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(57) ABSTRACT

Methods of determining levels of unbound metabolites are
disclosed. Probes derived from fatty acid binding protein
muteins are described that bind preferentially to a number of
unbound metabolites including oleate, stearate, linoleate,
palmitate, arachidonate and unconjugated bilirubin. A profile
for a patient is determined using one or more of the described
probes. The profile is useful in diagnosis of disease, particu-
larly myocardial infarction, non-alcoholic fatty liver disease
(NAFLD), diabetes, stroke, sepsis and neonatal jaundice. The
responses of multiple probes to a test sample are used to
classify the degree of acute coronary syndrome by compari-
son to multi-probe profiles generated from unstable angina,
non ST elevation myocardial infarction, and ST elevation
myocardial infarction.
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USE OF PROBES FOR UNBOUND
METABOLITES

RELATED APPLICATIONS

[0001] This application claims priority to U.S. Application
No. 60/958,344 filed Jul. 5, 2007, U.S. Application No.
60/899,231 filed Feb. 2, 2007, and U.S. Application No.
60/854,879, filed Oct. 27, 2006. All of the above-referenced
applications are incorporated herein by reference.

STATEMENT REGARDING FEDERALLY
SPONSORED R&D

[0002] This work was supported in part by Roadmap Grant
No. R33DK070314 and SBIR Grant No. R43DK073535
from the National Institute of Health. Consequently, the U.S.
government may have certain rights to this invention.

REFERENCE TO SEQUENCE LISTING

[0003] A sequence listing is included at the end of the
specification.
BACKGROUND OF THE INVENTION
[0004] 1. Field of the Invention
[0005] Theinventionrelates to diagnostic methods to deter-

mine disease state, nutritional state, or effect of therapy by
measurement of one or more unbound metabolites by mea-
suring a fluorescence change upon binding to one or more
probes. Preferably, the probes are fluorescently labeled
muteins of intracellular lipid binding proteins (iLBP).
[0006] 2. Description of the Related Art

[0007] Metabolomics is advancing rapidly as a result of
new technologies and the expanding interest in systems biol-
ogy (Goodacre, R. (2005) Metabolomics—the way forward,
Metabolomics 1, 1-2) This advance is being driven by the
recognition that physiologic phenotype is essentially a reflec-
tion of the metabolic profile, and therefore, metabolic profil-
ing should provide an accurate representation of the states of
health and disease. The activity of a given metabolite is fre-
quently dictated by its solubility as a “free” or unbound mol-
ecule in aqueous bodily fluids. For many metabolites the
unbound concentration represents a small fraction of the total,
with most of the total metabolite bound in carrier complexes.
Total metabolite concentrations are typically measured, but it
is the unbound metabolite that interacts with targets such as
protein receptors and cell membranes (for example, Sorren-
ting, D., et al. (1989) At physiologic albumin/oleate concen-
trations oleate uptake by isolated hepatocytes, cardiac myo-
cytes, and adipocytes is a saturable function of the unbound
oleate concentration, J. Clin. Invest. 84, 1325-1333). A pro-
filing of unbound metabolite concentrations should therefore
provide the most accurate measure of physiologic health.
[0008] For example, profiling unbound rather than total
metabolites 1s especially relevant for the long chain free fatty
acids (FFA), which play major roles in signaling, macromo-
lecular structure and energy production. Long chain FFA are
sparingly soluble, yet act through extra- and intra-cellular
aqueous phases to bind to target macromolecules (Sorrentino,
et al. supra; Cupp, D., et al. (2004) Fatty acid:albumin com-
plexes and the determination of long chain free fatty acid
transport across membranes, Biochemistry 43, 4473-4481,
Kampf, I. P. et al. (2004) Fatty acid transport in adipocytes
monitored by imaging intracellular FFA levels, J. Biol. Chem.
279,35775-35780). In many instances, FFA-mediated signal-
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ing events can be abolished by adding fatty-acid-free bovine
serum albumin, which reduces the unbound FFA (FFA ) con-
centration without changing the total FFA concentration
(Poitout, V. (2003) The ins and outs of fatty acids on the
pancreatic beta cell, Trends Endocrinol. Metab 14, 201-203;
Kleinfeld, A. M, et al. (2005) Free fatty acid release from
human breast cancer tissue inhibits cytotoxic T lymphocyte-
mediated killing, J. Lipid Res. 46, 1983-1990). Total serum
concentrations of long chain FFA are in the millimolar range
while FFA-protein receptor binding affinities are in the nano-
molar range as are FFA , concentrations (Kampf, J. P, et al.
supra; Richieri, G. V., et al. (1993) Interactions of long chain
fatty acids and albumin: Determination of free fatty acid
levels using the fluorescent probe ADIFAB, Biochemistry 32,
7574-7580; Richieri, G. V., et al. (1994) Equilibrium con-
stants for the binding of fatty acids with fatty acid binding
proteins from intestine, heart, adipose, and liver; measured
with the fluorescence probe ADIFAB, J. Biol. Chem. 269,
23918-23930; Apple, F. S., et al. (2004) Unbound Free Fatty
Acid Concentrations Are Increased in Cardiac Ischemia,
Clinical Proteomics 1, 41-44). The hydrophobic nature of
FFA and low FFA,, concentrations have made it difficult to
measure FFA , in biological fluids, and thus, total FFA is
typically measured even though FFA-dependent signaling
events are triggered by unbound rather than total FFA con-
centrations.

[0009] More than 40 different species of FFA with widely
different biological activities have been identified in human
serum (Yli-Jama, P., et al. (2002) Serum free fatty acid pattern
and risk of myocardial infarction: a case-control study, J
Intern. Med. 251, 19-28). Striking examples of their different
biological activities include the induction of apoptosis in
various cell types by palmitate (16:0) but not oleate (18:1) (de
Vries, J. E., et al. (1997) Saturated but not mono-unsaturated
fatty acids induce apoptotic cell death in neonatal rat ven-
tricular myocytes, J. Lipid Res. 38, 1384-1394; Listenberger,
L. L., et al. (2001) Palmitate-induced apoptosis can occur
through a ceramide-independent pathway, J. Biol. Chem. 276,
14890-14895; Hickson-Bick, D. L., et al. (2002) Palmitate-
induced apoptosis in neonatal cardiomyocytes is not depen-
dent on the generation of ROS, Am. J. Physiol Heart Circ.
Physiol 282, H656-H664) and the inhibition of cytotoxic T
lymphocyte signaling by oleate (OA) but not palmitate (PA)
(Kleinfeld, et al. supra; Richieri, G. V. et al. (1989) Free fatty
acid perturbation of transmembrane signaling in cytotoxic T
lymphocytes,J. Immunol. 143,2302-2310). Inaddition, alter-
ations in the profile of total plasma FFA have been reported in
association with disease states (Yli-Jama, P., et al. supra;
Lorentzen, B., etal. (1995) Fatty acid pattern of esterified and
free fatty acids in sera of women with normal and pre-eclamp-
tic pregnancy, Brit. J. Obstetrics and Gynecology 102, 530-
537; Rodriguez de Turco, E. B., et al. (2002) Systemic fatty
acid responses to transient focal cerebral ischemia: influence
of neuroprotectant therapy with human albumin, J Neuro-
chem. 83, 515-524; Yli-Jama, P, et al. (2002) Serum non-
esterified very long-chain PUFA are associated with markers
of endothelial dysfunction, Atherosclerosis 164, 275-281,
Freedman, S. D, et al. (2004) Association of cystic fibrosis
with abnormalities in fatty acid metabolism, N. Engl. J. Med.
350, 560-569).

