number of methods. Examples of

detection methods include the following:
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endot SIS'Ss In Frgure Enzymati c assay for detecting the
pr eseby Buaes@heeoraese of aaoloepwpee i n a bi ol ogi cal sanple A nethod for

det ecl.ing enzymat.ic tivity in a biological sanple |s | | - kpnown and has
boen EBERFRHERHoNpoGsS e Mol b4 26 28 SHAHY PO 04 545276,

Det echi@escRhcdtZanyitcs n?eﬁﬁdr%l&)&iéiﬂﬁ'&_@h?&h%h@asﬂ% aseirgkle éactionat hogen,

di sease, or nedical condition, or a biomarker thereof in a subject from

whi ch the biological sanple wasobtai ned. The nethod generally conprises

cont aﬁt:ﬁlwr\»!1 ﬁnaor?gif)lx%g' cal sanple obtained froma subject that may or nay not

cont a _ ith a substrate of the enzyme to be detected. The
substrat e Redgbibh e6&diflons @AdkioPAmITRUES iceeaseisfecifieal awliensdnbigivansyme i s

present in the biological sanple, the enzyne nodifies the substrate and the
si gnathegethods of the invention. Examples of reaction conditions that may be optimized

include reaction temperature, reaction time, solvent, buffer, plates, and tubes. Thus, for

example, the reaction may be performed at ambient temperature, including room

temperature and body temperature. Examples of optimization for the enterovirus assay in

CSF samples are provided in Examples 16-21 below. Moreover, the methods of the

invention may be performed in a laboratory setting or in field conditions.

Inhibitor

In some embodiments, non-specific modification of substrates may be high such
that it impedes the detection of enzymatic activity. The source of this activity may be
due to the presence of non-specific enzymes being able to modify the substrate. The
human genome encodes for hundreds of enzymes, some of which have no apparent
specificity. Many of these have been identified in the biological samples based on
comprehensive bioinformatics and each tissue/organ source has been associated with a
number of these non-specific enzymes. Exemplary tissue/organ sources include
muscular, urinary, respiratory, digestion, neurological, reproduction, skin, circulatory,
skeletal, and endocrine. Each non-specific enzyme can be analyzed for their target
sequence and compared to the sequence in the substrate of interest. An inhibitor or a
cocktail of inhibitors can be selected and added to the samples to inhibit the activity of
non-specific enzymes, while having minimal effect on the activity of the enzyme of

interest. An example of such inhibitors includes, but is not limited to, Pestatin A,
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noiety emts a signal, indicating the presence of a pathogen, disease, or a
nmedi cal condition, or a bionmarker thereof, in the subject. In one

enbodi mrerwQ 20u0/t1BBBe enzynes nmay be detected in a biol ogCTAB20NF6E USI NY

gn grray. Some non-limting pathogens, diseases, and nedical conditions to
e de ' hods~upgl - C By |, yeast,
bact eﬁ%ﬁéﬁ%@g&‘%gﬁé‘gﬁeﬁﬁ?f? ég p‘lglg’r g‘g{k‘;‘g@ﬁ%%@@é glngt@ﬁg}\}lg%g{gg%gaer g and
al | er gieeHic detividylagdins a CNIWeroeiseadbyiratvindesdmpiaofabiste Hleoditdllsi zed for the

di agnostic of cancerous nedical conditions, genetic di seases, heart nedi cal

condi {peiher pample ebinhibiordacindss, B dbPAIRICAIRLCORPSRIP N di sor ders.

Det er Kgfﬁtﬁgn,%%tsﬁfﬂﬁ%l eBTAN+ RGIACAFBNIL Eolin @0dhd BeRatPfet ecting a
pat hogen, di'sease, or nedical condition, or a bionmarker thereof, in a

subj ethjbitileneresgrods agtivity aimihstrajiuinen deedwtus (HR V) stlestratainragnasdle

effecti enes? of a treatnent for the pathogen, disease, or nedical

condi TAYhS . %l ogi cal sanpl es may be obt ai ned at different time points
before, dup] @it badklfdunl HBREL MR berRtscAURIiREHS By ik AdiogRAZ ¥aRL | C assay of
the present nethods. I'n one enbodinent, a biological sanple is obtained

pr i or example,awanysathogansiindwgstihBamingtion tveiieheehndnduogyaripwsegngemietic | n anot her

enbodi nent . a.bi gl qgi.cal .sanmple is,obt.ai ned before treatment d anot her
s ontoaras A gy e PR sPedSadetih OF i SR rb R et two. or
nor e Birt9Pyahé pABOFInE Thask,Gn 0h¢ abednm@ht, bhgot mertiARBitorsAndli Behaemilce, such
as a reduction, in the s_i,ignal s .produced fromthe two gor nore biol ogical
sanpl &3 iphibitingepzmajis aghvibnesseqiated withandaiectan. (narspprlie prbedigenhent .

Separ gt.i : : . : | ' Qs ation step.
o i o2 R i B B o B st r e
t hat aiflamptiatoassed in the reacti on and substrates which are not processed;

and 2) detection, of processed substrates only. Separatiqn.may .be achieved
by either Speenerific aguodipgntAnetoRgnars btbitors may bp uEguor dhsupgtising

between viral and bacterial infections, for example, between viral and bacterial

meningitis. The one or more inhibitors can be selected to inhibit bacterial meningitis
protease activity but not viral meningitis protease activity. Thus, when a biological
sample obtained from a subject is contacted with a substrate capable of being modified by
a meningitis protease in the presence of the one or more inhibitors selective against
bacterial meningitis protease, the signal produced is indicative of a viral meningitis
infection in the subject. The one or more inhibitors can also be used to distinguish
between bacterial infections causing the same disease or medical condition. For example,
the one or more inhibitors can be used to distinguish between pneumococcus and
meningococcus infections, both of which cause bacterial meningitis infections. In this
embodiment, one or more inhibitors can be selected to inhibit pneumococcus protease
activity but not viral meningitis. Another one or more inhibitors can be selected to inhibit
meningococcus protease activity but does not viral meningitis. In yet another
embodiment, the one or more inhibitors can be selected to inhibit both pneumococcus and
meningococcus protease activities but not viral meningitis. Thus, if a signal is produced
in the presence of one or more inhibitors that inhibits pneumococcus protease activity and
if a signal is not produced in the presence of one or more inhibitors that inhibits
meningococcus protease activity, then the meningitis is meningococcus. Similarly, if a

signal is produced in the presence of one or more inhibitors that inhibits meningococcus
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an anti body and antigen and between nucleic acids, or through binding to an
i mobi |i zed surface, such as nenbranes, chips, and beads. The detection
step can We 2bewEsi3en affinity or via a signaling noietyPConBoY/hecEise
substrate used in the nmethod that conprises a separation step is conprised
of thre 0). t B), which
has aP's eélg ctt1v1t¥|agc?ﬁ & %1 fs rso‘%i}alé% 01(1:1 |ta‘{]§rg§e%[ ?8{;%{ engn ‘?S(Hztgg]iq%ﬁal i Z\g

moi et thaf ﬁhlblt‘éﬁphahnmmsprbt@asé%&ﬁty, chepaliethegingRisiapmaimotbedube ot her end,
segnent B is connected to a separation noiety (C) that separates between
processed and unprocessed substrates. Upon cl eavage of nolecule B, the
subst hagi&fr oduces two fragnents: (1) Signaling moiety (TS) that contains
part A“a‘n‘é_a part of B and (2) a Separation noiety (SS) that contains part
C and a pajft n i t i ded. The
substrate 1rfneac mbotc%r%lftg’ ag#c?ﬁagg?a%%r B%%r?&gltggd\}araggnogﬁeh%?%%&used to
Separlaérempe&cm@tar’tﬂaeer@fdmmeﬂ thstdndures oc@emasksshibsdtivity @f an Segamt A in
this instance_is part of an affinity pair. Wen processed, only the TS
segmeht atombadimentobie ssivrienipNer¥de (that contains the taggi ng nol ecul e)
binds to its affinity pair. The affinity binding process is therefore

det ect ed oAmplification afspigmdl substrates. In this way it is possible to detect

only nol ec Ie at _were cessed. . Ano odi ne in Figure
72 Y1t bt hine o SRS i o G R B L Blpi o R0RME Lo Gelect e
usi ngbé nﬁvmgbelawa&ﬁdn ﬂ’@fkhqﬁbrlekaﬁlﬂl% ﬁﬂdbﬁblhﬁﬁl@l‘evalrsﬂuﬁhgfbh(ﬂénaln t heir
separation noiety (C but differ in specific cleavage nol ecul e (B).

| n t hinfectign gan beanlosigsdt§ ag/ml Iﬁ‘é@)l\é) Jﬁloéi‘éf‘é tadefectispetuloshlevelf.gnal i ng noi ety
A t I he cl eavage
gi %e ﬂﬁg’hﬁ Pgﬁfgfs’%gglllﬁae}% gésepargllﬁggr? rgfa%%%glpggggééelgé@%ﬁunpr oce\s{sgd
subst ntizig,a 2ynlogeh bﬁlv'ﬁﬁomf:ast:kdf dA E§rao gt o( apmdaem}mmammtﬂmgst rates are
bound by affinity (in accordance

e d SGr t hod). Any
ol ec FZYMEPRECUEHt A} HENQESR W&%E‘é’@{iﬂg’ﬁ @w élycﬁirnqpﬁ Bcessed

SHDS! Fl st reb Sl RRY R4iTE sitd! or Barlglify thE Qé(f?gh!ré%f&n@ke%m md haiisibpr ent TSs of

for it to become an active enzyme. Generally, a specific part of the precursor enzyme is

cleaved in order to activate it.

For example, a cleavage sequence may be fused to an enzyme to create a
zymogen. The cleavage sequence may be the same or similar to that of a substrate that
may be present in a biological sample. Cleavage of the sequence by an enzyme will
release the inhibition on the zymogen rendering an active proteolytic enzyme. This
enzyme would then react with a quantified set of zymogens, which would release a
quantified amount of free enzyme, which would react with a quantified amount of
specific substrate. For each reaction, a signal may be detected, thereby producing an
amplification of a signal. If a biological sample contains a substrate that competes with
the cleavage sequence used to create the original zymogen, the signal generated will be

reduced.

Detection of neuraminidase

In one embodiment, the method can be used to detect neuraminidase activity
associated with specific types of bacteria in a biological sample and thus, can also be
used to detect bacteria infection. Neuraminidase (also known as sialidase,

acylneuraminyl hydrolase, and EC 3.2.1.18) is an enzyme common among animals and a
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substrates may be di stinguished by imobilizing its binding partner to a
predeterm ned | ocation on a solid surface, such as a nenbrane, well, or
chi p, suchotheroi1dssh | ocation can bind only to one ki ndPofi/IE®09/By6dknow ng
whi ch TS should bind to the predeterm ned | ocation, the substrates

proce | f ecific to the
enzyn%aﬁﬁ (ﬁgﬁ? é%ggh}hgnguﬁgﬁ <ﬁ81 %%@%ﬁ%&%%k%&gﬁ% Qcan be identified,

al | OV\ké’tgsmlhell}dEﬁkb@tsim a@fds%hﬁfly&ﬁirh@hﬁﬂglyﬁbl@ﬁ&%d odlgmﬂmihmﬁ?descondl tion, or
bi omar ker thereof, is present. |n the subject._ Yet other‘&ﬁbodlnent
utili mypﬁ@emm&anmss%m@mmw@)mmﬁw 1Reig FFAFCNERPAPPERIT segnent i s

2. ol G PTG breaA LRIER balifa LABTENNSHRFacr o 25500 at ed

with the vari es are entities In which their
di ffeAEthtobdyaes uwrcﬁlcmznsmﬁlbaetetmi 1dvd1fmi mriactetisl médingitis,suelasnge, the reaction

m xtu I st d through a col.u wWith affi 0 segnment C. Any

ol ec?]’?’%’"?ﬂ"fﬁ BF945s™ E'Z’Gﬁ‘é‘i?fc% Hf’le(j’ﬁf%ocf@ln ‘iﬁvﬁ’fﬁlﬁ‘%e@g&‘ed substrates or
S gIe Ry gh ecdl 238 8858 LobHA T BlRDh AL z%ﬂb&zz&@&@r&@q hrabfifide@ um. Only
the TS segnent of the processed substrat'es (that does not contain segnent

O) wi enzybw thataleaies sidit acid ar2chlanisd to galactoseasihe mawngecoail smmes each havi ng

di fferent t hat. caon elays) in contact with
The cleepenipESridtRetatPemtosFattiphe hiitic SRR CMPNAND WES: o ot o't ho

pr Opeﬁdet}ﬂﬁetﬂimﬁﬁgmméhSA'Ebllﬁluldﬁ&e@ﬁﬁﬁﬂuy\lhﬂ@fhz&l#&ﬁigﬁﬁbﬁéma@%e been
processed. Qther exanples of separation systems include the follow ng: 1.

| mobNevfosaiENenAw2-8Gab e e pamymacoqays spciesdip BermBAN 3 elgAEht C i n
Fi gur ngljf?uql&-cémiﬁﬁ“ %bLtkd?{}e\gi[ 2%% @19%1 @té g@%&S& A IPgads,

nitroc ose nen* ane I n- aV| i nor o nity pair. After
cl eavegeg wﬁhyy-l;ﬁhnkagesaejd-awplghraammmemmﬁﬁ bBGﬁbNepAoaes&M substrate is

d t th | d f ext tian,
L:rr:?\r/ﬁe %lﬁigﬁ}%,%e{u#g@ algn@%e qﬁlgafgpgﬁ% %‘éqt %)éin;?r&{f‘ac ’é‘l Qllg‘ilséavi ng only
e Rﬁtz% a&k{]&f gs& a?lH Q?élfc%eﬁ?dnuﬁﬁkéa@@hﬂl&%e?kﬁﬂeﬂ dkgé\& Jegitoring the

ki netics subs
for detecting neuram1mdase activity include a2-8, 0:2-9 neuraminidic acid linkages (such

as meningococcal B and C, and Arthrobacter ureafaciens) and cyclic neuraminidic acid
linkages (such as Pseudomonas)

Thus, substrates can be constructed to distinguish neuraminidases originating from
different bacterial strains. Examples of sialic acids that can be attached to specific

glycoproteins are shown below.

2 g NNi Ho. o “°\JDH g e i
A A N3 HO 0 R f~oR
HO - HN Ho L HN HO%‘ Ho o ~OR W W
HO: O HO = HO OH H N NH- H
“&-ou HEQ‘E\*ON ManNAe ’F’N N S’F Stalz ‘8"
ManNFrop ManNAz StbProp _—x_—[ﬂ’j_‘sicf—_
o _
2 8 Roon e e i
A AL _SH HoHN Hg-v ~°R HOw R
HO._HN HO HN . ugf.m’ju . M
HSM»GH "&&ﬁmon "5%““ VY"H HEY Si:‘TGc Ry M
ManiiPert MantTGe . ManNGe SiaiPent Neufitic
[} 2} W Coy H cay
Bl NP I, ,u\, HO uo\j
HO  HN Ho - BN "\B/ Ho- PN WR "n):qi»/\(lﬂ ’dy\a "
"ES%OH “IEI’[’J‘Q"E\'«DH “EEQ—L\..,.Q;E iy NH jk"*"a’"" Hi ;k,;")“?
ManNHept ManOwoHex ManNLev Stadtiept Sta5DxoHept StaSLev
7-O-acetyl N-acetylneuraminic acid N-acetylneuraminic acld 9-O-acetyl N-acetyineuraminic acid
(7-O-AcNeuSAc) (Neu5Ac or Sla) (9-O-AcNeu5Ac)
o) ( )
OH \c,’O L0
HO \.
Q o “oH Hd‘ "OH
?,0 HO HOY
N HO NH H HO'
\l'( CiaHuNO g
o] Exact Mass: 350.11 Exacl mass 3ue 0982 Exact Mass 350,11
Mol ¥t 350.30 Molecular weight: 308.2620 Mol wt. 350.30

C, 44.57, H,5.75, N, 4.00; 0, 45.67 C, 42.86; H, 5.89 N, 454; 0, 46.71 C, 44.57; H,5.75, N, 4.00; O, 45.67
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2. Dynam c Separation System (DSS) - This enbodinent is showm in Figure 13.
In this system segnent Cin Figure 10 is a special nolecule conmmon or

uni que toval2b1ubssrates. After cl eavage, the reaction RCIIBI®I/C@AIACtS a
solid surface, such as a nenbrane or chip. The nenbrane is vertical and

COWM ith affi ”jdte% tto segnent aC a?civt he bottom O her parts of
the > - ioginE elral iety with affinity to

segment A Détebtich 6 thé ebSRibasiels in BibRgical inpl@asahibepeitbxhed®y i s t hen pushed
along the length of the nmenbrane or Chl_é;lﬁ)pgby capillary or electro force. Any

nol ecd¢tectionaf taoipeeiifis se@aminigdasse aeivaly. Jiis assaymay abyo lopesforpediessed

subst ] . | . S e. Only the TS of
t he p?@tglg?sdg cgh%cg?%rag?{ees x%?%a]ﬁtc(?g? ﬁ% %%ﬁ%@ ellfl%as eethHF ggabl e to nove up

t he nredhaaiedaaedetbitydthe pratfhidevfbyctefaltieatamipidedeicaviny inditatesthe 3. Affinity
Filtration System (AFS) - In this enbodinent, the reaction mxture is

fi | t ePEEENCR PHDYHCET 1B SRGGNT WNOR-lmRifipg examples of suplh assayior AFPCHY e t hat

cont aj : ﬁ%ﬁﬁ ; ssed substrates) wll

r emai {I’llé.{lﬁn t &eggg(%ﬁu _ﬁ%ﬁﬁ&?@%ﬁ%ﬁ?gﬁﬁﬁcﬁeﬁégﬁi n only the TS of the
processed substrates. Detection system Modification of substrates can be
detected by .9 nunber. : det ection &)ds i ncl ude the
foll o&%ﬁﬁ&@ﬁo“%". a5k Eesaeciag 3ds-and Huaresce be used to

det ecfjofHad (BB@sYr € bi nding between the antibody or receptor to the
substrate. L[igand/ Receptor-substrate - | munochem stry can be used to

det ect andNewmsumidadsiaativitycandtewtetastadhising siphigdicisranddtsdigand (alectitde substrat e.

Mar ker, - The signal.ing. moi ety (A) of Eigure 10,capn be.a ol t hat
br odu DS ST cOmprisP el 6k oride £ o R bligasheer S ST PGB oo
easi | yodfitt6 GhaaRbe: HEALSE GHb a-fluohsbdRdA 1iteRid 16dtEadsktated WiththeliZntdcan can be
detected and nmeasured, for exanple, by fluorescence or use of a color
pr obeSNA- Sambucus Nigra Lectin, specific for NeuSAC(2-6)Gal™".

MAL - Maackia amurensis lectin, NeuSAC(2-3)Gal™".

WGA — Weat Germ aglutinin lectin, most Si-glycan formations.

See Figures 14A-14B. Cleavage of this substrate by neuraminidase will result in the
separation of the fluorescence- labeled lectin. After the magnetic beads are pulled down,
fluorescence can be detected in the supernatant.

Use of NeuAca 2-3Gal will allow detection of all three meningitis-assosiated
bacterial strains. Using NeuAco 2-6Gal will allow the detection of the preumococcus
species, and using CMP-NANA will allow detection of the meningococcal species.

In another embodiment, the assay can be performed as a multiplex assay. In this
case, the sialic acid-associated oligosaccharides are covalently bound to magnetic beads
as described above. The bead/oligosaccharide mixture is first contacted with a biological
sample and then the fluorescence labeled lectin is added. If there is no neuraminidase
present in the sample, lectin will bind to sialic acid and will be pulled down with the
magnetic beads. See Figure 15, left panel. However, if neuraminidase is present in the
sample, the sialic acid will be cleaved from the oligosaccharide and lectin will bind to the
sialic acid but will not be pulled down with the magnetic bead. See Figure 15, right

panel.
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Enzymatic reaction - The signaling noiety (A) can be an enzyne that

catal yzes color or fluorescence or any other neasurable, visible or any

ot her easwbyooatassabl e reacti on. Reaction conditions ReatuBznn/oe@aed ti ons
can be optimzed to increase specificity and/or sensitivity of the methods

of th {nvent Q¢ Exanples of reaction conditions that may be optim zed
I ncl u@g—ﬁé%#rgﬂ#%ﬁperat ure, reaction tine, solvent, buffer, plates, and
t ubes. Thuk arf @hbsixasi te nidifod gavided barByused tpéetéa samtypas ofedsiaant

tenperature, including roomtenperature and body tenperature. Exanples of
opt i npatheges Inohisinganse; be 607YMRRCLHBE RINPEPICREOLNIATH P SSMHIW GFAETed i n

Exanpéeﬁé |%n & {? ﬂLor e %}5 &PME Sero dJiS Hﬁqzi:lgf co% df %ﬁﬁx@%&rﬁ fpye be

per f or settin itions. |b|tor In some
enbodilassifie] acoondirpae @nﬁnlmtrmm dleoage mquexﬁces sd that aodicagn bﬁa singlh such that

t d t he det ect t tl f thi tivit
my DO PR o A o0t P REETEENHGS BBk (o modi 1yt h
subst Eghfrised 180 RUpBREd H@rﬁ%{fﬁat%%@e%ém pstede adm @fy@BZy tRYife 5@ of Wwhi ch

have no apparent "specifici of these have been identified in the
bi ol ogf thalvirasapl 1@$elbta@wlcmewodwb¢tm¢elm sfrajes. bWbﬁlhfh@mli@F?ﬁls@S agththeBach

tissue/ o an_sourc $SOCI at ed 0 gse non- specific
enzy naeh AR B R Al Ens By T as, el st ad B B Sob R ar

respi petiveéythe@ngpnd hIQﬂCarﬁle§1£Usﬁ%<EQBY9EI€Emt©H1uAIaLmrPISd<GIh-GW peudl at ory,

skel etal, and endocrine. Each non-specific enzyne can be anal yzed for their

tar geProsgqluB}Tc@ysaweéftﬁﬁhNéb]]t(SE @@qﬁ?éﬁb@’ ¢opld heclasmided BiaLight i nt er est .

An in cktail of inhibitors can be selected and added to the
sanpl Pég ﬁﬁ%ﬁiﬁﬁhe activity of non-specific enzynes, while having
nininal effect on the activity of the enzynme of interest. An exanple of
such inhibitors includes, but is not limted. to, Pestatln A, AEBS

Apr ot Gapwps Fand 6: Eagsapyirs Gaeup Ahphthedsgast @E@heraqﬁf 5 (4P utiod 2 Wtah pi ¢ | ng
nonspgf;ﬁi)l MEE bf e Vo9 FSbp ? WY 2RIRLEAT AN Sl A& ettBeldssSanpl € of white

od ce
Enterov1rus 81, Enterovirus 83 and Echovirus 2 have some irregularities in the

composition of the active site accompanied by substitutions to Val and Iso in the cleavage
site at the P4 position. However, the presence of this similar cleavage sequences in the
rest of the clones in the group indicated that these changes did not affect the ligand-
receptor interactions. Therefore, these clones would expect to show similar behavior as
Echovirus 30 and Coxsackievirus B5. Comparing group 1 with group 6 indicates
substitutions in the margins of the substrate. These substitutions of Phe to Tyr and Leu to
Iso are physicochemically conservative and therefore groups 1 and 6 can be gathered into

one single group.

Group 2 and 7: Enterovirus Group 2 comprises 4 clones all with identical active sites.
However, in the cleavage sequence, there are changes at positions P4 and P5. At position
P4, there is either ASN or Thr. This can indicate that either the co-evolved position in the
active site is not in the alignment or that P4 has no bearing on the specificity. The
difference in the cleavage sequences of groups 2 and 7 is in the margin of the substrate at
position P6 having L and M, respectively, These substitutions are conservative
substitutions. However, according to preliminary docking results and according to an

analysis of the solved structure of the 3C protease of the rthinovirus 14, position P6 of the
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Anot her exanple of inhibitors includes, but is not limted to, E-64,
Pepstatin A, Aprotinin, Acetyl-DEVD CHO, EDTA + EGTA, AEBSF, Eglin C, and
Best at i n woroionhs138t i ng non-specific activity agai nst aPQuMBIOY/MicaVi r us
(HRV) substrate in a nasal wash sanple. In addition, background noise may

be caused .indirectl.y.by the pat en., For.ex | ny._pathogens i nduce
inflaﬂﬁﬁ&?%ﬁs, Taghe ithin g coiaryRE Petah OB Hhe SeHEcS e Pe SE pIREssREd i Thin the body
that fFRyeforeResgy PRYGbIedR aGbecificifidstémimdnt subst rat e produced directly by
t he pat hogen. us, in one enbodinment, one or nore inhibitors may be useful

for inhibiting enzymatic activity associated with an infection. In a

speci H -HEH;" i nhi: b t- ﬁm! i ic activity
as a Fgélﬁf?p%ghnem nrél%gfoélgi%ggggne%ﬁ{enﬁ‘ql%amlm |1§%ﬁmlfn QJ[S%Z‘B?P%%V . odi nent ,
one Ofequerices. Filtheirhére spositionb 83 1 Beind PY o sabssinitedto WFNespetivelon viral and
bacterial infections or exanple, between viral and bacterial neningitis.
The oﬁewbﬁﬁ\t%@w%){s&%ﬂwﬁﬁ%ﬁ- selected to inhibit bacterial neningitis
protease activity but not viral nmeningitis protease activity. Thus, when a
bi ol ogi cal sanple obtained froma subject is contacted with a substrate
capabGeowp 4bAlmegt ab dichiteds inythia Emtmovigistgreupheteshe samacledvagpsidsence of t he

o onare i PIsE A RS TR A TSR 4Py SDpTt SRS e PO BRI T 1 the
subj eghich Hag irPpitfIns Pa'a8d PRNGRI drdFheCRBpRtiS6ly DifstdRPek Adh idFHengui sh bet ween

bacterial infections causing the sane disease or nedical condition. For
exanplThsrefone Gaxeackieviros 413 ghi be assigned aithdrdo gray 3t whivhslsorgaiGin apdt ween

pneu occus. .and ni ggococgus infectigns, bath pf. which us acteri al
ot nohe RPoriPREF ERLPSIRR °F fiSelohp df b se i YaPnliRuS DeARARRS < can be
sel ech@ds ire phiditdthbmRARY 0BKseFGLSe. Pr Ot ease activity but not viral

meni ngitis. Another one or nore inhibitors can be selected to inhibit

meni ngococcus protease activity but does not viral neningitis. In yet
anot h@froup 5 and 8: these Enterovirus groups present a unique feature of a charged amino

acid in position P4 (Arg or Lys).
Thus, a substrate can be designed such that when it becomes modified by an

enzyme, it is indicative of a serotype or subgroup of pathogens.

Kits

Kits comprising the enzymes or substrates for use in the methods described herein
are also provided. In one embodiment, the kit components may be packaged separately
and admixed immediately before use. In another embodiment, two or more components
may be packaged together. An exemplary kit may comprise one or more of the following
reagents: a negative control sample free of an enzyme or substrate; a positive control
sample comprising an enzyme or a substrate; a signal generation reagent for development
of a detectable signal from the signaling moiety; a sample collection means such as a
syringe, throat swab, or other sample collection device; and reagents for performing a
separation step. The kits may also comprise an inhibitor and/or an activator of an

enzyme.

Packaging of the reagents included in the kits may include, for example, ampules
made from glass, organic polymers, ceramic, or metal; bottles; envelopes, test tubes,

vials, flasks, syringes, and the like.
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enbodi nent, the one or nore inhibitors can be selected to inhibit both
pneunobcoccus and neni ngococcus protease activities but not viral

meni ngi t iwo 20twE3138f a signal is produced in the presen®eTaB200%@06643 NOr e
inhibitors that inhibits pneum)coccus protease activity and if a signal is
not produc res e Nels nh inhibits

meni ngococggtg c??s ase " elcdv‘f”?‘&'/m%{}ﬁ {on ]F]i% §§r11§1£r111| nigl}%trhégoﬁlgw rhengococcus.

Si ni | pfiht¥d oh bager o gdFlbeistplicddn eRbtronic fdihapsesenceflefpyalie, OD-nor e
inhibitors that inhibits nmeni ngococcusprotease activity and . if a signal is

not pREMERYD-ROM et Taetaiipdangifuctaes Bay refrke Rhypicaiix %ﬁsgmﬁtﬁémhﬁh? bits
pneu ) t o cus.
Act i \r:g gﬁgt a, goma oég&%xétdgxagﬁl&g@ﬁ@% or %&h%&ﬁ){;(}% rgé}[dg t elcr eaction
m xt umedlsbﬁbumeﬂtﬂeemebﬁsupbhedasveﬁéoﬁmomcrmﬁérs to any agent that induces or
increases the activity of an enzyne. In an enbodl ment, the activator is

Na2SO . atlon of s nal of a rreor te in a
bi ol ogi calrr?g‘éh’d 08"1%?‘”%65 "hg%( §trat5 cbgf‘r ’éﬁ "22‘% %et ection

I evel thefsebpeataidBt €, procaIC|ton|n | evel s durlng bacterial infection can be
as lowas 0.5 ng/m (400M. In order to detect such |low | evels,
anplification of a signal maybe useful. Anplification of a signal may be
achieved by utlizing a zynbgen activation cascade. A zynogen, or a
proenzyne, is an inactive enzyme precursor. A zynogen requires a

bi ochem cal change (such as a hydrolysis reaction revealing the active
site, or changing the configuration to reveal the active site) for it to
beconme an active enzynme. Cenerally, a specific part of the precursor enzyne
is cleaved in order to activate it. For exanple, a cleavage sequence may be
fused to an enzyne to create a zynogen. The cl eavage sequence nmay be the
sane or simlar to that of a substrate that may be present in a biol ogical
sanpl e. C eavage of the sequence by an enzyne will release the inhibition
on the zynogen rendering an active proteolytic enzyne. This
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enzyme would then react with a quantified set of zynogens, which would

rel ease a quantified amunt of free enzynme, which would react with a
guanti f i edoanums138f specific substrate. For each react Pom/IB20% @& nay be
detected, thereby producing an anplification of a signal. If a biological
sanpl e contains a substrate that conpetes with the cl eavage sequence used
to create the original zynogen, {gnal generated will be reduced.

Det ection of neuram nidase In ogéggﬁ%%ginent, t he met hod can be used to

det ect nPehisiration of eahpstition mhisitiba b£Chambirypsiady twd duppiratest bacteria in
a biological sanple and thus, can also be used to detect bacteria

i nfection. Neuram ni dase (al so known as sial i dase, acyhi euram nyl

hydr oRgagentsand Iggtruments] . 18) is an enzyne conmpn anong ani mal s and anumber
of mcroorganisns. It is a glycohydrol ase that cleaves term nal

al phaketosidically, linked si ald'ﬁg a(csj dstrwnrbilngcoqroﬁtebms, gl ycol i pids and
ol i gosacchar i des. B 0f t hle $FEPYSPganbsdsmiratt@nt|ai oAy nNeur ani ni dase on

their surfaceg, pRgeniic To man. [hese pat hodepmfyml gani sms i ncl ude
bacteria such a%tﬁ}}i}gﬁp Choelr adinzxmehr obatd0ate/mt egf acui%éns, and bacteri al

i nvol ved in ;agt CT aqd mlgiﬂl Tt [Upili i_Uf Inftuenzae,

meni ngococcals gb@ PSS UL A hgirtts—He—ani-rgocogcal and sone

i sol at es of ﬁaenopﬁﬁl?'i?s i nflluenzae exp esa()laMrteuréfni ni dase enzyne t hat
cleaves sial | Magple-rdadro niclibioryal act gggv The MEAMggcoccal speci es
recogni ze cyli di m&eryhébhos phoSubstr: yl neur am nilc_acid (CMP- NANA) and 5-
acetylneurarninic acid (Neu5 Ac), while Haenophilus influenza recognizes

only MM&M_ - _The pneunpcoccus speci es has been
shown ul agho Ngiﬁﬁggﬁpg’ﬁ)mg_ngst rates with -2,3 and "-2,6

| i nkaggsstia® DAlBCT PEEMBSD. AR HatdhSofIGMasR sibéthhte)?FRETisGksk@esbdsed on
JV-acetylgal actosam ne (NeuAca2Z-3G&Il, NeuAc a2-6Gal, NeuGc a2-3Gl, NeuCc

a2- 6Gallgxa S32Hmordphaieages useful for detecting neurani nidase activity
| ncl udg 82i® (5200 AUl S ARMIAO LG Bl tebbifigges: A her |1 nkages

Chymotrypsin substrate. Dissolve in 1:1 HEPES/DMSO to 20mm. additional 1:10

dilution was done in HEPES buffer.

Enzyme - a-Chymotrypsin: Commercially available a-Chymotrypsin Type IV was diluted

in HEPES buffer to a stock of 20ug/ml.

Fluorimeter: DMV, Polar-Star Galaxy. Parameters:

Ex. 531mm, Em. 560mm.

Temprature RT.

Total reading Time 10 min. Gain 90
All tests will be performed in triplicates.

Reaction procedure

Solution -1: HEPES buffer.

Solution -2: Substrate-1 stock was diluted 1:10 in 1000ul HEPES to give a 2X solution of
100nM.

Solution -3, a-d: Substrate-2 stock was serially diluted 1:10 with HEPES and 10ul of each
dilution was added into 40ul of HEPES. a- 400uM, b-40uM, c-4uM, d-400nM (10X

solutions)
Solution -4: Enzyme stock was diluted 1:20 into 300ul of HEPES to give a 10X

solution.
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for detecting neuram nidase activity include a2-8, oc2-9 neuramnidic acid
| i nkages (such as neni ngococcal B and C, and Arthrobacter ureafaciens) and
cyclic newpanionisi3s aci d | i nkages (such as Pseudonbnas) PCmOB200%/0i¥s1y at es
can be constructed to distinguish neuram ni dases originating fromdifferent
bacteri al 1NS. 14 l.es L.ali | n ched to
specific g?%%%ﬁggggﬁﬁggggéngﬁ%ﬁne%%?%%L8k€§%%?§%ﬁ@§?%ﬁﬁb?é&gcidDetection of
bact ebindingritadked bbitem 199 witls @bdt, sthgelimms N6 d8sevaal-Cy 30yl S@htegti1on of the
above bacteria in biological sanmles _can be perfornmed by detection of the
Speci PRGSO Sk ai-%aa@aesa}dée? 1/52ch Weth dnigdews Anfy 1 Ol e Setighl ed i n or der
to de&&&hé@é&hﬁﬁx&&'m@[‘i&ﬂ'édl&tidﬂhag%ﬁs d?%d@golhﬁxﬁ%' {od13§o1lo2 58 0genous
neuram ni dase activity, the presence of bacterial heuram ni dase activity

i ndi cevagsaddelieo polasmrd; éOulf SGlatdowBc svas addddao CHamnNoand 10ul tSohgiomddpl es of
such assays .for detecting neuram nidase activity in a biologjcal sanple are
descrpﬁﬁﬁxgﬂﬂ%ﬁ?l é%WHP&QéE%dQ&QGE%SHmﬁH§éﬁm%Wd8iFﬂﬁ%ﬁ%ﬁ%kﬁ%&% beads and
f'UorEﬁgﬁﬁﬁ&}h%Qﬁh&ﬁﬂhbQB&BﬁmCi&CFhﬁﬁﬁwhEQEﬁﬁthEQﬁﬁn@ﬁ&&&!ty can be
detected using sialic acid and its ligand (a lectin). The substrate
conprises sialic acid on one end of an oligosaccharide, which is covalently
boundResmiltsagnet i ¢ beads, and a fluorescence-| abel ed | ectin associated with
the sialic acid. SNA- Sanmbucus Nigra Lectin, specific for NeubS5AC(2-6) Gl

LA. MAL - Maackia amurensis | ect mapld®uSAC(2-3) Gal LL. WGA - Weat Germ
aglutinin lectin, nost Si-glycan Tormations. See Figures 14A-14B. d eavage
of t'iC’oﬁ‘rn FLL ' ' LSy Jqti on of the
fluo es&e

fluo

C
Q
]
!
.
<]
I
-
Q)

ca2-3Gl wll

allo
1
2 -
3 50nM 40uM 100 pg/ml 9000 55%
4 50nM 4uM 100 pg/ml 12000 40%
5 50nM 400nM 100 pg/ml 16000 20%
6 50nM 40nM 100 pg/ml 18000 10%

Under the above conditions, a 10% competitive inhibition can be seen when the two
substrates are at about 1:1 in molar ratio. The competition appears to be in a logarithmic
scale. Sensitivity can be increased by changing the enzyme concentration, reducing

Substrate 1 concentration, and enhancing the fluorimeter gain.

Example 2

Detection of procalcitonin (PCT) for the detection of a bacterial infection
The host response to bacterial infection involves the activation of complex

immune mechanisms and the release of a wide array of inflammatory mediators.
Procalcitonin (PCT) has recently been proposed as a marker of bacterial infection in
critically ill subjects. PCT is a 116 amino acid peptide with a sequence identical to that
of the prohormone of calcitonin. Muller et al., Crit Care Med (2000) 28:977-83. (Figure
17). Under normal metabolic conditions, PCT is only present in the C cell of the thyroid
gland. However, in bacterial infection and sepsis, intact/truncated (3-116) PCT is found

in the blood and, more importantly, its level correlates with the severity of sepsis.
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bacterial strains. Using NeuAca2-6Gal will allow the detection of the
pneunococcus species, and using CMP-NANA will all ow detection of the

meni ngocovoabimgpasses. | n anot her enbodi nent, the assayPcanBie/pecior med as
a multiplex assay. In this case, the sialic acid-associated

ol i gosacchari.des are coval.ently .bound.to magnetic beads as descri bed above.
The bead! of PHCTeRN I PIRHFID R U S oS oS OHEmARoh ol ogi cal

sanpl gir@i4lirgheveld ffscltDéfsoancRebrtnt afcth@tf PCT tut agdaskurd f there is no
neur am ni dase present in the sanple, lectin will bind to sialic acid and

wi || eadcifnmin. decreasgmpip seyerah ghopsaidelold: Thisdaercassand esppgially i cqueset  panel .
Howev | .0l |.S e hallec acid wll be
ol ottt DR IAR o AT Ah Wh S aRT oy Hot@lebln 21 C 201 o
but \ll\bdﬂsisltiﬁg ob@l@?&hirﬁdcid@i&ll’sem%& Dietorragid eldacagedgdiipdpeidasesgut Bt 15, ri ght
panel . Det ectjon of serotypes In an enbodinent, the nmethod provided can be
used EPIRcKblong praselspendy fouad imihg cpaplptigre Additional deayinglsedsie, the enzyne

of th@ir&ﬁ‘&tfh%%%&ﬁ%a@&i ﬁf iR RAFT P iR X@cﬂﬁalﬁ%ﬂﬁ?&?@o%&@d&-ﬁ he menbers of

the serotyp ternativel'y, stralns of pathogens may assified
accor (TERHI}, previcuslydmotwiness kiatacalbimalragpsis,dhese peptides ard Yeatablyodereaseds i on of a

single,substrate represents, the pat hogens of .th cl ass. For, exanple, the
Ent er 881 @}%E‘iﬁve@éﬁ‘ﬁ £¢ ubiguifoys ex Bi'e @‘iﬁ?ﬁ@ﬁ?ﬁ%ﬂﬁ@‘éﬁs?e@ﬂée‘?@ protease is
an engyiBiurdcadldfonid, Whidyis bilyProddted Kyﬁlg&oiﬁﬂpb-beilsfﬁhﬁiﬂ Néral 6psreer ved
between strai ns. When the proteases and their substrates were anal yzed

usi ngoslyclightlyomeregsedr ee anal ysi s and 3D structure nodeling between the

enzyme and 2 substrate 9- Leu- G.u- Al a- - Phe- -3 y- Pro-

Pr - Val - Ty PR B AERRAGHT: o iy 5 Refntof HERIHRAA E 8 acsi 11 oo

i Nt o BloBRls SEVMRE I R add Wabtedf)merdhi@tf S higltddirdiationbdsaegotiedus G oup 1 has
the | argest nunber of clones (40 out of a total of 73). Mst of the clones

i n gr befpyean edehrespingl dlwd PEAlevsisradrhgctsrielanenipgitis.citse &8 $00%n Hepesyi rus 81,
Ent er ﬁ/a{nrtllflﬁng ?hqu\giel %? B%%ﬁl%ﬂgmﬁ ixpﬁ% %1600 ebéd £aH eskidutd b&udef in

detecting bacterial infections, such as bacterial meningitis.