[0010] Plasma FFA , levels are a reflection of the FFA-
albumin binding equilibrium. The affinities of albumin for
different FFA can differ by more than 2 orders of magnitude
(Richieri, G. V., et al. (1993) supra; Spector, A. A. (1975)
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Fatty acid binding to plasma albumin, J. Lipid Res. 16, 165~
179), and therefore, the equilibrium FFA , profile will differ
from the total profile. FFA,, profiles have not been reported
previously because none of the available measurement tech-
niques can resolve the nanomolar quantities of individual
FFA,, in the FFA , mixtures present in aqueous biological
fluids. However, measurements of individual FFA,, and/or
average values for FFA  mixtures have been carried out pre-
viously using the acrylodan labeled fatty acid binding pro-
teins ADIFAB and ADIFAB2 (Apple, et al. supra; Richieri, G.
V. et al. (1995) Unbound free fatty acid levels in human
serum, J. Lipid Res. 36, 229-240).

DEFINITIONS

[0011] For purposes of the present disclosure, “fatty acids”
are non esterified carboxylated alkyl chains of 1-30 carbons
atoms which may exist as neutral (e.g. protonated, sodium or
potassium salt) or ionic species, depending upon the pH and
conditions of the aqueous media. “Free fatty acids (FFA)” are
equivalent to fatty acids and both terms refer to the totality of
FFA including those in aqueous solution as monomers plus
those that are not in solution (for example bound to other
macromolecules (proteins, membranes), cells or part of an
aggregate of FFA (micelles, soaps and other more complex
aggregates). FFA present as monomers in aqueous solution
(either charged or neutral) are referred to as “unbound free
fatty acids (FFAu)”.

[0012] For purposes of the present disclosure, “metabo-
lites” are physiologically important molecules whose
molecular weight is approximately 2000 Da or less. These
include molecules that occur naturally in the course of human
or animal physiology or pathophysiology, and drug mol-
ecules and their metabolic products and nutrient molecules
and their metabolic products. Similar to FFA and depending
upon their solubility, a fraction of each metabolite is present
as monomers in aqueous solution (either charged or neutral).
We refer to this fraction as the “unbound metabolite”.
[0013] For the purposes of the present disclosure, “probes”
are fluorescently labeled proteins that reveal a measurable
change in fluorescence upon binding to an analyte such as an
unbound metabolite, for example, an FFA, .

[0014] U.S. Pat. No. 5,470,714 and U.S. Pat. No. 6,444,
432, which are incorporated herein by reference, describe
probes for the determination of unbound free fatty acids
(FFAu). These probes were constructed using either native or
mutant forms of proteins from the Intracellular lipid binding
proteins (iLBPs) family that includes FABPs (Banaszak et al
(1994) Adv. Protein Chem. 45:89-151; Bernlohr et al (1997)
Ann. Rev. Nutrition, 17: 277-303). FABPs are intracellular
proteins of approximately 15 kDa molecular weight and have
a binding site that binds 1 or 2 FFA.

[0015] Fluorescently labeled fatty acid binding proteins
(probes) that display specificity for the 5 FFA that are among
the most abundant in human plasma (PA, OA, linoleate (LA),
stearate (SA) and arachidonate (AA)) and their use to gener-
ate metabolic profiles are described. These probes have suf-
ficient specificity and sensitivity to resolve individual FFA ,in
FFA, mixtures. The probes were constructed by labeling site-
specific mutants of the rat intestinal fatty acid binding protein
(rI-FABP, SEQ ID NO: 2) or the six histidine tagged [L72A
mutant of rl-FABP (SEQ ID NO: 4). A specific probe for
detection of unbound unconjugated bilirubin (UCB) is also
described. Profiles generated using these probes are useful in
detection and monitoring of human diseases, including but
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not limited to, cardiac dysfunction, especially myocardial
infarction and liver disorders, especially neonatal jaundice or
hyperbilirubinemia.

SUMMARY OF THE INVENTION

[0016] Embodiments of the invention are directed to a
methods of determining a sample response profile of one or
more probes of unbound metabolites in body fluids for a test
individual which includes one or more of the following steps:

[0017] obtaining a body fluid sample from the test indi-
vidual,
[0018] measuring a sample response for each of the one or

more probes to the body fluid sample to generate a sample
response profile; and

[0019] applying a statistical classification analysis to deter-
mine the probability that the sample response profile corre-
sponds to a state different from a state of a preselected control
population.

[0020] In some embodiments, the preselected control
population includes individuals without disease symptoms
and the test individual is a patient presenting with symptoms
of the disease. In some alternate embodiments, the prese-
lected control population includes individuals who have not
been treated with a test drug and the test individual is an
individual who has been treated with the test drug. In some
alternate embodiments, the preselected control population
includes individuals who have not been administered with
test nutrients and the test individual is an individual who has
been administered with test nutrients.

[0021] In preferred embodiments, the body fluid is whole
blood, blood plasma, blood serum, urine, cerebrospinal fluid
(CSF), saliva, gastric juices, bile, amniotic fluid, breast milk,
seminal fluid, interstitial fluid, synovial fluid, plant sap or
lymph.

[0022] In preferred embodiments, the statistical classifica-
tion analysis is a mathematical method for classifying results
into distinct groups, which is used to determine the probabil-
ity that the response profile corresponds to the state of the
preselected control population. Preferably, the statistical clas-
sification analysis method is principal component analysis,
discriminant analysis, decision trees, logistic regression, sup-
port vector machines, k-nearest neighbors, classification
analysis based on Bayesian decision theory, analysis based on
artificial neural networks techniques or a mathematical
method for pattern recognition or for classifying metabolo-
mic results.

[0023] In preferred embodiments, the unbound metabolite
is an unbound free fatty acid (FFA), or free unconjugated
bilirubin (UCB),

[0024] In preferred embodiments, the one or more probes
include at least two probes which are proteins labeled with a
fluorophore that generate a fluorescence change upon binding
unbound metabolites. In preferred embodiments, the proteins
are intestinal lipid binding protein muteins. More preferably,
the proteins are fatty acid binding protein muteins. Yet more
preferably, the fatty acid binding protein muteins are selected
from ADIFAB2 (I.72A mutein relative to SEQ ID NO: 2) and
fatty acid binding proteins that have mutations in at least two
positions which include position 14,18, 21,31, 38,72, 73,78,
102, 106, 115, and 117 relative to the L72A mutein of the rat
Intestinal-FABP shown as SEQ 1D NO: 2. In a most preferred
embodiment, the combination of probes includes at least two
selected from L1PS8H2, [L.2P22G6, L10 P7A4, L11P7B3,
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L13P7B4, L18P5G12 and ADIFAB2. In preferred embodi-
ments, the fluorophore is acrylodan.

[0025] Inpreferred embodiments, the unbound metabolites
are associated with a carrier macromolecule, whereby the
carrier macromolecule complexes with the unbound metabo-
lite. Preferably, the carrier macromolecule is albumin, lipid
binding proteins, lipid vesicles or cyclodextrins. More pref-
erably, the carrier macromolecule is human serum albumin
(HSA) or bovine serum albumin (BSA).

[0026] In preferred embodiments, the method includes the
step of comparing a fluorescence index, which may include
changes in intensity, ratio of intensities at two excitation
and/or emission wavelengths, polarization and/or lifetime of
the probes for the body fluid sample compared to the prese-
lected control population. Preferably, the fluorescence indi-
ces obtained are analyzed by cluster analysis and/or by dis-
criminant analysis to obtain a diagnosis. In preferred
embodiments, the method further includes analyzing the
fluorescence indices obtained by pattern recognition to obtain
a diagnosis.

[0027] Embodiments of the invention are directed to where
the sample response for each of the one or more probes is
calculated as AR/Ro, or the logarithm of AR/Ro and where R
is the fluorescence emission ratio (I55,/1,5,) in plasma, Ro is
the fluorescence ratio of the probe with no fatty acids-present,
and AR is the difference between R and Ro.

[0028] Embodiments of the invention are directed to where
the sample response for each of the one or more probes is
calculated as AR/(Rmax-R), or the logarithm of AR/(Rmax-
R) and where R is the fluorescence emission ratio (I55y/1,5,)
in plasma, AR is the difference between R and Ro, Ro is the
fluorescence ratio of the probe with no fatty acids present, and
Rmax is the fluorescence ratio (I55,/1,5,) of the probe when
the probe is saturated with FFA.

[0029] In preferred embodiments, the fluorescence indices
are analyzed by pattern classification methods or by discrimi-
nant analysis to obtain a diagnosis.

[0030] In preferred embodiments, the body fluid sample is
from a patient with symptoms of cardiac dysfunction, non-
alcoholic fatty liver disease (NAFLD), stroke, sepsis, or dia-
betes and the preselected control population is one or more
individuals without symptoms of cardiac dysfunction, non-
alcoholic fatty liver disease (NAFLD), stroke, sepsis, or dia-
betes. Preferably, the cardiac dysfunction is acute coronary
syndrome. In a preferred embodiment, the method includes
one or more of the following steps:

[0031] withdrawing a fluid sample from the patient;

[0032] contacting the fluid sample with at least two
probes which are L1P8H2, L2P22G6, L10P7A4,
L11P7B3, L13P7B4, L18P5G12 or ADIFAB2;

[0033] measuring the change in fluorescence of the
probes;

[0034] determining the binding of at least two FFAu in
the fluid sample from the measured change in fluores-
cence;

[0035] comparing the probe binding in the sample to
probe binding in a normal population, without symp-
toms of cardiac dysfunction, non-alcoholic fatty liver
disease (NAFLD), stroke, sepsis, or diabetes using sta-
tistical classification analysis; and

[0036] correlating the probe binding with the presence or
absence of cardiac dysfunction, non-alcoholic fatty liver dis-
ease (NAFLD), stroke, sepsis, or diabetes in the patient.

Mar. 11, 2010

[0037] Preferred embodiments of the invention are directed
to methods to determine the concentration of free unconju-
gated bilirubin (UCB,) in body fluids of a mammal which
include one or more of the following steps:

[0038]

[0039] contacting the body fluid with a probe capable of
binding to UCB and

[0040] determining the level of UCB, by measuring
binding to the probe and comparing to a standard.

[0041] In preferred embodiments, the body fluid is blood
plasma. In preferred embodiments, the probe is a fatty acid
binding protein mutein. Preferably, the FABP mutein is
L24P19C7 which has the following mutations with reference
to the L72A mutein of rat Intestinal Fatty Acid Binding Pro-
tein (SEQ ID NO: 4): Y14R M18L L38V V60R A72L. A73F
R106C Q115R and Y117D. In preferred embodiments, the
mammal is a human.

[0042] Embodiments of the invention are directed to a sub-
strate which includes a support and an array on the support
with two or more probes. In preferred embodiment, the
probes are L1P8H2, 1.2P22G6, L10P7A4, L11P7B3,
L13P7B4, L18P5G12, .24P19C7 and/or ADIFAB2 attached
to the support. Preferably, each probe is provided in duplicate
pairs on the support. In preferred embodiments, the support is
aslide, dish or multiwell plate. Most preferably, the support is
a multiwell plate and the two or more probes are attached to
different wells of the multiwell plate by Ni-His tag interac-
tion. Embodiments of the invention are directed to a kit which
includes the substrate with a support and array with two or
more probes as described above and at least two FFAu stan-
dards.

[0043] Embodiments of the invention are directed to a
method of diagnosing a coronary dysfunction, non-alcoholic
fatty liver disease (NAFLD), stroke, sepsis, or diabetes
including one or more of the following steps:

[0044]

[0045] contacting the blood sample with one probe from
the probes on the substrate described above;

[0046] determining a fluorescence index for each probe;

[0047] comparing the fluorescence index for each probe
bound to the blood sample with the fluorescence index
for each probe not bound to blood sample to obtain a
change in fluorescence index;

[0048] analyzing the change in fluorescence index for
each probe by cluster or classification analysis by com-
parison to a control population that does not have coro-
nary dysfunction, non-alcoholic fatty liver disease
(NAFLD), stroke, sepsis, or diabetes; and

[0049] diagnosing coronary dysfunction, non-alcoholic
fatty liver disease (NAFLD), stroke, sepsis, or diabetes
in the mammal.

[0050] In preferred embodiments, the diagnostic methods
as described are applied to mammals, preferably humans.

[0051] Embodiments of the invention are directed to meth-
ods for diagnosis of different degrees of acute coronary syn-
dromes (ACS) by comparing a sample response profile to
classifying functions determined from multi-probe profiles of
patients with different degrees of ACS. In preferred embodi-
ments, the classification functions are determined from
patients with unstable angina, non ST elevation myocardial
infarction and/or ST elevation myocardial infarction.

withdrawing a body fluid from the mammal;

obtaining a blood sample from a mammal;
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[0052] Further aspects, features and advantages of this
invention will become apparent from the detailed description
of the preferred embodiments which follow.

BRIEF DESCRIPTION OF THE DRAWINGS

[0053] These and other features of this invention will now
be described with reference to the drawings of preferred
embodiments which are intended to illustrate and not to limit
the invention.

[0054] FIG. 1 shows that measurements with multiple
probes improves sensitivity relative to measurements with
ADIFAB2 alone in the detection of cardiac dysfunction in
TIMI II patients. The left panel shows the distribution of
discriminant scores for measurements with ADIFAB2 only
and the right hand panel with the 7 probes of Table 1.

[0055] FIG. 2 shows [.24P19C7 measurement of [UCB/ in
adult plasma spiked with UCB (average [HSA]~6.5 uM). The
model values were calculated using a K =19 nM and
[HSA]=6.5 uM.

[0056] FIG. 3 shows correlation between free/unbound
unconjugated bilirubin (UCB,) and total serum bilirubin
(TSB) for neonatal plasma. A strong correlation (R=0.966,
p<0.0001) s obsetrved forthe UCB and TSB data (squares) as
revealed by the linear fit (line).

[0057] FIG. 4 shows receiver operator curve (ROC) results
for [FFA, ] determined with ADIFAB2.

[0058] FIG. 5 shows ROCs from 7 probe discriminant
analysis.
[0059] FIG. 6 shows three group discriminant analysis of

Normals, Non-Alcoholic Steatohepatitis (NASH) and diabet-
ics.

[0060] FIG. 7 shows ROC curves that show that multiple
probes improve performance. Sensitivity and specificity data
were generated from TIMI and non-ACS populations. Com-
pared to ADIFAB2, the use of 7 probes improves sensitivity
and specificity, and increases the AUC from 0.76 to 0.95.
[0061] FIG. 8 shows that discriminant score is indicative of
type of ACS. EARLY samples were measured with 7 probes
and divided into quartiles with mean F1 scores of -0.81 (1),
0.26 (2), 0.71 (3), and 1.50 (4). The percent of MI patients
(remainder are unstable angina) in each quartile is shown. The
third quartile (*) is significantly (p=0.002) different from the
first quartile by logistic regression.