In this example, competitive inhibition is utilized for detecting procalcitonin. The
method comprises the following compositions:

1) One or more enzymes capable of cleaving PCT, such as prohormone
convertase 1 (PC1);

2) One or more substrate compounds capable of being modified by the one or
more enzymes capable of cleaving PCT to form corresponding one or more compound
derivatives, each of the substrate compounds having the same or different signaling
moieties linked to the substrate compounds. In the presence of the enzyme(s), the one or
more substrate compound will undergo a modification identical or similar to that which
will occur in PCT. For example, the one or more substrates will have a cleavage site
identical or similar to the cleavage site of the PCT, with lower affinity to the one or more
enzymes.

The assay may be performed with two separate samples: a control sample that
does not contain PCT and a test sample that contains a biological sample (e.g. blood or
cerebrospinal fluid). The one or more enzymes and the one or more substrate compounds
are added to each sample.

If there is no PCT in the test sample, the substrate compounds are modified (€.g.

cleaved) at the same rate in both samples. However, if the test sample contains PCT, e.g.
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conposition of the active site acconpani ed by substitutions to Val and Iso
in the cleavage site at the P4 position. However, the presence of this
simlar cveavegadsequences in the rest of the clones inrPChaByowwsesndi cat ed
that these changes did not affect the |igandreceptor interactions.

Ther ef,or e hese.cl.onges u xpect to show skm | havi or as. Echovirus
30° andiahpele et ReRa BERLT R s wR OO bR fon R Saxtes B
subst hiefréseftinithe el EBEDAS Sredilt, bhewertdietdlitdchvity BasBibsted Soht ki ons of Phe
to Tyr and Leu to |Iso ar eﬁgh si cochem cal |y conservative and therefore

¢

gr oupsubstratsgomperrdsiddehio Sample SHAEVS tBie €OBrRIEMPLE oup 2 and 7:

Ent er ovi r%hgﬁﬂé’sl bt HRUPELRG e éssg} 9;{1%%031&4 coffifaled e Miihftd] refGlicge Sites.
However, in the cleavage sequence, ere are changes at positions P4 and
P5. AtabjroThe tabic, Pdntainiigrranges of PCTasonédSittations] hray bélkdesvabftomndi cat e t hat

ei ther the co-evolved positjon in the active site_ is not in the alignnent
or t hayapishealinigs! S@aﬂﬁﬁigaﬂbﬁ)ﬁ Y9 tQ pRrEslate &etrﬁﬁ*ﬁﬁ@ﬂmew%trmﬁ actepalt he

cl eavggeissequences of groups 2 and 7 is in the margin of the substrate at
position P6 having L and M respectively, These substitutions are

conser vat i YehighiBETicon¢antraton tdstvestdt indimates sapisisgintd enghied therapprogristocki ng

resul ts and accordin o an anal ysis of the solved. structure of, the 3C

pr ot ea'éug%@lﬂtr?fﬂlé' Aﬂqvﬁg§hq9gcef§{agg%gﬁﬁ Tegt 'Igglcﬁfes ﬂ%ﬂﬁgp?ﬂ‘tl%ve?ssanflounq within
a conggil ¥ad tPa SiproptididiRetmbhiame Mfthdri@tdEifippliedse and therefore it may
play a role as a specificity determnant. Goup 3 : hi Enterovirus group 3,

al | rr:enber BCHdveels diming andnfepiiori¢and esistion aafAd nymbi#dpM)sAguences.
Furt : i1 P3. P4 . P tituted & ively,
fr om SaBRRraieB SR, behenrttil e TRetind YT iRl i €0 0er s 1 n

this EhehRYialseTodiptisdas Aapkfidaion SyiEm eh ampifestht eighsigisestad feoid t he sane

active site. The only aberrant strain is the Coxsackievirus Al 3, which has
i n posn engymatipzeastion.pEor expplen a clopeageseqysace pLRE | mayheifused t8R Asn and Phe.

2l <o Reiryr O S ERRETe (or Ak UL QB R APROTILP 71 Lot

cases sedubrcesiih SdricikbipleNBCObr bther PAT Bequence recognition enzyme will release

the inhibition on the proenzyme rendering an active proteolytic enzyme (e.g., thrombin).
This enzyme would then react with a quantified set of proenzymes, which would release
a quantified amount of free enzyme, which would react with a quantified amount of
specific substrate for this enzyme (e.g., thrombin reacting with thrombin substrate).

The assay signal intensity is quantified with different concentrations of enzyme —
proenzyme against a control sample that does not contain PCT. Exposing the quantified
reaction to different concentrations of PCT, lowers the initial signal intensity. The
procalcitonin amount is calculated from the intensity of the final signal. The
amplification method allows the detection of serum PCT concentrations as low as
0.5ng/ml.

Accordingly, examples of substrates that may be used in conjunction with PC1 or
other PCT-modifying enzymes include, but are not limited to:

1. A FRET substrate comprising amino acids 8-20 of PCT that includes the PC-1
cleavage site.

2. Amino acids 3-60 of PCT comprising a pNA-colorimetric marker released after
PC1 cleavage. This assay is based on spectrophotometric detection of the

chromophore p-nitroanilide (pNA) after cleavage from the labeled substrate. The

32



acids are physicochem cally conservative. Goup 5 and 8 : these Enterovirus
groups present a unique feature of a charged amno acid in position P4 (Arg
or Lys). Wbusiv/a3sabstrate can be designed such that wheQTiIB20020o@hEs
nodi fied by an enzyne, it is indicative of a serotype or subgroup of

pat hogens. Ki Its conpri.sing the, enzynes or .substrates for.use in the
et hods. degtiA el SEFEr Tt el SRR SRR R meR he ki1
conponent s piay rdddeadbooatosapar at el y and adm xed i mmedi ately before use.
Ln anot her enbodi ment, two or nore conponents nay be packaged together. An

exenpl ar §- Rroengge: cBpin e binlegies! sppple competes Wikl 4 Py Meeagent s: a
negative c . e. LI : kt trol
sl o comtopPkpB AT el B ofay AR ERGHE FOUSHRE beRbts v FRASHY 12 SO0 Por

devel opmantpr@efnzymdbbﬁnﬁeslﬂcﬁvﬂécgmahoﬁfpmuﬂséam icomptising agigneling a sanpl e
col l ecti on neans auch as aé{rs%ri nge, throat swab, or other sanple collection
devi ce; andPPEFBAESOFRES p&BPYr mi ng a separation step. The kits may al so

corrprise4.apu1i1mﬁ'ggiérﬁéﬁlﬂgﬁ{gp{ugw'e{iﬂ)or of an enzyne. Packaging of the

reagents i nclud Its may I ncldde, for exanple, anpules made from

gl ass, ofgAniro-cpsgagn® epmogaay; withan activatertcap of BeOtanang aeidytbhiogpasts t est t ubes,

vials, flasks, syringes, and, the.like Kits plyed with

i nstructi ortaf© rA°t y&site, ?&‘{‘E‘{?&W%‘E}E S?Wn‘beer@mmg%?\ggp ¢ °br may be
suppl i ed | RIBKRGEEQNDENOC2yRhd s&éfal oftier SorhbiaRINsHf Bho adibi¥albadid/D- ROM et c.
Detailed instructions may not be physically associated with the kit;

i nst ead, a angne agidyRE&EK)dhereivt ed to an internet web site specified by the
manuf acturer or distributor of the kit, of supplied as electronic mail. The
foll owi ng exanples are intended to illustrate the disclosure w thout

limting the scope thereof. Exangxample 3
Detection of methicillin resistant staphylococcus aureus toxin

The provided method can also be used to detect, for example, community
associated methicillin resistant staphylococcus aureus (CA-MRSA) or S. aureus
homogeneously resistant to methicillin (HOMRSA) by quantifying the protein levels of
specific peptides of MRSA. An example of such a peptide is the 21 aa peptide Phenol
soluble modulin (PSM), that is responsible for many disease features of MRSA. Another
example is the detection of the Panton-Valentine leucocidin (PVA) toxin that is expressed
in higher levels in HOMRSA.

Glutamyl endopeptidase cleaves PSM at the amino acid glu at position 16. To
detect PSM and therefore, MRSA, a biological sample is contacted with glutamyl
endopeptidase and a substrate comprising a signaling moiety and a glutamyl
endopeptidase cleavage site that competes with PSM. The signal from the signaling
moiety is measured. It is determined whether there is a difference in the signal compared
with a control sample that does not contain PSM. If there is a difference (e.g. a decrease)
in signal compared with the control sample, that difference indicates the presence of PSM
in the biological sample.

Other exemplary S. Aureus antigens that can be detected according to the
provided method include: Ribitol, Polysaccharide A polysaccharide B, Teicoic Acids,
Protein A, PVA toxin, PSM toxin, coagulase, staphylokinase, desoxyribonuclease,
hyaluronidase, lipase, Hemolysin: alpha, beta, gamma, delta, Valentine Leukocidin,

LUK, Exfoliative exotoxin, Toxic Shock Syndrome Toxin, Enterotoxins C,D. Hemolysin
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Denonstrati on of conmpetition inhibition of Chenotrypsin by two substrates
Reagents and Instrunments : Dilution and reaction Buffer : HEPES 100mM
pH=7.5. Subsbroatsidg (Sub.-1) Canb-2.4 (a batch of Canb2PprsuhBroogv@ps3 FRET
substrate based on Al exa 532 fluorophore. Substrate 2 (Sub.-2):

Commerci al | il | - sin substrate.
Di ssoPte "“a ﬁiu%gﬁ%ﬂ\%% nggt%ﬁfl %ﬁ‘f‘l ona%.g?bm%n Wﬁ%%pms done in
HEPESEbﬂﬂihﬁ{‘/e eloigyne - a-Chvnotrvpsin : Commercially avail abl e

a- Chynotrypsin Type 1V was diluted in HEPES buffer to a stock of 20ug/ni.
Fluorimeter : DW, Polar-Star Gal axy. Paraneters: Ex. 531mm Em 560mm
Tenprature RT. Total reading Ti ﬁaﬂ%lﬁ. n. Gain 90 AUtests will be perforned
in triplicates. Reaction proced tion -1: HEPES buffer. Solution -2:
Substrate-1 stock wsubdiratdsdor detétiomof fopgall infde®d t 0 gi ve a 2X sol ution of

100nM Sol ution Subsir at e- stock was seriall ted.1: 10 th
HEPES and ﬁi?mwff‘?i%%?@ H&a‘fq%{s f‘%‘ﬂg‘iﬂ&‘és IR SmETERE aﬂ@%ﬂlse%‘?fyt}l@éégtye"é‘d 40 OJVI\\;I

b- 40”Mort§hl§HMmﬂ1uﬂQ-Q8M:pfo1nQi Egcts(@%) AIDISUEARBr clfbimokibE ox%raﬂ@k was
diluted 1:20 into 300 HEP |vea10Xsqut|on Usm

mul t i b@eamamow pnap@tlmatmhelnad@ﬁen&ﬂsnttaladsted@mfectmexdsubamﬁs %ptnon bi ndi ng

Pl ?_C kg%v%%glgf%@nsglger\é\g at nskp(le g. Subljlescltsn% a%cfntlérqsq‘?e c::Laré3 0{) havéN%ecome a <,3a(1)1lsjc|3 Sol ution

of major health concern. Hence, fungal infections pose a target for diagnosis and therapy.

The method may be utilized for the detection of various fungi, such as, for
example, Candida, Cryptococcus neoformans, Aspergillus fumigates,
Blastocladiomycota,chytridiomycota, Dikarya, Glomeromycota, and Microsporidia,
Neocallimastigomycota.

Candida, which is found in the human digestive tract, mouth, and genital region,
is one of the most common organism implicated in fungal infections. Three major extra-
cellular hydrolytic enzyme families produced by the Candida species (e.g., C
dubliniensis, C tropicalis, C parapsilosis, C albicans) are the secreted aspartyl
proteinases (Sap), phospholipase B enzymes, and lipases.

One specific enzyme is Sap2. Sap2 is expressed abundantly in cultures of
Candida albicans and is therefore an attractive target for the detection of Candida
infection. The Sap2 cleavage site shows a preference for phenylalanine at the amino acid
residue immediately N-terminal to the cleavage sige (“P1” site). A multiple sequence
alignment of the substrates of Sap2, including secretory immunoglobulin A, insulin B,
albumin, and collagen, provides sequences that may be utilized in the disclosed method.
In addition, the alignment has allowed for the construction of artificial substrates that
compete with the natural substrate that may be present in a biological sample suspected

of containing a fungal infection. The alignment is provided in Table 4 below.
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and 50ul Solution -2 were added to each well. Into rows A-C, | Qul of
Solution-1 was added to colums 1 and 2, | Qul Solution-3a was added to

col um 3,wbQuolo/@ai38t i on- 3b was added to colum 4, | Qul 8araBrooede43nas
added to colum 5 and | Qul Sol ution-3d was added to colum 6. Into rows
A-C. | Qul of Soluti S ded,to col u f .Sol ution-4 was added
to colums 2-6. Fl ugfifbﬁrg ﬁ% Eﬁ‘f‘?én !fﬁvglflgﬁ?'és%szesul ts: Table 3
Under P4 € be seen when
thetmg Brey oNpes i ti on appears

b x%b
to beLén ajéogagid hm_ys scmge §@m5| hbpy/i tygcan be i ncrseaspdudys changi ng the

enzyme concentr ghd 0Nyl edug,{ ngGﬁubswsat eLdy concent rathqﬂ & enhanci ng the
fluorget ey ,gal @,u Exggp eL cti of rocal ci tonigg E(E% g or the

det eclj on ec(, on h response J-0, ial infection
i nvol yes t g ac vat bt’ t ex I E rrechanl sms . el ease of a

w de Erray ﬁ’f ng Iarrg& é rredl orﬁh Pr oCal CL()tﬁRM] ) recently been
propo d a fher "0F E erf® i M%ction i
I

1gSUbj ects. PCT
is a %% aN?no Yeid pptid V\nthasequehceldentlca

10

of the
pr ohoHifoneGY c¥elci t Yfl n. PRl | ¥al et Al . LSrit Carelve %@ 1?8. 977-83.
(Fi guP® 17Ma Undtsr nBheral Pheet abidl i cletonditions, PCT iS5 -'p1r2esent in the
C cel Proof fle t B oi Bhegyl aRbe HBWAeveksu | n- bact er i aI i FEEIPINGh Bnd sepsi s,
i nt acPfot r uheat ediu 3- M&6) PET i Alaf oubel i n-t he bl ood aféQ IR #4nportantly,
its level correlates with the severity of sepsis.Furthernore, in mcrobial
I nfections and in various forns of inflammtion, circulating |evels of
several calcitonin precursors, including PCT but not mature cal citonin,
increase up to several thousandghkqhfijedhis increase and especially the
course correlates with the seve the condition and with nortality.
Initially, procal citonin conﬂemcting obtack am noacids is secreted. Due to

rapid cl eaxac%ncerXus prgge%s al(gear e expre%s]ig'n pattern of genes and more specifically
the expression pattern of proteases. These proteases are a part of the intracellular
regulation and also of extracellular activities. Extracellular activities include degradation
and tissue remodeling of the extracellular matrix that is associated with malignancies, a
process mainly facilitated by metalloproteinase.
Several cancer biomarkers have been identified, such as a-fetoprotein (AFP),
carcinoembryonic antigen (CEA), prostate-specific antigen (PSA) and CYFRA21. PSA
is the most abundant kallikrein-like serine protease in seminal plasma and is measurable
in serum after the onset of puberty. The retrograde release of PSA into the bloodstream
is a rare event in young healthy men and occurs with a frequency of less than one PSA
molecule per million secreted PSA molecules. When the prostate becomes diseased,
leakage into blood is highly increased and hence serum PSA serves as a marker of
prostate cancer. However, PSA testing in the clinic often suffers from a high false
positive rate. Several studies have tried to improve the diagnostic value of PSA through
detecting other kallikrain-like proteases, such as KLK2, KI.K4 and KLLK1. Furthermore,
it has been found that in blood, PSA manifests little or no catalytic activity. This is
mainly due to a greater than or equal to 105-fold excess of protease inhibitors such as al-
antichymotrypsin (ACT), a2-macroglobulin, and protein C inhibitor (PCI), which
inactivate any catalytic PSA by forming stable covalent complexes in serum. Therefore,

PSA in blood exists in multiple forms: free or in complexes with the various protease
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am no acid long procalcitonin is found in the circulation. Additional
cleaving leads to circul ati ng am noprocalcitonin, immature calcitonin and
cal ci t oniwocardasypepti de-1 (CCP-1), previously known a®CRaBzob@c4s. | n
sepsis, these peptides are variably increased, often to huge levels due to

ubi qui .t Qus _expressi.on ecr.etion.. However r | e ture

cal o e R 838 e S A SEUE ARy AR Al B B bRal e nor et or
ar e ofylcutabjticghy inerti HewvedGEPS A PhetoBftieraetivitiédn e if@BSse8 b9r>108fblanmat i on, the
concentration of procalcitonin in the blood is elevated. In the case of
bact efiearessass ofdi- IVNa2304; ghercedorefos determintng actpity ekamembgrelihe er ebr ospi nal
fluid eyel. L,ad i Q1L i 3 . %. k

quantll( %%Agn t\E{lglléﬁll’ %\ggﬁ&gﬁ)} [%%%&%l o{ral’iq}rllé fﬁl?])lolglfléea?%q?n(%gn%r gﬁfg Eﬁci[}%fs%e he CSF

woul dtheejetesibriubf tirtlxe ptrémet Ahgrmadedlgrdoalpléxeffemidtionsan beledvessd bact eri al
meningjtis. In this exanple, conpetitive inhibition is utilized for

det ec gy shvmategrariy and caneelease agiyedorpr Eep@matisaci g Slfsqctthposi ti ons:

1) OnpgRmiPies Ches BaRl:&s Hfpsl favio s d%w a ne
converta§%£€5($> ;qg?ﬁ%ﬁé or nore sﬁ%g??afgg%% ouﬁ%éﬁéggg% éﬁgf bei ng
nmodi f subdtritgs thatman be osefuldoedegedtoned PSdpatlude:.of cl eaving PCT to form
corr espondj e conpound derivatives, each of the substrate
conmpounds hﬁgﬁffr&ﬁ%@@h@o different signaling noieties linked to the
substrate gpyR Q ID'NQe14)r esence of the enzynme(s), the one or nore

substrate conpound will undergo a nodification identical or simlar to that
whi ch wi | | GASHRLISY PSGAGAPE Oe,17h he one or nore substrates will have

a cl eavage,sj A t LeAl si,gilar to the cleavage site of the PCT, with

| ower affiﬁstbﬁ%ggﬁﬁéégﬁénﬁgon352 enzynes. The assay may be perforned with

two 5?H@E@s&at%@fﬂ?ih@ﬁéorﬁ%ﬁs‘é%tsﬁgialiﬁglﬁ%'i&{ tadprodees anginat@pdnai n PCT and a test
e

sanpl e that contains a biological sanple (e. % bl ood , or
modification, allowing detection of substrates modified by PSA. The signal produced

may, for example, be fluorescence.

Example 6
Detection of the stroke and coagulation cascades using an array

An assay for the coagulation cascade can be performed as shown in Figure 18.
Each test tube contains a kinetically calibrated serine protease enzyme of the coagulation
cascade at a known concentration and its substrate. The substrate comprises a specific
cleavage site and a signaling moiety and retains the kinetic properties of the natural

substrate.

A biological sample is added to each test tube. If a substrate of the protease in the
test tube is present in the biological sample, it competes with the substrate comprising a
signaling moiety and the reaction may be analyzed by FRET substrate based assay or by

fluorescence polarization.

The biological sample can be obtained from different populations, and a profile of
people at risk for stroke and haematological disorders can be created based on their
activities of markers of the coagulation cascade. For example, samples can be obtained

from healthy donors, donors at risk for stroke, and donors who have had stroke.
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cerebrospinal fluid). The one or nore enzynmes and the one or nore substrate
conpounds are added to each sanple. If there is no PCT in the test sanple,
t he substwet2eloonspeunds are nodified (e.g. cleaved) at Ph@/1BZOR0G6aLE | n
bot h sanples. However, if the test sanple contains PCT, e.g.the sanple
contains bacteria, the PCT actsgs a!czrrpeti tive substrate for the enzynes
that are present in the sanple €8 result, a lower overall activity is
exhi bited fromthe substratpetetticiPonsionadaed to the test sanple relative to
the control sanple. The val ues obtained fromthe assay can al so be conpared
to a clini agabmitedeat 8nber bl fic c?b@hxtoﬁﬁl 1#450Gapériintily) Svhosd a@stie isFeT
concentrations, nmay be derived from established clinical data and can be
used aromagire andregens mroducing esirogensh Séesids preycopipopet-aldpunfusedingss. A hi gh PCT
concentration test result .indi. S i n I he propriate drug
treat ?{P?ta%qf%l\ﬁfoﬁa%ﬁ%egﬁ%@ﬁ? ‘?gﬁg Qﬁg f*élgﬁg%rozgﬁef(gd:ﬂr% I cag rgétrl]cnscggtfgral subj ect

| evel gheptsitheinhine) Biashigh@xadatiap phd pubiséqueni ¢laainaksH ofandethyl groap. testing if
applicable. PCT levels during an infection can be as low as 0.5 ng/m
(400M. An anm ification system may, be beneficial for detecting | | evel s

of infectiBF ¥ E’#p the assay, n@—A&l so conprise an anmplifi cagi @A-Yst em
that anplifies e signal s or exanpl e,
a cl eavage seqlere of A Dl ecul e
(for exanple proth gpﬁa exanpl e,

PC or other PCL~gefue hi bition on
t he proenzyne ¢endée ., thronbin). This
enzyme woul d thef r ¢ res, which would
rel ease a quagtNJiLthanpant of free enzﬁle gyl g eact with a
quantifi ed ¥Mnount” of specific substrate foP"t hi s enzyne (e.g., thronbin
reacting with thrqggi:?sf%%éat e). The assay signglgtiddfglsity is quantified
with different concentrations of enzyne - proenzyne agal nst a control

sanpl e that does not contain PCT. Exposing the quantified

The aromatase enzyme can be found in many tissues including gonads, brain,
adipose tissue, placenta, blood vessels, skin, bone, endometrium, breast as well as in
tissue of endometriosis, uterine fibroids, breast cancer, and endometrial cancer. While
postmenopausal women have low levels of circulating plasma estrogens, the local
synthesis or intratumoral production of estrogens that takes place in breast carcinoma
tissue itself can lead to higher estrogen levels in the tumor. Thus aromatase inhibitors
have become useful in the management of patients with breast cancer whose lesion was

found to be estrogen receptor positive.

Aromatase is the final expression of the gonado-endocrine function. Intratumoral
aromatase has been considered a viable clinical target for the treatment of estrogen
receptor-positive postmenopausal breast cancer patients. However, routine evaluation
methods for the detection of aromatase expression in clinical specimens have not been

established.

The examination of the localization of aromatase in human tissues may be used as
a diagnostic tool for the function of the endocrine system as well as providing better
treatment for postmenopausal breast cancer patients by giving information related to the

malignancy level.
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reaction to different concentrations of PCT, |owers the initial signal
intensity. The procalcitonin amunt is calculated fromthe intensity of the
final sigweal2o10fing3anplificati on nethod all ows the det ectconBziy/sesesm PCT
concentrations as low as 0.5ng/m . Accordingly, exarrpl es of substrates that
may be use | s incl ude,
but are no?ih ﬁ\ﬁ][%g(? %{?}}&edoc'&nﬁ' IB:%I‘:CITI%I SieRe t(ﬁ %keﬁtctgg%%ﬂ de%%%ﬁﬂ%gé%’@gs 8-20 of

PCT t Ratl aisfaﬁhéﬁﬁt% df agaligfaricycing dvigen of e en&ocrﬁ!@spstem(in gest3- 60 of PCT
conprising a_pNA-colorinetric marker rel eased after PCl cl eavage Thi s

assaymﬁgoﬂ%lé"éd"%f#?ns At exapphe P imBbstrete yasfaldor detegmerarpmetascIRpBAGT

"-ni | 4i f dnbles te ThepNA
htﬁleﬁlt%g |4ot§%gényﬁé)‘hﬁ CBSIEm?Jl ggﬁégeaﬂ%%% ecturbpgﬁj‘ﬁ%:)tﬁ%m%t+ 2@ Bga a mcrotiter

pI at ecoraret byahroﬁﬁtthsewméﬂtfghmytﬂu&esdenmndgnw-hmxy-n-mﬂembmﬂqg| cal sanple

conpetes wt zy Si a Pd eC| f | ea sequence.

Fol | oW‘ﬁ%ar’é‘I @é@%@k ﬁlp F‘g?mf“tgﬁn}é iﬂ"ﬁg%?yﬂgea éﬁf’ﬁ Qégﬁo modi fy a

Substf] St &ONRE M (1908 i3 i9BRkLAEe HR g%th@&ﬁe@ﬁwt&tafeﬁes%hm 4. Full

| engt procal citonin (116 am no aci . pro- caspase 3 zynogen, with an

act i vaoratasajn the bibl@gica sampleaci d, that covers the enzyne active site, and

contains the sequence GKKR (SEQ ID NO.: 1), or RRKK (SEQ ID NO.: 2) and

several other conbinations of two adjacent basic am no acid (R&K) therein.

Exanpl e 3 Detection of nethicil I i n r?ss' stant staphyl ococcus aureus toxin

The provided method can al so be detect, for exanple, conmunity

associated nethicillin resistant staphyl ococcus aure CA- MRSA) or S.
aur eus Design of substrates for detectlo?l of cytomegalovirus (Eﬁ’l\(i) )

Production of recombinant CMV protease

CMYV encodes a serine protease whose catalytic domain, assemblin (28 kDa), is
released by self-cleavage from a 74 kDa precursor (pPR, pUL80a). Assemblin is a serine
protease and structural studies revealed that it has a distinctive protein fold and a Ser-His-
His catalytic triad. Enzymatic studies have shown that it exhibits allosteric activation
through homodimerization. Its dissociation constant is relatively high, approximately 1
1M, but can be decreased about two orders of magnitude by structure-enhancing
(kosmotropic) salts, such as Na;SOg.

First, a CMV protease was cloned as a source of an enzyme to mimic the
endogenous protease produced by CMV. Additional uses of the recombinant protease

included use as a positive control, assay validation, optimization, and normalization.

Herpesvirus 5 (CMV), Strain AD-169, ATCC number: VR-538, was purchased
from the ATCC as a template for cloning. The forward primer (5'-
CACCATGACGATGGACGAGCAG -3") (SEQ ID NO:60) was added with a 5' primer
extension, CACC (SEQ ID NO:61), to facilitate directional cloning into a topoisomerase
cloning vector (pET 151/D-TOPO, Invitrogen) according to the manufacturer’s
instructions. The reverse primer (5'- TCACGCCTTGACGTATGACTCG -3") (SEQID
NO:62) was used to introduce a stop codon, TGA, to the 3' prime end. PCR was used to
amplify the CMV protease gene using a proofreading polymerase (Vent, NEB). PCR

products were purified and their integrity was verified by sequencing. They were cloned
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honbgeneously resistant to nethicillin (HoMRSA) by quantifying the protein
| evel s of specific peptides of MRSA. An exanple of such a peptide is the 2
1 aa peptwoeoR®massB sol uble nodulin (PSM, that is respeasibiwdH@e43rany

di sease features of MRSA. Anot her exanpl e is the detection of the

- Ho Ry R S F/BR R RO iten L L e Bt e TR SRR i gt ot

posi t ieRpredsfon starilet ect PSM and therefore, MRSA, a biol ogical sanple is
contacted with glutanyl endopeptidase and a substrate conprising a

signal i ng @M\ﬁgﬁet@ae@was P BH 2 RNNGREN SR LE1uH @EN] d€ nbhat conpet es
with PSM The signal fromthe signhaling noiety iIs asure I't 1s

det er AD2EY mﬂ@tdwaHmMgéSh@uea)dpndlaomg the 6hHisstagcmifemdmamed with a
contral hat does ont | ere is ference (e.g. a
decr eggoé?asgﬁyglf g‘ﬂ(gfesﬁ%ﬂ'b'ﬁ? %%?W%&RWPB@C &H%Ii%“n%ﬁlﬁtg S(f P¥ er ence

i ndi caémohﬁ&yraﬁgzga COned %LR&Mdl theldMVIHirolea@iwalrefodddals- a dtiBesr exenpl ary S.
Aureus_antigens that can be det ect ed accordi n‘c:; to the provi ded nethod

i ncl u§aaniding He) dilutens vsing i dialysis bagpothysneminal inglecdar weighbsud-oficefds, Protein
A PV b |
o Bt S DB ol RABOH S AR L 83t BV POPLIT ease

Leuko¢23dhM, Hepls, 1ﬂ)ﬁ‘ﬂoﬂ Nacn VienMIXBDOA, mmM MTC 1M}yc§*¢hﬂﬂv)5)3a®m n,
Ent er ot oxj ns ysi nga Leukoci di n Pant on-val enti ne, TSST- I

D. Heno
Peni cFﬁOqurﬁth%Fi @eﬁPB?e@Ffﬁu%l AheiProtease Was paenl é%bmuﬁresmnm e 4
Subst fections
Tt i e G R
| nMmunoconp | sed subjects (e.g., AIDS, cancer chenotherapy, organ or bone
marrow tr %ﬁéﬁﬁiation) I n addition, hospi taI -related infections in

subj ects not previously considered at risk g subjects in an intensive
care unit)Paplides weresisaigaedigpsaised as competitive subs ates for'the CMV protease.

Peptide sequences were designed to mimic the original cleavage sequence of the CMV

protease. HCMYV protease cleavage site sequences are known (Baum et al., “Proteolytic
activity of human cytomegalovirus ul80 protease cleavage site mutants,” J Virol. 1994

June; 68(6): 3742-3752) and are also provided in 5 4 below:

Table 5: HCMY protease cleavage site sequences

P5 P4 P3 | P2 P1 |\ |PI P2’ | P3* | SEQID NO.:
Gly [Val |Val |Asn |Ala |\ | Ser Cys | Arg | SEQIDNO.: 19
Ser |[Tyr |Val {Lys [Ala [\ |[Ser Val |[Ser |SEQIDNO.:20
Asp |Asp |Val [Glu |Ala |\ [Ala Thr |Ser |SEQIDNO.:21
Thr |Ala |Val |Asp | Ala |\ | Ser Gly | Asp | SEQIDNO.:22
Val | Xxx |Ala |\ | Ser/Ala SEQ ID NO.: 23

The HCMYV consensus cleavage site deduced from the three known protease
cleavage sites in the CMV ULS80 polyprotein is VXA , A/S (SEQ ID NO.: 23). See Table
5 above. Examples of useful substrates for detecting a CMV infection also include
sequences containing the consensus seqeunce VV (X not K)A -/- S (SEQ ID NO.: 24) or
VVNA -/- SCR (SEQ ID NO.: 25). Studies of single-amino-acid substitution mutations
within the UL80 cleavage sites confirmed the importance of amino acids in the P3, P1,

and P1' positions relative to the scissile bond.
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of major health concern. Hence, fungal infections pose a target for

di agnosi s and therapy. The nethod naybe utilized for the detection of

vari ous fwogoio/essk as, for exanple, Candida, Cryptococ®0S/TREOY/0rENS,
Aspergillus fum gates, Bl astocl adi onycota. chytridi omycota, Dikarya,

G oneronycqta,.-.and M.cro hdi | ' : L ga, which is
found in tﬁgeﬂﬂﬁﬁﬁmﬁ?lase%ﬁ%\%/éh g'%b%gfi {,élgr?ﬁ%?tekﬁc Hﬁ%%@&ﬁ%@@% Hl?s one of

t he nglowaggimon organi sminplicated in fungal infections. Three major extra
cellular hydrolytic enzyne famlies produced by the Candi da species (e.qg.,
C dubl i ni gpabsyl)-R-Grvewi-KaA /S-S Fopr APEDIAGE) SherbinabRired bSis Bich1) he secret ed
aspartyl proteinases (Sap), phospholipase B enzynes, and |lipases. One

speci (SEQ EANOe26)s Sap2. Sap2 is expressed abundantly in cultures of

Candi da al bicans and is therefore an attractive target for the detection of
Candi da i MP$YP-Re6G-V - M-S0 SR dakdalezaiR) MNdvhescipradémediose f or

phenyl al ani e 1 no acid residue inmmediately N-termnal to the

cl eav ﬁ%‘%gj@g(ﬁbﬁﬁa:gﬁne). A multiple sequence alignment of the substrates
of Sap2, includi ngvsecr etory inmunogl obulin A _ 1insul i,nkgu%a bum n, and

col | agen, @¥¥YRAEsYSEeqhbricEs-Riab- xR 2 ONPEQE (Biptin _ JQET"’Zi}‘sed_ met hod.
I n ad{;gf%&éaqoa;;m%ﬁ%@\%ﬁﬁgts% |l owed for the construction of artificial

substrates that co natural substrate that may be present in a
bi ol ogi cal.wsanpl e, suspect.ed of | Qi gal infection. The alignnent
IS provi derleiSQB'l'Pgbl Z @%%%t So%v&?%‘%%ggﬁégy@g@g?t%%?é conpounds cl eavabl e by
Sap2. p HEIt M. KmSEQQ D N _Arg.lLeu Adn,.L S SEQID NO: 3
Leu He G faebl; IS, gogIBer la%?tgﬁﬁ"é%a‘%ﬁ{ﬁft:n beY OGO dPRE® & s Low
SEQ | Ba63 and ChRM4 Wtke @I{I%he_edzgd be CakpbFidkeReddaich R HeRIR L1d G u Ala Leu Tyr

Leu Val a Gy SEQID
Cleveland, United Kingdom.

The activity of the recombinant proteases was verified using the substrate, Bachl.
Recombinant protease was mixed with Bachl in a standard assay buffer (25mM HEPES,
150 mM NaCl, 5SmM EDTA, SmM EGTA 5% Glycerol, 0.9M Na2S04, 1mM DTT, pH
8.5). The reaction was monitored using a multi-plate fluoremeter reader (BMG fluostar,
Ex. 340nm, Em. 490nm). Figure 19 shows the activity of 200 nM CMV protease with
4uM of Bach 1.

Substrate specificity and cross reactivity

To determine whether the method is specific for detection of CMV, cross
reactivity between human rhinovirus (HRV), Enterovirus (EV) (COX and Echo), SARS
and CMV proteases was examined. Reactions were initiated by adding 100ul of a
substrate’s stock solution to 100ul of each protease in the standard assay buffer. 4puM of
the substrates PEP1 (for HRV) [(DABCYL)-L-E-A-L-F-Q-/-G-P-D (EDANS)-S-Q]
(SEQ ID NO:63), Elm1 (for EV) [K (DABCYL)L-E-A-L-F-Q-G-P-P-V-Y-E(EDANS)A]
(SEQ ID NO:64), PEP6 (for SARS) [(DABCYL)T-S-A-V-L-Q-S-G-F-R-D(EDANS)K]
(SEQ ID NO:65), and Bachl (for CMV) [(DABCYL)-Arg-Gly-Val-Val-Asn-Ser-Ser-
Arg-Leu-Ala-(EDANS)] were used and 50nM, 100nM, 1.5uM and 200nM of HRV, EV,
SARS and CMYV proteases were used, respectively. Experiments were run in duplicates

and repeated twice.

40



Gu Arg Gy Phe Phe Tyr Thr Pro SEQID NO.: 8 Pro Ala Leu Phe Phe Arg Leu -
10-15nM SEQ ID NO.: 9 Leu Val He H's Thr . _ SEQID NO.: 10 His G n Val Tyr
Phe Val AvQ 201001888 ID NO.: 1 1 Pro Ala Arg Phe Phe ArgPC@0B2008R@643D NO. :

12 Pro Ala Gu Phe Phe Ala Leu - SEQID NO.: 13 Pro Leu Gu Met Phe Ala Leu

SEQ I D ) | . | '
Tho oxpr oo BITAAPIaPR SO VL Roa A G u ST R ErPebRRY SRR FOICST on '

pat t epidtdabe M9 RASEBsubIRAELCOREAINA S EM W Rotdagealdavade dits@ani Abr ehed | ul ar
regul ation and al so of extracellular activities. Extracellular activities

i ncl ueleavpag sidgsdor ocrprateasessue renodel i ng of the extracel lular matrix that
I's associated wth malignancies, a process mainly facilitated by

met al | opr ot ei nase. Several cancerlabledimar kers have been identified, such as
a-fetoprg AP B OR-CaRti-aen-{CEArr—0t-68 specific
antigen | -li ke serine
pr ot ease e onset of
puberty. | a rare event
i n young| and occurg with a frlequency of |l ess than|one PSA

nol ecul e | secret®d PsA nmolfeculles. Wien t he prost ate becones

di seased; ot-ood—Shi rncreased ang—hence—serum PSA serves
as a nar SA testing in the cliinic often

= 5

U V
te capcer., Howeyer, P

suffers al se positlive rate. |[Several studies haveltried to

| mprove c val ue of| PSA through detectihg other kal I'i krain-1ike
pr ot ease , KLK4 gnd KLKI . [Furthérfore, it has been found
that in ni-fests | Httl e or noecatabytieraetivity-—This is

- - - +++

In accordance with the method, at least the following viruses may be detected:

Rhesus cytomegalovirus strain 68-1, Human herpesvirus 5 (strain 1042), Human
herpesvirus 5 (strain 119),Human herpesvirus 5 (strain 2387) Human herpesvirus (strain
4654), Human herpesvirus 5 (strain 5035), Human herpesvirus 5 (strain 5040), Human
herpesvirus 5 (strain 5160), Human herpesvirus 5 (strain 5508), Human herpesvirus 5
strain AD169, Human herpesvirus 5 strain Eisenhardt, Human herpesvirus 5 strain
Merlin, Human herpesvirus 5 strain PT, Human herpesvirus strain Toledo, Human
herpesvirus 5 strain Towne, Chimpanzee cytomegalovirus, Aotine herpesvirus 1, Baboon
cytomegalovirus OCOM4-37, ercocebus agilis cytomegalovirus 1, Cercopithecus cephus
cytomegalovirus 1, Colobus badius cytomegalovirus 1, Colobus guereza cytomegalovirus
1, Crocidura russula cytomegalovirus 1, Macaca fascicularis cytomegalovirus 1,
Mandrillus cytomegalovirus, Phacochoerus africanus cytomegalovirus 1, Pongo

pygmaeus cytomegalovirus 1, Porcine cytomegalovirus, Simian cytomegalovirus.
Example 9
Detection of CMYV in white blood cells (WBC)

CMV infects many cell types including endothelial, epithelial, fibroblast and white
blood cells. Therefore, CMV protease may be released into the blood. The first step in

detection of CMV protease in blood samples was to work with whole blood. However, no
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mainly due to a greater than or equal to 105-fold excess of protease
I nhi bitors such as al - antichynotrypsin (ACT), a2-nmacroglobulin, and
protei n Gvorzhionitss8 (PCl), which inactivate any catal yt PCTRBAYYGHE M ng
st abl e coval ent corrpl exes in serum Therefore, PSA in blood exists in

mul ti forns: free o X h the ri |.phi bitors.
The. PV PO RGhE “iadeeRa IR R Rt g SO Er A RABIRR b ood psa
i S caivathldsflYeYadse@rif smi}ﬂb’\tb\'tﬁépardpsﬂldmhﬁia@leﬁmg:oﬁﬂhsm gaynptanfrdie i ncr eased
by > 103-fold in the presence of 1.3M Na2SO4. Therefore, for determ ning

acti vEMV éwa@ptﬁélﬁlﬁ@ﬁ reypalclfar ﬂﬁ}ﬂlﬁyké’rlasmarssmrﬁs‘?d ﬁfé?ﬁl (Lblogd sHRPIERy be added to
t he b%v%{qué }31% )}J 5‘1,}1% MY dndA0RRGE nIv:%a% E@ Eéx?éla&;n the protease.
e sed

Al ternatively ormation can be re finity
chr on’aétwgemmbyeﬂhd obtained ebrelaesmmoﬂ dv&nBSﬁbelﬁnmdﬁﬁPc(paﬁbnmdhy of free

actlve PSA ma e det ect I ng substr.at f PSA are led b
PSAl. 1) wabhBeTat gr i isplale a5five SRR profegi, é&ﬁ@eﬁ% ﬁﬁnga? C{D !
inclu m:@ﬁ r§§h§ ) HBELRLSSYY- SGAG
( SEQ ﬁg . :%%"a%ﬁ%@%@& ?é@é’ e é%%’é l%’%%%%ﬁgt es further

conpr tareclation ippadenrte rasules of th«hiﬂstaptmdtlnoéanéP€RgﬂaiusuWB|€leuwd:at i on,

al | O%ﬁl&d tecti OEngUbSt rates nodified by PSA. The signal produced may,

for scence. Exanple 6 Det ection of the st roke and
coagul ati on cascades usi n% an array An a f.or th %Pfl allgn cascade

can be perd®exasepleef 3msthe .ﬂrfrhtamng 275gmp H’V}P?@o‘? pxidd a
k' net FSidbw Y 13ab IsRE Al GEuSBObA S SNehELRS SEDTA-Ratdd Gib6 QRMY ALHRN cascade at

known concentration and Its substrate. The substrate cornprises a specific
cI eavagdpwictige.aBtbod samghalarei«gspmlreom tamperat@tea(208C268C laltlheuglcotpctoper ties of
the n?etml;)re?alturseg gxsatyrbe used for storage) until processing. Generally, however, processing
should be performed within 6 to 8 hours of sample collection in order to avoid WBC
lyses. In subjects with severe neutropenia (absolute neutrophil count less than 200/pl), at

least 10 ml of blood may be required.

Erythrocyte Lysing Solution (no preservative) is used for the isolation of WBC. A
10X Stock Solution is prepared by dissolving in 1 liter of H,O: 89.9¢ NH4Cl, 10.0g
KHCO3, 370.0 mg tetrasodium EDTA. The pH is adjusted to 7.3. The solution is stored
at 4°C in full, tightly closed 50 ml tubes. A 1X Working Solution is prepared by adding
50 ml of 10X Lysing Stock Solution to 450 ml H,O and mixed well. It may be stored at

room temperature for up to one week.

30 ml Lysing Buffer is mixed with 2 ml blood, is incubated for 5 minutes, and is
centrifuged at 1000 rpm for 5 minutes at room temperature. The supernatant is aspirated
and the pellet is resuspended in 30 ml of Phosphate Buffered Saline (PBS). The mixture
is centrifuged at 1000 rpm for 5 minutes and the supernatant is aspirated and the pellet is
resuspended in 1 ml of PBS. The cells are then counted using a hemocytometer or an
automated cell counter. The cells are adjusted to a concentration of 1000 cells/ul by

diluting in PBS.

A typical in vitro assay for detection of CMV protease is performed at room
temperature in standard assay buffer: 25mM HEPES, 150 mM NaCl, 5SmM EDTA, 5SmM
EGTA 5% Glycerol, 0.9M Na2S04, 1mM DTT, pH 8.5. A fluorescent labeled substrate
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A biological sanple is added to each test tube. If a substrate of the
protease in the test tube is present in the biological sanple, it conpetes
wi th the wobstweEsssconpri sing a signaling noiety and t heCrapuod/oosessay be
anal yzed by FRET substrate based assay or by fluorescence polarization. The
bi ol ogi.cal .sanpl.e. can be obt ai.ned, from different. popul ations, d a profile
o *pedraealy B § Bl diBa UM, i pferitiaR BB v R BL 7 bt oo
basedtsooigMi r activities of markers of the coagul ation cascade. For

exanpl e, sanples can be obtained from healthy donors, donors at risk for
stroke, anGsedMXiBitoe0 have had stroke. Exanpl e 7 Detection of aromatase
Aromat ase 1s a nenber of the cytochronme P450 superfam |y, whose function is
to aronati : : | t \ 4s; sed of four
R S N e S R G

st er oimjsait the datecti@naftanzyrastat atif e rides miag badnelo thh preseive of udspecific and

subsequent elimnati f a nethyl group t hyl, group testosterone

cot atfogseRiuab aeReeT SlBYIRE HERHORET oA e e T eSSt U ng
gonadgy iRkl indAé RASFokd FSHEre iiBRGE R c4 PRMiMRASREbEnd &dfivity bone,
endonetrium TDreast as well as in tissue of endonettiosis, uterine

fi br owlige hiyvingguinigwhelect ontler spadifimenzynag bangitested. Wii | e post menopausal wonen
have | ow | evel s of circulating plasna estrogens, the |ocal synthesis or

i nt r at unorlaivapfomdd ¢that GYBGflysats alsgdiad highdtackgrkesd pitiade résnltingdest car ci nona
tissue itself can lead to hjgher estrogen levels.in the tunor. Thus

a1 oS HI GRBY BeFRS: GHAen §CUmBI Do BRSPS ont s vi ¢ h
br eas hrofBssthat AR 26cdufBio? Badk@sound 4BGvitPwhiR i8siiedeA doek@NbPEighPSi ti ve.
Aromatase is the final expression of the gonado-endocrine function.

| nt r ainhiiozsd wenesheseade rédause theemdesdied bdeegsolng: PestasincAcAEBSEal target for the
treat gent. of 1284 1380n, Bestatin, GW311616A and eglin C (all inhibitors were
obtained from Sigma-Aldrich, except for eglin C, which was obtained from Alexis).

All inhibitors were dissolved at 200X, aliquoted, stored and used according to the
manufacturers' instructions. The inhibitors were not freeze thawed. Prior to addition of
substrate to initiate the assay, the cocktail was incubated for 2.5 min with the biological

sample/CMYV protease.

The background activity of the WBC sample was tested by adding 4uM of the
CMYV protease substrate Camb4, with or without the inhibitory cocktail. As shown in
Figure 20, the WBC sample without the inhibitory cocktail showed high background
noise. Spiking the WBC sample containing the inhibitory cocktail with 50nM of
recombinant CMV protease showed that the inhibitory cocktail exhibited a minor
inhibitory effect (up to 20%) CMYV protease activity.

Clinical specimens

Clinical specimen were collected under the Helsinki committee’s approval from
Soroka Medical Center, Beer sheva, Israel, Hadasa Ein Carem Hospital, Jerusalem,
Israel, and Sheba Hospital Tel-Hashomer, Israel. A total of ten blood samples were
obtained: 4 from neonates with congenital CMV, 5 from transplanted subjects under
treatment for CMV infection, and one from a healthy donor as a control. Specifically,

WBC were isolated 6h post collection, counted, and diluted to 1000 WBC/ul with PBS.
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receptor-positive postnenopausal breast cancer patients. However, routine
eval uation nethods for the detection of aronatase expression in clinical
speci nenswbavs®/nat3sbeen est abl i shed. The exam nati on of pCinaBleogedesszat i on of
aromat ase in human tissues naybe used as a diagnostic tool for the function

f th j t N . i di bet. t t t f

post me BB G LB R Et eer AS LS e il KRR ol 2t ed 1o the
mal i gg@i}@ﬁsing%hw P&tdtBt Ao0miL A¥ESTd 7520 DsrotiRds6 pveB Ay 2aiUfhEr ent ti ssues
and deteCt aronmatase |evel as a measure of malignancy and function of the

endocHiparins ¥ 3iM Bebtatimold uMeEGWB AUGIHIA amin¥). pMeghx €nidre. Hmim Thbst rat e usef ul
for detecting aromatase, includes nethoxy-4-trif] u?romet hyl - co rin (MC,

a 1| uswBREY: Suttinading ol pLthe 2plieNAPdd o A%sRY Wil ConBRESEM o  he
: ¢ dof £ i B (7- HFC) .
Tlhgs, ﬁg&)gggfggﬁggﬁaggﬁp% EfDr]Z)‘Sr‘ﬁ a SU%] rléétsm/{’rrggyéégﬂ’ogt ai n%zé ar’lgﬁggdﬁbt gct ed \)M th

MFC, a4 iMCImbIoisesbante Retios waadsu exivplicaled #dimédareffesktmie of
aromat ase in the biological sanple. Exa Desi gn of substrates for

|
det ecRewts gfere gampasechiodhe eerirol eample Pbt?ér{r?gtfre%g a dealihydpdiidyalsaremle pr ot ease
cw [ | ' Al .] 28 kDa),
o ool 48 nPE S 435, AR EosE B BitbhiinARARIdS.) SBRBRAGR 2O K

Assenpbsitivd for MRS | Al sqipleeRere aiothnalyzed for CAMIV Sy RiReby Peofephed that it has
a distinctive protein fold and a Ser-H s- Hi.s catalﬁs/ati_c triad. Enzymatic

st udi Séolhgampienduh at atvirelogdlhosatpsy 3 iHagdatediin Cagem Hospifabn/ crysriSTy h
homodyry | 48| ! LISEPH R ¢ 2 1363l (Hadhh188's-
appro&sirl]%llz’taé?y %&%ﬁ%ﬁ?ﬁlﬁ%ﬁ%agﬁd eég’r fe‘sgis}g, amtg?){:r? k{pm%ﬂ%rder%a‘gfr) magni t ude by
st r ucPurReselthawcummatikedimolabdp?.c) salts, such as Na2SO4. First, a CW
prot ease was cloned as a source of an enzyne to mmc the

Table 7. Comparison of PCR vs. protease activity test

_Sample | Reference: PCR | Present Method |  Sample origin
Cmimberl |- ol e | .
| 1 | W ; High}PositEive Congenité.l CMV |

2 15,000 copies/ml Medium Positive | Congenital CMV

3 0 copies/ml Negative Negative Congenital CMV

4 Weak Positive Weak Positive Congenital CMV

5 1700 copies/ml Weak Positive | Transplanted subjects
6 0 copies/ml Negative | Weak Positive | Transplanted subjects
7 3100 copies/ml Weak Positive | Transplanted subjects
8 <50 copies/ml Weak Positive | Transplanted subjects
9 <50 copies/ml Weak Positive | Transplanted subjects
10 Negative Negative Healthy donor

Analysis of the results as presented in Table 8 suggests that the instant protease

activity test has a positive predictive value of 100% and a negative predictive value of
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endogenous protease produced by CW. Additional uses of the reconbi nant
prot ease included use as a positive control, assay validation,

opti m zatworzpisemai3aor nmal i zati on. Herpesvirus 5 (CW), SPCcailR200@eoct60, ATCC
nunber: VR-538, was purchased fromthe ATCC as a terrpl ate for cloning. The

IMO'[ ‘Q’agé‘gnfi&ali’s‘%w&o&ﬁv ensi onIW% g%& “fa?ﬁ aC| Yéygi?oc)uoa\@ﬁc??gﬁgl

cl oni igthiesd resdtstvega®iog@ner ase cl oni ng vector (pET 151/ D TOPO, |nvitrogen)
according to the manufacturer's instructions. The reverse prinmer (51-
TCACGCCTTGACGTATGACTCG -3") (SEQ I D NGO 62) was used to introduce a stop
codon, TGA to the 3" prinme end. PCR was used to anplify the CW protease
gene using a proofreadi ngaHlQb)’%’é@%ﬁo(fY%fﬂes NoB) . PCR products were
purified and their integrity was verified by sequencing. They were
clongeddirectly into pET 151/ D TOPO (I nvi ansfornmed ijnto the E.
coli |BL21 expression strain. CW pno teasf()alro\%gggac/&&?tés{d on a Ni - NTA agar ose
colu (Q AGEN, cat. no. 30210) under depaturizing (8M é} condi ti ons
using the 6xHi s tag conferred on the prot®3¥ by the exgj%%ag fon ector.
Purity typically approached, approxiimately 95% by densitonmetry anal ysis.
Once|purified, the ( }Eﬁséta‘@e vas ref ol ded by ajseri eQ of Guani|di ne HO

di lutions 1i{ng a di |y5| S—bag Wt a nom mal ot gcutar_werght——cgt - of f of
6-8 kDa. After dialysis, Negativefol ded prbtease e aliqioted in qtorage

buf f et If%f)ﬁ'fv'i Hepes, oO’i"l\w m'aS'r, - EBTFA— DT, 16%d ‘y’CGi’uI pHY . 5) and
stored at -700C. The concentration of the protease was cal cul ated by

fl uorescent spectroscopy using the FluoroProfile(tn) Protein Quantification
Kit (Sigma, cat. FPOO O). SubstEgimipleA®pti des were designed to be used as
conpetitive substrates for the CW protease. Peptide sequences were

designed to mm c thegqhitghiR@forcdet@(REDfTEGURRERsOf the CW protease. HOW
prot ease cl eavage site sequences are known (Baumet al., "Proteolytic

The provided method may also be utilized for detecting the following viruses:

Orthoretrovirinae, Lentivirus, Primate lentivirus group

Human immunodeficiency virus 1: HIV-1 M:C 92BR025, HIV-1 M:C_ETH2220,
HIV-1 M:F1_93BR020, HIV-1 M:F1_VI850, HIV-1 5§ M:F2_MP255C, HIV-1
M:F2_MP257C, HIV-1 M:G_92NG083, HIV-1 M:G_SE6165, HIV-1 M:H_90CF056,
HIV-1 M:H_VI991, HIV-1 M:J_SE9173, HIV-1 M:J_SE9280, HIV-1
M:K_96CMMP535, HIV-1 M:K_97ZR-EQTBI11, HIV-1 N_YBF106, HIV-1 N_YBF30,
HIV-1 O_ANT70, HIV-1 O_MVP5180, Human immunodeficiency virus 3, Human
immunodeficiency virus type 1 (ARV2/SF2 ISOLATE), Human immunodeficiency virus
type 1 (BH10 ISOLATE), Human immunodeficiency virus type 1 (BHS ISOLATE),
Human immunodeficiency virus type 1 (BH7 isolate), Human immunodeficiency virus
type 1 (BH8 ISOLATE), Human immunodeficiency virus type 1 (BRAIN ISOLATE),
Human immunodeficiency virus type 1 (BRU ISOLATE), 15 Human immunodeficiency
virus type 1 (CDC-451 ISOLATE), Human immunodeficiency virus type 1 (CLONE 12),
Human immunodeficiency virus type 1 (ELI ISOLATE), Human immunodeficiency virus
type 1 (HXB2 ISOLATE), Human immunodeficiency virus type 1 (HXB3 ISOLATE),
Human immunodeficiency virus type 1 (isolate YU2), Human immunodeficiency virus
type 1 (JH3 ISOLATE), Human immunodeficiency virus type 1 (JRCSF ISOLATE),

Human immunodeficiency virus type 1 (KB-1 isolate), Human immunodeficiency virus
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activity of human cytomegal ovirus ul 80 protease cleavage site nutants,"” J
Virol. 199A June; 68(6): 3742-3752) and are also provided in 5 4 bel ow

Tabl e 5: wavopnst3ease cl eavage site sequences The HCWPCONBENYM®641 eavage
site deduced fromthe three known protease cleavage sites in the CwW UL80

Doet upBe e e e S ke | SHARSDLAT et qronces <
cont ajhimigodeitics s%mN%ﬁe sgxg;emlse)nmm, HanaKifinuhodshic{eptRvirks Ngei 24) or
. . . u

VVNA -/- SCR (SEQ I , St udi es of single-am no-acid substitution
nut at i MY IHQIARE), Famangmnynedeligiencyvitas typsf BSORATE)IHiPEMce of ami no

aci ds. j . \ OR lg |zt | &S

bond. g}*f)]g}:ﬂli [ g@t;é%é}ﬁms‘g@g? Fbgg%? su g??’{a) é?éf)’\(ﬁmég? ec Pﬁ%degé{ i nfection
i n](c:I ud'mést.ﬂypelQN[”b\Ai i:sglatd%%bnaﬁ mrharedefieivhdy- vird Sy RROAYIRESHIATRYS) (herein
referred to as B . EQ I D NO.; ) .

QSY9- Hotay Spnnadgitighay Rtk s&pe(lNng’%ﬁ%%ANﬁé Hyrpaninmynadsfieigsey o as

Canb3 : : : .
V- V- h&%\éﬁ@%é g@l%?@%%r g’s%‘&%‘x‘%%‘c‘imﬁg I%tli%lttz3 ?C%erﬁﬁﬁyr)(ehle(rsg n referred to as
Canb4JSQISKTE), Blud@an: inynodbficienaytvtus type-1'(SFé 0L IMBLATE),dhwage site by the
g e e

Bi oche g tRAN HEANDAN Y RANATE Wist dﬁiﬂldﬁqgfamnoﬁéﬁciéféyi Wik Yyf1 t he

reconbi nant proteases was verified using the substrate, Bachl. Reconbi nant

pr ot e Q&¥Masolate) EimwintimnBmorefidiency véma tpgrld VEM2JSQLATE), Hpsanv HEPES, 150

L

fi uostA/CDC-Z34 ISOLATE), Human immunodeficiency virus type 1 (ZAIRE 3 ISOLATE),

Human immunodeficiency virus type 1 (ZAIRE 6 ISOLATE), Human immunodeficiency
virus type 1 (ZAIRE HZ321 ISOLATE), Human immunodeficiency virus type 1 Iw12.3
isolate. Human immunodeficiency virus 2:Human immunodeficiency 5 virus type 2
(ISOLATE BEN), Human immunodeficiency virus type 2 ISOLATE ROD), Human
immunodeficiency virus type 2 (ISOLATE ST), Human immunodeficiency virus type 2
(isolate ST/24.1C#2), HIV-2 B_EHO, HIV-2 B_UC1, HIV-2.D205, Human
immunodeficiency virus type 2 (ISOLATE D205,7), Human immunodeficiency virus
type 2 (isolate 7312A), Human immunodeficiency virus type 2 (ISOLATE CAM2),
Human immunodeficiency virus type 2 (ISOLATE D194), Human immunodeficiency
virus type 2 (ISOLATE GHANA-1), Human immunodeficiency virus type 2 (isolate
KR), Human immunodeficiency virus type 2 (ISOLATE NIH-Z), Human
immunodeficiency virus type 2 (ISOLATE SBLISY).

For the detection of the above viruses, a competitive substrate having the

following formula can be used:

(S/G)(Q/G/R/K)(N/C/D)(Y/Hydrophobic/Aromatic) -/-P(I/'V/Hydrophobic)(V/Q) (SEQ
ID NO.: 28)

Other viruses to be detected may include, without being limited thereto:

Retroviridae; Orthoretrovirinae; Deltaretrovirus; Primate T-lymphotropic Human

T-cell lymphotrophic virus type 1 (Caribbean isolate), Human T-cell lymphotrophic virus
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Ex. 340nm Em 490nn). Figure 19 shows the activity of 200 nM CW pr ot ease
with 4uM of Bach | . Substrate specificity and cross reactivity To

det er m newotretdas13Bhe nmethod is specific for detection @CTIBA9/0I66ES
reactivity between human rhinovirus (HRV), Enterovirus (EV) (COX and Echo),

SARS and r was. e 1 hed eacti ons [,e.1 Rkt addi n

| oond%@g 1 O PP PRmRor R RS toBTES Pk e DR ATIOHER R, 1T 00

st andadlblyagheopio viras ffcah holatd)PHUmah &scel hétespidiM)s type 1

[ (DABCYL) - L- E- A?L- F- Qty,gé%D (EDAN%?- S-qQ (SEQE;ﬂBpNQ 613)3) , Elt}r%) (for EV) [K
( DABCHoyth.gmegicgn [soltel. P- P- \- Y- E( EDANS) A] (SEQ | D NO 64), PEP6 (for SARS)

[ (DABCYL) T-S-A-V-L- Q@ S- G F- R- D( EDANS) K] (SEQ | D NO 65), and Bachl (for CW)
[ ( DABCYL) -GV @pmaa T-sa] lymphotSephiseirus) Ar g- Leu- Al a- (EDANS)] were used and
5hM 100nM 1. 5uM and 200nM of HRV, EV, SARS and CW proteases were used,
r espect i veleptid&xthatrdamba tusedvesrcempetitivesubbstpdteclat ¢e drtedtion pEHTEY may ce. As

shown.in Table 6, CMW, protease s .found CcO e specific. QW
pr ot e%ﬁldﬁﬁl%ﬂaﬁfﬁ%ﬁaﬁ}@&t &?@P?é?@‘i\gﬁ%?ﬂcépﬁi EM%W@@%% ed?cg'é age site
and nQhithehiRinCliRAYPGEredd:t €S for other proteases. Table 6 In accordance
with the nethod, at |least the follow ng viruses nmay be detected: Rhesus

cyt omegal gy bR g,?-g £y R R (RS HRSRYBIE b Nt Noh042) , Human
Eerpesv! rggg is)?r(gl?n fg I,Kann he(?ges??rds@(#s(%ra??és 7) Human

erpesvir N, rp@asvirus 5 (strain 5035), Human

her pesvi rﬁvgg}(ds:@r)aé ﬁéﬁ%)@gm%ﬂéﬁgﬁzesvi rus 5 (strain 5160), Human

her pesvir train 5508 rpesvirus 5 strain AD169, Human

her pesvi r@%@@%ﬁ%ﬂgﬁ?@hﬁﬁmﬁnﬂ) erpesvirus 5 strain Merlin, Human
herpesvirus 5 strain PT, Human herpesvirus strain Tol edo, Human herpesvirus
5 strain Towne, Chinpanzee cyt opRgghRMrus, Aotine herpesvirus 1, Baboon

Neuraminidase activity detection based on oligosaccharide beads and fluorescent
labeled ligands (lectins)

Determining whether the cause of meningitis is viral or bacterial may improve the
nature and course of treatment of patients suspected of having meningitis infection.
Because bacterial strains causing meningitis are associated with extracellular
neuraminidase activity and not in the CSF, monitoring neuraminidase activity in the
serum may be used as an indicator of bacterial meningitis infection. Uses of the NeuAca
2-3Gal neuraminidase system allows the detection of all three meningitis associated

bacteria strains.

Mo SAoaR 364 LEY ~4Gla~ Gy =Ny,

TR gy
St M""‘ % ~M P Tt "'?"NH "
]
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cyt onegal ovi rus OCOWM- 37, ercocebus agilis cytonegal ovirus 1, Cercopithecus
cephus cytonegal ovirus 1, Col obus badi us cytonegal ovirus 1, Col obus guereza
cyt onegal woi2n1#13138Cr oci dura russul a cyt onegal ovi rus 1, PVRABZ@IN@ESEI cul ari s
cytonegal ovirus 1, Mandrillus cytonegal ovirus, Phacochoerus africanus

cyto al ovirus 1, Pongo pygmaeeus cytonegal ovirus 1, Porcine

cyto%ﬁ*ﬁ%’#—'t us, Sim an cytonegal ovirus. Exanple 9 Detection of CW in
white blood cells (WBC) CW infects many cell types including endothelial,

epi t hgi-NahAcd b Mot=c0dalibh %ﬂa@%oﬁ%ﬂé UK e & QEB12fCW prot ease may

be released into the blood. The first step in detection of CW protease in
bl 0od 6JamBELS -easbaxy ok dighloront2l e dimethaxyflwneseein, sugoi@ihidpt ot ease
acti vi ,%gz e ' bl g0 | es. The next step was to work
W th %%téé{lrg'rra g@&u@@?f@%ﬁ?@éc%%@gﬁr e. The initial testing of plasm
sanpl &sctinsoMAIVMIELiS aintrebid 16b6ih, News2at(2cd)ear antwvi 30000 Bhigsize separ at ed
from 60 bl ood sar&)I es were tested and 20 were positive for CW and 40 were
negat (Rrgma; b7l G28) at i on bet ween the results obtai ned by the net hod
descri k P f Pr Qf... a Wl f) was poor hi order to
i sol athgggc?ﬂ\%gb\wrbé:@(ggﬁg%? t%g%\%\e@éd'i@ngllﬁ%?%gyf rom whol e bl ood sanpl es.
Sur pr NeurngliyidassheppyMBG(S)-SNedninidags oinaSireprdebeus pREdLIdad on bet ween t he
resulk ofo(}:he instant nmethod and PCR Thus, WBC were used for the
det ectT18RaSFAHEMN /2AR- exanpl e of a method for obtaining a sanple of white
bl ood A¢Edthes shfs %gé;,c'fg&q csrdh sk drWaidricn, t0 S m venous blood is collected
into an EDTAS\-tSreat tu%e, usfsn%gaseptﬁib veni puncture. Blood sanples are
kept at roomtenperature (20C 25C, although other tenperatures nmay be used
for storage).until. processing. Cenerally, however, processing should be
perfogﬁﬁ%g%%)q. a.e—aéitg%s—'B hours of sanple collection in order to avoid WBC
lysese Nj.1 SHQIdREH Bopit! B}pggnggelmg%hf@pgyi a (absolute neutrophil count |ess
than 200/ m ), at |east 10 of Bl ood may be required.

e 3M Ammonium Sulfate in 0.1 M sodium Borate, pH 9.5 (labeling buffer B)

o HEPES buffer (35mM) pH=7.4, contains MnCl, 10mM and CaCl, at 20mM )Binding
Buffer)
¢ 0.1 M Tris-HCI pH=9.0

1). Incubate 50ul pellet beads (from 500ul reagent, capacity for about 250nm) with 100ul
of Smg/ml (0.5mg, 750nm) of NH,-NeuAca 2-3Gal-Si, 330ul Buffer-B and 520ul buffer-
A, for 36h at room temperature in a 2ml round bottom tube with rolling.

2). Add 1ml 0.1M Tris and incubate overnight at room temperature.

3). Wash 5x with 1.0ml Binding Buffer and resuspend in 1500ul Binding buffer.

Lectins-Joe (SE-NH2 reaction)
e Prepare 1.0 M Tris-HCI pH=8.0
e Prepare 0.1 M sodium tetraborate, pH 8.5 (labeling buffer C)

1). Dissolve 1000pg (1.6uM) of the 6-Joe-SE in 60uL. DMSO .

2). Transfer 5ul of #1 to a round bottom tube and add 200ul of Smg/ml MAL in
buffer C (1mg, 0.0065um — 1:20 m:m with Joe)

3). Incubate overnight at room temperature with rolling motion.

6). Add 30ul of Tris 1.0M and incubate overnight at room temperature.
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Erythrocyte Lysing Solution (no preservative) is used for the isolation of

WBC. A 10X Stock Solution is prepared by dissolving in 1 liter of H2QO

89. 9g NHMD,201001838KHCCO3, 370.0 ny tetrasodi um EDTA. TheCphB2®9/ew@pisst ed to

7.3. The solution is stored at 4Cin full, tightly closed 50 m tubes. AIX

Wor ki r ock Sol ution
to 4589%5 (Ill—iggg 288{0ﬁ§¥§?ﬂ ﬁeghaéf&g%g e st(glrhegite%%}é%ﬁﬁ 'Bgfe ature for up
to one m&,neaps@bmlawﬁt SroBuft4er. is mxed with 2 m blood, is incubated for
5 mnutes, and is centrifuged at 1000 rpmfor 5 mnutes at room

t enper at ure. The super nat ant |s aspl rated and the pellet is resuspended in
30 ni Prepamtiox & a¢deel (PBS) . The m xture is centrifuged at

1000 m ellet is
resuspEded .730@1&?%5%&%%%98 W Er R R il SR ALER P00 SRRRC P et er
or anbat}ﬂcliroﬁaegomgaﬁlle&mwm emcuﬂaneﬂ@edfoemaempad;unstv&ﬂ rdslhngnmﬁmnent ration of
1000 cells y diluting. in PBS. . K A typi in Vi ssa t detection of
‘Blﬁié%\%lﬂmpgmbﬁ#ﬁeﬁr s gshafx W%hm@m&éﬁfé g/ nillrpéé aﬂfgaqsanggggy buf f er:

25rr1\/| Eﬁﬁgﬁs mﬁg%r 5mM EDTA, 5nmM EGTA 5% d ycerol, 0.9M Na2SH, | nM
DTT, B or escent | abel ed substrateis typically used at a
conceEhzxanatmrrem‘tloﬁmvl Enzyme concentration may vary froml1lmMto 500 pM Use

in rs. Some. cljni peci have high | evels background
ot v b ok tin aaRieped s WERUTGREBERIP P BA SSRGS Witk 0F Thi & oy be
due t Qihbe MY PR H)-NdsRERIdab& (pRETbRARLDetifid frott Srapb@ta of cleaving
t he substrate. Background noi se nay be reduced by including in the assay
one opneuprasid)n Magnete beads smerecpiiled doiviiand Slotegecpan wasisrersireds whi | e havi ng
m ninmal effect on the specific enzyne being tested. It was found that WBC
| ysat es afl so had hi gh background activity resulting from non-specific
cel l u&ﬁ-?—ﬁér ot eases. Based on a conprehensive bioinformatics study, several

Release of the lectins from beads by one of the Streptococcus pneumonia

neuraminidases is shown in Table 9 below.

Table 9
Buffer (2-3) Enz
% release % release
Beads-a(2-3)-Si/MAL-Joe 5 35

These results indicate that neuraminidase treatment of the lectin associated beads,
by a free enzyme, has the ability to cleave sialic acid from the sugar backbone, causinthe

release of the lectin from the beads.

Pretreatment of Beads-Si with neuraminidase before lectin binding

100ul of oligosaccharide-labeled beads were incubated for 15 min at room
temperature with 1U of the a-(2-3)-Neuraminidase. Beads were pulled down and
resuspended in 200ul of binding buffer and 10ul of the relevant fluorescence labeled
lectin was added. After incubation for 2.5h at room temperature with rolling motion, the

beads were washed 5x with binding buffer and measured for fluorescence.

Table 10 shows the results of % lectin binding to treated beads.
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prot eases that can account for background activity were identified. A
cocktail of eight inhibitors were chosen to reduce the undesired
backgr ourmio 2Pgtiat3sn A, AEBSF, Aprotinin, E-64, Hepari npPCBaB20a9/006643G\B1
1616A and eglin C (all inhibitors were obtained from Si gma-Aldrich, except
for eglin C, which was obtained from Al exis). AU nhibitors were dissolved
at 200X, aliquoted, stored and u eﬂ gﬁfording to the manufacturers

i nstructions. The inhibitors wer &3B8t% reeze thawed. Prior to addition of
substrate to initiate the assay, the cocktail was incubated for 2.5 mn
with the biological sanplel _protease. The background activity of the WBC
sanplle was tested by addi ng #nM of Buf€etCW pr ot ease @+B3tHt e Canh4, with
or wjthout the inhibitory coﬁktaibﬁtﬁﬁnﬁpomn In Fi gupgpfindt he WBCG sanpl e

Wi t hout—the—nhibirtory cocktat+—showedrgh—background—rorse—SpiKi ng t he

VBC sapgy. pt i h nhi brtoryygocktalil [wth 50nMsof reconbijnant CW
atlsSHDLH-8iI/MIAT §oé NI ! 46 ; th SCnisor moiinal

pr ot éﬁ?@“&%@u that—the+haklt-bttory—cocktatt—exhtbirted—a—mnoer—inhi bitory

effect (up to 20% CMW protease activity. Cinical specinens Cinical

speci men “@h@s&@édl@%cﬁgmé‘ﬂﬁﬁ{)reﬁgﬁﬂéﬁi S th& Be£&P8TWith ﬁ&irﬁmﬁﬁ@és@‘l’@éh?f rom Sor oka
Medi cal Center, Beer sheva, lsrael, Hadasa Ein Carem Hospital, Jerusalem

| sr aelredugedithslasspgiation petween thel legtins aodrthe bepdt ael . A total often bl ood
sanpl es were obtained: 4 from neonates with congenital CW, 5 from
transpl ant ed subj ects under treatnen or CW infection, and one froma
heal t hy donor as a control. Spegmgﬁj%, VWBC were isol ated 6h post

col I ection, counted, 1gRifitdtd ofrRm-dpRciRProtdREd Adtividyt h PBS. 50, 000 WBC (50m )

fromeach sanpl e was i ncubated with an inhibitory cockt ai I‘Uﬁconpri sing |
O"M Pest at lhipforg asAingt BS=speripraieesssithat maysotepfaeevignthepgoifled Heparin, 6

TP e AR SRR L 8 Al Bl T, react o
25mM deteEifan dfCpatildgbia diseabe) bt iedibal contitioETdy idmGlkyctherbf, fdbndM Na2SO4, pH
8.5) biological sample. A bioinformatics study was first performed to identify non-specific
proteases in each tissue/organ and inhibitors that may be effective against those
proteases.
The bioinformatics research was conducted according to following stages:
1) In this first stage, all the proteases that are known today were searched in the
literature. The protease search was conducted througha Medline literature search (and
the articles it cited) and Medline Nucleotide search. Redundancies in protease names
were eliminated. The search resulted in 442 proteases.
2) In this stage, every known protease was associated with tissues in which it is
expressed. Every protease was searched against the following protein databases:
a. Medline.
b. http://www.hprd.org
c. http://www.brenda.uni-koeln.de
Those databases were also used to categorize every protease according to its catalytic
active site (Serine, Cysteine, Aspartic, metalloprotease, or Ubiquitin proteasome system
protein).
Each tissue was attributed to the biological system or organ in question. A visual
basic program was written into an excel based database. The application enables the user

to mark the tissues of interest. Once the user marks the tissues of interest, the proteases
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and 4nM Canb4 as substrate. Reactions were run in duplicates and neasured
for 5 mn. Results were conpared to the control sanple obtained froma
heal t hy iw0i2oioduaid3s(sanpl e 10). Sanpl es that had hi gher peirgrziogodchesn t hose
of the healthy individual were considered positive for CW. AUsanpl es were
al so f : shedt) at the

Vi r ol g‘%g&%%ggl}egﬁggrlﬂmﬁgﬁ%gasa &%&?%%ﬂ@gﬁlgfﬁﬁﬁ&ﬁhgg | srael, and at
Shebaartddgpedt al Tel - Hashoner, Israel, by Prof. Ela Mendel son (sanples 5- 9).
Results are summari zed in TabI e 7. Table 7. Conparison of PCR vs. protease
activity test Analysis of the results as presented in Table 8 suggests that
the instant protease actiyit as a pQsi il predictive yal of 100%
and a negative predicti veyv %’HE%% % Fal ge ,%%ésﬁlﬁ{ll ve val ue was (ng.SS% and
fal se negative val ue was 9%-P accur acy - 7H¥%hese results was 90%
Tabl e 8: Anal ysis of sarrpfe@ef"@‘a@%%rrpl e 10 u¥HFates for defecty™n of
retroviruses The provi ded® mdfthaeitovay al so e Igfutupred for det ECtMHJg t he
followi ng viruses: Othoret anutrbp]mdae Lent isvi Myecyt€r i mat e | en®i \Banss gr oup
Hunman i mmunodefi ci ency Vi sUH at I M C 92Bf@gfach HTV-1 M C _ETHRHh20, HI V-1
M Fl _93BR020, HIV-1 M F1_yI §¢ Me! 5 MRB2_MR2R&AC, HTV-1 M E2_ﬂ\{§>257c
HTV-1 M G _92NG083, HTV- | NF/I % 5 I—rI'V- g%%%p% HTV- 1 gMyH VI 991,
HTV-1 M J_SE9173, HTV-I J HTV- | 535, HI VA