[0062] FIG. 9 shows disease-specific changes in the probe
response profile. Average normalized probe responses were
determined for Non-Alcoholic fatty liver disease (NAFLD),
Diabetes, Stroke, Sepsis and Cardiac diseases and healthy
subjects. FIG. 9 shows the average change (+standard error)
in probe response from healthy to each disease state. Multi-
variate analysis indicates that differences between all probe
profiles are significant (p<0.05).

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0063] Probes are proteins that have been ‘labeled’ through
the covalent addition of a fluorescent molecule (fluorophore)
to a specific site on the protein and that bind metabolites.
Probes have the characteristic that their fluorescence changes
in a measurable way when they bind metabolites. Different
probes are generated by mutating the starting (template) pro-
tein and labeling the mutated proteins (muteins) with a fluo-
rophore. The ability of each such probe to respond to a par-
ticular metabolite (or analyte) can then be assessed by
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measuring the change in fluorescence upon addition of
defined concentrations of the unbound metabolite. The fluo-
rescence responses to a set of defined metabolites constitutes
the “probe response profile” or the “response profile of the
probe” to that set of metabolites.

[0064] Inapreferred embodiment, a protein that is capable
of binding one or more unbound metabolites may be used as
a template for mutagenesis. In some preferred embodiments,
the protein capable of binding one or more unbound metabo-
lites includes intracellular lipid binding proteins (iL.BP),
serum albumins, acyl CoA binding proteins, phospholipid or
glycolipid binding proteins, retinol/retinoic acid binding pro-
teins, bile salt binding proteins, an antibody or a Fatty Acid
Binding Protein (FABP). The protein may bind fatty acids,
other metabolites or both fatty acids and other metabolites.
Besides unbound free fatty acids (FFA) and free (unbound)
unconjugated bilirubin (UCB),, possible metabolites include
but are not limited to molecules such as metabolites of FFA,
drugs, drug metabolites, hormones, prostaglandins, leukot-
rienes, sphingosine, sphingolipids, phospholipids, glycolip-
ids, metabolites of sphingolipids. phospholipids, glycolipids,
di and monoglycerols, cholesterol and cholesterol derivatives
and other steroids, lipid-soluble vitamins, bile salts such as
bilirubin, enzyme cofactors, retinoids such as retinoic acid
and retinal, heme and heme metabolites, amino acids, pep-
tides, carbohydrates and multivalent ions.

[0065] In more preferred embodiments, an FABP gene,
wild-type or mutant, is used as the initial template or starting
point for mutagenesis. A collection of mutant FABP clones is
generated from the template. In preferred embodiments,
mutation involves one or more amino acid substitutions in the
binding cavity or the helical cap of the FABP. In a preferred
embodiment, a mutant Rat Intestinal Fatty Acid Binding Pro-
tein (rI-FABP), which has approximately 130 amino acid
residues, was used as the starting point for the mutagenesis.

[0066] DNA and protein sequences for Fatty Acid Binding
Proteins (FABPs) are shown in the sequence listing. SEQ ID
NO: 1 shows the cDNA and amino acid sequences for the
wild-type rat intestinal Fatty Acid Binding Protein (rIFABP).
The rat fatty acid binding protein is post-translationally modi-
fied in the rat, with the modifications including the removal of
the N-terminal methionine and the acetylation of the “new”
N-terminal residue Ala. Protein sequences are numbered
starting with the first residue of the mature protein. Thus, Ala
is residue 1 in the corresponding protein shown as SEQ ID
NO: 2. In a preferred embodiment, the protein has a substi-
tution of the native leucine with alanine at position 72 and the
resulting probe is termed ADIFAB2.

[0067] SEQIDNO: 3 shows a preferred template rI-FABP-
L72A,E131D with a COOH-terminal affinity tag comprising
Argl32, Gly133 and 6 histidines according to the invention.
SEQ ID NO: 4 shows the corresponding protein sequence.

[0068] Any number of mutagenesis methods may be used
to generate a collection or “library” of mutants, said mutagen-
esis methods include but are not limited to error-prone PCR,
site-directed mutagenesis using defined or degenerate oligo-
nucleotides, splicing by overlap extension (SOE), gene shuf-
fling, or the use of mutator host strains. A preferred method is
oligo-directed PCR-based mutagenesis using SOE.

[0069] Mutant genes are introduced into an organism
capable of producing soluble protein from the mutant gene.
Any type of organism can be used as long as soluble protein
can be harvested from the lysed cells or the cell growth
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medium. The protein may be expressed in bacteria, yeast,
insect or other eukaryotic cells.

[0070] Protein purification is accomplished by incubating
lysate from each clone with a solid support to which the
protein is specifically bound with high affinity. The protein
may associate with a solid support by immobilizing antibod-
ies on the solid support, said antibodies having a high bind-
ing-affinity for the protein of interest.

[0071] Alternatively the protein may be “tagged” so that it
binds to the support material with high affinity. This includes
but is not limited to tagging with biotin, Flag-epitope or
c-myc epitope or HA-tag, glutathione-S-transferase (GST),
maltose binding protein (MBP), a chitin binding domain
(CBD), Thioredoxin, f-Galactosidase, VSV-Glycoprotein,
calmodulin binding protein, or a metal affinity tag such as a
6xHis tag. Preferably, the fusion partner does not change the
FABP metabolite binding properties. The specific association
of the affinity tag with the solid support material enables
single step purification of the protein of interest from the
lysate. The affinity tag(s) may be fused at either the NH2- or
COOH— termini or at both termini simultaneously. In a
preferred embodiment, a 6x Histidine tag was fused to either
the FABP NH,— or COOH— termini or at both termini
simultaneously without significantly changing the protein’s
fatty acid binding properties. These fusion proteins can be
reversibly immobilized on a solid support for protein purifi-
cation, delipidation and probe production.

[0072] In a preferred embodiment, the template FABP is
recombinant rat intestinal fatty acid binding protein (rl-
FABP). Derivatization with acrylodan is performed using
known methods substantially as previously described (U.S.
Pat. No. 5,470,714 which is incorporated by reference &
Richieri, G. V, et al., I. Biol. Chem., (1992) 276: 23495-
23501). The wavelength emitted by the fluorescently-labeled
FABP depends upon the fluorophore and protein used.

[0073] In one embodiment, the protein is purified and
delipidated by passing through various types of ‘standard’
purification matrices (i.e. size exclusion chromatography, ion
exchange chromatography, hydrophobic interaction chroma-
tography (HIC)). The resulting purified and delipidated pro-
tein then undergoes a buffer exchange process to place it in
the fluorophore reaction buffer. After the labeling reaction,
the labeled protein is subjected to several HIC chromatogra-
phy steps to remove unreacted fluorophore.

[0074] Inan alternate embodiment, the muteins are affinity
purified and left on the affinity purification matrix, essentially
making the protein part of the solid phase. Chemical func-
tionalities required for delipidation, labeling, and removal of
unreacted label are passed over the protein/solid phase.