M K _97ZR- EQTB11, HTV- | Bv-1 N_YBF O _ANT70; M4

O MVP5180, Hunan i rrrrunodefl Jindpesrviyi rus 3, *HURBAMERMUNodef i ci 8ncQVa&Y r us
type 1 (ARV2/ SF2 | SOLATE) I-Mcﬂmmaytn"runodef ieci Eratlyravi rus type ¢ (IBHHO

| SOLATE), Human i nmmunodef s CiBht@ycyter us type 1Ch&kdm | SOLATE), bunGslon

i mrunodeficiency virus type gh(JRiA 1 sol at e, phiRix | Munodef i ¢i egyenvi rus

e Glomerulus e Cochlea e Serum
e Eosinophil e Prostate e Brain
e Urothelium e Pancreas o Fetus
e Myocardium e Platelet e Liver
e Spermatozoa e Placenta e Heart
e Bone marrow o Cerebrum e Liver
e Leydigcell e Midbrain e Blood
e Monocyte e Urine
e Bronchus e Serum
¢ Duodenum e Tooth
e Thalamus e Heart
e Amygdala o Testis
e Basophil e Kidney
o Intestine e Uterus
e (Cartilage e Cornea
e Microglia e Plasma
o CD8+ cell e Vagina
e Leukocyte e Rectum
¢ Epidermis e Tonsil
e Ventricle e Spleen
e Thymocye e Thymus
e Astrocyte e Cervix
e Bile duct e Embryo
e Neuroglia e Atrium
e (CDA4+ cell e BCell
e Macroglia e Muscle
e Mastcell e Retina
e Macropha o TCell
ge e Artery
e Neuron
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type 1 (BH8 | SOLATE), Human inmunodeficiency virus type 1 (BRAIN | SOLATE),
Human i mmunodeficiency virus type 1 (BRU | SOLATE), 15 Human

i mmunodefwoizervom3mssr us type 1 (CDC- 451 | SOLATE), Hunan ipewuBmdghiceiency
virus type 1 (CLONE 12), Human imunodeficiency virus type 1 (ELI |SOLATE),
Human |rrrrunodeE| Ci rig%lw rus type 1 (HXB2 | SOLATE), Humen i munodeficiency
virus type ? OF'FH_ATE), Human i mmunodeficiency virus type 1 (isolate
YU2), Human®i n%hnmmma ency virus type 1 (JH3 | SOLATE), Human

i mmunodef i cisenEydometaemt ype 1 (JRCSF | SOLATE), Human i munodefici ency virus
type 1 (KB-ls i Sgihglteeyd Human i mmunodeficiency virustype 1 (Lai isolate),
Human |mTunQde BREY Vvirus type 1 (MAL | SOLATE), Human immunodefici ency

virus type J GFATE), Human i nmunodeficiency virus type 1 (M
| SOLATE) , Huma@' f’\? qrglgdefi ciency virus type 1 (NDK | SOLATE), Human

i rmunodefi ci en type 1 (NEW YORK-5 | SOLATE), Human inmmunodefi ciency
virus type ? (Kidemtd@hat e), Hunman i nmunodeficiency virus type 1 (OVI

| SOLATE), HemaGhondieaytelef i ci ency virus type 1 (PV22 | SOLATE), Human

i rmmunodef i cieenGyanulocyte type 1 (RF/ HAT | SOLATE), Human i mmunodefi ci ency
virus type b (‘Bfoph§¥hATE), Human inmunodeficiency virus type 1 (SFl 62

| SOLATE), Hyma, eficiency virus type 1 (SF33 | SOLATE), Hunman

i mmunodefi ci engl% A ru type 1 (STRAI N UGANDAN / | SOLATE U455), Human

i mrunodefi ci en type 1 (WMI isolate), Human i mmunodefi ci ency virus
type 1 (W2 | ‘Aﬁhﬁ ® Human i mrunodeficiency virus type 1 (Z-84 |1 SOLATE),
Human i munddeBloedanssgl virus type 1 (Z2/ CDC- 734 | SOLATE), Human

i mrunodef i cieenCiliavy bady t ype 1 (ZAIRE 3 | SOLATE), Human i mrunodefi ci ency
virus type » (@&l BRadBer!l SOLATE), Human i nmunodeficiency virus type 1 (ZAl RE
Hz321 | SG_A‘I;E)memel mrunodeficiency virus type 1 IwW 2.3 isolate. Human
i nmunodefi ci NG éﬁﬁ 2: Human i mmunodeficiency 5 virus type 2 (I SOLATE
BEN), Human i ode (fl ency virus type 2 (I SOLATE ROD), Human

i rmunodefi ci egg%j“ WADR GElL ¢ ype 2 (I SCLATE ST), Human inmmunodeficiency virus
type 2 Vas deferens

Hypothalamus
Renal tubule
Pineal gland
Sertoli cell
Renal cortex
Nasal mucosa
Thyroid gland
Mammary gland
Megakaryocyte
Temporal lobe
Adrenal gland
Loop of Henle
Smooth muscle
Spermatogonia
Purkinje cell
Atrial septum
Renal medulla
Parietal lobe
Gastric mucosa
Adrenal cortex
Nervous system
e Vitreous Humor
® Red blood cell
e QOccipital lobe
¢ Dendritic cell
e Salivary gland
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(isolate ST/24.1C#2), HI V-2 B_EHO, HIV-2 B_UCL, HTV-2.D205, Human

i nmmunodeficiency virus type 2 (1SOLATE D205, 7), Human i nmunodefi ci ency

Vi rus typeo2o(owmesi3ate 7312A), Human i mrunodefi ci ency vi PaS/1B30020@643 SOLATE
CAMZ) , Human i mmunodeficiency virus type 2 (1 SOLATE D194), Hunan

i mmunodef | % nc us type 2 (I SOLATE GHANA-1), Human i mmunodefi ci ency
virus typ e g&f e KR), Human i nmmunodeficiency virus type 2 (I SOLATE

Nl H 2), HU A& ERetef i ci ency virus type 2 (1 SOLATE SBLI SY). For the

det ect i on® Ependymadpelle viruses, a conpetitive substrate having the

f ol | owi nge Aminotiaflaidn be used:

(S'9(QQ wﬁdawr i ( Y/ Hydr ophobi c/ Aronatic) -/-P(FV/ Hydrophobic)(V/ Q

(SEQ I D I\Ki)Ad1 her viruses to be detected may include, wthout being
limted th rowrldae Othoretrovirinae; Deltaretrovirus; Primate
T- Iyrrphot T-cell lynphotrophic virus type 1 (Caribbean isolate),

Human T-c® q‘?fn‘BH S ophic virustype 1 (isolate Mr-2), Human T-cell

| ynphot r obkeEiGAl pwsus ype 1 (strain ATK), Human Tcel | |ynphotropic virus
type 1 (af Undalicdlsoddat e), Human T-cell |ynphotropic virus type 1 (north
aneri can ¢ SkinaitedblagdTLV (Human T-cel |l |ynphotrophic virus) Peptides that
can be useddasmalRematd tive substrates for the detection of HILV nay include
a cl eavagg:sﬁin lq?t@%mtehe capsid and nucl eocapsid (CA/NC) and Pr/P3. These

i ncl ude EI ng limted thereto: (V/L/T/P)X(Hydrophobic)(F/L) -/-
V( Hydr ophbb}'e8 BN D NO.: 29) KVKV(FVL) -/- WQPK (SEQ ID NO.: 30)
PPX( Hydr obké {ﬁ &IE(’H?X Pl (SEQ ID NO : 31) Exanple 11 Neuranm ni dase activity

det ect i one blaiwexy Waddst i gosacchari de beads and fl uorescent

e Cerebral neuron

e Skeletal muscle

e Dentate nucleus

e Stratum corneum

e Collecting duct

e Pituitary gland

e Coronary artery

e Corpus callosum

e Cytotrophoblast

¢ Caundate nucleus

e Seminal vesicle

e Large intestine

o Adenohypophysis

¢ Oligodendrocyte

¢ Sebaceous gland

o Chromaffin cell

e Germ cell layer

e Ascending colon

* Small inetstine

e Substantia nigra

¢ Pulmonary artery

® Vascular endothelium

o Islets of Langerhans

e Mononuclear phagocyte

Intestinal epithelium
Peripheral blood cell
Granulosa lutein cell
Gastrointestinal Tract
Comeal epithelial cell
Hematopoietic stem cell
Gall bladder epithelium
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| abel ed |igands (|l ectins) Determ ning whether the cause of neningitis is
viral or bacterial may inprove the nature and course of treatnent of

pati ents wogpmatiadsof having neningitis infection. BecaRsa/1Bzo/ensosd

strains causing neningitis are associated with extracellul ar neuram ni dase
activity and n t in t nitoring neuram nidase activity in the serum
may be used ®as éﬁtﬁlcﬂﬂ‘foi'ét?cgfdb&robacterl al nmeningitis infection. Uses of the
NeuAca 2-3GH ReariamioHicylsfuid st em al | ows the detection of all three

meni ngi ti s a@ssBuinghigllepthetidrded strains. S e""3-3 a "> < V-HH o-e-

CS- NHReagentes: Vasculde éAdothddiaB&ell , MMG600 dal t on (Dextra Laboratories UK

Cat. # NH313%) ﬁa&%ugﬁu&@pnhgfgfnboxy - 4,5 - dichloro - 2',7" -

di met hoxyf | yorg , ester) MA=600 dal ton (AnaSpec USA, cat.
#8101 1) Lectl ﬁﬁﬁ%%g()ﬁ ﬂe&lﬁlmél amurensi s |lectin, NeuS5AC(2-3)Gl LA MM

50000 dal t onls. ﬂf‘%ftﬂ ub“(lﬁrep%} ?_lg;? ia Beads - M280/ MyOne- dynabeads- t os.
Activated. (" nUF“tbFlé)‘@émmﬂé‘éﬁth‘?ﬁ dhse enzyme: a(2-3)- NNeur ami ni dase from
Strept ococciys BetnatpigmestedSpighelialcell . # N7271). Al other salts were

pur chased f ronCé&ietroapindl fiiridch. Si - sugar/ Dvnabeads-tos. 0. 1M sodi um Bor at
pH 9.5 (I abebbﬂﬁall}mﬂﬁméhyﬁch 3M Amoni um Sul fate in 0.1M sodi um Borate, pH

9.5 (labeling EPES buffer (35mM) rH=7.4, contains M 2 101M
and Cad 2 gt % d a&%&ﬁﬁhng Buffer) 0.1 MTris-HO pH=9.0

¢ Transverse colon
Descending colon
Ovarian follicle
Chorionic villus
Synovial membrane
Medulla oblongata
Pancreatic acinus
Cerebellar cortex
Myeloid stem cell
Paracentral gyrus
Nucleus accumbens
Submaxillary gland
Vermiform appendix
Mammary epithelium
Ventricular septum
Placental membrane
Uterine myometrium
Ciliary epithelium
Natural killer cell
Alveolar macrophage
Subthalamic nucleus

3) Using the previously described tissue selecting application, proteases that are expressed

in the respiratory system were identified. The tissues that were chosen are:

e Submandibular gland e Lungs

e Saliva e salivary gland

e Bronchus e Tongue

e Alveolar macrophage e Nasal mucosa

e Tooth e Lung epithelium

e Ciliary epithelium e Trachea

e Pharynx e Bronchial epithelial cell
e Tongue ¢ Gingival
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1). Incubate 50ul pellet beads (from 500ul reagent, capacity for about
250nm) with | OQul of 5ng/m (0.5ng, 750nn) of NH2-NeuAc a2-3Gl-Si, 330ul
Buf f er - B wiodoB2A0sd38buf fer- A, for 36h at room tenper at uPETIIR2009/20664% ound
bottomtube with rolling. 2). Add I 0.1M Tris and incubate overnight at
room tenper gf ug e, 3)¢. VAsh 5x with 1.0nl Bind n& gaﬁffer and resuspend in
1500ul Bi ndingBHFEE Lectins-Joe (SE-NH2 r Sact P Bi%pare 1.0 M
Tris-HO rHg. Bracep Tf&?én‘g.grfﬂ‘}ﬂé’ﬁﬂieum t et r abor®at BEWEPRNES 5 (| abel i ng buffer
C 1). Dissolve 10O0Ong (1. 6uM of the 6-Joe-SE in 60nL DMSO . 2). Transfer
S5ul of # 1 to &he salentiohof theae tissues marked the PUOWINgIR Botghses apting expresstér C
(I g, 0.0065&11@}}61:.29 mmwth Joe) 3). Incubate overnight at room
tenperature W % ?%ﬁ‘?%éyﬁtrg{li on. 6). Add 30ul of Tris LOM and incubate
overni ght ate r ature. 7). Load 250ul onRkepig dry 5m Sephadex G 25

BOpfadeATPIRT
colum (cal i-brﬁteﬁﬂyb pla nding buffer) and coll egt sypernatant. Store at
40C. Prepara.tlﬁn rnding of lectins to Bea.ds- . l.f|| down 750ul nmagnetic
beads in a rou %?ﬁpsé tube and resuspend i n B bi ndi ng buffer. Add
| ooul | abl ed | 8€RalHIPePHEdSBat e 6h at room temfer AeWE® with rol ling notion
(under al uni*nurnppisteaye EQRsh 7x wi t h bi ndi ng *bu€tlpainig/ M BSA and
resuspend i rr 28&fnd prbfeasti Isg buffer. Enzynati o r€aspaseoh 50ul of
| ectin-assoa asethdyagsse®s € i ncubated for 1% nTHspake $ 0om tenperature with
or without IU QfrifdifoRaded 3) - Neuram ni dase (Qosb%gpgg@—yl y specific from
St rept ococcys nn| gnetic beads were p own and fl uorescence
was measure&. Egaglg?ghﬁ%ﬁﬁgge of the lectins ?r%ﬁiﬁ%ﬁej:a?los by one of the

Strept ocochspH@?ﬁ?ﬁ%f'eéme *
e clastase, leukocyte e Granzyme K
e Placental protein 11 e Kallikrein
e Serine protease, HTRA3 e Matriptase
e Dipeptidyl peptidase IV e cathepsin E
e ClpP caseinolytic protease e Cathepsin B
e Tripeptidyl aminopeptidase e Cathepsin C
e Airway trypsin like protease e Cathepsin G
¢ ClpX caseinolytic protease X e (Cathepsin H
e Mosaic serine protease-corin e CathepsinK
e Beta site App cleaving enzyme e Cathepsin S
e Ubiquitin specific protease 35 o Cathepsin Z
e Beta site APP cleaving enzyme 2 e Pancreasin
e Plasminogen activator urokinase e Proteinase 3
e Transmembrane serine protease 2 e (Cathepsin A
e Signal peptide peptidase-like 2B e Cathepsin O
e O-sialoglycoprotein endopeptidase o Kallikrein 4
e Pigment epithelium derived factor e Kallikrein 5
e Squamous cell carcinoma antigen 2 e Kallikrein 7
e Stratum corneum chymotryptic e Kallikrein 8
enzyme e Kallikrein 9
e Protein convertase subtilisin/kexin e Kallikrein B
type 5 e Kallikrein 10
e Mucosa associated lymphoid tissue e Kallikrein 11
lymphoma translocation protein 1 e Kallikrein 12
o Kallikrein 13
e Kallikrein 15
e Kallikrein 6
e Trypsinogen 2
o all Kallikrein
e (Cathepsin F
e Tryptase beta 1
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neur am ni dases is shown in Table 9 below. Table 9 These results indicate
t hat neuram ni dase treatnment of the lectin associ ated beads, by a free
enzyme, ha©20tm1a8l ity to cleave sialic acid fromthe ®agaB20ogedcosne,
causinthe rel ease of the lectin fromthe beads. Pretreatnent of Beads-Si
W th neuram ni dase before | ectin binding | OQQul of oligosaccharide-| abel ed
beads wer :Fgcubated for .15 mn tenperature with I.U of the

u

. t
o (2.3) - NDUFARFYATY BEoteas aipTmagiorwas gAthicdRgRrated S e gesifed | n 200ul of

bi ndi ng buf fedfedntkslafMlits Rhowh SbititoRy Mfrink!thig pRE QG CudeaRE At Al | N Was
added. After incubation for 2.5h at roomtenperature with rolling notion,

t he beads wéheefolawingdlatbasdst h bi ndi ng buffer and measured for fluorescence.
Tabl e 10 shows tgﬁgrﬁsul S (af %]{‘e%i n binding to treated beads. Tabl e 10
These results FndtRAEVYREPIEPEEAERAent of the Bead-Si with neuranini dase
hi ghly reducedp.t hevabpRrtergt i on between the lectins and the beads. Exanple
12 I nhibitors of non-specific protease activity Inhibitors against

non- speci fi ¢ pfotEpLEevvighi uHprpt pigliadexeshémlyi t h™ t he provi ded met hod may be

useful for red&lcihpﬁ%/g@g‘b%ﬁmdcogﬁi se and increasing the precision of

detection of a pa seas or nmedical condition, or biomarker
thereof, froma hitpl/agiremlsasgerat.ak A bi oi nfornmatics study was first
performed to identify non-specific proteases in each tissue/organ and
i nhi bitors that YRYWEEPEYOEEti ve against those proteases. The

bi oi nf or ngyt igg cIe%g%'élrﬂ}{)‘t;l]l\é@éf e ?&Eﬂﬁh@@'gﬁ?&a@éﬂb&g ub& hAclePMdidvsitiRges: 1) In

this first® stage, e proteases that are known today were searched in
the |iter at theprofEases prightsdeaye sleainmmanRisinedns(BRA) pehtidaigbed Medl i ne

literature SgaLaR (A% A1 F-Q-P-D(EDANS)-S-Q-NH, (SEQ ID NO.: 32). Proteases
for which there are no known cleavage site were considered proteases that might
also cleave pep9. The non-specific metalloproteases are strongly inhibited by
EDTA, which can be added to almost all samples, and therefore were not
considered in this analysis.

The proteases that are capable of cleaving pep9 include:

e Tryptase epsilon
e Serine proteasEOS
e Serine protease 15
e Serine protease 25
e Serine protease 8
¢ Placental protein 11
e ClpP caseinolytic protease
o Tripeptidyl aaminopeptidase
¢ Airway trypsin like protease
» Mosaic serine protease-corin
¢ Ubiquitin specific protease 35
¢ Pigment epithelium derived factor
o Paracaspase

e Cathepsin A

e Cathepsin O

e Kallikrein 5

e Kallikrein 8

e Kallikrein 9

e Kallikrein B

e Kallikrein 10

e Kallikrein 11
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the articles it cited) and Medline Nucl eoti de search. Redundancies in
prot ease nanes were elimnated. The search resulted in 442 proteases. 2) In
t hi s st agwp 2ewdry13Rknown pr ot ease was associ ated with ti eswaB20omoeskidxch it is
expressed. Every prot ease was searched against the follow ng protein

dat abases: 1Herlle b. http://ww. hprd.org c.
http://ww. bre uni - %oehi de Those dat abases were al so used to categorize

every proteask gtoits catalytic active site (Serine, Cysteine,
Aspartic, netaKelbilrenease, or Ubiquitin proteasome system protein). Each
ti ssue was at« Prokmimase3t o t he bi ol ogi cal systemor organ in question. A
vi sual basic .p](@m[{ﬁmws witten into an excel based database. The

application gnab}, I{pe user to mark the tissues of interest. Once the user
mar ks the ti SSﬁgnSJ 01} interest, the proteasesthat are expressed in these
tissues are s ) Thefollovmng is alist of the tissues anal yzed:

Lynphocyte A& rrofﬁ_?fe CNS Epi didymis Tongue Eye Qesophagus Caecum Lung
Ubi qui tous JeNepsiinl M |k Neutrophil Mocyte Pons Hepatocyte Stomach
Bone Lynph nod€alpdindchea Iris Th(2) cell G ngiva Lens Cerebellum
Deci dua AorteCispdsecer vi x  Putanmen Ovary Mel anocyte Urethra |leum

e Caspase 5

e Caspase 7

e Caspase 9

e Caspase 10
¢ Elastases

e Cathepsin B
e Cathepsin H
e Cathepsin K
¢ Pancreasin
e cathepsin E

6) After the proteases most likely to cleave the peptide pep9 have been identified, the
smallest group of protease inhibitors that could inhibit these proteases were
identified. The literature was reviewed for the inhibitory effect on the proteases,
toxicity, and availability of the inhibitors in step 4. Another consideration was the
known effect of the inhibitors on HRV 3C according to Wang et al., Anal.
Biochem. 252:238-245 (1997).

7) As can be seen in Table 11 below, there are about 40 proteases that may need to
be inhibited to reduce non-specific protease activity and thus, background noise.
Based on a review of the literature, it has been found that 5 inhibitors should
inhibit these proteases and lower the background reading of the assay in fluid
from the respiratory system without lowering the HRV 3C protease activity. In
Table 8, EDTA was added for its inhibitory effect on the metalloproteases.
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Example 13

Nasal wash inhibitory cocktail for detection of HRV
Using the information gathered in the previous example, seven inhibitors that
theoretically should abolish non specific proteases activities were chosen. These
inhibitors include: Pestatin A, AEBSF, Aprotinin, E-64, Ac-DEVD-CHO,
EDTA+EGTA and Eglin C. Bestatin was also selected as it is a useful
aminopeptidase inhibitor. These inhibitors were tested for their activity against

background noise and HRV protease specific activity.

All inhibitors were dissolved at 100X, aliquoted, stored and used according to
the manufacturers' instructions. No freeze thaw cycles were imposed on the
inhibitors. Prior to starting the assay by addition of substrate, 10ul of the cocktail or
individual inhibitor was incubated for 5 min with 90ul of the sample/ buffert HRV

protease.

To test the effect of the inhibitors on protease activity (Buffer+3C ) and on
background noise present in a nasal wash specimen pool, reaction rates were
compared with or without the inhibitors in question (Table 12). Reactions were
performed at 4uM PEP1 and 50nM recombinant HRV 3C protease for 5 min under
starting buffer environment. A nasal wash specimen pool of four HRV negative
specimens by RT-PCR was used due to insufficient volume from an individual

specimen and to reproduce equal conditions throughout the experiments.

Base on these results (Table 12), the final nasal wash inhibitory cocktail was
chosen: 1mM AEBSF, 7.5uM Aprotinin, SmM EDTA+EGTA each (normally
introduced by the assay buffer), 50uM E-64 and 0.5uM Eglin C. Pepstatin A, Ac-
DEVD-CHO and Bestatin were omitted since they had no effect on the non specific
proteolytic activity of the nasal wash specimen (Table 12). The inhibitor E-64 was
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inhibition against HRV 3C protease activity (Table 12).

Table 12

NI NI

NI 15%=+2

15%+2 20%=+2

NI NI

5% NI
20pM NI NI
5mM, each NI 40%=+3
0.5pM 10%=+1 80%=5

10%+1 87%+4

NI: No Inhibition; (£): SD of duplicates.

The inhibitor cocktail was also tested against a specimen pool and WBC lysate
with or without the cocktail and with spiked 50nM recombinant HRV 3C protease.
See Figures 21A-B. WBCs are abundant in inflammatory nasal wash and therefore,
WBC lysates were tested. WBC lysate had high background activity in the HRV
assay (with the substrate PEP1) resulting from non-specific cellular proteases. It was
assumed that part of the background observed in the specimen pool originated from

WBC.

Results with and without inhibitory cocktail and with cocktail + recombinant
HRYV 3C protease are shown for both the specimen pool (Figure 21A) and human
WBC at ~1x10%cell/m] (Figure 21B). The cocktail inhibited background activity in
both the specimen pool and WBC lysate with high potency (>87%). Spiking of
recombinant HRV 3C protease to reactions with the inhibitory cocktail induced

specific HRV protease activities at normal rates. Reactions were performed with
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data are representative of two independent repeats.

To further improve the inhibitory cocktail and broaden the non specific

Choroi d

proteases it covers, four additional inhibitors were added: Bestatin, Pepstatin A,
Heparin and GW311616A. These inhibitors did not inhibit the HRV 3C recombinant

protease and based on their known target proteases, they may be relevant for other

human body fluids specimens. After the addition of these four inhibitors, the new

inhibitory cocktail named I8 was established. See Table 13.

Table 13
final
Name Type known target proteases for inhibition | concentration
used (uM)
serine protease trypsin, chymotrypsin, plasmin,
ABBSE | inhibitor. Kallikrein, and thrombin 1000
. . Acrosin, Chymotrypsin,
Aprotinin competitive serine Chymotryps)',uIlI(l)gen, Elastase, 7.5
protease Kallikrein, Plasmin, Plasminogen
leucine aminopeptidase,
Bestatin synthetic dipeptide | aminopeptidase B, and triamino 20
peptidase
Actinidin, Ananain, Bromelain,
Calpain, Cathepsin B, Cathepsin B1,
. . . Cathepsin H, Cathepsin L, Cathepsin,
E-64 irreversible cysteine | - qinain. Comosain, CMP-Sialic | 50
protease Acid:Lactosylceramide, ou(2-3)-
Sialytransferase, Ficin, a-Ginivain,
Papain, o-and B-Trypsin
Eglin C 70 amino acid chymotrypsin, subtilisin, leukocyte, 0.5
peptide elastase and cathepsin G. )
GW human neutrophil elastase 10
Pepstatin aspartyl proteases pepsin, renin, cathepsin D, chymosin, 10
A prorease B
mucopolysaccharide
Heparin ora human elastase 2.00
glycosoaminoglycan.
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phagocyte Intestinal epithelium [Peri h(iral bl ood cell G anulosa lutein
cell Gastrointestinal Tract Cor M 2helial cell Hemat opoi etic stem

cell Gall bladder epithelium D stal convoluted tubule Ovarian follicular
fluid Inhibitory cocktail for detection of enteroviruses in cerebrospinal fluid (CSF)

Methods and compositions for detecting meningitis has been disclosed in WO
2007/029262. However, CSF (Cerebrospinal fluid) samples used for detecting
enterovirus with the enterovirus substrate Camb2 generate background activity. To
identify inhibitors that could be used to reduce background noise, non-specific
proteases that may be present in CSF and their inhibitors were identified using the

method described in Example 12.

Activity, design and results:

1) To find all the proteases that are expressed in tissues that come in contact with the
CSF, a literature search and a database search were conducted. The databases that
were used included: MEROPS, BRENDA, OMIM, NCBI and HPA. This search
included the following tissues: Lymphocyte, Brain, Leukocyte, Nervous system,
Adrenal medulla, Adrenal cortex, Cerebral cortex, Cerebral neuron, CNS, Spinal
cord, T Cell, Substantia nigra, Cerebrum, Macrophage, Hippocampus, B Cell,
Neutrophil, Cerebellum, Medulla oblongata, Frontal lobe, Temporal lobe,
Thalamus, Amygdala, Grey matter, White matter, Schwann cell, Pituitary gland,
Cerebrospinal fluid, Neuroglia, Parathyroid, Hypothalamus, Zona fasciculata,
Cerebellar cortex, Pineal gland, Neuron, Eosinophil, Purkinje cell, Granulocyte,
Basophile.

2) This search produced 227 proteases. According to their sequence homology and
according to the literature, the proteases were divided into three categories:

a. Metalloproteases (39 members).
b. ATP-dependent proteases (41 members).
c. Serine/Cysteine and aspartic proteases (147 members).

3) The expected concentration of ATP in the specimen reduces the probability that
an ATP-dependent protease would cleave the substrate. Furthermore, the use of a
chelator (EDTA) in the reaction buffer inhibits the activity of the non-specific
metalloproteases. Therefore, after the elimination of the metalloproteases and the
ATP-dependent proteases as possible non-specific cleaving agents, the
serine/cysteine and aspartic proteases were candidates for non-specific protease

activity in CSF.
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would not cleave the substrate of interest, Camb2. This elimination process
reduced the probable proteases from 227 to 51 proteases.
5) For the remaining 51 proteases, an additional literature search, to minimize (as
much as possible) the number of inhibitors used in the cocktail, was conducted for
their protease inhibitors (and in some cases inhibitor intra-interactions), pH
dependency of the inhibitors and the proteases, incubation time for the
protease/inhibitor, and whether the inhibitor is commercially available. .
6) The proposed inhibitors useful for detecting enterovirus in CSF samples using
Camb? are listed below:

Granzyme H, Proteinase 3: a-1-Proteinase inhibitor.

Dipeptidyl peptidase; Diprotin A, L-2,4-Diaminobutyryl-piperidinamide.
PrSS11: HtrAl inhibitor (Novartis).

HtrA2: Ucf-101 (Calbiochem) .

Calpain 7: 3-(4-Iodophenyl)-2-mercapto-(Z)-2-propenoic Acid (Sigma-Eldrich).
Kallikrein 12: HAI-2A (R&D Systems), Ecotin (Sigma).

Cathepsin A: Ebelactone B:,Chymostatin.

Cathepsin H: Human stefin A and human stefin B.

calpain-11: Calpastatin.

Example 15

Inhibitory cocktail for bacterially infected CSF samples

There have been no reports of co-infection of viral and bacterial meningitis.
Thus, a test for viral meningitis infection implies a negative result for bacterial
meningitis. However, CSF samples infected with bacterial meningitis may have
background non- specific activity that leads to false positive results in tests for
enterovirus, thereby confusing the results. Background non specific activity in CSF
samples could be related to bacterial proteases that can cleave the substrate, leading to
a positive signal. The most frequent bacterial meningitis found in CSF include:

Streptococcus pneumonia, Neisseria meningitides (meningococc), Haemophilus
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~ Two inhibitors, Phosphoramidon and 2,6-pyridinedicarboxylic acid,
significantly reduced the signal induced in these bacteria (Figures 22A-B).
Phosphoramidon is a strong inhibitor of many bacterial Metalloendoproteinases,
thermolysin, and elastase, but a weak inhibitor of collagenase. It does not inhibit
trypsin, papain, chymotrypsin, and pepsin. Phosphoramidon was tested using the
Echovirus 3C recombinant and pneumococcus (types 6B and 23F) spiking systems.

The experiment shown in Figure 22A was performed in the presence of Echo

recombinant protease (50nM) or in the presence of two different strains of
pneumococcus 6B and 23F (lysate 1ul). The inhibitory effect was measured in the
presence/absent of Phosphoramidon (20uM). Phosphoramidon inhibited the
recombinant protease by 7% and the 6B and 23F pneumococcus activity by 91% and
80% respectively. The results are representative of at least three independent

experiments in which similar results of 90% inhibition on both strains was measured.

2,6-pyridinedicarboxylic acid was tested using the the Echovirus 3C
recombinant and meningococcus spiking systems. The experiment shown in Figure
22B was performed in the presence of Echo recombinant protease (1:18), in the
presence of meningococcus (lysate 3ul) or in the presence of blood (10ul). The
RFU/min value was determined in the presence/absence of 2,6-pyridinedicarboxylic
acid (2.5mM). 2,6-pyridinedicarboxylic acid inhibited the recombinant protease by
4.5%, the meningococcus activity by 81%, and blood activity by 0%.

Phosphoramidon and 2,6-pyridinedicarboxylic acid were therefore added to
the inhibitor cocktail I8 describe above, and the inhibitors cocktails I9a (I8+
Phosphoramidon), 19b (I8 + 2,6-pyridinedicarboxylic acid) and I10 (18+
Phosphoramidon + 2,6-pyridinedicarboxylic acid) were established.

The final composition of I9a inhibitory cocktail is summarized in Table 14a.
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Serine protease 15 Caspase 4 Serine protease 25 Caspase 5 Serine
protease 8 Caspase 7 Cysteine protease 2 Caspase 9 protease serine 11
Caspase MWO2elwmsese, | eukocyte Ganzyme K Placental pCotB2009/0d643
Kalli krein Serine protease, HTRA3 Matriptase Dipeptidyl peptidase |V
cathepsin E Cl pP caseinol yti c p %? Cat hepsin B Tri pepti dyl

am nopepti dase Cathepsin C wiﬂ § 1)5| n like protease Cathepsin G

C pX casjei nol'ytirc prdtease X Cat—hep5| n H Msai c serl ne pr ofiaakse- corin
Cat hepsi ngkggneBet a si ter cl eavi ng enzglh’%é'vn éarest prytRases o gfo Gotidentratipedi fic
prot ease Cat hepsi|n Beta site APAD&jhitign ng enzyne 2 Pagsr@s n
Pl asm nogenr—activatorrurokinase —Protel ! @‘% mbrang Serine
prot ease 5@ t hepsi n serinSp@ake pept i de i PZS Eﬁ‘l‘ﬁ g psin O
O si al og 5_ ot ei n endpipapt.i dase Kal P B grrent epﬁe i um deni ved
factor allikrein 5| Squampus cell ca thromly antigen 2 —Kalkrein—7
Stratum cor neum chymtryptic Kall i kre'@ﬁ‘@s‘@é]}?pp}%‘mﬂ%};}utkre no
. competitive serine ymotrypsinogen, Elastase
Aprotinin protease Kallikrein, Plasmin, 7.5
Plasminogen
leucine aminopeptidase,
Bestatin synthetic dipeptide aminopeptidase B, and 20
triamino peptidase
Actinidin, Ananain,
Bromelain, Calpain,
Cathepsin B, Cathepsin B,
Cathepsin H, Cathepsin L,
E-64 irreversible cysteine Cathepsi'n, Clostripair'l, 50
protease Comosain, CMP-Sialic
Acid:Lactosylceramide, ou(2-
3)-Sialytransferase, Ficin, a-
Ginivain, Papain, a-and -
Trypsin
chymotrypsin, subtilisin,
Eglin C 70 amino acid peptide | leukocyte, elastase and 0.5
cathepsin G.
GW human neutrophil elastase 10
Pepstatin A aspartyl proteases gﬁg;i’sfﬁ?;’oizgsl?gm D, 10
Heparin mucopolysagcharide T | human elastase 2.00
a glycosoaminoglycan.
Phosphoramidon bacterial . thermolysin, and elastase 91
metalloendoproteinases

The final composition of I9b inhibitory cocktail is summarized in Table 14b.
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Protein convertase subtilisin/kexin
Mucosa associ ated | ynphoid tissue

protei n IwoKalddikr3gin 12 Kallikrein 13 Kallikrein 15 PKalB20ks/ei66436

Tri psinogen 2 all
pr ot ease,

and its known inhibitors.