[0075] In preferred embodiments, the protein variants are
labeled with acrylodan while still bound to the solid support.
However other fluorescent labels may also be used such as but
not limited to danzyl aziridine, 4-[N-[(2-10doacetoxy)ethyl]-
N-methylamino]-7-nitrobenz-2-oxa-1,3-diazole ester (IAN-
BDE), and 4-[N-[(2-iodoacetoxy ethyl]-N-methylamino-7-
nitrobenz-2-oxa-1,3-diazole (TANBDA). Other protein
probes that bind unbound metabolites such as unbound FFA
and that change their fluorescence upon binding may also be
used including, but not limited to, albumin. Albumin with a
fluorescent label such as 7-hydroxycoumarin or anthraniloyl
changes its fluorescence upon binding FFA (Demant, E, Anal.
Biochem. (1999) 267:366-372, Massey, J. B., et al Biophys. J.
(1996) 72:1732-1743). Any fluorescent label may be used in
the practice of the invention as long as a measurable differ-
ence may be detected upon binding of a free fatty acid or other
analytes.
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[0076] ADIFAB2 is rI-FABP that has Ala substituted for
Leu at position 72 (rI-FABP-L72A). The wavelength at the
maximum intensities emitted by fluorescently-labeled
I-FABP’s in the absence of FFA is about 420 to 480 nm. The
emission wavelengths at the maximum intensities emitted by
fluorescently-labeled I-FABP’s with FFA bound is about 495
to 580 nm. Experiments typically involve measuring the fluo-
rescence response within both emission maxima or at wave-
lengths for which the effect of interfering molecules such as
hemoglobin can be eliminated as described in U.S. Pat. No.
6,999.173 which is incorporated herein by reference, and
calculating the ratio ‘R’ of the two fluorescence intensities.
The baseline value for this ratio, measured in the absence of
analyte, is designated Ro.

[0077] The probes described according to some embodi-
ments of the invention have altered specificity for different
FFAu or other unbound metabolites relative to ADIFAB2.
Altered specificity refers to an alteration in the fluorescence
change that occurs when the probe is exposed to different
unbound metabolites or different molecular species of FFAu
(for example different chain lengths and/or different numbers
of double bond and/or different rotational isomers about a
given double bond and/or different locations of double
bonds.) For example, ADIFAB2 might reveal, when exposed
to aparticular FFAu1 at a concentration of [FFAu1], a change
(AR1) in the value of the ratio R relative to Ro. Exposing
ADIFAB2 to n different such FFAu would reveal a set of
responses, {ARi} AR1i, AR2i,. .. ARni. This set of responses
{ARi} is defined as the “response profile for probe i also
termed “probe i response profile”. A different probe with
altered specificities would possess a different set of responses
to the same set of n FFAu and concentrations; {ARj}=AR1j,
AR2j, . . . ARnj. Therefore {ARj} is the response profile for
probe j. With sufficient numbers of different probes possess-
ing different responses it is possible by measuring the
response of each probe to a sample containing mixtures of
different FFAu and/or different unbound metabolites, to
determine the concentration of each different FFAu and/or
other unbound metabolites (see for example Example 1 and
Huber, H. A., et al (2006) Fatty acid-specific fluorescent
probes and their use in resolving mixtures of different
unbound free fatty acids in equilibrium with albumin Bio-
chemistry 45, 14263-14274). The set of responses for N dif-
ferent probes obtained in a single sample s containing an
unknown mixture of different metabolites is {AR*}s=AR’,
AR?, ... AR" and {AR*}s s defined as the “sample s response
profile” or the “response profile of sample s”. AR?, AR refer
to the response profiles of probes 1 and 2, respectively.
Because different states of health and disease might alter the
distribution of different FFAu and/or different unbound
metabolites in a variety of body fluids including but not lim-
ited to whole blood, blood plasma, blood serum, urine, cere-
brospinal fluid (CSF), saliva, gastric juices, interstitial fluid,
synoidal fluid or lymph, such a determination provides valu-
able information about health status. In addition, such mea-
surements would provide valuable tools for basic research
and drug discovery.

[0078] A collection of N probes with distinct signaling
properties can be used to determine in a sample the set of
responses each normalized to the Ro value of the probe. this
is a first sample s1 response profile normalized to Ro: {AR*/
Ro*}s1=(AR'/Ro’, AR*/Ro®, . . . ARYRo™)s1 for the N
probes in a mixture of unbound metabolites. The number of
probes, N may be any number, in a preferred embodiment is
1,2,3,4,5,6,7,8,9, or 10 probes although more than 10
probes may be used. In some preferred embodiments, at least
2 probes are used. This response profile will be characteristic
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of the mixture of unbound metabolites in a particular sample
s1 so that a different sample s2 with a different mixture would
yield a different response profile. That is, {AR*/Ro*}s2=
(AR*/Ro', AR*Ro?, . .. ARM/Ro™)s2.

[0079] A collection of probes with distinct signaling prop-
erties can be used to determine the concentrations of different
unbound metabolites in a mixture, for example the concen-
trations of different unbound free fatty acids in a mixture.
Thus, an unbound metabolite and/or an unbound free fatty
acid profile can be determined for an individual. The most
complete profile for fatty acids is the enumeration of the
concentrations of each of the unbound free fatty acids in a
mixture. This type of profile will require at least N different
probes for n fatty acids, where N is greater than or equal to n.
Less detailed, but very informative profiles, such as the enu-
meration of the fractions of different fatty acid classes, can be
determined with fewer distinct probes (N probes for n
classes). Classes of unbound free fatty acids include satu-
rated, unsaturated, monounsaturated, polyunsaturated, short
chain, medium chain, long chain and very long chain. In a
preferred embodiment, the concentration of each type of
unbound FFA in a mixture is determined. In another preferred
embodiment, the fraction of unbound FFA that are unsatur-
ated is determined. In another preferred embodiment, the
fraction of FFAu that are monounsaturated is determined. In
another preferred embodiment, the fraction of FFAu that are
polyunsaturated is determined. In another preferred embodi-
ment, the fraction of FEAu that are saturated is determined. In
another preferred embodiment, the fraction of FFAu that are
short chain (4-8 Carbon length) is determined. In another
preferred embodiment, the fraction of FFAu that are medium
chain (10-14 Carbon length) is determined. In another pre-
ferred embodiment, the fraction of FFAu that are long chain
(164 Carbon length) is determined. In another preferred
embodiment, the fraction of FFAu that are very long chain
(20+ Carbon length) is determined. In a preferred embodi-
ment, levels of palmitate, oleate, stearate, linoleate and
arachidonate are determined to obtain an unbound metabolic
profile for an individual. Such determinations are used to
generate, for any individual, a profile of unbound FFA that
may be useful in the diagnosis of disease and the determina-
tion of risk factors for disease. Such diseases include but are
not limited to cardiac disease or dysfunction, stroke, NAFLD,
sepsis, neurological diseases such as dementia and Alzhe-
imer’s disease, diabetes, inflammatory diseases and certain
cancers.

[0080] In preferred embodiments of the invention, the
sample used for the determination of unbound FFA is a fluid
sample derived from a human, an animal or a plant. Prefer-
ably, the fluid is whole blood, blood plasma, blood serum,
urine, CSF, saliva, gastric juices, interstitial fluid, lymph or
plant sap. In some embodiments, unbound metabolites such
as unbound FFA are extracted from tissue samples by means
known in the art. In other embodiments the determination of
unbound metabolites such as unbound FFA is performed
within the cytoplasm of a cell by microinjecting or otherwise
transfecting the probes into cells. Unbound metabolites
include but are not limited to unbound FFA, metabolites of
FFA, drugs, drug metabolites, hormones, prostaglandins, leu-
kotrienes, sphingosine, sphingolipids, phospholipids, gly-
colipids, metabolites of sphingosine, sphingolipids, phospho-
lipids, glycolipids, and di and monogylcerides, cholesterol
and cholesterol derivatives and other steroids, lipid-soluble
vitamins, bile salts, enzyme cofactors, retinoids such as ret-
inoic acid and retinal, heme and heme metabolites, amino
acids, peptides, carbohydrates and multivalent ions. As dis-
cussed above, classes of unbound free fatty acids include
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saturated, unsaturated, monounsaturated, polyunsaturated,
short chain, medium chain and long chain FFA.

[0081] A normal range for a given unbound metabolite is
determined from a healthy population and deviations from
this normal range may indicate disease. For example, elevated
levels of unbound FFA are indicative of cardiac disease.
Embodiments are directed to determination of a unbound
metabolic profile for an individual using more than one probe
to determine levels of more than one unbound metabolite.
Unbound metabolic profiles from a normal, healthy popula-
tion are determined. Deviations from a normal unbound
metabolic profile are indicative of disease, nutrient defi-
ciency, exposure to toxins or carcinogens and the like.

[0082] In one embodiment the sample response profile
{AR*Ro*}s is determined in a fluid sample from a population
of individuals that does not have an ischemic condition to
define the distribution of normal sample response profiles.
The sample response profiles are generated using probes
shown in Table 1 below. In one embodiment if the sample
response profiled in a body fluid taken from a patient is
significantly different than from the normal sample response
profile obtained from the normal population, then an ischemic
condition is indicated. Depending upon the number of differ-
ent probes used and the characteristics of each of the probes,
the sample response profile in a sample of body fluid may be
converted into a collection of concentrations of unbound
metabolites. In one embodiment, the sample response profile
is the collection of concentrations for a set of FFAu. Statistical
methods are then applied to compare profiles of the test group
to profiles obtained from control patients.

[0083] Inoneembodiment, any assay that provides an indi-
cation of the level of at least two unbound free fatty acids
(FFA,) in body fluid relative to an asymptomatic population
may be used to detect an ischemic condition. Normal values
for each FFAu are determined from a population that does not
have an ischemic condition. In one embodiment, if the levels
of two or more FFA , in a body fluid are significantly different
than the concentration of those two or more FFA | in the body
fluid of a control population that does not have an ischemic
condition, then an ischemic condition is indicated.

[0084] In some embodiments, probes produced as
described above are used to determine the effect of a drug on
a known unbound metabolic profile, more generally, the
sample response profile. The unbound metabolic profile is
determined for a test population which may be a normal or
non-normal population such as a diseased population. For
example, a metabolic profile may be determined for a dis-
eased test population. The diseased test population could then
be treated with a drug for a predetermined period of time. The
unbound metabolic profile is then redetermined for the test
population after drug treatment to observe the effect of the
drug on the unbound metabolic profile. In some cases, a
change in the unbound metabolic profile may be undesirable,
for example, if testing a drug for toxicity and/or unwanted
side effects. In other embodiments, a change in metabolic
profile may indicate the effectiveness of the drug tested.

[0085] Insome embodiments, a drug therapy in a diseased
patient is monitored using one or more probes prepared
according to the invention. For example, a body fluid may be
withdrawn from the patient. Binding of an unbound metabo-
lite indicative of a disease may be tested using at least one
probe as described herein to generate a response profile. An
abnormal level of one or more unbound metabolites is an
indicator of a disease state. For example, elevated free fatty
acids are risk factors and indicators of cardiovascular disease;
deficiencies in vitamins B6 and folic acid have also been
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associated with cardiovascular disease and cancer. Levels of
the unbound metabolites may be measured or monitored
according to the invention.

[0086] In addition to diagnosing the presence of disease,
levels of unbound metabolites may predict risk of future
deleterious events. Moreover, these unbound metabolites, at
sufficient levels, may themselves mediate cellular effects that
resultin deleterious outcomes. For example, a large long term
study of apparently healthy men revealed that increasing lev-
els of total serum free fatty acids (FFA), although within the
normal range, were associated with an increased risk of sud-
den death 22 years later. It was speculated that this increased
rate of death was a consequence of FFA induced cardiac
arrhythmias. In another example, use of the combination of
glucose-insulin-potassium (GIK) in patients suffering from
acute myocardial infarcts, produced a significant reduction in
mortality relative to patients who did not receive GIK. One
theory for this beneficial effect is the reduction in serum total
FFA produced by GIK. Thus there is a need to be able to
monitor unbound metabolites to evaluate longer term risk of
disease.

[0087] Insome embodiments, the sample response profile
or the unbound metabolic profile may be used to determine
the effect of specific nutrients on an individual. An unbound
metabolic profile may be used to indicate a nutrient defi-
ciency.

[0088] Insomeembodiments, a unbound metabolic profile
may be used to classify individuals into different categories
having different susceptibilities to different drugs and/or
nutrients. In preferred embodiments, principal component or
other statistical classification methods may be used to cluster
unbound metabolite profiles into defined groups.

Probe for Free Unconjugated Bilirubin (UCB)).

[0089] Neonatal jaundice caused by hyperbilirubinemia
occurs in 60-70% of newborns. (Dennery P A, Rhine W D and
Stevenson D K. Clin Pediatr (Phila) 34: 103-107, 1995).
Hyperbilirubinemia significantly increases the risk of neuro-
logic damage the most severe form of which (kernicterus) can
lead to irreversible brain damage and death. Therefore those
neonates at risk for severe hyperbilirubinemia need to be
identified. Current diagnostic techniques commonly measure
total serum levels of conjugated and unconjugated bilirubin
(UCB), but only unconjugated hyperbilirubinemia is associ-
ated with kernicterus and other forms of neurologic dysfunc-
tion. Only free (not bound to serum albumin) otherwise des-
ignated “unbound” UCB determines risk of bilirubin
neurotoxicity. The free UCB (UCB,) provides a more accu-
rate assessment of the risk of neurologic dysfunction than the
total serum bilirubin in part because a variety of factors lead
to sharp increases in UCB, without significant changes in
UCB (Funato M, Tamai H, Shimada S and Nakamura H.
Vigintiphobia, unbound bilirubin, and auditory brainstem
responses. Pediatrics 93: 50-53, 1994) for much the same
reasons that FFAu is more sensitive to changes in homeostasis
than is total FFA. Therefore, a method to accurately and easily
determine the UCB, concentration in the clinical setting is
needed.

[0090] A simple and rapid assay for [UCB/ determination
is described. A UCB-specific probe was developed through a
process of iterative mutations and high throughput screening
of fluorescently labeled fatty acid binding proteins. This
probe can detect physiologic concentrations (nanomolar) of
UCB,in plasma and is insensitive to a number of potential
interfering ligands, including free fatty acids. This assay can
be used for the detection of UCB,in plasma for the diagnosis
of neonatal hyperbilirubinemia, for the study of bilirubin
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neurotoxicity and for improving the implementation of pho-
totherapy in neonates undergoing treatment for hyperbiliru-
binemia.

[0091] The methods and probes described herein may be
used to a) diagnose disease, b) monitor treatment therapies, ¢)
assess nutritional challenges, d) assist in drug development
by monitoring metabolite changes in cells and test animals to
discover unwanted effects at early stages in development and
e) profile demographic groups to assess differences in their
susceptibility to different diseases, therapies, nutritional
changes and environmental perturbations. The described
methods and probes measure the level of the unbound (aque-
ous soluble) fraction, which is where many, if not most,
physiologic changes and effects occur.

Statistical Analysis

[0092] Any method of statistical analysis may be used
which allows classification of data into distinct groups. Such
methods include but are not limited to methods of regression
analysis, principal component analysis, discriminant analy-
sis, and classification analysis based on Bayesian decision
theory. Software programs are available to carry out these
analyses, for example SPSS or XLSTAT, an Microsoft Excel
add in.