Kal | i

krein

Kallikrein B type 5 Kallikrein 10
Kall i krein 11 | ynphoma transl ocation

Cat hepsin F Tryptase beta 14) For every
I nformati on was gathered regarding its cl eavage site preferences
During tlebkde pdlocess we used Iiterature and the

fol | owi ng—databases:—a- htfrp H-wn—brenga—tht—koetn—de—b- tol ; C.
http://ww. ebi . uni rot /i ndex.shtm dxknbivhp tay sbgia . p. ...
httB: | | meName. sanggr ac PE. wwmv. expasy f@,rﬂ,hg)mfﬁgmgﬁgé/agec‘b‘?c&#‘ﬁlagg“cpf
the identified proteases were used to determ ne which of the usgdfuM) o g |
m ght clpave the human Rhi novi rtus (HRV) | peypsingehymegypsin,
( DABCYL) | AEBSA- L- F- Q P- [ Q NH 2 plaSti, kBlliK@in, @8) . Plélkases fgr
which there are no knowf g &Vage site Welirembinsi dered prot eases that m ght
al so cl epve pep9. The non-speci f1c net alllapsdh saotgbsinst rongl y i nhi bijted
by EDTA, | which can be ad@@ﬂp&tﬂiv%'s@ﬂﬁé al |C1.§,ﬁ{m1yﬁ§nog}}ﬂd t her ef oSr e were not
Aprotinin protease Elastase, Kallikrein, 7.
Plasmin, Plasminogen
leucine aminopeptidase,
Bestatin synthetic dipeptide aminopeptidase B, and 20
triamino peptidase
Actinidin, Ananain,
Bromelain, Calpain,
Cathepsin B, Cathepsin
B1, Cathepsin H,
. . . Cathepsin L, Cathepsin,
B-64 irreversible cysteine Clostripain, Comosain, 50
protease CMP-Sialic
Acid:Lactosylceramide,
o(2-3)-Sialytransferase,
Ficin, o-Ginivain, Papain,
o-and B-Trypsin
. . chymotrypsin, subtilisin,
Eglin C 70 amino acid leukocyte, elastase and 0.5
peptide cathepsin G.
GwW human neutrophil elastase | 10
. pepsin, renin, cathepsin D, 0
Pepstatin A aspartyl proteases chymosin, prorease B 1
mucopolysaccharide
Heparin ora human elastase 2.00
glycosoaminoglycan.
2,6 Broad spectrum
pyridinedicarboxylic | inhibitor of 2500
acid metalloproteases
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Kall!kre!nS Kallikrein 8 Kallikrein 9 Kallikrein B Kallikrein 10
Kallikrein 11 Kallikrein 12 Kallifraglens13 Kallikrein 6

Stock Preparation Volume from stock | Concentration
Material Name Stock Solvent Strensth | Of sﬂock to inhibitors | (nM)
g mixture tube (ul) In the well

AEBSF f);smM HEPES, | 300x | 25mg/0.52m1 | °% 333
Aprotinin 12315_1;“;\4 HEPES, | 700x | smgosmt | % 75
Bestatin DMSO 200X 0.8mg/0.6ml | 15ul 20
EglinC 25 mM HEPES, 200X 0.1mg/0.25m | 15ul 0.5

pH7.5 1

25 mM HEPES, 15ul
GwW pHT.5 200X 1mg/1.15ml 10
PepstatinA DMSO 200X ?'82”“8/ 0.6m | 15ul 10

. 25 mM HEPES, 15ul

Heparin bHT.5 200X 24mg/1ml 2
Phosphoramidon 25 mM HEPES, 200X S5mg/1ml 15ul 91

pH7.5
2,6 30ul
pyridinedicarboxyl | DMSO 100X 42mg/1ml 2500
ic acid
B-64 iil;nsM HEPES, | )00x | smg/tdmi | % 50

Enterovirus 3C protease (Echo), WBC lysate (corresponding to 2x103 cells

per test), Pneomococc lysate (corresponding to 1x10° bacteria per test) and

Meningococc lysate (corresponding to 1x10°® bacteria per test) (Sul each) were spiked
into artificial-CSF (45ul), followed by the addition of the indicated inhibitor cocktails
(5ul each): 18, I9a = I8 + Phosphoramidon (90pM), I9b =18 + 2-6-

pyridinedicarboxylic acid (2.5mM) and 110 =18 + Phosphoramidon + 2-6-
pyridinedicarboxylic acid. The samples with the indicated inhibitor cocktails were

incubated at RT for 2.5 min followed by the addition of 50ul 2X reaction buffer

containing the substrate camb2 (final concentration 2uM). Fluorimetric

measurements were started immediately. WBC lysate simulate WBC death and tissue

inflammation effect, which causes the release of protease from cells undergoing
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i nhi bi tors onThRWesSIs adtiguei2ighew thatitlee B0, e and KhainhibBpbeasktails 252: 238- 245
E ﬁgtg 73“'%, Zrﬁg@fp tﬁg ﬁn{%(raovslr%g i pr}ot-ggstélb%f ~32:b%jgtllcf) e V%’ﬁ&rﬁsa?erl%' AT, P Ot eases
results indicate that these inhibitors cocktails can block CSF proteolytic activity
related to WBC death, without interfering with protease activity related to the
Enterovirus 3C protease. On the other hand, while the 110 mixture inhibits proteolytic
activity of both bacteria lysates by 80%-90%, the I9a and I9b inhibitors cocktails had
specific inhibition activity towards select bacteria. The I9a inhibits the Pneomococc
proteolytic activity, without affecting the Meningococc proteolytic activity, and I9b
inhibits the Meningococc proteolytic activity but not the one induced by Pneomococc.
A theoretical example of a meningitis test result is shown in Table 16. The
test is performed in 5 tubes. The first 3 tubes are incubated with the 110 inhibitor
cocktail: negative control (artificial CSF), positive control (artificial CSF spiked with
recombinant Enterovirus 3C protease) and a sample of CSF. Two more tubes
containing the CSF sample will be incubated with the inhibitor cocktail I9a or I9b.
If no signal is detected, the sample can be considered as negative for both
Enterovirus and bacteria (or under detection limits of the assay) (Result #1 in Table
16). As no co-infection of virus and bacteria has been reported, a positive signal in the
presence of 110 indicates the presence of live Entrovirus in the tested CSF sample
(Result #2). As I9b contains 2-6-pyridinedicarboxylic acid, it will inhibit only the
Meningococcus activity. Therefore, a positive signal in tube #4 (incubated with 19a)
and a negative signal in tubes #3 and 5 (incubated with 110 and I9b that contains 2-6-
pyridinedicarboxylic acid) will indicate the presence of Meningococcus in the sample
(Result #3). As I9a contains Phosphoramidon, it will inhibit only the Pneumococcus
activity. Therefore, a positive signal in tube #5 (incubated with I9b) and a negative
signal in tubes #3 and 4 (incubated with 110 and I9b that contains Phosphoramidon)
will indicate the presence of Pneumococcus in the sample (Result #4).
Accordingly, the methods and compositions disclosed in WO 2007/029262 for
detecting a viral meningitis infection can be used in conjunction with the inhibitors of
the present methods. For example, the substrates that can be used for detecting a viral
meningitis infection include those that detect herpes virus, West Nile virus, and

enterovirus. A specific example of a substrate that can be used for the detection of
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be inhibited to reduce non-specific protease activity and thus, background
noi se. Based on a review of the literature, it has been found that 5

i nhi bi t orwoghulisi38nhi bit these proteases and | ower thePbaaRyowmwsd4x eadi ng
of the assay in fluid fromthe respiratory systemw thout |owering the HRV
3C protease activity. | lL.e. .8 TA was d faor i I phizkitory effect
on the mBERES B‘ﬁ‘l‘%‘?@lﬁg%%éhéﬁsﬁq 48. %%i%@fgg Srf‘%fﬁ%éatf%b@%%g{% 13 Nasal
vash | nhighd deiotiof B el ité Qiruspibiat 580 10f NORVIS/SONgt e Hpfrplasaiti on
gathered I n the previous exanple, seven inhibitors that theoretically
shoul d alswbstrstes o capecisel donghe detaetion of enteyevirug inclpdecSEQ R dYDs: Phese

i nhi bitorg i hclude:.Pestatin, Av:A : W] - - BC S D- CHG,
EDTAEGTAa ‘Q%Egﬁ% R eStISta{i\%‘t‘ﬁ‘/g?g%’@q@gﬁ[ thiy g%“%éfq?td ’Sﬁgg‘g%/s ef ul

ani nopeptiEass bhabiidlisheviralhesagitinhifeitioar s were tested for their activity
agai nst background noi se and HRV protease specific activity. Al inhibitors
were di ssolved at 100X, aliquoted, stored and used according to the

manuf acturers' instructions. No frd&abke ¥haw cycl es were inposed on the
inhibitors. Prior to starting the assay by addition of substrate, | On of
the cocktail or individual inhibitor was incubated for 5 mn with 90m of
the sanpl e/ buffert+ HRV protease. ]’ test, the effect .0of the inhibitors on
protease activi tylraﬁtfafndivew %S MREerd reéatiﬂ esent in a nasal
wash speci men podl, re Ton rates were conpared wth or w thout the
inhibitors in question (Table 12). Reactions were perforned at 4nmM PEPl and

SCnM recombipnanl, HRY, 361" Rlrfieses f Resulr 41 N REEHIEHR SRaddit#0 Reddigia

envi ronmne i oA o St o cjcimm reei nens by
RT- PCR was usdd due PPﬁtt“f"’nsuf fi1%i ent vel ume frem an i ndi vi dual+
contro
2 Negative 110 - - - -
control
3 CSF 110 - + - -
4 CSF 19a _ + + -
5 CSF I9b - + - +
Meningitis Non-Echo Echo Meningo Pneomo

Example 16

Analysis of clinical samples for enterovirus before assay optimization
CSF samples obtained from two clinical sites ,were tested for presence of

enterovirus according to the method of the invention but before the assay conditions
were optimized. The samples were also tested with a combination of RT-PCR and
other clinical parameters. In the RT-PCR/clinical paramater combination, a sample
was considered positive only when it exhibited inflammation, i.e. above 7 white blood
cells (WBC) in 1uL. CSF and RT-PCR is positive. A sample was considered negative
when it exhibited no inflammation (<=7cell/ul) or when it exhibited inflammation but

was negative with RT-PCR. Samples were considered hemolytic if red blood cell
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speci men and to reproduce equal conditions throughout the experinments. Base
on these results (Table 12), the final nasal wash inhibitory cocktail was
chosen: |WDI2ABBEB1387. 5mM Aprotinin, 5mM EDTA+EGTA each @oonamiod/gosess r oduced
bydt he assay buffer), 50nmM E-64 and 0.5nM Eglin C. Pepstatm A, Ac- DEVD CHO
and Bestatip were omite ' ’ ecific

pr ot eol ymeglﬁ?lfl\?ﬁafl a%(fveﬁhoghprllgs 5F&%§ Eétgngitﬁ%%ﬁﬁ%gpgb?%ag%%ﬁgﬁi nhi bi t or

E- 64 wasifoe tHedtherdeg RBT ¢dust pettpeortided)st ei ne prot eases inhibition potenti al

and it showed no inhibition againsf HRV 3C tease actiyvit Table 12).
Table 12 N : Reagtiam miequipdt valye wagirst dﬁa‘&%@‘g@’é&e "?ﬁg‘"ﬁ R%ﬁh‘ﬁ?{‘?‘%?‘g%%c kt ai)l
was al so . i Lo SREGL WBt Efiditt dhdor Wit hout the
cockt ai | r%[ﬁ%}’%qltvﬁg’gs&qﬁ&etél %ﬂ\ﬁpﬁbﬁfﬁ%@ﬁﬁa 356%%%«% eaaéilte}% See Figures 2
1A- B. \\BGensitivityalSangpiastwhiose reattiammate excyeded sl cutefé Malup sverdheangidgred, \W\BC

| ysates were tested. WBC | ysate had hi gh, background activity in the HRV
assay (wiPPHtYR@nd thase pgloy %Eljiaﬁlervé?w?‘?sﬁ&“fadf%%ﬁ%en- specific cellular
proteases. It was assunmed that part of the background observed in the

speci men pool originated fromWC. Results with and without inhibitory
cockt ai | Pambdudetfor daedtingichterovimis epdvirdiag to tHRwetmde{dhe byentitle shown for both

t he speci nen 0 Fiqure 2 1A) and human o / Fi
21B). The coc %%8#‘ Fn(ef’ﬂﬁ?r[}?qté@sﬁ)ggﬁﬁ?%({}’rydusé%%l'ta@f qénﬁ(%)%tgﬁ&? #el 0? peE:i Imgﬁr Sool
s 2, Yo S LENGAR St e oot T 13
0 reactions w e. inhibitory cocktail_ip ,shecific
pr gt ease reastion was égjtiated by theeadditiono .501’563&1?%@“%&%@1 Qg#ﬁg&é t h4nM PEPI
and 50nM IyAan hRAEGAL The dat
HEBhP3N s AOLRAOARERAEN 0% GRELERUBAM BTG The data are

represent wWo | ndependent repeats. urther inprove the
i nhi bi t oryYnMEGEA kadh) doftti@atehe sibatraecamp? ¢fiddl coprentratzans2uN). covers, four
additional inhibitors were added: Bestatin, Pepstatin A

Clinical site 1: Prospective samples f

46 leftover CSF samples from one clinical site were collected from
prospective patients as approved by the Helsinki committee. Samples were sent to a
virology laboratory for RT-PCR analysis. The method of the invention was

performed as described above.

Table 17 summarizes the results from the clinical site. The reaction rate cutoff
that represents the best correlation was set at 335 RFU/min (about 20% of positive

control; 50nM recombinant 3C protease).

Table 17: CSF samples from One Clinical Site.

. Method of the Remarks
PCR+ Clinical invention
Bacteria . Cutoff
.T. P/N RFU/min
Numbr Culture WBC Bloody C 335
D1* 1168 - N 183 N
Negative 370 - - 620 No PCR
Negative 266 - - 7525 No PCR
D4 Negative 5 N 12 N
D5 Negative 2 N 1 N
D6 Negative 0 N - N Reaction 1.12.07 no 18
D7 Negative 0 - N 34 N
Negative 8 - - ( 5 No PCR
D9 Negative 891 27.6 P 708 P

70



Heparin and GAB11616A. These inhibitors did not

reconbi nant protease and based on their

known target proteases,

rel evant woromihersshuman body fl ui ds speci nens.

inhibit the HRV 3C
they may be
Aft er tireTaBZhoY/D@R430f t hese

four inhibitors, the new inhibitory cocktail named 18 was established, See
Tabl e 13. pkabjl eg:kdExanpl d 14 | '
gnt er OVirr gSes { I Zer e uaErndi Dr
etectin ~ a[tive! S—pasjoeen F
(Cerebrg¢ 3t H-teh—satffptes—
ent er ovilr 08 sub®Fat o "Canb2 gereratelbackground .
i nhi bi t ¢r 14 hiatestoul d e |used tjlo Fedic® backir ound¥ noj se, non-specific
prot eases piNat ng@y [be present ijn CSFland |thesr inhkbiftors were identified
using tt T QsHiescigbed 1N EXapl € 22 Aeki Vityp design and results: 1)
To findratf-t gwgmjteqpes_[ﬁaf arg, EXPLESSEG i N S that cone in
cont act pwth—+he—CESH—atHiteratiutre—seateh g b%' a
conduct ed 2¥rhie VAT era! i jded ; , /1,
NCBI and HPA. | Tsite sedt ch i ncl yded! || o ng t¥sspes: |ynphocyte,
Brai n, LewkocltegiveNer vous| syst gm NAdfenNal| nedul lla, NAdrenal cortex, Cerebral
cortex, REDf Rlgiteur an, [ONS, Spinal |cerd aCell | , N Subst aatiba. 1207 gnE,
(C)Iglrgﬁrgt r ?f gggji?ege, L‘d-u ppocanmpusy BT Cel T}, utfopRiT}, Cerebel | um l\/egul | a
Vhi tegW’D: L Reetlieobn coll itk Dy
Neur ogl i A bi *° Hypot h s : N : tex,
Pi neal dl @ad, | Newrop, Eosji nophi|l , NPulkMnjle &11, G'anll ocyte, Basophile. 2)
Thi s sear abs pl eduieed 227 prot ea ' t Nei [ sequence honol 0gy
and D27 | Negative 2 N
D28 Negative 1 - N
D29 Negative 3 - N
D30 Negative 0 - N
D31 Negative 2 - N Reaction 1.12.07 no I8
D32 Negative 9 N N
Negative 9 - ? No PCR
D34 Negative 8 339 P 830 P
D35 Negative 8 30.6 P 738 P
Negative 1 - N - No Vol.
D37 Negative 2 N N 232 N
D38 Negative 180 31.6 P 656 P
D39 Negative 31 322 p 639 P
D40 Negative 8 30.6 P 379 P
D41 Negative 0 N N 215 N
D42 Negative 134 28.5 P 1216 P
D43 Negative 7 N N 531
Negative 8 N N - No Vol.
D45 Negative 31 H N N 633
D46 Negative 17 N N 133

Legend: B- Hemolytic, P- positive, N- negative, FP- False Positive, FN- false

Negative, X- excluded due to insufficient data.

* The need for inhibitors cocktail: Initially the experiment with the set of samples was

performed without protease inhibitors cocktail. However, sample D1 had tested

positive for streptococcus pneumococcus and could not be distinguished from positive
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according to the literature, the proteases were divided into three
categories: a. Metalloproteases (39 nenbers). b. ATP-dependent proteases
(41 menbewe)010:013138r i ne/ Cyst ei ne and aspartic proteasesPCIAB200end¥e4s). 3)
The expected concentration of ATP in the specinen reduces the probability
that an AlP; d r SR : nore, the
use of avtlzrg at:bg‘?g' ?E%?%aﬁﬁgéﬁgwgg@%oﬁﬁ%aﬁ (#‘grﬁhl nhi gl{t?)glec{’ ﬁlgglg??lﬁ{fi ty of

t he non- 9pReinfprier ietha lalidifibn betwesactidh bufféro A8 a redultpsantpie Ddltesiedhat i on of the
nmet al | opr ot eases_and _t he ATP-dependent proteases as \po igl e non-specific
cl eavi ng negaves Whilpatheiyiral poeiiee samplesyigmaep ppyifive. &} &f@;% EFer e candi dat es

for non- 3Bkl 1O RIIPCERAMLI doid B (Etkindd b REGIREAR iRbHG/ENEH I Ne and
pro conp d

aspartic eases, rehensive [i1terature an at abase searches were
per f or med8f The titeffiwaslreducad by 45 Yocfrem 60 (eithes inhbitusise 336 RFUAmse pr ot eases

were elininated because their cl.eavage site wed -t hat .t hey woul d not

cl eave tﬁ@‘tg%?‘lt‘gﬁ)e tferqSH’E‘%lP'e%ﬁu,n%@%a ctt %3462?0?’?15 oservSH “%Pﬁc ess reduced

the pr Obqpéo‘?nb%ﬁ%?ﬁﬁ%e EEtRAy4RaE th&sRred WRIHOIAAREout Mhibiks, [Ti8s Fegimi ning 5 1
proteases, an additional literature search, to mnimze (as nuch as

possi bl e)reinfrzcesithdebsenfatipm Hiabtheactvitsimpositive S Feenipiesils dusf@s’Cconduct ed f or
their protease inhibitors (and in some cases inhibitor intra-interactions),
pH dependENEIFCFFUYRE i nhibitors and the proteases, incubation time for the
prot ease/inhibitor, and whether the inhibitor is commercially available. .

6) The proposed inhibitors usef ull for detecting enterovirus in CSF sanples

usi ng Cariimical sit¢ 2:Rq zvme H, Proteinase 3: a- 1-Proteinase

. h. b. t ) D. t. ) | . I o . | . .
72, 4. v aim robpive sREED hERRS: CERARplApi-tosed fop Barpyims Mer® oy ).

collected retrospectively leftover from another viral laboratory under the approval of

the Helsinki committee. The method was compared to RT-PCR only because the
samples had already passed the clinical criteria for inflammation (>7 WBC/ul) before
being sent for RT-PCR testing. The method of the invention was performed as

described above.

Table 18 summarizes the results of these samples. The same cutoff of 335
RFU/min (about 20% of positive control; 50nM recombinant 3C protease) was used.
Table 18: CSF samples from Clinical Site 2.

: WBC MND
Number | cattera LYM/PM R(ﬁff,’,, “(‘i‘y‘;z PCR P Remarks
71911 Negative 9/15 P 608 P
719113 P 401 P No clinical
719055 | Negative /260 P 1091 P
710002 | Negative 6030 P 57 H:
718992 | Negative /260 P 3719 P
718967 P 574 P No clinical
718968 | Negative 2802 5 P 324
718935 | Negative 110120 3 P 2387 P
718818 Negative 4172 5 P 191
718822 | Negative 155/16 P 418 P
718803 | Negative 19/4 0 P 346 P
718772 | Negative 20317 5 P 337 P
718602 | Negative 1043 1 P 851 P
718546 | Negative | 118/105 0 P 1433 P
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Htr A2: Ucf-101 (Cal bi ochem
3-(4-1odophenyl)-2-nercapto-(Z)-2-propenoic Acid (Sigma-Eldrich).

Kal |'i ki eiwoRB10/084382A ( R&D Syst ens),

Ebel act one B:, Chynostati n.

Cal pain 7:

), Ecotin (Sigm).
Cat hepsin H Human stefin A and human stefn B.

CarPhe[iB2009/#06643

cal pai n- 11 Cal pastatin. Exanple 15 Inhibitory cocktail for bacterially
I nf ect ed &k $amphies| There have been RO rlepast s I nfection of viral
and bactensal [nmeghkinrgitiss Thus,s a fest for wpral gitis infection
i nplies 2 RB0QT kykevel €Slito TPr hactleri al nisegl tfi s.p However, CSF sanples
i nf ect e M | DRGRRT | alsoaen| NGt 1 S| may have:backgr eund non- specific
acti vi t y hjat 'R@HR 1 O1bmbSE pasifivepresules: i testg for enterovirus,
t her eby AR ﬁgan;e T.&xUl [S. ;Backgr eund nem3; SPEcipsi1q activity in CSF
sanpl es rcghd ug;cggngl AUt O] bacterfar pprof €asfs [that dan cleave the
substra &5 ]eciUNééMve D ook S gnat - [Thgs 5iost” frrequent bacteri al
men! ng! t! a2b0 ulHegalml/é CShotahC . IEQ[ OC[OCCAES P eurponija, Nei SSeri a
neni ngi tges T.ﬁni NOOCQEG - [ Hagmophitysinftugza angd R ebsierta pneunpni a.
Q%cg:]gl [;Q( ;'933 Hﬁeﬁm"cﬁfiﬁ:@%ﬂ Ot GHS PAgHLDM T tyu differ Tt STTY i ns
si mil at ¢ 0HE mmgaa&e;\:;;aa“s@:;; Sepia ey gt Ges)were spiked 1oy
to i denti %% dhMsi¥ols ¥E Rt of al'P%¢ Sefyeq noSF sampres an
from di flf €88t Newitips #F'Pnhi bi%tors wlre nszs.;d_ FRRE—Ran 49 ARToITo
Phosphor|afftéton Nt | 6- ¥0r i di nédi car hdxyl | c %A% ’ 2d t he
Si gnal ilnePefeled Nesatirehes eds eri% ( i gll}l’ es| 228 & phoram don—s M’
strong i[ntPPd tior of teri al | Mefal | herddbpr o ses, PPEPHEBl ysip,  and
el ast ase, bt |a weak or -of ol Magehas. 1}t not PAHPBit ¢ rypsin
papai n, |chymot|r yasien, hodphor anf?don| wds tlest ed usi ng t

719053 Negative 0/0 0 N 28 N

710022 Negative 112/1 2 N 210 N

718993 - - N 221 N No clinical

718657 Negative 80/90 N 101 N

718942 Negative 41 N 41 N

718909 Negative 300/50 N 230 N

718910 Negative 31/0 52 N 172 N

718911 Negative 0/0 0 N -58 N

718807 Negative 0/0 10 N 261 N

718785 Negative 251 5 N

718784 Negative 0/0 5 N N

718773 Negative 0/0 N 22 N

718924 Negative 0/0 100 N 37 N

718548 Negative 6/- N 326 N

718487 - - N 166 N No clinical

718488 Negative 650/100 0 N 285 N

718366 Negative 420/1950 N 2248

718346 Negative N 1146

718322 Negative 0/0 0 N 181 N

718252 Negative 0/0 60 N 103 N

718232 0/1 10 N 136 N

718115 Negative 5/9 18 N 190 N

718119 Negative 0/0 0 N 231 N

718051 Negative 200/- - N 240 N

718079 Negative 0/0 0 N 79 N

718055 Negative 3/0 0 N 159 N

718047 - - N 298 N No clinical

Legend: B- Hemolytic, P- positive, N- negative, FP- False Positive, FN- false

Negative.
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Echovirus 3C reconbi nant and pneunococcus (types 6B and 23F) spi ki ng
systens. The experinent shown in Figure 22A was performed in the presence
of Echo rwoantwmars8 protease (5OnM or in the presence @CTUBOYDIcher ent
strains of pneunococcus 6B and 23F (lysate lul). The inhibitory effect was

measur ed ;!l.n. t pe @r eseﬁce/ absent of Phosphoram don (2QuM . Phosphoram don

inhibite t protease by 7% and the 6B and 23F pneunbcoccus
acti vi ty Hamokio anh1ed0% respectivel y. The results are representative of at
| east three 1 ndependent experiments in which simlar results o{ 90%

i nhi bi tion onTher¢sulis demenstratedhardheapsepmay ngt dspl ¢ificicatly MAhsawPlesc aci d was
tested using. the 1 C } ] : g spi ki ng
systenmns. ¢ n[gmén rgggﬁ%)ﬁtcgfs?% a&m&?? ﬁ% [ gggg?@@l@%g@lggﬁgﬂ%gﬁfﬁ&t e presence
of Echo fardndideRihinoireakes ¢itof8Y hemolytinsappleseOE thedivepfour wgtcoccus
(lysate 3ul) or.in the presence of g ood (.I Qul é The RFthm' n.gal ue was

det er mi néelss positine 396 o8e fles nasalyr: OHHC sopainingldi A uEFRsEbR e aci d
(2.5mMV) . fRY gl Ras ' ifdvEd bR the Sarhiple by SepBkinisat pr ot ease
by 4.5% ntg%ag‘vrgrég?‘ﬁég’gg‘g@gﬁgpﬂ%ﬁ%’iﬁ?i&#‘%&i% and blﬁ(}od?acti vity by 0%
Phosphor aeteiéirgationib&ote mahyisisi Mateoer bs yid Woerd¢alls wer be ramave be®rédded to
the inhihitor cockta&l 8 .describe above, and the inhibitors cocktails I9a
(18+ PhodiSREP&MHEFIMPIes fOLS0T#8C-+ 2 6- pyri di nedi carboxylic acid) and 110 (18+

Phosphor gi1jdQiedtive 6- PYri di nedi carboxylic acid) were established. The final
conposition 'o'T‘gI 9a inhibitory cocktail is summarized in Table 14a.Table 14a

The final conpisiassayrfaited t doferminielsprrestly &GAROR, 7182685 Ih§RLS: 7E24Pn Tabl e

14b. Tabl 40T i nal..co i.0 f 110 Lnhihi i/ 1's summari zed
1 Tabl e 1Ry 4 B1ZaTRAR) St 4L nonb sEPIRGREKCARRR P 2
(correspayisidyll TOrd¥ d3he pbdsthigthitelsd false MBgnivesaaples yhdhited(tbor r espondi ng
to I xI 06 bacferia per test) and Meni ngococc | ysate (corres ogd&gg to I xI O8

bact er i a pueteaseealt yanren exseRil) 1 Aigere SRISER #dth 50n1\</lS recombinant enz

inhibition was detected in these 7 samples. These false negative could be due to

lower sensitivity of the instant method compared to RT-PCR. Alternatively, the
protease may have been inactivated due to storage or freeze/thaw cycles that the

samples had undergone.

False Positive
11 out of 58 samples were false positive (D11, D13, D23, D29, D32, D43,

D45, 719104, 718785, 718366, and 718346), 4 of which were bloody (D32, D45,
718366, and 718346).

False positive (FP) signals may have originated from unspecific substrate
cleavage due to inflammation factors. However, there was no correlation between the
WBC count and the magnitude of unspecific background noise. Moreover, 9 negative
samples (D1, D46, 710022, 718657, 718909, 718910, 718488, 718115, and 718051)
with inflammation gave a signal below the cutoff value, suggesting that instant
method can accommodate inflammatory samples.

5 of the FP samples were without inflammation (D11, D13, D23, D29 and

D43). This suggests that if hemolytic and FP samples with no inflammation are not

included, only two FP samples remain.
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into artificial-CSF (45ul), followed by the addition of the indicated

I nhi bitor cocktails (5ul each): 18, 19a = 18 + Phosphoram don (9QuM, [9b =
18 + 2- 6-wpynioditedi car boxylic acid (2.5mV) and 110 = 18C¥F1BPwogpives3an don +
2-6- pyridi nedi carboxylic acid. The sanples with the indicated inhibitor
cocktails were incubated at RT for 2.5 mn followed by the addition of 50ul
2X reaction buffer containing the substrate canb2 (final concentration
2mV) . Fl gar pERYUS L finiB RSB e bntiRliGions art ed i medi ately. WBC | ysate

simul at e geath an ssue 1 nilammuation effect, which causes the rel ease

of protease fHoamplssisoweitggtvaemabthasaceristics (e infapmetonBadt er i al

anounts ar at ed. t Roeo ) i ' cocc)

concent rgefsfetﬁlﬁ&% ‘?Sﬁl m%gﬁlﬁg’%c@%@@%ﬁ?’e@mﬁﬁ%%| ts in Figure
23 show tRative Bend 1P thelfRamhbihdh THiHEdIld Bsult Gold @iyl of tharfollbivirsg t he
Enterovirus 3C protease by -20% and the WBC | ysate by -90% These results

i ndi cat e redsons: fHlsesposithvisiofthedk E-PERcsignal o visal geppmicmateral de e Wi ¢ activity
related to V%BC deat.h, without interfering with protease activity related to
the Ent eP8¥f YFsm%lBI?'ot ease. On the other hand, while the 110 mixture
inhibits proteolytic activity of both bacteria |ysates by 80% 90% the |9a
and 19b inhibitors cocktails had specific inhibition activity towards

sel ect b&mmelupigns The 19a inhibits the Pneonpbcocc proteolytic activity,

wi t hout affectd I | E\VA 19b inhibits

t he Meni ngocog&g}%@ggﬁ Iflfggg;t%?e\cl?sfgg?({)g\?dwn%%E{rﬁg{og\r?gwtﬁaﬁgd by Pneonococc.
A t heor etehadvifs anaplritiy aceondixy toghd instahiciaventiosu Tabled Ishowwarizes thabl e 16. The

test is perfornmed.in 5 tubes, .The first t.uhes are .incubated with the 110
i nhi bi t oresskSensitivityagd sPeralicitysing ti‘% od 03%&‘1 ngegtion "é%%% and

ive control

(art 1 Clgdby CodpediRicke diphbd\pbafiep(gsanicak Bt Bbftict ibhoklolpioimgie)arand a

sanpl e of re-tubes containi'ng the CSF sanple will be incubated

Wi th the exclodéd.t or cocktail 19a or 19b. If no signal is detected, the
sanpl e can be considered as negative for both Enterovirus and bacteria (or
under detection limts of the assay) (Result # 1 in Table

Table 19
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16). As no co-infection of virus and bacteria has been reported, a positive
signal in the presence of 110 indicates the presence of |live Entrovirus in
t he test ewlOCBR/Barspl e (Result #2). As 19b contains 2-6- pgritB2oodicesr boxyl i ¢
acid, it will inhibit only the Meningococcus activity. Therefore, a

positive signal in tube #4 (i ncubg;(ed ﬁ\{ilgh I 9a) and a negative signal in
tubes #3 and 5 (incubated with 11 t hat contains 2-6-

pyri di nedi car boxylic aCiA%sa}bidpkinﬂimmﬁilﬂatebanart&lsence of Meni ngococcus in
the sanple (Result #3). As [9a contains Phosphoram don, it will inhibit
only theRenaetiomplestiesis activity. Therefore, a positive signal in tube #5
(i ncubat %%cl‘é@r%&bd'gb) and a negative signal in tubes #3 and 4 (i ncubated
with 110 an ‘t hat contai ns Phosphoram don) will indicate the presence
of Pneunpcoccysndgativhislopaimlmk(ieasiohs wid pbseAedorAdnag othertrhgsonstihods and

i tions disclosed in WO 2007/ 029262 detect i i i ngiti
i Gt i o6 aARGIBAedBH et OKHE CoHd Pe AL hereREs saubitey © B PRic, or esent
et OGS, Rl fistiTleGeactiBf. AURRLIBLET iR aHRA JAQ: UsRGRbATonglecct [ ng. @ viral

meningitis rnrection Inc ose that detect herpes virus, Wst Nle
virus, asdbstrateqretiei wodd séiclsgbarofmdthexsidep bEtheftuke isngrsvalhit Brushat can be used

for the detectio her pes .vi.rus includes SEQ I D NO 48. Exanpl es of
subst r at &80p! &Pg@ﬁg B@tfgsaéﬁ\(‘flﬁ?“feﬁeetegggecti on of West Nile virus include

SEQ I D N@gguif®. 50, and 51. Exanples of substrates that can be used for the
detection of enterovirus include SEQ ID NGs: 52, 53, 54, 55, 56, 57, and
58. In additi dfates he i nhibitors may be used to distinguish between

bacterial andyiral, nmepingitis infecdd Tabl 1 amg (J LRy t'S
interpretati orﬁi%(ﬁ’ége%ﬁ%ll refnr?ﬁf:%i ?or segeeg%@?&gi&%éqs%ﬁtgd'#g Ressul t #3 Result
#4 1 Posighbat@iteladerende, 1 stand@dlasly baffdegatbstate) s incubated in both

regular and NB plates for 15min. Each well was washed twice with 200ul PBS and

vortexed vigorously. Finally, to evaluate how much is left stuck to the plate, wells
were re-suspended in 100ul 1X reaction buffer. Each wash was measured for

fluorescence. Results are shown in Table 20.

Table 20
Regular plate, RFU | Non binding plate, RFU
Wash 1 8500 10000
Wash 2 4000 1500
Left stuck 2100 730

The results indicate that in the first wash, more substrate was washed out in
NB plates. After the second wash, regular plates retained ~3 fold more substrate than
NB. Finally, after 2 washes, regular plates retained ~3 fold more substrate than NB.
An additional feature of NB plates is its effect on the blank curve shape. The wave
shaped blank curve typical to regular (Figure 24A) plates became more linear with a
slight positive slope (Figure 24B, ~200 RFU/min).

Another feature of the NB plate is its contribution to reduce c.v. values. As
seen in Table 21, typical c.v. values with NB plates are 5-6% compared to 10-15% in

regular plates.
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control 3 CSF 110 - + - - 4 CSF 19a - + + - 5 CSF 19b - + - + Meningitis
Non- Echo Echo Meni ngo Pneono Exanple 16 Analysis of clinical sanples for
ent er ovi rwie 2befsBss8assay optim zati on CSF sanpl es obt ai Re/IB2I0MDGE66AB3
clinical sites ,were tested for presence of enterovirus according to the
met hod of the invention but befor e%%’lﬁ ?ssay conditions were optim zed. The
sanples were also tested with a co gf ion of RT-PCR and ot her clinical
paraneters. In the RT-PCR.clinical paramater conbination, a sanple was
consi dered positive onlly RERROPUSIRITY-WITHf Nefration, i.e. above 7 white
bl ood cells (WBC) in IuL CSF and BRYDESG MICRGBLAIEG. A sanpl e was

consi dered negative when it exlExp-ted no inflammatijon (<=7cell/ul) or when
it exhibited inflammuatilon but was negat | \gaL M th - PCR. Sanpl es were

consi dered henol ytic i fred—btood—et 92 & s above 100/ul (for the
one set) or if the sanpﬁegs,co!or M,J —teddishH or—t he ot her set, RBC count

not provided). Reactionl rate cutoff 232 ne wh80953 st determined for the

nmet hod of the inventionl retrospectiy8by so [#7.8t |exhi bited the best
correl ation between specificity and|gamsitiVigdo.4 Sanpl es whose reaction
rate exceeded the cutof f—vatue were[consi def 393633)S| tive, and those bel ow
this val ue were consi defed—negativer—Procedt g r—det ecting enterovirus
according to the nethod of the invention Eag h rement was perforned by
using 5QuL of CSF sanplle. 5ul of inhibitor L 3EE 2 | (18) was added to the
sanpl es and incubated fpr 2.5 mn. The reacty4md2 was| initiated by the
addition of 5QuL 2X reaction buffer ("2x RBT, 50m™ HEPES pH7.5, 1.8M

Al s A ERFA 1
Na2s®>4, 300nmv NaCl, 10%4 ybclA\QeI,_agé\Jégh.lgUIH % 125

stdev | 79.63458 | 283.8688
c.v. | 27.04061 | 6.846606

EXP-2
BL P.C
200 4136.6
248 47973
154 4335.4
217 4489.8
4292.2
4515.1
4761

Average | 204.75 4475.343
stdev | 39.23752 | 243.2139
c.v. | 19.16363 | 5.434532

Tubes

Background:
It was noticed that that reaction rate (RFU+min) for blank and positive control

reactions varies significantly when using amber vs. NB tubes. Blank values
(RFUzmin) and baseline fluorescence were higher in NB tubes. Thus, the effect of
amber vs. NB tubes on baseline fluorescence, blank and positive control reaction rates

were examined.
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10nM EGTA each) containing the substrate canb2 (final concentration 2uM.
Clinical site 1. Prospective sanples f 46 | eftover CSF sanples from one
clinical wpteiwvmessscol | ected from prospective patients STAPMORV@A4DYy t he
Hel si nki conmittee. Sanples were sent to a virology |aboratory for RT-PCR
anal ysi SE The mﬂl@ﬂ of ﬁhe i nvention was perforned as described above.
Tabl e 17 S ¥sults fromthe clinical site. The reaction rate
cutoff that represents the best correlation was set at 335 RFU nmin (about
20% of pdahibit J; GihibitooheacktaglddBi nant 3C protease). Table 17: CSF
sanpl es om% ]E! | 59 L 1 SmtegRY 14 yfive, N
negat i vefEf e i t%r{ tﬁ"?zt F"\%&E@Efkﬁﬁgzg%gatl ve, lx?"“&]épga“gggéue to

i nsuf f i ciGipserslad 8mgmMBSANEEBSceusej hhYoBadoms azidcktai | : Initially the

experiment with the set of s I r it r se

" nhi bi t 02X reaction uFer JRufiey B %85%43%@% P‘P‘}Mﬁi&ﬁb Ho, 15f

strept OC%‘QB@W&%' Goasdgoang gqul d not be distinguished from
positiveviral sanplés. Theréefore, the experinment was repeated with the

addi t i on ArtifikinbCSF:1 8laCh i 23mBKIC] 2rSnovl, MgQl HeMAaldiPsh 1o25mMeCaehcet i on

buffer. As sult, _s ted. ne ive,. while Vif @,z positive
sanpl es rngPZi éﬁﬂoﬁ%?w%@ Q‘I%‘bgcfaaé?m%ﬂd\é\gq{@[ ?@%Qf?%/fﬁ'ﬁjé& PCR

met hod C%ﬁgéﬁk%hﬁin%@ 1Yeadd BbMEnidi6vituzhitdint " Becheo@kibaon 1:18. The cut of f
was reduced by 45%from%00 (wthout inhibitors) to 335 RFUmn (wth

i nhi bi t orSsibstratertGanets 2 Bnipnd, Gamb-2H unM-: daiffersrohbasehes doptha savepsapded when

r econbi nant egr 3t ease activity was neasured with and wi thout inhibitors.
This resdPIU"Enf or ces the observation that the activity in positive CSF
sanpl es iEpEREBLFCGIEPES eswR activity. Cinical site 2 : Retrospective

sanpl es 30 positive and 30 negati ve CSF sanples pre-tested for Enterovirus
wer e NB tubes: Sigma Cat #266650

Amber tubes: USA scientific Inc. Cat. 1620-2707
96 well Plate : Dark bottom NB plate — Greiner Cat. 655900

Fluorimeter Fluorimeter parameters
DMV, Polar-Star Galaxy Ex. 520-10mm, Em. 570-20mm.

Temprature RT.
Total reading Time X min.
Read each 4 sec.

Gain 90 (RB) gain 80 (HEPES)

Evaluation of the difference in parameters of the tubes

Preparations:
Substrate: camb 2.3 and 2,4 were diluted to 0.333mM with DMSO.
Further dilution of 1:83 in HEPES buffer+2X RB was performed. (4.8ul substrate for
400u]l RB+Hepes for a working concentration).
Well contents were as according to Table 22
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collected retrospectively leftover fromanother viral |aboratory under the
approval of the Helsinki commttee. The nmethod was conpared to RT-PCR only
because two0mmBBs had al ready passed the clinical criPETIIR2009006643

i nflammation (>7 WBCM) before being sent for RT-PCR testing. The nethod of
the invention was perforned as des,frf'e}lé)gg above. Table 18 sunmmari zes the
results of these sanples. The sane & f of 335 RFU m n (about 20% of
positive control; 50nM reconbi nant 3C protease) was used. Table 18: CSF
sanples fromdCdinical Site 2.Legend: B- Henplytic, P- positive, N
negative, FP- Fal se |Posi TéstaubeElemf al sieNuggbvei v Positivai cal results anal ysis
Henol ytic sanples The results dermnstratcgqn%rhgt t he. asspy may not deal
efficiently with sanples containing red 8 gofabove 100 RBC or

sanpl es appearing rgd)4icRFEBTERhirRy[[€d 50 def erasne correctly 5 out of 17
henol ytic sanples. Qf _the five, four re false positiyve and one fal se
negative. Of the remai ni ngEchd,1:1B were positive| and 3 negative. Thus, red

bl ood cells may be r He—by, furOcAa | e, centrifugation
bef ore anal ysis. Morjeo ; d §8| | s| can’be | emoved before
freezing the sanplesg for stora@e Fal se Negatiye The assay failed to
determ ne correctly |8 (710002, 718968, 718818, | 718549 | 718498, 603754, D17
and D18) out of 4 1 jpositTotd vohmd es (onel@®@F whi chOGwas| bl oody). To rul e out
t he possibility thatlthefalse-negative—sanptes—+inhtbited the protease, all
sanpl es except DI 7 were spiked with 50nMreconbi nant enzyne. No inhibition
was det ect el iAfldiaaGRFAERES bulder typiade fal se negative coul d be due to | ower
sensi ti Vi ty, Ofpr{af AR MHPHEChIAL: RATAM:RSo [(Curkbl Pollt 2) e oM driteky, { he
prot ease nay have ‘been inactivate ue to storage or freeze/thaw cycles
that the and NB tubes.

3. Add enzyme to wells
4. Add HEPES buffertRB+substrate to wells with multichannel pipette.

Results
Results are shown in Tables 23, 24, and 25 and Figures 25A and 25B.
From five independent repeats, it is observed that baseline fluorescence and blank rate
are 50% higher in Lo binding than in amber tubes for both camb2.3 and 2.4.
Nonetheless, reaction rates (minus blank) remained relatively the same. A 25%
increase in average reaction rate was observed only in camb2.4 NB tubes. To verify
if these differences are salt dependent, the same experiment was repeated 3
independent times in HEPES buffer. Difference in baseline fluorescence was reduced
to 30-40% in amber vs. NB tubes, respectively, suggesting that at least part, this
phenomenon in due to a salt effect.

Different fluorescence characteristics and reaction rates were observed in the

amber vs. NB tubes. Thus, the cause of the difference was further investigated .
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sanpl es had undergone. False Positive 11 out of 58 sanples were false
positive (DI, D13, D23, D29, D32, D43, D45, 719104, 718785, 718366, and
718346), woabiwhssk were bl oody (D32, D45, 718366, and PLC33BB)I/0Geaixse
positive (FP) signals may have originated fromunspecific substrate

cl eavage due to inflammation fact o,ﬁ,s Zgwever, there was no correlation

bet ween the WBC count and the magn ??118 of unspecific background noi se.

Mor eover, PotReliadréséencednR aedvifyReadi 1840ARbstAtSloparaidrBRRMbE189 10,
718488, 718115, and 718051) with inflammtion gave a signal below the
cutof f val ue, suggesting t hatals ysinsRBferilytenn accommodat e I nf |l ammat ory
sanples. 5 of the FP sanples were without inflammtion (D 1, D13, D23, D29
and D43). This suggests that if henolytic and FP sanples with no

i nflammafi1on are aghpbracdubsiede only tvvo| FP sanpl@snt 28asubstfdle PCR t 0

clinical paFgIEt s contradi ctipns 4 sanplggy Shpwed nggative ¢l ni cal
char acterig‘.bc no inf| {i,onPoamyet lesg gg ,RTH PCR paspgditg Bositivelo, D23
and D27) tTNeseBlaakl |y 135% gaveomtrcpiesi t Si gridlank ti%dln s capfrolmet hod.
This could rsul{ from kn t he blakl owi asons: flal’'se posi blank of the
o&BFWr |viral penomic fm j {1. tion.
e

rQr o \AA
LA'Ll

RT- PCR s| d ol t S o—actve—ipfe

Concl usi prd.800dr | 28D-T0SF 1320405 BB uis¥d+B14y| 4P 12570 3P
det ecti ng1£Bt@N V1RSI MENTBREATI $ al@cOr dj 3113 h62T4Et |JAM6ERTV enti7dR. [Tabl e
ﬁ]’ summai¥ES, bR¢ 4G5 [ $52630061 T1147DY AnM.43D@C| Ussidey| 1058266 | hel4mst hod of
e | nvepti-gn-yet O and S 8d-% ' t Yo U 0 n
be obt ai 390 j'g “5421 ﬂgg%@zeezlﬁbt; 3'1 }9{::!‘:9'71" 1G-S50 1V RIBATD) ca
13.1+0.1 | 237422 | 1182460 | 945 | 29.040:3 | 34453 | 1444426 | 1100

(a—y

Average | 12284 Average 1361
SD 278.4669 SD 250.8396
Table 24

Total fluorescence and activity readings following substrate preparation in Lo binding

vials using 2xRB for dilution

Camb 2.4 substrate Camb 2.3 substrate
Total . Total .
.. Positive .. Positive
RFU at Blank Positive control - RFU at Blank Positive control -
T0 control blank TO control blank
(kRFU) (kRFU)

23.2+0.9 | 732+104 | 2398+50 1666 41.9+0.2 | 814172 | 2209+21 1395
25.6+£0.19 | 648+107 | 2647+93 1999 45.5+0.7 | 105373 | 2654+141 | 1601 |
23.8+0.3 | 548+62 | 2089+101 1541 | 43.6+0.19 | 1036+27 | 2373+110 | 1337
24.5+0.2 | 550+44 | 217363 1623 40.5£0.4 | 97711 | 1989+37 1012
26.4+0.3 | 463+93 | 17704202 1307 42.4+0.3 | 840+65 | 1817107 977
Average | 1627.2 Average | 12644
SD 249.8584 SD 265.486
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Tabl e 19Exanpl e 17 Assay optim zation - plates and tubes Reaction plastics
Background: A negative slope in blank reactions was observed. Anong ot her
reasons, woO22as18B8cl uded that part of this could be dueCraBaxivercessce of
substrate to the plate wells during the reaction. Another observation was
that after centrifugation, the subftrakg peIIet woul d stick all around the
sides of the ftube inne Thus and tubes were
tested. REQ {lgoreqsp%qee(ickﬁﬁgéqpo&lgg %‘ébs?r?tﬁ B%n?(e %ﬁn% Q%Otne obt ai ned
and tested. To test iFAmbereydiq inding yials evpgtHepesdondifdion assay buffer
(+substrate) was incubated in both regular and NB plates for 15m n. Each
vel | was washed twilce witAm@BFul PBS [and vdokirdigvi gorously. Finally, to
eval uate how nuch ijs left stuck to the plate, wells were re-suspended in

| OQul | X reaction hugimp 2.4E£acamB3B asambasun edahy2.8| or escence. Results

are shown in Tabl e 126,5Tgbte 3§E$ibr€ﬁf ESEILE 1! rldlﬁagi%jhcit in the first
wash, nore substrat ..327 A the second wash,

ate
regul ar plates ret 40 'rsp subtd bt & A.}MO,\ Finally, after 2

washes, regul ar pl at 8s.5¢88ai nedt=03 f di d34k2 Subdft@ie than NB. An
additional feature of NB plates is its effect on the blank curve shape. The
wave shaped1 bl ank curve '%ypl cal u S thig ¢ at es becane nore

elof the
A = oHn) . Anot her
feature %ﬁfféra?ceb'%ﬁﬁ&&&ehéeanh%&%m@ut' on to reduce c.v. values. As

Substrate: camb 2,4 was diluted to 0.333mM with DMSO.
Further dilution of 1:83 in 2X RB was performed. (4.8ul substrate for 400ul RB for a

working concentration)

Well content was as according to Table 26.

Table 26
Test tubexItem Negative
Control
artiCSF 50
Echo 1:18 -
RB +substrate 50
Total volume 100

1. Add artiCSr to plate

2. Prepare 3X400ul RB+substrate in both amber and NB tubes. Incubate at RT
S5min.

3. Transfer to fresh amber/NB tube. Incubate at RT Smin.

4. Add RB+substrate to wells.

Results
Results are shown in Table 27.
The reason for the different properties appears to be absorption to the amber tubes.

RB+ substrate that were passed through amber tubes shows the lower RFU reading.
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seen in Table 21, typical c.v. values with NB plates are 5-6% conpared to
10-15% in regul ar pl ates. Table 21 Tubes Background: It was noticed that

t hat reacwOaemwmEsBs( RFUM n) for bl ank and positive cont POII/IBEHQ2DI6SB vari es
significantly when using anber vs. NB tubes. Blank val ues (RFUm n) and
basel i ne f.l uares e e anber

vs. NB tmgpgﬁsegiwéﬁ% @gmﬁ F%E%g%‘&%@%gﬁﬁ%ag%ﬁXﬁ?g@%?%@%%%0 éreactl on
rates %b@ss%mﬂﬁﬂo&agBmﬁ&s&mblgrﬁﬁbmmmRFU\bastcmseﬁed;kt ail

I nhi bitors cocktail 110 Enzyne dil ution buffer - 25 PESIE% 7.5, 150mM

NaCl, |mM EDTRuﬁh@%OQ,y@é@Scﬂ seryed that RFUBBIR corglagdipd stagt B¥BG um azi d.
2X react e [9.45%) Qqu A 1.2M
Na2S04, !@%@% T ‘SE%H @gg%t%%&{rﬁﬁiﬁ&%l M Pt 125% kd 2.5mM
Myl IMVlsuH‘sl&h&R@ﬂcehtraﬁoM CaC1 2 2mM d ucose 2.5nM NaHCO3 25mM 0. 1%

Sodi um azi de, HEPES 25mM pH 7. 45. Eqﬁ)lége . Reconbi nant protease from
enterovirus strain "Echo" [diluti onakl Substrate: Canb-2.3, InV

Canb-2.4, 2nM (Differernt_batches for the same Canb2 sequence) HEPES

Buf fer : HEPES 25nmM NB tulbes : Sigpa REU [#766B#03 Anber tubes : USA
scientific Inc. Cat. 162012707 96 Wel IstaRl |RIEU/mibdr k bottom NB pl ate -

Grei ner Cat. 655900 Eval uatioge &hb t he difiference|in paraneters of the tubes

Preparati ons: only | 15455 |234
amb to NB | 17702 | 423
amb to
amb | 8790 | 54
One NB

only | 35313 | 888
NB to amb | 24700 | 807
NB to NB | 38473 | 1153

Evaluation of whether active or non active material is absorbed to the tubes
Substrate: camb 2,4 was diluted to 0.333mM with DMSO.
Further dilution of 1:83 in 2X RB was performed (2uM final, 4.8ul substrate for 400ul

RB) in both amber an NB tubes.
Further dilution of 1:46 in 2X RB was performed (4uM final, 9.6ul substrate for 400ul

RB) in amber tubes.
Further dilution of 1:166 in 2X RB was performed (1uM final, 2.4ul substrate for

400ul RB) in NB tubes.

Well contents were as according to Table 28.
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Substrate: canb 2.3 and 2,4 were diluted to 0.333nM w th DVSO. Further
dilution of 1:83 in HEPES buffer2X RB was perfornmed. (4.8ul substrate for
400ul RBHEpes16iias13a wor ki ng concentration). Wl |l contenPSTaB209/6@645CcCcOr di ng
to Table 22Table 22 1. Add arti CSFHEPES buffer to plate 2. Prepare 400ul
HEPES buf f er RB+substrate (canb2.3 %nﬁle%ﬁg) in both anber and NB tubes. 3.
Add enzyne to wells 4. Add HEPES buff §rRB+substrate to wells with

mul ti channel pipette. Results Results are shown in Tables 23, 24, and 25
and Figures 25A and 25B. From five independent repeats it is observed that
basel i ne fluorescende an@esttehekltemt e ay NeB&Ueh| QI9sitiVEN| Lo bi nding than in
anber tubes for both canb2.3 and 2. 4. | es action rates (m nus

bl ank) renmined relatively the sane. Ngg%nit&gcre‘gdsngofn average reaction
rate was observed only In ganbFr 4 NB tubests To| veusfy |f these differences
are salt dependent, he sane experinment was repeated 3{independent tinmes in
HEPES buf fer. DifferlenceDilntipmbeffirne f| uor®scehce was feduced to 30-40%in
anber vs. NB tubes, [respe ‘ihv if48 suggestigt{at Sﬁﬁ,ast part, this
phenonenon in due tg a salhf*fc Sﬁf% t. Different fluorescence characteristics
and reaction rates re gsesmedaten the anmber vs. s8B tubes. Thus, the cause
of the difference s further investighted —Table 23 Tptal fluorescence and
activity readings fol | owiTialsiwbune at e preplft at | onl®h Apber vials using 2xRB
for dilution Tabl e 24—TFetal—ftuorescence—andactivity 1eadi ngs foll ow ng
SUbSLrate Py enR FirsCOrEbBs DLt e

2. Prepare 400ul RB+substrate in both amber and NB tubes.

3. Add enzyme/dilution buffer to wells.
4. Add RB+substrate to wells.
Results
The results are shown in Tables 29 and 30. It appears that at least part of the
material absorbed is active material. Substrate concentration was adjusted such that
baseline fluorescence is about the same in both NB and amber tubes (4uM and 2uM in
amber and NB tubes, respectively or 2uM and 1uM in amber and NB tubes,

respectively). The blank and reaction rates were close in both tubes.

Table 29

amber

2uM 4uM

camb camb

RFU RFU B
start B pc pc-B start B pc pc
18.3 390 1587 1197 31.7 1059 2948 1889
16.6 440 2003 1563 36.4 1110 3144 2034

Table 30
NB
2uM 1uM
camb camb
RFU RFU B
start B pc pc-B start B pc pc
31.7 713 2307 1594 16.8 388 1536 1148
30.5 773 2847 2074 19.4 318 2024 1706

83



vials using 2xRB for dilutionTabl e25 Total fluorescence (kRFU) follow ng
substrate (Canb 2.3 and Canb2.4) preparation in Anber or Lo binding vials
usi ng Hepee 2bwyo1sti3But i on Eval uati on of whet her absor pti eaTaB20gh@ase of
fluorescence is the cause of the differences in fluorescence and reaction
rate Substrate: canb 2,4 was dil Lﬁgd tf%lg' 333nM wi th DVSO. Further dilution
of 1:83 in 2X RB was perforned. (& pbstrate for 400ul RB for a working
concentration) Well content Avedy stiiadon-bgffep Table 26. Table 26 1. Add
artiCSr to plate 2. Prepare 3X400ul RB+substrate in both anber and NB
tubes. | ncubailée aseactgn buffer is partphihs Eaterqvarus test kit ghihe nvgBlpRpLhe | neubat e at
RT 5mi n. célmbéds%})ﬁpa-{? %%?%Bﬁe& il B PelckiSn bigSY Ths rEREY) befré Snflii@wn i n Tabl e
27. The F8RE6H Por the drrterent properties appears to be absorption to the
anber t uldEfererRBaitsStobiibwahetested ennyanetopaskadtteloptioghcanditamst Thzes shows t he

| ower RFU readi ng. Whep, passed, tw, ce_]| r the . lo readi ngs
wer e obt ﬁ“’ﬁ%‘ﬂ?ﬁf\ﬁa%bpﬁer\ﬁé@l’ﬁé%‘%&:mpgéaﬂﬂ?éuéﬁ&ﬁgyﬁ@e%émmﬁgr i ficant
change i BWE’(?@A _ 4€9.104 SHBEMORRIR! T8E aidaht dRfshit mi n
correl at 28 to the ’ggé\é?%%sggrtd’g;@g?@{z%b 94{&1). This may suggest that the
mai n i nf intheceaction bufferks higheanid slldwe optimal dngymaticactivity.e Hiowgyeronnderapl e 27

F \ljc'glegat | ?ﬂ]esg ]::on it?otng?gubzsit?at,tie \s/oelulc))iliit}p 3 r;lff%gttecil.v %hlrlg?' Eh%rrieazlicltioin%uﬁgrs \9’5? ed to the
improved to increase substrate solubility without reducing enzymatic activity of the
tested 3C protease.
Results:
300mM NaCl and 10% glycerol was removed from the reaction buffer and
several reduced concentrations of Na2SO4 (starting at 0.9M) were tested in order to
determine the minimal salt requirements of the assay (Tables 31-34). Experiments

were repeated at least three times by two different scientists.

Table 31
Determining the need for NaCl and Glycerol in the reaction buffer at 0.9M Na2S04
(n=9)
Original buffer 0.9M Na;SO4 0.9M Na;SO4 0.9M Na,SO4
0.9M Na,S0Oq4 No NaCl No Glycerol No NaCl, No
Glycerol
blank *p.c. | blank p.c| blank pc| Dblank p-c.
EXP- - | 1636.76+4.7 - | 2005.69+3.3 - | 1834.58+2.67 -12081.3+7.1
1|938.84 731.25 685.33 1070.96
EXP- - | 1791.8243.3 -12367.11£6.9 - | 1829.44+4.89 | -716.56 | 2740.3+5.3
2| 1047.9 619.38 904.31
EXP- - | 1239.87£9.7 - | 1497.55+6.2 - | 1233.36+£7.9 | -911.25 | 1314.6+5.7
31131.84 565.49 855.01

* p.c. = positive control

84



Substr at e:

1:83 in 2X RB was perforned (2uMfinal,
bot h anmbewoanioNB3t3abes.

canb 2,4 was diluted to 0.333mMwith DMSO. Further

4. 8ul substrate f

or 400ul RB) in

Further dilution of 1:46 in 2X RBTABz0persher ned

di |l uti on of

st

(4uM final, 9.6ul substrate for 400ul RB) in anmber tubes. Further dilution
of 1:166 in 2X RB was perforned (I NH‘? 2 2.4ul substrate for 400ul RB)
in NB tubes. Wll contents were as'a 3 di ng to Table 28. Table 28 1. Add
arti CSFHEEE&rHHﬁlB%Ehet&e@ baNaCRandABRe0EirkE0 taciithirbufha tat 0.8 Na2804 h anber
and NB tubes dd enzyme/dilution buffer to wells. 4. Add RB+substrate
to wells. Results The results are s in Tables 29 and 30. It appears
that at |east part of the naterial absorbed is active material. Substrate
concentration was adjusted such that baseline fluorescence is about the
saffe 1 n [bot fgNBNaRSOAMET TolfddSNALAY arfd ZudBMn Nagb®s and NB).BMba&;SO,
respecti Ve'dnéih a14Megnd| I UM Naﬁg(ger andNB tw%cefo@spec I veiNy)NaGihRobl an
angd readtion Tates werejclose in both tubes. Table 29Exanmple J@Iy@é}@ﬁy
opH-zatipr—buffer—Thereagtion—buff part_of —tie OVI 51
kit of thbf vient ifoh. T13’1?:I§‘nb 2 §’d:bstratbarlfk di ss8ived |nbl§‘1 e H
buf Eep- [The repg2i2onisul f er corragns+ali if /68806t 2208 B3 aF923:2% héﬁé%#&%i
engynge tiogpmofk| at tyhe 03t5'k11r_35 condgtions. The |current redction pbuf f er
COHR nel fl% IS: L{EP C IJ ] l_d, nMII I\In\-:, 4n,...i\w CTA 4 ” i a r\/ n 2
Ay ol|, I. 8M %@S’ ,6 D. 1% s&ﬁ%ﬁ?ﬂ“‘?deﬁgi‘ﬁé{a IJL{I’%Z%PA sal % 23142452
2 | 659.26 6 172.69 2
EXP- - 1677.9€15. | -95.35 | 2351.6+13. | -721.09 | 2471.16+10. | -625.97 | 2478.6+3.4
3 512.21 9 8 3
EXP- - 998+18.3 - 1248.6x11. | -117 875.33£15.1 -203 | 1444+3.75
4 130.33 1383.6 3
Table 33
Determining the need of NaCl and Glycerol in the reaction buffer at 0.7M Na;SOq4
(n=3)
0.7 Nast4 0.7M Nast4 0.7M Nast4 0.7M Nast4
Original buffer No NaCl No Glycerol No NaCl, No
Glycerol
blank p-C. blank p.c blank p-c blank p-c.
EXP- - 1492.7+27. - 1454.7+45. - 1717.5£23.9 | -560.3 | 2336.449.
1 191.01 0 103.33 5 307.76 8
EXP- - 2046.125.9 | 52.8 | 2533.8+8.1 | -783.2 | 1481.05+£122 | -812.93 | 2739.9+22
2 504.97 8 9
EXP- | 4434 | 2016.3+11. | 284.6 | 1949.9+6.3 - 1526.5£8.36 | -245.05 | 2539.7%35.
3 2 7 455.75 1
EXP- | -401.5 | 1263£10.0 | _ - - 1227+215.6 -101 1534.649.
4 6 187.66 8
Table 34
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in the reaction buffer is high and allows optinmal enzymatic activity.
However, under these conditions, substrate solubility is affected. Thus,
the reactwonolwfisess was inproved to increase substrate ®olrabzdop/vesc64s t hout
regugbg}g enzymaltlc activity of the tested BC protease. Results : 300rM NaCl
an 0 cero he r

concentrg SRR %‘{rﬁjﬁa{‘ﬁ c[er(gea c}@ﬁ{b&?r%%ﬁg\;’ %@l tgeduced
determne the mnimal salt requi re of the assay (Tables 31-34).
Experiments were repeated at |least three tinmes by two different scientists.

Talple 3T [Ft)%MnNg ,80,thé neagevl 86, 9@C  And Gbycarag8oj n the rOG@zttN@SdauffFr

at { 0. 9M Na s er O 1| gi nalybnbEer 0. BM

in er N E NGy cBrod M NaZSO‘lN@I\ﬁMl N2 SO4
8| ‘Blr\‘/lllaZ I\Eba% j ycﬂ:g[‘(ﬂ)l No NaCl| No dycerol blank * p}ly“oenhl ank p.c
o s Dal Pk 38[* X R 1ohd — EOIm0YS S g8t SP%ehl | 2GR 37) 1
-71E%% 27929@523 5 L @8-%11-647.63-3319%-7%2-

F—823—3 ; 89

] 3 Pokp] 13842858 [ 199 >%4§;i—§

1283. 867, 9 -91].25 51314657 3 131584 555 49 855 Q0 1 * plc_ = nasitile

CONEXR-TRACED | Béé 8811 4i|fG2t08c Pl NAGH-66.1 dl 430 Pea 041 |%6t3I§e r

buffez at 0.8M Na2SD4 (1=3) 4 4

EXP. | 97.66 | 778.6421.4 | 3473 | 1017.663. | 18 | 1168+13.28 | 16029 | 2072.7%6.
3 7 1

The above results show that at each Na,SO4 concentrations tested (0.9-0.6M-
Tables 31-34), the enzymatic activity was improved when both 300mM NaCl and
10% glycerol were removed. A slight improvement of the CVs was also observed.
Therefore, the reaction buffer was modified by removing NaCl and Glycerol. Next,
the Na,SO4 concentration was tested for the minimally acceptable level without

affecting enzymatic activity (Tables 35-36).

Table 35

Reduction of Na,;SO4 concentration (n=3)

0.9M 0.8M 0.7M 0.6M
No NaCl, No No NaCl, No No NaCl, No Glycerol | No NaCl, No Glycerol
Glycerol Glycerol
blank p-c. blank p-c blank p.c blank p.c.
EXP- - 1688.1+6.8 | -657.4 | 2296.2+£7.6 - 1677.24+2.4 | 213.93 | 2073.3+£3.3
1 834.06 2 1 494.98 2
EXP- - 1637.0+2.2 - 1919.543.1 - 1846.02+14. | 503.39 | 2223.1+6.7
2 680.18 7 901.12 3 719.28 4 6
EXP- - 2365.3£9.6 - 2637.66+7. | -806.5 | 2809.97+21. | 495.82 | 2452.3%12.
3 1168.8 1117.4 4 5 6

The results indicate that 0.6M with no NaCl and no Glycerol is equal or more
efficient within the CV variation than at other Na,SO4 concentrations tested. Thus,
0.6M was chosen. Lowering Na;SO4 concentration below 0.6M required a lower
gain setting, indicating a loss of assay sensitivity. Below 0.4M Na,S04, a sharp

reduction in reaction rate was observed (Table 36).
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Tabl e 33 Determning the need of NaC and dycerol in the reaction buffer
at 0. 7M Na2SO4 (n=3) Table 34Determ ning the need for NaC and dycerol in
t he reactwonotfisss at 0. 6M Na2SO4 (n=3) The above resulPCI/IBIIOWOGORER at
each Na2SO4 concentrations tested (0.9-0.6Mrabl es 31-34), the enzynatic
activity was inproved when both 30% I§§CI and 10% gl ycerol were renoved. A
slight inprovenent of the CVs was §“8bserved. Therefore, the reaction

buf fer was nodi fRe@tctioh 6ENR2SO4 cortehtrafion WithclRwetingMaid (n=8he Na SO4
concentration was tested for the mnimally acceptable | evel w thout

/Tnl-\l es ’)l: ’)f‘\ Tahkl

af fecting—-enzymatiec—acti vty PSS(T\Z es : te—35Reduct IUIO 6\M|\ldébu4
ndi catle

AN
B AR MR (MR TR TR e ey

NaRSO4 doncerfelygemobns t stedGlm, 0.AMwas chosen_ Lovering |
concent rlablank el gvwe.0. 6Mbladuir edpe | oweblaghi h setPq ng, |i ikt | ng &S| oss
of [ @xPay sensi |t 1688 y6.BE-657.0.| ZI6AZTEY, a shhrdp77.244k4i]0Al3A3rpA0TA BB I ate
was obsergsade([Tabl @ 36) | Tabl e |36 Reduct|i494.98 | Na2S@4 concentrat|on with
| oVERIpIT gai N [(163%)o43ePt oduci Difondy+3@st s W t h 184602Na? SOS0ESH 5ap7H. BEOVAS
inpu%?ed&wi&h SOnM Echoggf_@ﬁease fnd 2x7yegction Quffer) with 0j 6M Ma2SO4.

Al sadngtuded 3 anks—and, -9 Tt
p*,n‘gigen f’“@g@;’% R BT A R TR T @Tﬁe“ UbSRS- | D52 3+12

re alél ve 1& ii4“ 0 abl e 3) e 37The rep odugg bi l'ijty
experd ne 2x_react i dA bt er ﬂ'\-*h 0—6M-Na2SO4—-exhibt—the—Sarme—or—a

better reaction rate as conpared to a buffer containing 0.9M

Reproducibility Tests with 0.6M Na,SO4
CSF sample was incubated with 50nM Echo protease and 2x reaction buffer

with 0.6M Na,SO4. Also included were 3 blanks and 9 positive control repetitions.

One representative experiment is shown in Table 37.

Table 37

RFU/min
50nM

Echo
3500.308

3984.629

3825.399

3772385

4286.979

4141972

3563.895

4308.713

4365.755

Average 3972.226

STDEV 306.786

cv 7.723
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Na2SO4. The new buffer conposition was then tested on two positive and two
negative CSF sanples. The results (Table 38) indicate that regardless of
buf fer cowpasiviierg t he sanpl es tested mai ntai ned the sacE/1BEaY/NEes A

le ght increase in reaction rate with the new buffer was observed. Due to
is rise, it GESS n future
tests. Table Vgpé?ﬂfﬂcgb tg géés{mhgnté f%ﬁ?%gﬁf%nn%fﬁy% (%MVarzlgEs sol vents

vere teseelbit ﬂl&_faﬂﬁrorfa%eﬁ&{feﬁﬂtm r@t@bst:dhﬁ]bﬁe@ﬁi aibiffértcpntaindng0.aM | i ty.
Sol vents tested include: |sopropanol, DVSO, Acet oni tril, Ethylene glycol,

Di oxan, Na#S@4.opanediol, and 1, 3- Propaned| ol . the solvents tested were

pr epar ed at 0-1.0% t nal

concentrati onéﬂ'l ? &%ﬁﬁ%\/\géd@% ﬁ&ﬁ Vi’;{s}(}ﬁ %ﬁo{ﬁgtﬁ%%h %ﬁ%ﬁfﬁﬁ%@gﬁl |0tnlragat{vle Et hyl ene

?Lgc ;)l amgF[Qaf : PR, \Zﬂﬁé @c;]salid €rhble3 & kndieac thavregmdidse of bufferakmpasifiomal  2X
ction buffer wi t he appropri at sol vent ncentratio 2

added t o theremplesdestedmpptansd th& ﬂl%‘?&creé‘ﬁ%mfe?noﬁ%ﬁanedrgls

Camb 2 W th fibo duBEAHEShskr oD é@am aft nidyeaRDESRY |
t@iRréaefcent rati on.
The sol ven +can%"§ %en Saﬁged %10 3X resaectlo%%gufferﬂ?o rraﬁe a final 2X
Ir:)e?ctlgntMIlft@fvalﬁamlﬁmrbzestsAll t he experinents were perfornmed in the TECAN
ol arstar n=l in triplicates.Results ropanol : Table 39 Ex '

Tabl e 40 Experinent 2 Taple33P" °P perinent 1

Samples | pN | Old buffor | New buffer
ame
18119 Negative 231 316
18051 Negative 240 617
18546 Positive 1433 1802
18456 Positive 1038 1246
Example 19

Assay optimization - solvent

Various solvents were tested in order to optimize substrate solubility and
stability. Solvents tested include: Isopropanol, DMSO, Acetonitril, Ethylene glycol,
Dioxan, 1,2-Propanediol, and 1,3-Propanediol. All the solvents tested were prepared
at 0-10% concentrations in 2X reaction buffer and the final concentrations tested were
0-5%. Isopropanol, DMSO, Acetonitrile, Ethylene glycol and Dioxan were added to
3X reaction buffer to make a final 2X reaction buffer with the appropriate solvent
concentration. Camb 2 was added to the final 2X buffer. For 1,2-Propanediol and 1,3-
Propanediol, Camb 2 was first dissolved in the solvent at the appropriate
concentration. The solvent+camb2 was then added to 3X reaction buffer to make a
final 2X reaction buffer+ 2uM camb2. All the experiments were performed in the

TECAN Polarstar n=1 in triplicates.
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At all isopropanol concentrations tested, a loss in reaction rate was
observed. In addition, at the high concentrations tested (4 and 5% final),
salt precwpioewaiarssf ormed. Therefore, it was concl uded tPrhatuB2009/806s68 vent i s
i nappropriate to be used in the EV assay. DMSO. Table 41 At all DVSO
concentratiqns tested (1-5%, no loss in reaction rate was observed.
However , Bﬁ%rrproverrent in blank stability was observed. DVSO showed no
significant eﬁgo?&;pagg@r any of the paraneters tested. Therefore, it was
concl uded t hat I's solvent may be used in the EV assay. Acetonitrile:
Tabl e 42 Experinment 1Table 43 Expelabled® 2 At all Acetonitrile
concentrations tested (1-5%, a IE(g)([sps . n rleaction rate was observed.
However, an inprovenent in blank gﬂ‘nie?tty was observed (Figures 26A and
26B). Acetonitrile concentration was decreased to the point of mninal
reaction rate inhibition (~7%1loss), but at this concentration, the

contribution to blank stability was insRefdtongate. Di oxan: Table 44
Experiment 1Tabl e 45 Exper.i rentAvéragabl ¢ 46 Ex g{,icme*lt 3 Di oxan sol vent
i nhi bited the endvetaimili{y ememrat {h VF’(%\gsin) conceyLésat ijon
concentration) (RFU/min) (RFU/m
NEPYO7 positive cgsgd6 1176.86 -
Isopropanol -49.64 641.57 45%
(1%) 49. . ()
Isopropanol 1143.93 3%
(2.5%) 396.56 . ()
Isopropanol 2.7 100%
(4%) 8.29 . 0
Isopropanol 161 _4.19 100%
(5%) 1. . ()
Table 40
Experiment 2
Reaction rate
Solvents (Final | Average Blank Average 1_)-C % Loss
concentration) (RFU/min) (RFU/min)
Na;SO04 -166.85 1601 -
Isopropanol 164.9 1047.42 35%
(1%) '
Isopropanol 255.6 306 50%
(2.5%) '
Isoproparol 26.53 676.0 42%
(4%) 326.
Isopropanol 26.96 394.82 75%
(3%) '

At all isopropanol concentrations tested, a loss in reaction rate was observed.
In addition, at the high concentrations tested (4 and 5% final), salt precipitation
formed. Therefore, it was concluded that this solvent is inappropriate to be used in

the EV assay.
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At all DMSO concentrations tested (1-5%), no loss in reaction rate was

observed. However, no improvement in blank stability was observed. DMSO

showed no significant effect over any of the parameters tested. Therefore, it was

concluded that this solvent may be used in the EV assay.

Acetonitrile:

Table 42

Experiment 1

Reaction rate
Solvents (Final | Average Blank Average P.C % Loss
concentration) (RFU/min) (RFU/min)
Na;SO4 -900.8 1931.5 -
Acetonitrile
-26. 1106.6 43%
(1%) 26.36 0
Acetonitrile 0
-11. 846.73 57%
(2.5%) 11.72 ()
Acetonitrile o
.03 706.1 65%
(4%) 125.0 0
Acetonitrile o
-238.6 308.48 84%
(5%) 238 0
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he results

i n Tabl e a1 i Hifitibh ¢~ 2% 853F Bufdt thiS Gohdeh@Stidd, iRl dofiffbasion to blank stability

was insufficient.

Dioxan:
Table 44
Experiment 1
Reaction rate
Solvents (Final Average Blank Average P.C o
. . . % Loss
concentration) (RFU/min) (RFU/min)

Na,S0, -1043.4 600 -
Dioxan (1%) -1331 1496.23 -
Dioxan (2.5%) -2279.17 725.55 -
Dioxan (4%) -1954.83 910 -
Dioxan (5%) -1907.7 1564.1 -
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According to the results,

the enzymatic activity from825 at 0.6M
Based on wbesw/regsslts,
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t ests Two positive and two negative CSF sanples were tested

under the new assay conditions. Table 53 These results indicate that the

sanpl es tested perforned adequat el Table 46he new assay condi tions.

The

negative sanples (710022 and 1891 1) showed no reaction rate above the

bl ank. Positive sanples had a hi
reacti on.

control

dixpeaEent dn rat e,

Reaction rate
Solvents (Final Average Blank Average P.C o L
) ) ] o Loss
concentration) (RFU/min) (RFU/min)

Na,SO, 8.6 1834 -
Dioxan (1%) 2711 1097 40%
Dioxan (2.5%) -74.73 766.16 60%
Dioxan (4%) -354.8 100.63 99%
Dioxan (5%) 54.79 4037 100%

hi gher than the positive

Dioxan solvent inhibited the enzyme activity even at the lowest concentration

tested.

1,3-Propanediol with COX enzyme (1:10):
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Concl usi ons:

concentration and kinetic neasurenent tine at 5-10m n.

The assay conditions were changed to 25% Canb2 substrate

Na2SO4

concentration

remai ned WO 20108813%hese assay conditions were val i dat edPairihod/Hoss€al

sanpl es.
parti al

Exanpl e 21 Analysis of clinica
assay optim zation Before
anal ysi s conprised anal yzing CSF s
of the substrate to a 2x rea
of 0.9M Na2SO4 and an i nHRBKY

Tible

7

er?gz(vmm e, f
el i

h

a final

sanples for enterovirus after
ing the enterovirus assay,
frozen) with the addition
concentration
was nostly directed to

t he

reduci ng WBC background. That assay Yyi eI ded 80% and 81% sensitivity and
respectively. See Exanple 16. The foll ow ng changes were nade

specificity,

to the assay: Thefinal—econcentrat-en—oONa2SO+n—the-—+reaect+on buffer was
| owered to 0..6M__- The jubstrate conce c educed-to{25% and is
added to the [2%lyaagirbn b@WﬁéﬁBMMSalculaﬁk jffﬁhe was whasged to 5-10min.
Gai n was rai sefPfBrdgy. Tﬁgi B bitqr ccuz.é;? wasrephaceefwi th 110 with
2.5 minutes ilpeub®Pon rier ku tHhe—sybstrate—addi-ti-pn Net—i ndi ng pl at es
and tubes wer sed CﬁF sanpl es were lanal yzed using| the foll ow ng
condi ti ons: Fehﬁ(lﬁ‘#ﬁ | | nstpasgent s: |l nhi BH%H cockfail - 110 HEPES Buffer
. HEPES 25nM|2X reaction buffer : 50ryl HEPES, 10rM EDTA, 1OnM EGTA, 1.2M
Na2SA, sodi un Z1ae —pH-85
1, f‘ propaned&'o1 M 240.12 3072.45 10%
(5%)
Reaction rate
Solvents (Final Average Blank Average P.C % Loss
concentration) (RFU/min) (RFU/min)
Na,S0, 344.96 5044.92 -
1,3-propanediol 4125.89 20%
(1%) 111.74 : 6
1,3-propanediol 4491.13 11%
(2.5%) 232.33 : 0
1,3-propanediol 2056.26 42%
%) 178.89 .
1,3-propanediol 2389.47 47%
(5%) 212.8 . (]
Table 48
TECAN with nonbiding plate
Reaction rate
Solvents (Final Average Blank Average I_J-C % Loss
concentration) (RFU/min) (RFU/min)
Na,S0, 358.51 7324.46 -
1,3-propanediol 7620.53 _
1%) 209.04 .
1,3-propanediol 4681.05 36%
(2.5%) 41.2 . o
1,3-propanediol 7238.7 29
4%) 8.42 . o
1,3-propanediol 5920.86 20%
(5%) 47.08 ’ o
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Artificial CSF. Nad 125mMM KA 2.5mM MgdA InM NaH2PO4 1.25nM Cad 2 2nM
A ucose 2.5mMM NaHCO 3 25nmM 0. 1% Sodi um azi de, HEPES 25mM pH 7.45. Enzyne
Reconbiwernbiemsessovi rus protease from strain "Echo"di IParas2009/4@643
dilution buffer Substrate : Canb2.5 (ImMV) diluted 1:8 in DVSO Fl uori neter:
BMG, Pol ar - St @Gl axy .EBx: ., 520/ 10n Em,.570/ 200m . Tem ture: RT. Total
readi ng Ti ne: fﬁﬁ“ﬂ?%@n@%@n’%ﬁ&% %‘g;{n@:gﬁ%lr? tglle nrg%’lcﬁlé)ﬁg 8¢k bottom

pl ate (caetldRd the thr@XxPHImerts.CA Rl tidbimakic Plafk eslué as dlso Sheamwealanpl es at
roomtenperature for 30mn in a biological hood. 2. Prepare assay |ayout

according to t nunbey. of. s es to be run in the BMG fluorineter and the
wel | conposi tilﬁPWSWQIW%§@%W6F-ZOg43_ Prepare sufficient anount of
i nhi bitor cocktail 110 (150ul for 24 wells). 4. Add artificial CSF/ sanple
to the wells (black plate NB cat. 69aBR049. 5. Add Echo protease to p.c.
(positive control) wells. 6. Dilute Canb2.5 (0.125m\M) 1:250 in 2XRB. 7. Add
i nhi bitor cocktail to all |\h$.. 8. / . + substrate to all the
wells. 9. Cover the well sT\;\A!%fATﬁgltgélgﬁ@qug%m%ﬁ#@gi ately start neasurenent
in fluorineter. Sanples: The sanples are clinical sanples that were

collected from patients suspected of having neningitis as described in
Exanple 16 and frozen as a "whole" sanple

Reaction rate
Solvents (Final Average Blank Average P.C % Loss
concentration) _(RFU/min) (RFU/min)
Na,SO, 178.7 8040 -
1,2-propanediol 8588.13 )
(1%) 102.67 8.
1,2-propanediol 6521.1 20%
(2.5%) 98.11 . o
1,2-propanediol 5013.13 30%
(4%) 107.5 . 0
1,2-propanediol 1 4509 44%
(5%) 261.74 b
Table 50
Galaxy FLUOstar with nonbinding microplate
Reaction rate
Solvents (Final Average Blank Average 1_)-C % Loss
concentration) (RFU/min) (RFU/min)
Na, SO, 275 6198 -
1,2-propanediol 2 5689.6 99
(1%) 227.6 0
1,2-propanediol 4838.97 22%
(2.5%) 400 . 0
1,2-propanediol 4291.04 30%
(4%) 387.69 (]
1,2-propanediol 3278.19 47%
(5%) 459.84 (4

Except for 1% 1,2-propanediol, all concentrations tested inhibited enzymatic

activity.
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Tabl e 55The cutoff value was set at 250RFU m n. As shown in Table 55, all
negative (1-9) and positive (40-45) results fromold experinents retained
t hei r corwel2atovas3so t he RT- PCR assay under the new ass&¢TaBrdd/bicesss. The
bi ggest inprovenent observed was in the false positive group (10-17). O

t hese 8 glg f{'ﬂ se gositive results, only one remained fal se positive (17)
and the YEs d negative under the new assay conditions.
Furthernore, @ctiesEDNOM Bisyledd@lyss aed hevplophndlisiamiplselelts festedd 16) . This
suggests that the new assay conditions can cope better with henolytic

sanpl es. WeroBRetaptimel &rdlag EN@ssayndi ng was observed in the borderline
negative group (18-22). Four out these five sanples tested significantly

| ower than the cutoff val ue under the new assay conditions. The one sanple
that renai ned slightly bel ow t he Exampie 20as a henol ytic sanple. The

i nprovenents in the fal se positive,and borderlipnenegative groups can be
attributed to the inpro@‘é??é(rﬂpé‘%ﬂémbrqaﬁgmbf%&ﬁg?%pe, maki ng the system

mor e robust. tfovihp Seachi Condiths G dr& tanfihed fpha,£MBdisayons was
observed in t?glev\glg?ﬁpgs‘fatcpve gnr oups(32-39). eOJt g:‘ﬁ t he eight sanples that
pr evi ouslay Redating sutstrkie\copomimhiioeand invreasieg measunagertitvee. under t he new assay
condi tions, Howeve sanpl es that previously tested weakly positive (35
and 37) tb_eQPEfH”%nggﬁgﬁt(ﬁo‘fp?&%‘?n?‘iaggn'under_ the new assay conditions. One sanple
(39) remyi HRekoNBAKING sBBstHatd GteiohilRaSvdtér18awpes. YOSt that the majority of
sanples wth reaction rates slightly above the cutoff were artifacts due to
the | ack of robustness under the old assay conditions. No change in the

fal se negative group (26-31) .was obser Vor.eqver.  pnositive signals were
still obt3HCHEDE PR ANGONCRIadOn S ‘P‘é‘?ﬁ%ﬁ%“ﬁgg‘ﬁd‘%‘é‘“g’g%‘%@g (23-25). Though t he

assa ' i_v i t h.i nhi bit ifically.t inst th
bacteria i n qdteersi QD mhmosShe (GPHR) i Sl RhAhRER9E, 15 S 6
pyri di ne fQkudBRhGAE K26 tited2 The expdiiiens Wiak bergérdied anatfinalumbitedte t he

unspeci fic background activity that resulted. .
(camb2.5) concentrations of 1, 0.5, 0.25 and 0.125 uM and data analysis was made at

different time intervals: 1.5-5, 5-12 and 5-22 min (Figures 27A-C).