EXAMPLES
Example 1

Resolving FFA  Profiles in Mixtures of FFA and
Albumin

[0093] As a first step towards the determination of blood
plasma FFA  profiles, 6 specific probes which are muteins of
SEQ ID NO: 4 were used to profile mixtures of 4 and 5 FFA
in equilibrium with bovine serum albumin (BSA) (Table 1).
Because there is no independent method to determine FFA
concentrations, we also calculated the expected profiles from
the known amounts of FFA and BSA used to generate the
mixtures. These calculations required binding constants for
each BSA-FFA interaction and a new BSA-binding model.
Our measurements indicate that, to a good approximation, the
binding of each of the FFA to BSA can be described in terms
of a single class of 6 to 7 independent sites. Using this simple
model, we have calculated FFA  profiles for mixtures of 4 and
5 FFA in equilibrium with BSA and compared these predic-
tions to FFA  profiles measured with our probes. Good agree-
ment was found between these two independent profiling
methods (Table 2).

TABLE 1

Mutations present in ADIFAB2 relative to 1I-FABP (SEQ ID NO: 2)
(line 7) and mutations present in the other probes (lines 1-6)
relative to SEQ ID NO: 4.

D Mutations

L1P8 H2 Y14M 1L38M A72W

1.2P22 G MI18IG31Y A73G

L10P7 A4 Y14L M18L G31Y A73LY117A
L11P7 B3 M21F 178V L1102V

113P7 B4 R106W Q115C

1.18P5 G12 Y14R M18L A721. A73F Y117D
ADIFAB?2 L72A
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TABLE 2
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FFA,, distributions determined in mixtures of 5 fatty acids with BSA ¢

1:1:1:1:1 20:25:30:15:10 25:20:33:19:3
Experiment Model Experiment Model Experiment Model
FFA, X FFA, FFA, X FFA, X TFFA, X TFA,
M) (o) M) () @M) (%) M) (%) @M) (%) @M) (%)
AA 0.200 22 0191 21 0.170 19 0.191 21 0259 27 0249 26
LA 0.183 20 0.189 21 0.235 26 0236 26 0201 21 0196 21
OA 0.106 12 0175 19 0.230 25 0262 29 0254 27 0299 32
PA 0.253 28 0.182 20 0.190 21 0.136 15 0207 22 0179 19
SA 0.164 18 0.170 19 0.085 9 0.085 9 0028 3 0026 3
Total 0.907 0.907 0.910 0.910 0.949 0.949
AA 0.727 23 0.737 23 0.776 24 0.748 23
LA 0.659 21 0.707 22 0.820 25 0.896 27
OA 0.622 20 0573 18 0930 28 0.868 27
PA 0.706 22 0.633 20 0535 16 0480 15
SA 0464 15 0531 17 0.203 6 0.268 8
Total 3.18 3.18 3.26 3.26
AA 6.22 32 5.63 29 5.52 29 5.39 28
LA 4.71 24 4.94 25 6.25 32 591 31
OA 251 13 2.89 15 3.76 20 4.16 22
PA 3.20 16 3.64 19 235 12 2.62 14
SA 2.93 15 2.46 13 1.37 7 1.18 6
Total  19.6 19.6 19.3 19.3

“Experimental FFA, values were determined from three different mixtures (1:1:1:1:1, 20:25:30:15:10 and
235:20:33:19:3) of AA, LA, OA, PA and SA by analyzing the measured probe responses. The mixture ratios
shown in the first line of the table indicate the relative volume ratios of the FFA:BSA complexes used to
prepare the mixtures and these are roughly the final FFA,, ratios observed in the mixtures. Except for the
23:20:33:19:3 (0.9 nM), three concentrations of total FFA,, (0.9, 3.2 and 20 nM) were used for each distri-
bution. Model values of the FFA,; concentrations, where i designates a particular FFA in the mixture, were
calculated using a single class binding model. Also shown is the fraction of each FFA,; in the mixture (X in

%).

[0094] To our knowledge, no other method has been
reported for determining the FFA , distribution in a mixture of
FFA. Although methods exist to measure the distribution of
total (albumin bound and unbound) FFA, this profile differs
considerably from the FFA , profile because of differences in
FFA-BSA binding affinities. This difference is illustrated in
Table 3 where the measured and model-predicted FFA , dis-

tributions are shown with the predicted and experimentally
determined total FFA distributions for two of the mixtures of
Table 2. These results reveal, for example, that similar FFA,,
values for SA and AA can only be achieved when the total SA
concentration is substantially higher than the total AA con-
centration, as expected from the difference in SA and AA
binding affinities.

TABLE 3

FFA,, and total FFA distributions of two mixtures of 5 fatty acids with BSA.®

L:1:1:1:1 20:25:30:15:10
Experiment Model Experiment Model
Total Total Total Total
FTA, FFA TTA, TFFA TTA, FFA TTA,, FFA
M) X% M) X% M) X% M) X% @M X% M) X% M) X% M) X%
AA 073 23 115 10 074 23 22 11 078 24 115 11 075 23 124 1
LA 066 21 169 15 o071 22 171 15 08 25 212 20 090 27 217 20
OA 0.62 20 267 24 057 18 262 24 093 28 400 37 087 27 406 38



US 2010/0062948 A1

TABLE 3-continued
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FFA, and total FFA distributions of two mixtures of 5 fatty acids with BSA.¢

1:1:1:1:1

20:25:30:15:10

Experiment Model Experiment Model
Total Total Total Total
FFA,, FFA FFA, FFA FFA, FFA FFA, FFA
mM) X% (M) X% @M) X% @M) X% @M) X% (M) X% @M) X% uM) X%
PA 0.71 2 240 21 0.63 20 219 20 0.54 16 180 17 048 15 167 15
SA 046 15 330 29  0.53 17 331 30 0.20 6 165 15 0.27 8 168 15
Total 3.2 1121 3.2 1108 33 1072 33 1082

“Experimental values of the total FFA profiles were determined from the amount of FFA that was used to make each FFA:BSA
complex. The mixture ratios shown in the first line of the table indicate the relative volume ratios of the FFA:BSA complexes
used to prepare the mixtures and these are roughly the FFA, ; ratios observed in the mixtures. (Note that the total FFA concen-
trations are the concentrations before the mixtures were diluted 100 fold in Measurement Buffer.) Model values of the total

FFA profiles were calculated from the single class BSA binding model.

[0095] In addition to its greater physiologic relevance, the
determination of the FFA , profile has a number of important
advantages over the total distribution methods, especially for
biologic fluids such as blood plasma. FFA , profiling using the
fluorescent probes, for example in blood plasma, requires
little sample preparation. In contrast, measuring the total FFA
distribution requires extensive procedures to extract and
separate the lipid components using organic solvents that can
themselves alter the FFA distribution. Probe-based measure-
ments require less sample because the measurements are
performed directly in 100-fold diluted plasma (Richieri, G.
V., et al. (1995) Unbound free fatty acid levels in human
serum, J. Lipid Res. 36,229-240; Richieri, G. V., et al. (1999)
The measurement of free fatty acid concentration with the
fluorescent probe ADIFAB: A practical guide for the use of
the ADIFAB probe, Mol. Cell. Biochem. 192, 87-94) and the
measurements are amenable to high throughput techniques
such as fluorescent scanning in multi-well plates. On the other
hand, probe specificity must be carefully investigated to
account for potential interferents in biologic fluids.