A linear correlation between reaction rate and substrate concentration was
demonstrated (slope=2100 and 2800 RFU/min /uM for 1.5-5 and 5-12 min
respectively). When measurement time interval was changed from 1.5-5 to 5-12 min,
a reduction in blank values and a modest increase in positive control values was
observed (Figure 28A). Thus, the ratio between blank and positive control increased
from 3.2 to 4.8 (at 0.25 uM camb2.5), respectively (Figure 28B). Moreover, changing
the measurement time interval to 5-22 min increased the ratio to 6 (at 0.25 uM
camb2.5, Figure 28B). Figure 28B also shows similar ratios between blank and
positive control at different substrate concentrations. Figure 28C shows an
improvement in CV values in both positive control and blank, when measurement
time interval changed from 1.5-5 to 5-12 min. According to these results, a reduction
in blank values and increase in the stability of blank values were achieved. Based on
these results, substrate concentration was reduced to a final concentration of 0.25 uM

and results will be analyzed between 5-10 min.
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As shown in Tabl e 56,

t he new assay conditions were able to inprove

specificity, mainly by reducing past fal se positive results (10-16) that
exhi bi t edwpeaordaiarsr at es slightly above the cutoff.
attributed to the increased robustness of the blank under the new assay
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0.6M Na2S04 0.5M Na2S0O4 0.4M Na2S04
Positive Positive Positive
Blank control Blank control Blank control
EXP-1 154 679 95 697 102 362
EXP-2 171 918 181 665 118 536
EXP-3 90 921 64 620 89 382
0.6M Na2S04 0.5M Na2S04 0.4M Na2S0O4
Positive Positive Positive
Blank control Blank control Blank control
EXP-1 130 739 103 432 72 312
EXP-2 89 770 30 601 17 228
Averages+SE 825 +31 70356 444=75

Data analysis was performed between 5-10min.

e The assay activity was measured in triplicates by three scientists. The resuits in

Table 51 are the average of the three triplicates.

According to the results, reduction in sodium sulfate concentration reduced the

enzymatic activity from 825 at 0.6M, to 700 at 0.5M, and 444 at 0.4M. Based on these

results, it was decided not to change the sodium sulfate concentration and continue to

work with 0.6M sodium sulfate.
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ditgg noi ety, an affinity b| ndl ng
cleic acid noiety.7. The nethod of

|on nnlety

furt her conpri sing sa}ableaﬁz ng nodi fied substrate conpri sing
the signaling noiety fromunnodified substrate conprising the signaling

noiety. 8. TI

di sease, or
substrate is
wherein the ¢
resi stant Sta

sol ubl e nodul

conprising ¢

et og Or any mcpr clai g 1To 7 DWrel n thgq pat hogen,
edt-cat—¢ton aﬁkuw Baive ‘;).,.tugl at ]:'31' ctToTpgHd /g endogenous
Rl el R A
phyl ococcus aureuys and the endogenaus substrate ils phenol
in. 10.| TH6%AEE hod 0023436 ond ofl68+2i mg 1 7¢6+@  flur t her
ntacting te+51 987+126 159+18 832+64
Average 198.5 1005 163.5 789.5

stdev 41.7193 25.45584412 | 6.363961031 | 60.10408

CV 21.01728 | 2.532919813 | 3.892330906 | 7.612929

SE 29.5 18 4.5 425

Data analysis was performed between 5-10min.

The blank slope was the same in both DMSO and DDW in the first repetition.

In the second repetition, the DDW stock showed a reduced blank slope; however, that

value was insignificant over the standard deviation. Moreover, the results show that

the reaction rate was 25% lower when the substrate was diluted with DDW compared

to DMSO. Based on these results and the fact that Camb2 is expected to be more
stable in DMSO than in DDW, DMSO was chosen as a diluent for the substrate.

Validation tests

Two positive and two negative CSF samples were tested under the new assay

conditions.
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Conclusions:

The assay conditions were changed to 25% Camb2 substrate concentration and
kinetic measurement time at 5-10min. Na;SO4 concentration remained at 0.6M.

These assay conditions were validated with clinical samples.

Example 21

Analysis of clinical samples for enterovirus after partial assay optimization
Before optimizing the enterovirus assay, the analysis comprised analyzing
CSF samples (whole, frozen) with the addition of the substrate to a 2x reaction buffer
(2XRB) with a final concentration of 0.9M Na;SO4 and an inhibitor cocktail (I8) that
was mostly directed to reducing WBC background. That assay yielded 80% and 81%
sensitivity and specificity, respectively. See Example 16. The following changes

were made to the assay:

- The final concentration of Na,SOy, in the reaction buffer was lowered to

0.6M.

- The substrate concentration was reduced to 25% and is added to the 2x

reaction buffer.
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reactions; f) conparing the sanple profile with the reference profile,
wherein the presence or quantity of a dysfunction of the biol ogical cascade
i s i ndi caweaotwoia3di f f erence between the sanpl e profil epPamaBliogoreeier ence
profile. 14. The met hod of clain113 wherein the dysfunction of the

bi ol ogi cal cascade . d| catl t ho di seas medi cal

condi tion in thgq%lﬁfs%‘?: i‘@sc ?%gg %%‘\ LR A4C &%éﬁgl n the pathogen,
di sease, or MEdiRhAABLEKRM W @ﬂ@@ﬁw&m 0I0 with 2 Steinate ikeublatiar der

genetic disorder, coagul ation disorder, cancer, inflamuation,

neur odegener ammétcd'ih%\ﬂlﬁ@lﬂte adgiient ensi on, vasodil ation, diabetes, and
allergy. 16. Thﬁ ﬁ%pg;te Wdtﬂﬂfs@ére(ﬁk nse 13 to 15, wherein the

bi ol ogi cal casca I cal cascade chosen from a coagul ati on

cascade, @SF)S’alrr[jﬂésWd:rS aﬁﬂymdmnghhmfmlomﬁg:adﬁmmgnal i ng cascade,

m t ogen- act| vat ed pr ot ei n ki nase (MAPK) cascade, and inflanmation cascade.
: pid Insumends:of ¢l aims 13 to 16, wherein the si gnal ing noi ety

is a si gnal i ng noi ety chosen froman enzyne, a fluorophore, a chronophore,

a pr ot ei Mnhibitgreqickidd, — Blochem | um nescent substance, a quencher, a

Fl uoresc;m Transfer (FRET) pair, a pre-enzyne, a lectin,
an apta g@%@gﬁﬁé 18. The nethod of claim 17, wherein the
si gnal | g yTRLgloh bttt 50V REPES, IGnMTBSTAE! AN BETADY 2M0Ka2808) ai N5 13 to
18, wheréin the enzyne nodifies the substrate conprising the si gnal i ng

noi ety bysodinerazide.1epBWst rate conprising the signaling noiety. 20. The
o1 gnal i ng kel BSECNEL T2 BN Qe R G Rt 29 CRER LT 08 o
cl ai m 20,2\M1eGRicBsd 7 SmME MO LISV, 811Y6 S&didmSeiie] HEPBS 25hiM pH 7.45.
Enzyme: Recombinant enterovirus protease from strain "Echo"diluted 1:18 in dilution
buffer
Substrate: Camb2.5 (1mM) diluted 1:8 in DMSO
Fluorimeter: BMG, Polar-Star Galaxy
Ex: 520/10nm, Em: 570/20nm.
Temperature: RT.

Total reading Time: 10 min.
Gain= 100
Reaction plate: Non binding black bottom plate (catalog # - 655900, Greiner)

Assay procedure:

1. Thaw samples at room temperature for 30min in a biological hood.

2. Prepare assay layout according to the number of samples to be run in the BMG
fluorimeter and the well composition shown in Table 54

Table 54
Test tube/Item Negative Positive Sample
Control control

Artificial CSF/Sample 50 45 50
Echo batch II (1:18) - 5 -
Inhib. mix 5 5 5

RB 2X+substrate 50 50 50

Total volume 105 105 105
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chosen from an i nmunol ogi cal binding agent, a magnetic binding noiety, a
peptide binding noiety, an affinity binding noiety, a lectin, an aptaner,
and a nucWei2o10u8B38noi ety. 22. The met hod of clai m 20 oPCZ2/1B2009/006b648er

conprising separating nodified substrate conprising the signaling noiety

from unnodi §i substit.at i . ' [ | SaVhx The met hod of
any one of %‘I ggﬁ%ari%lfﬁglegﬁ@ﬁ f’ﬁier égg?rg?cﬁ&s%bég%@tuggri ng %ﬁ% bi ol ogi cal
sanple with one_or nore jnhibitors of nop-specific en tic activity. 24.
The net hod f Wﬁ@ab@ﬁfmiﬂféhwe@%@l%@rpﬁ% %”ﬁ’éﬁ%o g contacting the
bi ol ogi cal sanple with one or nore activators of the enzyme that nodifies

t he endogenbusAddBehorpaoieases p.cTpositvelgonlrdl) wallss one of clains 13 to 24,
wherein the substrate conprising the signaling noiety is fused to a second
enzyne t hat ¢bavibire CamblisWeriesmivpon250 wdXRE. of the substrate conprising the
signaling noiety by the enzynme that nodifies the endogenous substrate, and

the activated S&ERRMIBPLIIEIINBGIIWER. @ second substrate conprising a second
signaling noiety and produces a signal fromthe signaling noieties. 26. A

kit conpri sing; X3 NRLE L an endogenous substrate in a
bi ol ogi cal g'arf%(?@goéli?i a s&lr)rsg%)‘sf%%emcorrp%@?%g a signaling noiety; b) the
substrate conprising the signaljng noiety; c) and an instructions for
perforning & Vﬁbg‘ed’ferhdé?flg’c‘i?eﬁ Tt he presence or absence of a bionarker of
a pat hogen, disease, or nedical condition in a subject by detecting the
presence or 1&zensskatelly stant easorsaresbin Bupsimatett e in a bi ol ogi cal sanple
conprising: d) providing the biological sanple fromthe subject that may or

may not Samples: The samples are clinical samples that were collected from patients suspected

of having meningitis as described in Example 16 and frozen as a "whole" sample.

Table 55
Ooud New Cutoff oud Cutoff
Sample | WBC | RT-PCR experiments results SD 250 results 335
results RFU/min RFU/min | RFU/min

1 718784 0 Negative | No Inflammation -47 170 N 199 N
2 718252 0 Negative | No Inflammation -16 24 N 103 N
3 718119 0 Negative | No Inflammation 15 67 N 231 N
4 718079 0 Negative | No Inflammation -124 43 N 79 N
5 718055 3 Negative | No Inflammation 0 16 N 159 N
. Negative with 210 N

6 710022 112 | Negative infla tion 80 107 N
. Negative with 285 N

7 718488 750 | Negative infla tion 187 155 N
. Negative with ) 190 N

8 718115 14 Negative infla tion 34 63 N
. Negative with ) N 240 N

9 718051 200 | Negative inflammation 20 125

10 | 718785 26 Negative False positive 232 27 N 443 P
11 D11 4 Negative False positive -25 70 N 551 P
12 D23 1 Negative False positive -150 65 N 457 P
D29 Negative False positive N 407 P
D6 |7 | Negatve | Fabeposve | 34 || N | 51| P
;
17 | 719104 na Negative False positive 778 77 P 776 P
18 718047 na Negative | Borderline Neg 19 60 N 298 N
19 D27 2 Negative | Borderline Neg 24 N 290 N
20 D37 2 Negative | Borderline Neg -11 19 N 232 N
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contain the endogenous substrate;
contacting the biol ogical
of a pat Wwgenio/dssease,
signaling noiety;

or

medi cal

e) providing a test
sanple with an enzyne indicative of the biomarker
condition and a subsPCcatiB20YN@E4si Ng a

wherein the enzyme nodifies the endogenous substrate and

reaction by

t he sub rei cafj on of
the he—enzy bces—a
si gna?? fr &%0T he s gnaleeatiye npiBetdgrlingNegpr ovidBi n a t¥oml Bhtrgl Neadtion
conpr23s| ngbi he |ensy neNgatlet hepmsuthsdécedat € cea8prijs4ing t he sijgnalddng|noNety; @)
gﬁgec4] 0 52€ 91§ RIQEHCE T, RYndkDEy ST 9Mabd Nq gpijetypin hasdies d{ﬁicthon;
di sejaze ffePenc by '?re’
pres et \ween the
si gn ;
reac N
i nhi b27t Drai8e® nomddspelositive prizlmitsetiveact i VBt y.| 28.] Th¥ kit of4cl ai mN26 |or
27, [ heIBgIBOITPI4BSi[NgPosine DIFaBORGa@et | vater s |o#7 tthe ®nzype.1929. |A Net Hod
L;r qufl’?‘ﬁ b1 S | ShLRRL T VaIRSRey 2| TNGEAPEUES ¢ TTRATNPATIHN 3 SHT gt
i (o3 | vOSEB | 84 dobesitve o) Falielewdaye eanzer e e L” .t?‘;gﬁ;'le
cont aiclt né3T540 |or29nr Bossive| pdialsaNezatitp| es 63bt di ned fr¥m a| sidPect af
di f fleseht 60376Te |paont|s Padtiva | hweapesitivieC | t r &3t ngN20 i t hNa subsﬂﬁate 3
corrpr%f g gy2S| g@ﬁj [ ngosqmgetywca@@ggitg,bn th@qgenzygga nodnfi es tize substr atle
?Pgrﬁ erery Cé;LU InE"L,c !Posg v%” : eakposmv'é ate gy thes enzyye pfodgges [a l gnal

35 | 718967 na Positive Weak positive 1161 72 P 574 P

36 D12 266 Positive Weak positive 15 30 N 384 P

37 D16 106 Positive Weak positive 1223 P 475 P

38 D40 8 Positive Weak positive -4 N 379 P

39 | 719113 na Positive Weak positive 305 30 P 401 P

40 { 603952 65 Positive EV- Positive 568 294 p 915 P

41 | 718111 140 | Positive EV- Positive 590 190 P 919 P

42 718400 103 Positive EV- Positive 491 12 P 720 P

43 | 718434 | 442 | Positive EV- Positive 2600 72 P 2157 P

44 | 718546 | 223 | Positive EV- Positive 1200 50 P 1433 P

45 D42 134 | Positive EV- Positive 1455 5 P 1216 P

The cutoff value was set at 250RFU/min. As shown in Table 55, all negative

(1-9) and positive (40-45) results from old experiments retained their correlation to

the RT-PCR assay under the new assay conditions. The biggest improvement

observed was in the false positive group (10-17). Of these 8 old false positive results,

only one remained false positive (17) and the other 7 tested negative under the new

assay conditions. Furthermore, of these samples, two were hemolytic samples (14

and 16). This suggests that the new assay conditions can cope better with hemolytic

samples. Another interesting finding was observed in the borderline negative group

(18-22). Four out these five samples tested significantly lower than the cutoff value

under the new assay conditions. The one sample that remained slightly below the

cutoff was a hemolytic sample. The improvements in the false positive and borderline
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b) detecting a signal produced fromthe signaling noiety, wherein a
difference in the signals produced fromthe two or nore biological sanples
i ndi cat eswOhel0afiBB8t i veness of therapeutic treatnment. 3@CTIA®owedched of
claim 29, wherein one of the two or nore biological sanples is obtained

bef ore tre I ahee 31. The
met hod of* %?tﬂr%%&%@@%\%ﬁg?ét?ﬁﬂ%tﬁd% thélr%@%ﬁébﬂr}%g%?l ngolt%:lgg sanp es are obtai ned
at di f f emedking thegysgierh micge abusing treat ment. 32. The net hod of clai m 29,

wh f the t bi o I I b
{reatnent  and QHBERET B F8 GEeLHBARGY Caro TPy HATESV S PSR hod of
claim 29 %% %&pgnot ﬁierémm%)m tal Fﬁ)&g #,g@,q&@i tggg@bv@&lys obt ai ned

before tFoatNe one 1s ing treatnent, and a third one
i s obtai rpedmaé tfeve tbstahﬁe@me uiRier thEhevms‘simbndftloa&yHoweV@ft\m @Wmpdes29 to 33,

wherein t t WO o i.cal WBC) . 35.
The net hd té’FeVéW yotﬁ%te%f”e?:lf aﬂtlﬁ@(ﬁoar}@é%\tﬂﬁépmﬁﬂnglﬁgo% 46531 gTDI e% yis a
signal i n%e%s?iyycoﬁh%ﬁ@ OhoSanifle E3) ¥éMRainad Wealdy 96:51@(7@ Tlfbséiﬂh@lﬂgphor e, a
protein, a peptide, a chem|uniinescent substance, guencher

Fl uor escsng@st%abﬂlamﬂeorﬁm of sgmplesaywith egacti ERFETYs S[b‘ghtlly al?QVS e @riokf N@re a lectin,

an apt ame n d T t o35, wherein the
signali n é&? t% lla‘g%@%: %’élsgl w%%ﬁjﬁgopf%ﬁ%& any one of clainms 29 to
36, whereNcncﬁahgeﬁythétfmaﬁegﬁﬂw@enpcmm)lmbaermparat|on noi ety. 38. The

met hod of claim 37, wherein the separation noiety is a separati on noi ety
chosen from arMPWﬁYﬁToPQ?&i‘@éllgI@inﬁ@tﬂé@b‘i‘ﬂne ér%éﬁélﬁlieﬁ Bt E‘?ﬂl Tety, a

2o e LRSS T ) D B RN AP S
conpri si ngaiseae badtérih mll}ﬂueiticﬁhC(phosphorammon for Pneumococcus (23 and 24) and

2,6 pyridine for Meningococcus (25)), they still could not abolish the unspecific

background activity that resulted.

As shown in Table 56, the new assay conditions were able to improve
specificity, mainly by reducing past false positive results (10-16) that exhibited
reaction rates slightly above the cutoff. This improvement can be attributed to the
increased robustness of the blank under the new assay conditions. The majority of
false positive samples were bacterial (3 out of 4). However, sensitivity was reduced
from 70% to 45% under the new assay conditions. This reduction originated solely
from previously tested weak samples (32-34, 36 and 38). This reduction can also be
attributed to the increased robustness of the blank under the new assay conditions,

eliminating the positive artifacts resulting from the old assay conditions.
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substrate fromunnodi fied substrate . 40. The nethod of any one of clains
29 to 39, wherein the nethod further conprises contacting the two or nore
bi ol ogi caWvo=amplieasssanpl e with one or nore inhibitors ofPChmoR2®YeEKi3 C
enzymatic activity. 4 1. A nethod for detecting the presence or absence of
enzymatic activity in a sanple of ﬁh i éﬂ ood cells (WBC) by detecting the
presence or absence of an enzyme c ﬁb i'sing: a) contacting a WBC sanpl e

that may or YA C T8 ne }-8-S4 L with a
substrate conpfising a siRenformage ! nditionshe enzyne mdifies the
substrate and wherein no he substrat e produces & signal from
the signaling noiety; an a srgnal produced fromithe signaling
noi ety; wher ej ; i eyt b activity in
t he sanpl e. j A‘ e ffgkz §ﬂk bﬁ activity is

i ndi cative of di%eabe, 18r nespeerticitydn ddt24on 6250% subj ect .~ 43.
The net hod of| claim4 1 or 42 mhereln the met hod further conpri ses
contacting t 3T Sanpl p oo AN, Wdikbasf s Of non specific
enzymatic act e g ; y TS 41 10|43, wherein
the nethod further conpr the WBC sanple with one or nore
activators of| the enzyne _C one of clains|{4 1 to 44,
wherein the s ety i s|a dilgnaj Sengitivitvet y9/2005e3.00% m an enzyne, a
f I uor ophore, ‘ e, 4a proteinn, Mo, 2a/25nharg4l009%, nescent

subst ance, a S ssonance energy Transter (FRET)

pair, a pre-enzyne, a | ectin, an aptaner, and a radi osotope. 46. The net hod
of claim45, wherein the S|gnaling noiety is a FRET pair.
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47. The nethod of any one of claims 4 1 to 46, wherein the substrate
further conprises a separation nmoiety. 48. The nethod of claim47, wherein
the separwiDi2om/0T8i38ty is a separation noiety chosen froRrCanBz00w0Ns6I0gi ca
bi ndi ng agent, a magnetic binding moiety, a peptidebinding noiety, an
affinity binding noiety, a lectin, an aptanmer, and a nucleic acid noiety.
49. The £ “of claim47 or 48, further conprising separating nodified
substrate from unnodified substrate . 50. The nethod of any one of clains

41 to 49, wherein the enzyne is a cytonegal ovirys t

met hod of. cl af myesind Qﬂd@feé%llhg tm@r@s&a@qqr@gewseﬁﬁ@%é%?eogﬁ%‘g%@ dS;éq-urgﬁce
bst S ((gsqugé, gr l’[\IIl%glc ?g(%ndltﬁ)% in-@ﬁlbi?é{ ﬁ'%@etgéﬁdgltﬁé ﬁ?eé&xc@ br Wsen¥d &Rl N the

subst r at substrate conprising ah am no acid sequence chosen from

G V- V- N-ivdb SericuRsbShRelia BidlogidA samfle Yowprisibg! S- V- S (SEQ I D NO.: 20);

NNV-E-A-/A-T-S (SEQ | D -, 21); T-A-V-NA. /SGN (SEQ 1D .NO : 22);

R G V- V- N- A- /2)SPaviding the P&W%S%&E&ﬂ.e @8‘)‘ ﬂ’éﬁﬁblﬁ?é@?%‘%@*ﬂ&{%%ﬁ)@- R-L- A-2 )C ( SEQ
I D NO. : _&Zl}ﬂ%ﬁé.enggl%%ggg _rﬁ_g; any one of claims 4 1 to 49, wherein the
enzyme is a human | nodeficiency virus (H V) protease. 54. The met hod of

? |S ;auG ;n( ga,g \Ig/h%)ejnmgd;?g s}ebtsngacatioa hymeptacties therhiologirtlsampledvidaience

) (dr ophobi c/ h-C) -/ - '
1D No - Symebadicafte o RiomBReE Ry GRS difditor Hofiell gAML | 9 (550
enzyne '%bgtlr%??n@rggﬁﬁ%hsig\iﬁlﬂi%}%fe@@hﬂﬁréﬁtﬂ&n(zhﬂéhﬁ)odiﬁdsmhe protease. 56. The

net hod o erein the substrate is a substrate c ri
. : AL, C | in
ami no acérdlogeue setstratecwd thd substrate comprising the signaling mO?ety: and wheren 10 O

(VLT P)niégllj}%gtrigrp ct]fotgtls gllb(sgétlé)cbﬂlb}{gigé%eosqgr%irlg)hgiety by the enzyme produces

a signal from the signaling moiety;

¢) providing data from a control reaction comprising the enzyme and the
substrate comprising the signaling moiety;

d) detecting the signal produced by the signaling moiety in the test reaction;
and

) wherein the presence or quantity of the biomarker of the pathogen, disease,
or medical condition is indicated by a difference caused by the presence of the
endogenous substrate in the biological sample between the signal produced in the test
reaction and the data from the control reaction.
2. The method of claim 1, wherein the enzyme modifies the substrate comprising
the signaling moiety by cleaving the substrate comprising the signaling moiety.
3. The method of claim 1 or 2, wherein the signaling moiety is a signaling
moiety chosen from an enzyme, a fluorophore, a chromophore, a protein, a peptide, a
chemiluminescent substance, a quencher, a Fluorescence Resonance Energy Transfer
(FRET) pair, a pre-enzyme, a lectin, an aptamer and a radiosotope.
4. The method of claim 3, wherein the signaling moiety is a FRET pair.
S. The method of any one of claims 1 to 4, wherein the substrate comprising the
signaling moiety further comprises a separation moiety.
6. The method of claim 5, wherein the separation moiety is a separation moiety
chosen from an immunological binding agent, a magnetic binding moiety, a peptide
binding moiety, an affinity binding moiety, a lectin, an aptamer and a nucleic acid

moiety.
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(SEQ ID NO.: 29); KVKV(F/L)-/-VWQPK (SEQ ID NO.: 30); and

PPX( hydrophobic)L-/-PI (SEQ ID NO.: 31). 57. A nethod for detecting the
presence WO 2alvadse of a fungal infection in a subject PgTABLOZDIGGE t he
presence or absence of an enzyrre produced by a fungus conprising: a)

contacting a TR
not cont?ilgn tﬁép @9 ggﬁ'@l n‘%)é[*r' segﬁa&%hgﬁfﬁﬁgl Fﬂ?]g NDi ce)[ymay
wher ei n ed?zgpr?sﬂ@’tﬁﬁ s@aﬂiﬁg rﬁ§1e{}hﬁorﬁl1bhﬁioﬂﬂiea samrami@mmgxﬂe Signalirigon of the

substr at e enyme produces a signal fromthe signaling noiety;, and b)
det Sct [ (rjngote(tjbe si gnal produced fromthe signaling noiety; wherein the signal
produced, i ndi tes t [esence ol ubj ect . 58.
The net hdd of 'i]ill g?f e lﬁﬁeqftélznﬁfs}éﬁdsnrmg?&he gls%%gn&f rJom Candi da,
Crypt oc %G&éalr&ﬁ&ﬁbm%aoﬁém@ frgédtionand thrd @dbgmouB’s\ﬂxstmtc limdi onycot a,
chytridionycota, Dikarya, doneronycota, M crosporidia, and
lc\l:e;‘ogaljl |Pi§gf!1m%§m'cota g 59. The nethod of claim58, wherein the fungus is
ndi da 1 fi el i ¢t the enzyne
is an en%yrre cﬁosen P ;aohaﬁao%g%frcg a&éqat(s)ela?th&%u%rﬁgk)g}l ﬁg?snemei * Y
p hog p hgl mggﬁel_rcﬁndmbn lid mathecilli résistAiteS aptyfuodcav autess andthe eﬂﬁ@ﬁe@PW the enzyne
I s Sap e net one of clains 57 to 61, wherein the
substrat@lbisgatﬁlssﬂﬁf’lr%g‘gﬂ?:ﬁ‘r‘?ag]ﬂ%i ng an am no acid sequence chosen from

RL-1-Q ﬁ_) ; (SEEQﬁﬁ@EQRIB@aﬁgone S olaikrs!1-t@IKfuRther &nﬁptﬁsﬁi@drﬁhdt‘i@g thet) ;

F-V-N-Q L-V-E-A-L-¥-L-V (SEQ I D NO
E- A- L- Y- hiolbgitals4nGHEWi dx@.or oy inhibitors of non—spemﬁc enzymatic activity.

11.  The method of any one of claims 1 to 10, further comprising contacting the

J)—

biological sample with one or more activators of the enzyme indicative of the
biomarker of a pathogen, disease, or medical condition.

12.  The method of any one of claims 1 to 11, wherein the substrate comprising the
signaling moiety is fused to a second enzyme that becomes activated upon cleavage of
the substrate comprising the signaling moiety by the enzyme indicative of the
biomarker of a pathogen, disease, or medical condition, and the activated second
enzyme modifies a second substrate comprising a second signaling moiety and
produces a signal from the signaling moieties.

13. A method for detecting the presence or absence of a dysfunction of a
biological cascade in a subject by detecting the presence or absence of endogenous
substrates that participate in the biological cascade in a biological sample comprising:

a) providing the biological sample from the subject that may or may not
contain the endogenous substrates;

b) providing an array of test reactions by contacting in each test reaction the
biological sample with an enzyme and a substrate comprising a signaling moiety;
wherein each enzyme modifies its designated endogenous substrate and its
corresponding substrate comprising the signaling moiety, and wherein the
modification of the substrate comprising the signaling moiety by the enzyme produces
a signal from the signaling moiety;

¢) providing a reference profile data from an array of control reactions,

wherein each control reaction comprises the enzyme and the substrate comprising the

signaling moiety;
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E-R-GF-F-Y-T-P (SEQID NO.: 8); P-A-L-F-F-R-L (SEQIDNO: 9); L-V-1-H
(SEQIDNQ: 10); HQV-Y-F-V-R K (SEQID NO: 11); P-A-RF-F-RL (SEQ ID
NO. : 12);wB-201513B- A-L (SEQ ID NO.: 13); and P-L-E M FPATIBISE®6I NO. :
14). 63. The nethod of any one of clainms 57 to 62, wherein the signaling

noiety is a sjgpaling poi.ety chosen f . .
chr onophore, %‘I?ftt@gﬁ},’e s&g%%mrhgge&]%y@%g]@%%ég%éwﬁhét Q{egﬁg@tg ecii :
quencher, a RhUGLAREE M AfsrhEsign gy prodacslf feom (eRiERy qfaest, a

pre-enzyme, a’lectin, an aptaner, and a radiosotope. 64. The nethod of
;In;u (r)nngscce)?m:)las;?ing thetsi gnal ing noiety is a FRET pair. 65. The nethod of
. . @eﬁ : rises
separation mﬁ&oy}pagggﬁafhsémgg]ﬁgﬁieﬁ?ﬂlgﬁlg?% E gﬁéﬁﬁﬁ%q@gar atioﬁ
noi ety i grens&pRGEhtigoMdysfnclidrostihe biobogient caseadmis imheated b ndi ng agent, a
magneti c _lf)l ndi ng noi ety, a pept]de (li)i ndi noi et an affinity binding
g})l g]{ é. H?Pfg@éw GK,%WQEP%tS ,Pf‘é@aaa Hsee @cﬁefﬁ%i ety. 11167. The nethod
A hemethbl bf Hfn &9 Whdreih RfHcabh BothEBIbgiesl castadé tsat e |
unrmd!f!.ed_ subs rgt_t e. Egl e rretrﬁloggeo?ﬁan; one of cl a%lms c57 t0567, ftrJ?{nher
(r:]gnrrpglngmfg;cﬁﬁmWpa;ﬂgpgehﬁdihﬂasé,ogtmdicab@nﬂitemvﬁlﬁhﬁiﬂhi?cbr more inhibitors of
- I fic enzy i.c_activyity. 69., The net hod : '
5. 1 rt Hor COMPRPEPAGT B Lbe Vit PATEY Sare hedaf eerdee = 07
act i vat ofsq,0fent iy SRZVBENRIAIUSEe Yerdiie diseRtrcoaghlatich disstlad for det ecting

the presence or absence of a meningitis infectionina . .
cancer, inflammation, neurodegenerative disorder, hypertension, vasodilation,

diabetes, and allergy.

16.  The method of any one of claims 13 to 15, wherein the biological cascade is a
biological cascade chosen from a coagulation cascade, fibrinolysis cascade, kinin
cascade, signaling cascade, mitogen-activated protein kinase (MAPK) cascade, and
inflammation cascade.

17.  The method of any one of claims 13 to 16, wherein the signaling moiety is a
signaling moiety chosen from an enzyme, a fluorophore, a chromophore, a protein, a
peptide, a chemiluminescent substance, a quencher, a Fluorescence Resonance Energy
Transfer (FRET) pair, a pre-enzyme, a lectin, an aptamer, and a radiosotope.

18.  The method of claim 17, wherein the signaling moiety is a FRET pair.

19.  The method of any one of claims 13 to 18, wherein the enzyme modifies the
substrate comprising the signaling moiety by cleaving the substrate comprising the
signaling moiety.

20.  The method of any one of claims 13 to 19, wherein the substrate comprising
the signaling moiety further comprises a separation moiety.

21.  The method of claim 20, wherein the separation moiety is a separation moiety
chosen from an immunological binding agent, a magnetic binding moiety, a peptide
binding moiety, an affinity binding moiety, a lectin, an aptamer, and a nucleic acid
moiety.

22.  The method of claim 20 or 21, further comprising separating modified
substrate comprising the signaling moiety from unmodified substrate comprising the

signaling moiety.
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subj ect by detecting the presence or absence of an enzyne produced by a
nmeni ngi ti s pathogen conprising: a) contacting a biol ogical sanple obtained
from t he wolzpmatist3hat may or may not contain the enzyneParith2o/sesbst r at e
conprising a signaling noiety; wherein the enzyne nodifies the substrate

and wherein dification of t substra t \ [
fromt hezl3s! gn qlﬁﬁt%f’répg?v; %%&W&i%ﬁ% ’ttﬂéh%i@g?@g%gglcgéta%pl‘ge S\f‘t rs1| gggl or
more i ngt?igggﬁ%ﬁsa]ﬁrpéér‘n%h%ﬂﬁﬁf Friofe ATYORLdfhoaGhbifié ynzyamticabtidat ect i ng t he

si gnal ced the signaling noiety; erein the signal produced
i ndi cat ez4.t heThw msthnd of ey enemdivlaigis L $0 Q%fféﬁhfff(fﬁmpﬁs@ﬂé‘)%‘gﬁff& © 7 1. The

h . : : : . : ; . :
(s orvistaetial s HaRans Jriore Rl PH e AR g hod of
_ _ . : e nethod o
cl ai m 70efiogdious $htdtr@ien t he substrate conprising the signaling noiety
conprises a sialic acid and a car_bofig%lr e li ker. .chosen from
f

an a 2- 335.a2- Bhe methed of poxpongRf AIBE| r fg}ggg%g‘ééﬁ?ﬁé F?f%%ja%. 73. The
met N0d_Of o A lPrfors1s Tl «J @ sbcdnd 2nz et Bechlids aftivalid updne [ nhi bi tor s of

non- spec I'c activity 1's one or. nore inhibitors chosen from an
i nhi bi t ogle®faggbathzyubstidie @muirisingztbe signaltigrepietydy the epsymeraibat medifey | | Her A2,

Calpain 7, Kallikrein 12, t hepsin A Cathepsin H,. i n-
The met h§ 68110%9‘1%%‘@5'6‘?&’&“ it%f%at?g S%Pa\?ﬂ%en?ﬂglﬁ% ngsgc%mnglrg |1nﬁ| brfbr s

of non- speei btk CoRBAYAEhisEcoAlsighhliNg Mdicdhdprodises aisipnabirémarte chosen from
a-1- Protel naseol Eﬁllggt grc, Di pg\rﬁot ign Ale@)ln_ 2%90 gmarfgggutyryl - pi peri di nam dgn

Ht r Al i nkighdlingrmoikiids: 101, 3- (4- 1 odophenyl ) - 2- nercapt o- (2) - 2- [ [

. , ) pr openoi ¢ aci d,
HAI - 2A, Eéotl n, _Eb%llactor)e B, chynostatin, human stefin A human stefin B,
and cal pdt at PrKIZPMPFSN& et hod of any one of claims 70 to 74, wherein the

one or more i YUPitOfmS that modifies an endogenous substrate in a biological sample and

a substrate comprising a signaling moiety;

b) the substrate comprising the signaling moiety;

¢) and an instructions for performing a method of detecting the presence or
absence of a biomarker of a pathogen, disease, or medical condition in a subject by
detecting the presence or absence of an endogenous substrate in a biological sample
comprising:

d) providing the biological sample from the subject that may or may not
contain the endogenous substrate;

e) providing a test reaction by contacting the biological sample with an
enzyme indicative of the biomarker of a pathogen, disease, or medical condition and a
substrate comprising a signaling moiety; wherein the enzyme modifies the
endogenous substrate and the substrate comprising the signaling moiety, and wherein
modification of the substrate comprising the signaling moiety by the enzyme produces
a signal from the signaling moiety;

f) providing data from a control reaction comprising the enzyme and the
substrate comprising the signaling moiety;

g) detecting the signal produced by the signaling moiety in the test reaction,
and

h) wherein the presence or quantity of the biomarker of the pathogen,

disease, or medical condition is indicated by a difference caused by the presence of
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i nhi bit proteases fromwhite blood cells. 76. The nethod of an
claims 70 to 75, wherein the biological sanmple is a cerebrospi%aﬁnflﬁrd
sanpl e. Avo20tw1asBhod of any one of claims 70 to 75, wReTaBIO0Y/ME643
%glrgglncalh sanpl eI is serum 78. The nethod of any one of clainms 70 to 77

e signalin | ety i - S L B GwaRt : ’
fi uor opﬁh? 8{1&&%%‘%}}53&@%’%@% lé‘,‘x%i’%}%@? %‘{,h%alé P)e pt 1 %g{,%é&gﬁgﬁa}%ﬁq%ﬁleﬁ? eyme. @
;gibftagqg?té@aecﬁgggtlﬁ@ﬁfe,(ila&fth_)rﬁ(ﬁii@c&ﬁlﬁﬂI:&aﬂﬁmonance Energy Transfer (FRET)

, - re, a lectin, an aptanmer, and a.radi )

of clai @778, Tioriboirleime2 ifgmher coGPRBNE PY° Prsmareppé {tgr%i% %8%(5?;%9%%1-2; Eg([jhgg
any one of C|€I ”cstintg to 79, wherein the substrate further conprises a
separat!%’ﬁy% céfly. 81. The nmethod of claim80, wherein the separation
moi ety i38.a SERskiabf @Eni2s et y7, Clntiwe nomipusingané ormeslashvaials obiifdi ng agent, a
magneti c binding noiety, a peptide binding noiety, an affinity binding ’
WFI ety, ZYyEEt i n, an apt aner, ~and a nucleic acid noiety. 82. The method of
clai m 80,pr _Skmdiild e HoRTRIhOGBRRIARL NG tiERHcliedeambnt inal e f T om
unrmd!fl_ed__su strate. . A method for detecting the presence or absence of
a neni ngiubjezt byfleettingrthe presersalof ebsenegyofateagyma i 2 Welqgid 84BRIE or absence of

an enzyne produced by a ningitis .pathqg C | 81 Ng: '
bi ol ogi c‘_f&‘ldlcé%m?)?fga%ﬁ%eﬁgﬁsqaf‘grﬁrwg%gt%ﬁng%%nt%g&%ﬁ@ F]gr ﬁw)aycﬁgt agf)ln?gi ﬁ t he
enzyme Wi th a,Sunstlifl fveoMmblelitiggidaldagipasiobguinadi fadny a subjecteitn t he enzyne

nodi fies the substrate and wherein nodification of the
enyme pr dififecans timegiogmiapf 4 therapeutic EeagReNti With #exbstrgte comprigi%lg) %tﬂrg%gl mgby the

moiety, wherein the enzyme modifies the substrate and wherein modification of the

substrate by the enzyme produces a signal from the signaling moiety; and

b) detecting a signal produced from the signaling moiety,

wherein a difference in the signals produced from the two or more biological
samples indicates the effectiveness of therapeutic treatment.
30.  The method of claim 29, wherein one of the two or more biological samples is
obtained before treatment and another one is obtained after treatment.
31.  The method of claim 29, wherein the two or more biological samples are
obtained at different time points during treatment.
32.  The method of claim 29, wherein one of the two or more biological samples is
obtained during treatment and another one is obtained after treatment.
33. The method of claim 29, wherein one of the two or more biological samples 1s
obtained before treatment, another one is obtained during treatment, and a third one is
obtained after treatment.
34.  The method of any one of claims 29 to 33, wherein the two or more biological
samples is white blood cells (WBC).
35.  The method of any one of claims 29 to 34, wherein the signaling moiety is a
signaling moiety chosen from an enzyme, a fluorophore, a chromophore, a protein, a
peptide, a chemiluminescent substance, a quencher, a Fluorescence Resonance Energy
Transfer (FRET) pair, a pre-enzyme, a lectin, an aptamer, and a radiosotope
36.  The method of claim 35, wherein the signaling moiety is a FRET pair.
37.  The method of any one of claims 29 to 36, wherein the substrate further

comprises a separation moiety.
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b) contacting the biological sanple with one or nore inhibitors of
enzymatic activity associated with meningitis infection; and c) detecting
the signavopomdussd fromthe signaling noiety; wherein ®Phe/1B2gwedessr oduced
i ndicates the presence of a nmeningitis infection in the subject. 84. The

met hod of cl aim 83 ' he, bi ol 0gi cal .€ . I: [
(CSP) o 38er uhemsthorar SR A VaergBereEararRB i if 2 SRR AT ot hoo” o
claim 830}9Jse§ﬁ0fn"‘ﬁﬂ'hﬁhlﬁlot1$§ca‘-1 Bﬁﬂlﬂﬁg@n@@@ﬁgﬁéﬁﬂgﬂiﬁg nfoigHyAd peptidei ety

conprises a sialic acid and a carbohydrate |inked by a I1nker chosen from

an a 2- 3bindi-Boictys 2a 8ffinitg bindingimoiety, iadeqtiouamsntamer, andie pUcleic akidges. 86. The
met hod of any one of claims 83 to 85 wherein the one or nore inhibitors

i nhi bi t s™@ matic activity associated with bacterial nmeningitis infection
but does3got iRBLRIHod\GfCRImBINr B8] furtbeedoypTinigseparbiing inpdiféd. The method of
any one of claims 86, wherein the enzymatic activity is a result of

neni ngi t Pebstraigfeovel upmpdifisdaebsyate .88, The net hod of any one of clains 83 to

85,_vvher(3'nt r L phihi 26 R gafAksy Ppr ot ease
activi ty_.b'_89. ﬁﬁg’[{é?rre_’@ot .oofggﬁn%ﬁi;&@h{e&{?}&og %ﬁ%&%ﬁﬁ?‘g{&ggﬁ vvhlébr?ei n the one or
nore i nht?ﬁlﬁ)ll@ies coitaéthigl the em bngoredriclogicpl atmpdessamplel with gne @onorehe net hod of
any one of clains 83 to 85, wherein the one or nore inhibitors inhibits
bot h pneﬂ?%@f%tﬁgnoggweﬁ’@ﬁieﬁﬁﬂﬁﬁgﬁngm ease activities. 9 1. The nethod of
any one g clal dE,83 f&ueRtindMife prbddndd 6t #B86hce bf BRAyhatibALENifyOhS IS a
cocktail of |%hllﬂgl tors cehosuén frlgm na) cocktcai | yIﬁhagla: 4-1 }gflAm' noet hyl)
?enzengs sarhple Wif whita btdodeehy GWBE) by detdetifgEBarsencgr @bseRrof Hest at i n,
rans- Epoxysucci ny: L-| eucyl -am do (4- guanidino) butane (E-64), Eglin C
(3S, 3aS, 63YRY ¥yl -1 - (et hanesul fonyl ) - 4- ?
a) contacting a WBC sample that may or may not contain the enzyme obtained

from a subject with a substrate comprising a signaling moiety; wherein the enzyme
modifies the substrate and wherein modification of the substrate produces a signal
from the signaling moiety; and

b) detecting a signal produced from the signaling moiety;
wherein the signal produced is indicative of enzymatic activity in the sample.
42.  The method of claim 41, wherein the enzymatic activity is indicative of a
pathogen, disease, or medical condition in a subject.
43.  The method of claim 41 or 42, wherein the method further comprises
contacting the WBC sample with one or more inhibitors of non-specific enzymatic
activity.
44.  The method of any one of claims 41 to 43, wherein the method further
comprises contacting the WBC sample with one or more activators of the enzyme.
45.  The method of any one of claims 41 to 44, wherein the signaling moiety is a
signaling moiety chosen from an enzyme, a fluorophore, a chromophore, a protein, a
peptide, a chemiluminescent substance, a quencher, a F luorescence Resonance Energy
Transfer (FRET) pair, a pre-enzyme, a lectin, an aptamer, and a radiosotope.
46.  The method of claim 45, wherein the signaling moiety is a FRET pair.
47.  The method of any one of claims 41 to 46, wherein the substrate further
comprises a separation moiety.
48.  The method of claim 47, wherein the separation moiety is a separation moiety

chosen from an immunological binding agent, a magnetic binding moiety, a peptide
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[4- (] -piperidinyl)-2(E)-butenoyl]perhydro ryrrolo[3,2b]pyrrol-2(lH)-one
hydrochl ori de (GAB1 1616A), pepstatin A heparin, and phosphorani don; b)
cocktai | Wb 2019/018t382- Ami noet hyl ) benzenesul fonyl fl uori eeThpzhopedsber i de
(AEBSF), aprotinin, bestatin, trans-Epoxysucciny-L-I|eucyl-amdo (4-

guani din but ane (E-6 li.n C . . o

(3S, 3as, gg&lé}“%@@@é%ﬁéﬂW%ﬁé%‘&ﬁbe&h rgstiy g gptamer, and a nucleic acid

[4-(I-pi g@;étgl nyl)-2(E) - but enoyl ] per hydropyrrol o[ 3, 2b] ryrrol-2(IH)-one

hydrochl ori de ((3\/\311616A{ , pepstatin A heparin, and )

ﬁ- 6- pyri d?.pedil“lhalflﬁﬁ)oylldf@ 28i4d ot 4R dfuethercenanarising sepayating podifiednoet hyl )
enzenesu n | uori Ry dr | ori de (AEBSF), aprotinin, bestatin,

trans- Epﬁwgﬁ%gmmpgﬁgg¥&as%% 0 (4- guani dino) butane (E-64), Eglin C,

(3S, 3aS, §6R) - Fht sRHdAfan} oheref dainesll tb @dywheréin the enzyme is a

[4- (] -piperidinyl)-2(E)-butenoyl]perhydropyrrol o[ 3, 2b] pyrrol -2(l H)-one

hydrgphl GWG@%@QB‘;S .gl?f,‘)t‘?ﬂ‘é?)st atin A heparin, phosphoram don, and 2-6-

pyri di nedj car . : R 83 to 85,

wher ei n Sk'e nenléngeilﬂfcldgo(f:cs I55‘31‘25\(/)f ;r'(’g%e?rg%?g%st i ?@#@%%ﬁ%ﬁﬁ% oduced in the

prese_nctesnguembﬁvgvaSr(SE?dbiIﬁOtde; that inhibit enzymatic activity

associ ated wt acterial nmeningitis infectio ut d I nhi.hi '

meni ngi t P$- enﬂ“}lﬁﬂ}qﬂgpdﬁﬁmﬁiﬁ_or_ zw‘?‘ﬂ'@mntgf ﬁ%gﬁg 1%ﬁ§1ﬁ)(§ﬁ'§ eockpn@ I g.fln Ver?l

wherein LRe SRZIGRL qﬁe@&taﬁ&ényfrdxﬁ (ﬁVE’?-?WAL/SJt-m(gmﬂ)NG.: i1 9)g WS-&dV-

inflammation. 94. The nethod of any one of claims 83 to 85 wherein the

sub { ﬁCt ﬂlaA-/S—%r(fSEg] D NO.r#0cNiN1Y -EfA4AST-§HEEQI D NQd 2d 8 -8r VridtA-pr oduced

in the presenc one o, moreJ i bi § arspthat Jdgih? Indid s enzymatic

et vi 0y STonSPR 0. D RV TSk TR LR LR o TR T Tor o

95. The Re{/QOA0§-SARY -A0E (FEQIDNOE 28R to 85, wherein the meningitis

pat hogen is neni ngococcus if a signal is not produced or. reduced i
presence 53f orldeoretimskef any one ofclal%ls 41 to 49, wher%inthe enzyme is a human n the

immunodeficiency virus (HIV) protease.

54.  The method of claim 53, wherein the substrate comprises the amino acid
sequence (S/G)(Q/G/R/K)(N/C/D)(Y/hydrophobic/aromatic)-/-
P(I/V/hydrophobic)(V/Q) (SEQ ID NO.: 28).

55.  The method of any one of claims 41 to 49, wherein the enzyme is a human T-
cell lymphotrophic virus (HTLV) virus protease.

56.  The method of claim 55, wherein the substrate is a substrate comprising an
amino acid sequence chosen from (V. /L/T/P)X(hydrophobic)(F/L)-/-V (hydrophobic)Q
(SEQ ID NO.: 29); KVKV(F/L)-/-VVQPK (SEQ ID NO.: 30); and
PPX(hydrophobic)L-/-PI (SEQ ID NO.: 31).

57. A method for detecting the presence or absence of a fungal infection in a
subject by detecting the presence or absence of an enzyme produced by a fungus
comprising:

a) contacting a biological sample obtained from the subject that may or may
not contain the enzyme with a substrate comprising a signaling moiety; wherein the
enzyme modifies the substrate and wherein modification of the substrate by the
enyme produces a signal from the signaling moiety; and

b) detecting the signal produced from the signaling moiety;

wherein the signal produced indicates the presence of a fungal infection in the subject.
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i nhibitors that inhibit meningococcus protease activity, conpared to a
signal produced in the absence of these inhibitors. 96. The nethod of any
one of clwpDres108833t3®8 85, wherein the neningitis pathogenPCS/Iprewnweeccus if
a signal is not produced or reduced in the presence of one or nore

inhibitors that inhibit pne occu ot ease .activit to a

si gnal p?&aduc?&?mﬁht)ql]@%%lﬁ’é‘%gggvclﬁel?ﬁlgéng‘fﬁﬂsBiwgph?%?%‘ﬁ%&d of any
one of chaj Q55 BTN Bk A0 Bl sspdclaBIMyRLd, S a cer ebrospi nal
fluid sa@@og%fvwrﬂgmn%%oﬁg anel oérrle of cl_aﬁ nms 83 to 96, wherein the
bi ol ogi calyiridiomymta, Dikeyantlosgrommetadlinedpeidiardpdone of clainms 83 to 98,

wherei n t he ﬁi- gnaling noiety is a signaling noiety chosen froman enzyne, a
fl uorophlg‘?%?,a UgSHE: re, a protein, a peptide, a chem | um nescent

subst ancey a PHEREMBE of Slalth §O/WEEEAGER: fRagaisMadidacr gy Transfer (FRET)
pair, a pre-enzyne, a lectin, an aptanmer, and a radi osotope. 100. The
met hod 060.cl aThe @ethodiéary enetafeslaimg AA1e 5P WhsTEn jhe enzyme PEPC 101. The

met hod of, any.one of clai g, 83 ' ]%PPQB UlSidagd.e further
conpri seQOéG%%B%aaﬁeF"Sﬁedrﬁ%Pae‘%y? pro}%&%%ﬁ%ﬁg%b c?’ai meOL wherein the
separ at i gn NOTERY Meihdd af Slapa6e) widteinthetnzyoleos 8apX. r om an i nmunol ogi cal

bi ndi ng agent, a magnetic bindjng et epti de. bi ndin iety, an

af fi ni t y6bi ndThgjmaihiod of anponeRfilgims ﬁt%éba‘ﬁ%ﬁe?lgél}ms“é?“ﬁ%% fse%g sc“%gﬂé?q%

moi ety. 103, 1k £ Gl aim YkeRkok@2, further conprising separating
nmodi fi edcogn%%ggr?gaﬁﬁ {ragr%glgnsg dified gubgtrate. 104. A kit for detecting a
meni ngitis i NRACTHPHR-RSPr(BEQIEH N&): 3; substrate conprising a signaling

gldle]'g %/gsm{lﬁreeg&ﬁ%_gé_@n%dw.:n& tis pathogen in a biological sanple
F-V-N-Q-H-L (SEQ ID NO.: 5);
L-V-E-A-L-Y-L-V (SEQ ID NO.: 6);
E-A-L-Y-L-V-C-G (SEQ ID NO.: 7);
E-R-G-F-F-Y-T-P (SEQ ID NO.: 8);
P-A-L-F-F-R-L (SEQ ID NO.: 9);
L-V-I-H-T (SEQ ID NO.: 10);
H-Q-V-Y-F-V-R-K (SEQ ID NO.: 11);
P-A-R-F-F-R-L (SEQ ID NO.: 12);
P-A-E-F-F-A-L (SEQ ID NO.: 13); and
P-L-E-M-F-A-L (SEQ ID NO.: 14).

63.  The method of any one of claims 57 to 62, wherein the signaling moiety is a

signaling moiety chosen from an enzyme, a fluorophore, a chromophore, a protein, a
peptide, a chemiluminescent substance, a quencher, a Fluorescence Resonance Energy
Transfer (FRET) pair, a pre-enzyme, a lectin, an aptamer, and a radiosotope.

64.  The method of claim 63, wherein the signaling moiety is a FRET pair.

65.  The method of any one of claims 57 to 64, wherein the substrate further
comprises a separation moiety.

66.  The method of claim 65, wherein the separation moiety is a separation moiety
chosen from an immunological binding agent, a magnetic binding moiety, a peptide
binding moiety, an affinity binding moiety, a lectin, an aptamer, and a nucleic acid

moiety.
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nodi fication of the substrate by the enyme produces a signal fromthe
signaling noiety; and b) one or nore inhibitors of neningitis enzymatic
activity. woablooibsskit of claim 104, wherein the one or PEBAB2009HIGEIX OF S
|nP!b!E enzznatic activity associated with bacterial meningitis enzymatic
activity bu not, 1.nhi hi [ Mglo TR E H&rt}é%; : | id.Mqi ty. 106. Th
kit of cFZi migﬁfne oélrrl)gidr%1 h6§ o%%é’f(@ﬂhoreqr% I"bI %@%ﬁ nﬁiﬁltge%i rrgni ngitis ©

i nduced kwYstratefainh 0fmmodifiéd sibseratei t of any one of clains 104 to 106, wherein

the one or no i nhi bi t i nhj Qi | V]
e e o b oL Skt PASHTDCRELS oL SR By, 108, The
| i bt IR R SAn6HSyi GHeRR Sfor@Einibtidey of ihi%pediie elikfmale #yirgne of cl ai ms

104 to 1 ere e one or nore Inhibitors inhibits both pneunbcoccus
and neni 6gocoThe mefticdtcfany oacbf clainise®. to HROfurthbecamprissfg conjacingthef cl ai ns

104 to 106, wherein the one or nore inhipitors is a.cockt ai f inhibitors
chosen fPtS’Pﬁgl%@? S%Blﬁtvﬂ% one qr ey agfIvetoTp} 1he SRS prggﬁczegnlﬁggtl%: Flgll%}% fluoride
hydr ochl ggi de A(tﬁgtﬁ§§)f(rr cﬁ&rcﬁﬁg fﬂegrreﬁﬁf?et SHdbSence of a meningitis infection in a

t rans- Epoxysuccli ny-L- T eucyl -am do (4- guani dino) butane (E-64), EgHn C,
(3S, 3aS, 6atiRyet Byldstotingthe prestnestdrahssnge pbany¢enzyme produced by a meningitis
[4-(1-piperidinyl)-2(E)-butenoyl]perhydropyrrol o[ 3, 2b] pyrrol -2(l H)-one
hydr ochl 888 GRPIPE¥6A) , pepstatin A, heparin, and phosphorani don; b)

cocktai | 119b3) 4ohidctiE 41i6ldpida) sdaaslz ehaiied fronyihe shijectithie nmyciracdyl or i de
(AEBSF), aprotinin, bestatin, trans-Epoxysucciny:-L-I|euc I-anid%'(4-
guani di nopt ¢amtaimthe(eHzpNy Withgy Jufstgate comprising a signaling moiety; wherein the

(3S, 3aS, 6aR) - 3- | i il 4
[4- (I -pi 556 %9?@5?%8%‘:{&&%%%?%%? y[{]ié}g%égruroélogf%, St DY e 1 1) - one

enyme produces a signal from the signaling moiety;

b) contacting the biological sample with one or more inhibitors of non-
specific enzymatic activity; and

c) detecting the signal produced from the signaling moiety;
wherein the signal produced indicates the presence of a meningitis infection in the
subject.
71.  The method of claim 70, wherein the biological sample is cerebrospinal fluid
(CSF) or serum and the enzyme is bacterial neuraminidase.
72.  The method of claim 70 or 71, wherein the substrate comprising the signaling
moiety comprises a sialic acid and a carbohydrate linked by a linker chosen from an «
2-3, a2-6, a2-8, a2-9 and cyclic neuraminidic acid linkages.
73.  The method of any one of claims 70 to 72, wherein the one or more inhibitors
of non-specific enzymatic activity is one or more inhibitors chosen from an inhibitor
of granzyme H, proteinase 3, dipeptidyl peptidase, PrSS11, HtrA2, Calpain 7,
Kallikrein 12, Cathepsin A, Cathepsin H, and calpain-11.
74.  The method of any one of claims 70 to 73, where the one or more inhibitors of
non-specific enzymatic activity is one or more inhibitors chosen from an a-1-
Proteinase inhibitor, Diprotin A, L-2,4-Diaminobutyryl-piperidinamide HtrAl
inhibitor, Ucf-101, 3-(4-Iodophenyl)-2-mercapto-(Z)-2-propenoic acid, HAI-2A,

Ecotin, Ebelactone B, chymostatin, human stefin A, human stefin B, and calpastatin.
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hydrochl ori de (GMB1 1616A), pepstatin A, heparin, and

2- 6- pyridi nedi carboxylic acid; and c¢) cocktail 110: 4-(2-Am noethyl)
benzenesuwbanyloisizgor i de hydrochl ori de (AEBSF), aproti niPOT/IBH®Y/BA664B,

t rans- Epoxysucci ny-L- | eucyl -am do (4-guani dino) butane (E-64), Eglin C,

(3S, 3aS, paR) - 3- 1 sopr qpyl - | - ( met hanesul f gpyl ) - 4- ‘o

[4- (1 -piperi d%h??‘fﬁ‘fgg}(?@ﬁ?‘i%%{ﬁk}lﬁlémﬁ?%@?gpé?%?%ﬁr@?rf dpi {(frls—b -one
hyd_rO_Chlﬁmﬁﬁp&%m&mtegwakﬂg,n A, heparin, phosphoram don, and 2-6-
pyri di nedi carboxylic acid. 111. A nethod for detecting.the presence or

absence . a E&I@fn@ﬁmﬂ}qﬁﬁm’ ormelodaimsd 049 76 cwhereingha bigjagiqal saRIetSett i ng t he
presence or.abse . anomat ase in a biological sanple conprising: a

cont acti ﬁ?j'etfrﬂ%plﬁélgﬁ%‘g?aénﬁlgsanpl e obtained fromthe subject that m?ly 03 may
not cont@ayn arpEBedd ofiahiiofic S{ddsitsa0ao I6whersinrthe biokigipahbdnmgle i et y;
wherein aronmatase nodi fies the substrate and wherein nodification of the
subst r at 8T ar onat ase produces a signal fromthe signaling noiety; and b)

detectingthe | i L ' . i i
8! Nl HifodRir dof J1QMst "’ t he signal
produced | ndi ca% esﬁiolqe pr isglgn%fe I%Eqsaﬂgyo/zygﬂ%riblgﬁggggﬁ%%lgﬁ&r}g{ygigtem in ?he
::Jlg)Jn :f_t : s@ﬁ:ﬂ@ng;ﬂheiett{)&ihb@@f foém ath @hzgrid, 3, flushepheray a chwnyiphore, R pptediety is a
ling npjety chosen from an enzyne, fl uprophore, a chr

or ot ef n, Piept fhagnlmermein uh sccLntnetist ol ReRhdie Ry @

uor esceupgeR IQ@’ﬁj'ﬁ'ﬁr,g oL AR¥cah, LFpEberP@ida radiossepenzyne, and a
radi osot ope 11? The net %Qd 0 cfaj r<r:1 1’1_2, V\,heerrg_i n irﬁewgi ﬁal [ %g noiety is a
FRET pai 79. 11Zhe frethodetfleladmd8, whereiritbe signaling meietyis atFé{ELT%Bﬁjr-Merei n the

TSt Sy et SPGB PRy cTitiinod of f i
comprises a separation moiety.
81.  The method of claim 80, wherein the separation moiety is a separation moiety
chosen from an immunological binding agent, a magnetic binding moiety, a peptide
binding moiety, an affinity binding moiety, a lectin, an aptamer, and a nucleic acid
moiety.
82.  The method of claim 80 or 81, further comprising separating modified
substrate from unmodified substrate.
83. A method for detecting the presence or absence of a meningitis infection in a
subject by detecting the presence or absence of an enzyme produced by a meningitis
pathogen comprising:

a) contacting a biological sample obtained from the subject that may or may
not contain the enzyme with a substrate comprising a signaling moiety; wherein the
enzyme modifies the substrate and wherein modification of the substrate by the
enyme produces a signal from the signaling moiety;

b) contacting the biological sample with one or more inhibitors of enzymatic
activity associated with meningitis infection; and

c) detecting the signal produced from the signaling moiety;
wherein the signal produced indicates the presence of a meningitis infection in the
subject.

84.  The method of claim 83, wherein the biological sample is cerebrospinal fluid

(CSF) or serum and the enzyme is bacterial neuraminidase.

113



nmoi ety chosen from an i mmunol ogi cal bi nding agent, a magnetic binding

noi ety, a peptide binding noiety, an affinity binding noiety, and a nucleic
aci d noi ev.2001083138he nmet hod of claim 114 or 115, furth@cCTaBmos/HE648y
separating nodified substrate fromunnodified substrate. 117. The met hod of

oy hooy- 851 11 A6 Brebingiatg T S e v b el e e BbASRE RS ER RS O
clai s 1bidtPc %nise%'drslél'i%racﬁ@ﬁﬁrai&imy@l@tﬁlﬁﬁ&h bg atlihkedhobagfraalansanpl e with

one or nore inhibitors of non-specific protease activity. 119. The net hod
of any oBe,oR-4 lo2i3rex219 And cyclit Beurhunidisracisldinkegesi ng cont acting t he

bi ol ogi cal sanple with one or r.e tivators of.aromat sk The net hod
of cl ai mP2109, %a@moﬁ qf Ry 98¢ P ?IH}sa% sto;gg’ %_%ff.e e@%“n%?%d%ﬁﬁg?mdet ecting
the pr esﬁﬁﬁﬁtscgnzgzg%%vﬁif aloeatalwditirBdteRial idnidgRidhhRetiobutdetemiti ng t he

presence or absence of prostate specific antigen (PSA) in a biological
sanpl e ciahibit siraignendngitoenzyoatiagettvty. bi ol ogi cal sanpl e obtai ned fromthe

subj ect tpat or not copt.ain A with.a ri.siing a

i gnal i nd i 0 HeREh R BRRRHATT s R B AR i el

nodi fi cato'f%nﬁfgiﬁsqﬁd&g@gﬂaﬁ{@atm, PSA produces a signal fromthe signaling

noi ety, and b) "detecting the signal produced fromthe signalj. noi ety;
gléwefp afelgg

wherei n 8Re siThnaetimdnfaosene afi 5 oS, WhersnBe 0B O ! ®&ncer in
t he subject.. 122. The neih im 121, wherein the signaling noiety is
uﬁ-@blmngwmg%cgg% ' eg%%céﬁktghzyrre, a fiuorophore, a chronophore, a

a signali chr
protein, ga. pefhkaethal ahayiohs of clamees’ toRhwhemiethe anejaemotednhibiors

Fl uorescence Resonance Energy Transfer (FRET) pair, a pre-enzyne, and a

r adi osot djubiisrgeninpeCor@IsEACEE WY 122, wherein the signaling noiety is a

FRET pai oy 124y, Then SRS IAY o8E oPOKinN' 785C vkl thé bné 6r hidf inibaoei n the

substrat é further
inhibits both pneumococcus and meningococcus protease activities.

91.  The method of any one of claims 83 to 85, wherein the one or more inhibitors
is a cocktail of inhibitors chosen from:

a) cocktail I19a: 4-(2-Aminoethyl) benzenesulfonyl fluoride
hydrochloride (AEBSF), aprotinin, bestatin, trans-Epoxysucciny-L-leucyl-amido (4-
guanidino) butane (E-64), Eglin C, (3S,3a8,6aR)-3-Isopropyl-1-(methanesulfonyl)-4-
[4-( 1—piperidinyl)-Z(E)-butenoyl]perhydropyrrolo[3,2b]pyrrol-2(1H)-one
hydrochloride (GW311616A), pepstatin A, heparin, and phosphoramidon;

b) cocktail 119b: 4-(2-Aminoethyl) benzenesulfonyl fluoride
hydrochloride (AEBSF), aprotinin, bestatin, trans-Epoxysucciny-L-leucyl-amido (4-
guanidino) butane (E-64), Eglin C, (3 S,3a8,6aR)-3-Isopropyl-1-(methanesulfonyl)-4-
[4—(1-piperidinyl)-Z(E)—butenoyl]perhydropyrrolo[3,2b]pyrrol—2(1H)—one
hydrochloride (GW311616A), pepstatin A, heparin, and 2-6-pyridinedicarboxylic
acid; and

c) cocktail 110: 4-(2-Aminoethyl) benzenesulfonyl fluoride
hydrochloride (AEBSF), aprotinin, bestatin, trans-Epoxysucciny-L-leucyl-amido (4-
guanidino) butane (E-64), Eglin C, (3S,3a8,6aR)-3-Isopropyl-1-(methanesulfonyl)-4-
[4—(1—piperidinyl)-2(E)-butcnoyl]perhydropyrrolo[3,2b]pyrrol—2(1H)—one
hydrochloride (GW311616A), pepstatin A, heparin, phosphoramidon, and 2-6-
pyridinedicarboxylic acid.
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conprises a separation noiety. 125. The nethod of claim 124, wherein the
separation nmoiety is a separation noiety chosen froman i munol ogi cal

bi ndi ng ayernvio/m3rsagneti c bi nding noiety, a peptide bi n&CmgBI0P/RI6H43 an
affinity binding rmi ety, and a nucleic acid noi ety. 126. The net hod of

claim12 ur .S n e rain dif'e.s. trate from
\l/Jmmmdi fi 3& gﬁ‘? dt(%eﬁ EB% ﬁlé‘ir'?ﬁ%%zst(? Wg? o Iﬁgtﬁlg%%i{a o 126,
erern %@mﬁf@% aliQ Iimfdué&ism&ﬁe afssé}@e@%ﬁle &Qﬁﬂl%fiﬁlﬁbﬁ&@ﬂm ikhiein  HSSKLQ
(SEQ ID NO.: “15): Qr-@ SEQ ID NO : 16): GAGLRLSSYY- SGAG (SEQ I D NO. :
g)l or égzyr?ypaﬁ@w@wwemﬁh begteriahmgningifis infeetinncbub A0 AALINBIRE of cl ai s
to ur.t ontacting the biological sanple with one or
nor e i nhi bra{%lre%m 556 s%ecmﬁgi@?prot ease activity. 129. The nmethod of any
one of clggj ns Illzlnétmﬂ&&nyfonebhelamﬁ;mmmmramttmmmmmtwm it whdyi cal
sanple with one or nore tivators of PSA. 130. The nethod of claim 129,
wher ei n pﬁ@eaexgi%pévceﬂén oM 31, A nethod for detecting the presence or
absence gj a n%%iﬁéd@éhn?%n@o?hﬁn?&% |g$sCaBERALHE RuifjestHal §Ct by detecting
t he presénce or ence of an enzyne that participates in the biol ogical
cascade cmm[glﬁs indectian ifier signadlistgdided obnot pogdwratl indippresdnce nf eneeorsubj ect

that may or not con n the enz ;b)) providin ar.ray of test
reacti ondng§ 1 E%ﬁ{hahﬁﬁ'*{a% { TBERUpSifia € W?F@W&’ ﬁ‘émB%S&f)og? 51§Pélls anple with a
subst r at & GRIBA [SthBdbnsd SNAkdeNBhibR6B/LY; Wherein the enzyne nodifies the
substrate conprising the signaling noi etgj/5 and wherein rmdl fication of the

subst r at QSCOWﬂ?hesnﬂt@odtbfeawlognafclﬁgnsr&} ot 85, whereitethe mepinsitiy RARESE 19 si gnal

from
meningococcus if a signal is not produced or reduced in the presence of one or more

inhibitors that inhibit meningococcus protease activity, compared to a signal produced
in the absence of these inhibitors.

96.  The method of any one of claims 83 to 85, wherein the meningitis pathogen 1s
pneumococcus if a signal is not produced or reduced in the presence of one or more
inhibitors that inhibit pneumococcus protease activity, compared to a signal produced
in the absence of these inhibitors.

97.  The method of any one of claims 83 to 96, wherein the biological sample is a
cerebrospinal fluid sample.

98.  The method of any one of claims 83 to 96, wherein the biological sample is
serum.

99.  The method of any one of claims 83 to 98, wherein the signaling moiety is a
signaling moiety chosen from an enzyme, a fluorophore, a chromophore, a protein, a
peptide, a chemiluminescent substance, a quencher, a Fluorescence Resonance Energy
Transfer (FRET) pair, a pre-enzyme, a lectin, an aptamer, and a radiosotope.

100. The method of claim 99, wherein the signaling moiety is a FRET pair.

101. The method of any one of claims 83 to 100, wherein the substrate further
comprises a separation moiety.

102. The method of claim 101, wherein the separation moiety is a separation
moiety chosen from an immunological binding agent, a magnetic binding moiety, a
peptide binding moiety, an affinity binding moiety, a lectin, an aptamer, and a nucleic

acid moiety.
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the signaling noiety; c) detecting the signal produced by the signaling
noiety in the test reactions; d) wherein the signal produced in the test
reacti onswondicwasss the presence of a dysfunction in thechiBoogiwald cascade
in the subject. 132. The nethod of claim 131, wherein the signaling noiety

Is a sig I ng, noi et se ro zynme. a. fl uor .=a: Cchronophor e,
2 prot el 0%a JupAeaied & CERE G hadeane Snpufink ARy B oo

Fl uor escgnsaaResHA ans8difRe sestrhfeansf er (FRET) pair, a pre-enzynme, and a
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106. The kit of claim 104, wherein the one or more inhibitors inhibit meningitis
induced inflammation.
107. The kit of any one of claims 104 to 106, wherein the one or more inhibitors
inhibit pneumococcus protease activity.
108. The kit of any one of claims 104 to 106, wherein the one or more inhibitors
inhibit meningococcus protease activity.
109. The kit of any one of claims 104 to 106, wherein the one or more inhibitors
inhibits both pneumococcus and meningococcus protease activities.
110. The kit of any one of claims 104 to 106, wherein the one or more inhibitors is
a cocktail of inhibitors chosen from:

a) cocktail 119a: 4-(2-Aminoethyl) benzenesulfonyl fluoride
hydrochloride (AEBSF), aprotinin, bestatin, trans-Epoxysucciny-L-leucyl-amido (4-
guanidino) butane (E-64), Eglin C, (3S,3a8,6aR)-3-Isopropyl-1-(methanesulfonyl)-4-
[4-(1-piperidinyl)-2(E)-butenoyl]perhydropyrrolo[3,2b]pyrrol-2(1H)-one
hydrochloride (GW311616A), pepstatin A, heparin, and phosphoramidon;

b) cocktail 119b: 4-(2-Aminoethyl) benzenesulfonyl fluoride
hydrochloride (AEBSF), aprotinin, bestatin, trans-Epoxysucciny-L-leucyl-amido (4-
guanidino) butane (E-64), Eglin C, (3S,328,6aR)-3-Isopropyl-1-(methanesulfonyl)-4-
[4-(1-piperidinyl)-2(E)-butenoyl]perhydropyrrolo[3,2b]pyrrol-2(1H)-one
hydrochloride (GW311616A), pepstatin A, heparin, and 2-6-pyridinedicarboxylic
acid; and

c) cocktail I10: 4-(2-Aminoethyl) benzenesulfonyl fluoride
hydrochloride (AEBSF), aprotinin, bestatin, trans-Epoxysucciny-L-leucyl-amido (4-
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guanidino) butane (E-64), Eglin C, (3S,3aS,6aR)-3-Isopropyl-1-(methanesulfonyl)-4-
[4-(1-piperidinyl)-2(E)-butenoyl]perhydropyrrolo[3,2b]pyrrol-2(1H)-one
hydrochloride (GW311616A), pepstatin A, heparin, phosphoramidon, and 2-6-
pyridinedicarboxylic acid.

111. A method for detecting the presence or absence of a dysfunctional endocrine
system in a subject by detecting the presence or absence of aromatase in a biological
sample comprising:

a) contacting the biological sample obtained from the subject that may or may
not contain aromatase with a substrate comprising a signaling moiety; wherein
aromatase modifies the substrate and wherein modification of the substrate by
aromatase produces a signal from the signaling moiety; and

b) detecting the signal produced from the signaling moiety;
wherein the signal produced indicates the presence of a dysfunctional endocrine
system in the subject.

112. The method of claim 111, wherein the signaling moiety is a signaling moiety
chosen from an enzyme, a fluorophore, a chromophore, a protein, a peptide, a
chemiluminescent substance, a quencher, a Fluorescence Resonance Energy Transfer
(FRET) pair, a pre-enzyme, and a radiosotope

113. The method of claim 112, wherein the signaling moiety is a FRET pair.

114. The method of any one of claims 111 to 113, wherein the substrate further
comprises a separation moiety.

115. The method of claim 114, wherein the separation moiety is a separation
moiety chosen from an immunological binding agent, a magnetic binding moiety, a
peptide binding moiety, an affinity binding moiety, and a nucleic acid moiety.

116. The method of claim 114 or 115, further comprising separating modified
substrate from unmodified substrate.

117. The method of any one of claims 111, 111, or 114 to 116, wherein the
substrate is methosy-4-trifluoromethyl-coumarin (MFC).

118. The method of any one of claims 111 to 117, further comprising contacting the
biological sample with one or more inhibitors of non-specific protease activity.

119. The method of any one of claims 111 to 118, further comprising contacting the
biological sample with one or more activators of aromatase.

120. The method of claim 119, wherein the activator is Na;SOa.
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121. A method for detecting the presence or absence of prostate cancer in a subject
by detecting the presence or absence of prostate specific antigen (PSA) in a biological
sample comprising:

a) contacting the biological sample obtained from the subject that may or may
not contain PSA with a substrate comprising a signaling moiety; wherein PSA
modifies the substrate and wherein modification of the substrate by PSA produces a
signal from the signaling moiety; and

b) detecting the signal produced from the signaling moiety;
wherein the signal produced indicates the presence of prostate cancer in the subject.
122. The method of claim 121, wherein the signaling moiety is a signaling moiety
chosen from an enzyme, a fluorophore, a chromophore, a protein, a peptide, a
chemiluminescent substance, a quencher, a Fluorescence Resonance Energy Transfer
(FRET) pair, a pre-enzyme, and a radiosotope
123. The method of claim 122, wherein the signaling moiety is a FRET pair.

124. The method of any one of claims 121 to 123, wherein the substrate further
comprises a separation moiety.

125. The method of claim 124, wherein the separation moiety is a separation
moiety chosen from an immunological binding agent, a magnetic binding moiety, a
peptide binding moiety, an affinity binding moiety, and a nucleic acid moiety.

126. The method of claim 124 or 125, further comprising separating modified
substrate from unmodified substrate.

127. The method of any one of claims 121 to 126, wherein the substrate comprises
an amino acid sequence chosen from:

HSSKLQ (SEQ ID NO.: 15);

QFYSSN (SEQ ID NO.: 16);

GAGLRLSSYY-SGAG (SEQ ID NO.: 17); or

SSIYSQTEEQ (SEQ ID NO.: 18).

128. The method of any one of claims 121 to 127, further comprising contacting the
biological sample with one or more inhibitors of non-specific protease activity.

129. The method of any one of claims 121 to 128, further comprising contacting the
biological sample with one or more activators of PSA.

130. The method of claim 129, wherein the activator is Na;SOa.
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131. A method for detecting the presence or absence of a dysfunction in a
biological cascade in a subject by detecting the presence or absence of an enzyme that
participates in the biological cascade comprising:

a) providing the biological sample from the subject that may or may not
contain the enzyme;

b) providing an array of test reactions by contacting in each test reaction the
biological sample with a substrate comprising a signaling moiety; wherein the enzyme
modifies the substrate comprising the signaling moiety, and wherein modification of
the substrate comprising the signaling moiety by the enzyme produces a signal from
the signaling moiety;

¢) detecting the signal produced by the signaling moiety in the test reactions;

d) wherein the signal produced in the test reactions indicates the presence of a
dysfunction in the biological cascade in the subject.

132. The method of claim 131, wherein the signaling moiety is a signaling moiety
chosen from an enzyme, a fluorophore, a chromophore, a protein, a peptide, a
chemiluminescent substance, a quencher, a Fluorescence Resonance Energy Transfer
(FRET) pair, a pre-enzyme, and a radiosotope

133. The method of claim 132, wherein the signaling moiety is a FRET pair.

134. The method of any one of claims 131 to 133, wherein the substrate further
comprises a separation moiety.

135. The method of claim 134, wherein the separation moiety is a separation
moiety chosen from an immunological binding agent, a magnetic binding moiety, a
peptide binding moiety, an affinity binding moiety, and a nucleic acid moiety.

136. The method of claim 134 or 135, further comprising separating modified
substrate from unmodified substrate.

137. The method of any one of claims 131 to 136, further comprising contacting the
biological sample with one or more inhibitors of non-specific protease activity.

138. The method of any one of claims 131 to 137, further comprising contacting the
biological sample with one or more activators of the enzyme participating in the
biological cascade.

139. The method of any one of claims 131 to 138, wherein the enzyme modifies the
substrate comprising the signaling moiety by cleaving the substrate comprising the

signaling moiety.
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