Example 2

Using Multiple Probes to Help Diagnose ST-Eleva-
tion Myocardial Infarction

[0096] Early detection of coronary dysfunction is often not
possible. For example, the ECG which is the primary early
diagnostic tool for acute coronary syndromes is less than 50%
sensitive. Thus a sensitive, accurate and rapid test for
ischemia is needed for the diagnosis and treatment of patients.
[0097] The magnitude of the sum of the different FFAu in
blood (total FFAu—measured with a single probe) increases
in patients with cardiac ischemia (see U.S. Pat. No. 6,750,030
which is incorporated herein by reference). The single-probe
measurements of FFAu in these previous studies were carried
out with ADIFAB or ADIFAB2 and the observed increase in
total FFAu was shown to be diagnostic of cardiac ischemia.

[0098] In order to see whether metabolic profiling could
provide a diagnostic measurement with greater sensitivity
and selectivity, blood samples from the TIMI 11 trial (blood
repository of the National Heart Lung Blood Institute of the
NIH) and 146 healthy volunteers (normals) were used to
determine if changes in the profile of different metabolites is
significantly different in patients with cardiac ischemia as

compared to individuals without cardiac ischemia. The
ischemic blood samples were from 250 TIMI 11 trial enrolled
patients with ST segment myocardial infarction who pre-
sented to the emergency department within 4 hours of symp-
tom. Patient samples were collected upon arrival in the emer-
gency department. All samples were measured with
ADIFAB2 and with 6 additional probes (Table 1). FFAu
levels measured with ADIFAB2 were elevated in TIMI 11
patients compared to normals with a sensitivity of 71% (using
the normals 95% cutoff). However measurements of the
sample response profiles of the same samples with the 7
probes of Table 1 yielded an improved 83% sensitivity by
discriminant analysis (FIG. 1). These results indicate that
there are metabolic profile differences, most likely FFAu
profile differences that are significantly different in normals
and MI patients.

Example 3
Analysis Using Bayesian Decision Theory

[0099] Blood samples from 146 healthy controls and 447
TIMI II patients were measured with ADIFAB2 and 6 addi-
tional probes (Table 1) as described in Example 2.

[0100] Table 4 shows the results using a classifier to sepa-
rate these 2 groups derived from two-group Bayesian deci-
sion theory using the sample response profiles {ARo*/Ro*}s
for each of these 7 probes.

TABLE 4

Percentage of samples classified correctly using
Bayesian decision theory with 7 probes. All calculations were

performed with XT.STAT, an Excel add-in for statistical analysis.

Healthy Group MI
Group (Specificity) (Sensitivity)
Training Set 83.1% 90.4%
Testing Set 85.7% 91.7%
[0101] Table 5 shows the specificity and sensitivity for each

of the 7 probes of Table 1 used alone to analyze the blood
specimens from the same individuals used for the results
shown in Table 4. These results demonstrate that using mul-
tiple probes greatly improves the accuracy of detecting car-
diac ischemia relative to any of the seven probes used alone.
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TABLE 5

Specificity and sensitivity of each probe.

Healthy Group MI Group
Probe (Specificity) (Sensitivity)
L1P8 H2 83.6% 77.5%
L2P22 G6 95.9% 71.6%
L11P7 B3 89.0% 79.4%
L13P7 B4 94.5% 64.7%
L10P7 A4 93.8% 72.5%
L18P5 G112 92.5% 72.9%
ADIFAB2 93.8% 72.5%

Example 4

Using a Probe for UCB for Titration of UCB,in
Adult Samples

[0102] Adult Plasma—Investigations of the effects of FFA
on our UCB probes are necessary because the probes are
constructed from FABP mutants and FFA are abundant in
plasma. Interference testing of every possible component of
plasma, however, is not feasible. Therefore UCB, was mea-
sured in samples of diluted plasma, from 6 healthy adult
donors, titrated with UCB. Because the [UCB/] is determined
by the UCB:HSA ratio, the [HSA] of each plasma sample was
measured using a Bromcresol Green Albumin Determination
Kit from Sigma-Aldrich. HSA concentrations were similar
for all samples and ranged from 620 to 680 Plasma [FFA, ]
was measured with ADIFAB2 and ranged from 1.0t0 3.6 nM.
The L.24P19C7 probe at 0.5 uM was used to measure [UCB/
in 1% plasma (i.e., 6.2 to 6.8 uM HSA) titrated with UCB
(FIG. 2). This probe has the following mutations with refer-
ence to rat Intestinal Fatty Acid Binding Protein (SEQ ID NO:
4):Y14R M18L L38V V60R A721 A73F R106C Q115R and
Y117D. Without the addition of UCB, all samples yielded a
[UCB{ of nearly zero, in good agreement with the 0 to 1 nM
[UCB{ expected for a healthy adult. This result suggests that
adult plasma is free of interference that would inflate probe-
based [UCB/ estimates. In addition, all samples showed a
monotonic increase in [UCB/] with the addition of UCB,
strongly suggesting that the probe correctly responds to UCB,
in plasma. Indeed, the increase was consistent with the
change in [UCB/ predicted using the equilibrium-binding
model, confirming the accuracy of the probe in plasma.

Exaniple 5

Using a Probe for UCB, for Detection of Hyperbi-
lirubinemia in Neonates

[0103] Plasma samples from 8 jaundiced neonates were
tested. Blood samples were collected via heel stick and cen-
trifuged to obtain plasma for clinical total serum bilirubin
(TSB) measurements. Plasma from these blood samples was
frozen at -80° C. and later used for UCB, measurements.
Duplicate measurements of 100-fold dilutions of 15 pL
plasma were performed for each sample using 0.5 uM of the
L24P19C7 probe. Comparison of these UCB, measurements
with the clinically determined TSB values reveals an excel-
lent correlation (R=0.966, p<0.0001) between the two mea-
surements (FIG. 3). These results are consistent with the
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UCB-spiked adult plasma experiments and show that
L24P19C7 can accurately measure [UCB, in neonatal
plasma.

Example 6

Use of Multiple Probes to Diagnose Non Alcoholic
Fatty Liver Disease and Diabetes

[0104] Non alcoholic fatty liver disease (NAFLD) is an
increasingly important medical problem because of the rap-
idly increasing population of overweight and obese individu-
als. Estimates place the frequency of NAFLD occurrence at
20% of obese individuals and it’s estimated that 30% of the
US population is obese. Patients with NAFLD can progress
from simple steatosis to end stage cirrhosis. However, diag-
nosing the early stage is difficult because there are often no
symptoms and confirmation of the disease requires a liver
biopsy. Therefore a non-invasive and inexpensive means of
accurately diagnosing NAFLD is an important unmet medi-
cal problem.

[0105] In this example we have determined the sample
response profiles {AR/Ro*}s of the 7 different probes of
Table 1 to determine if unbound free fatty acid (FFA) metabo-
lomics could be used to distinguish metabolic profiles of
Non-Alcoholic Steatohepatitis (NASH) patients from healthy
controls and patients with diabetes. Distinguishing NAFLD
and diabetes is important because most NAFLD patients also
suffer from type 2 diabetes.

[0106] For this example we compared the response of 7
probes in blood samples from the 146 normals of example 2,
with samples from 38 patients with NAFLD confirmed by
biopsy and 48 patients suffering from type 2 diabetes. The
response of the 7 probes yields a sample response profile for
each sample. We used the discriminant analysis (DA) method
of example 3, using the logarithm of the sample response
profiles {AR*/Ro*}s (o distinguish the 3 different physiologic
states.

[0107] First, total FFA , levels were measured in all samples
using ADIFAB2 as described (Richieri, GV, Kleinfeld, A M:
Unbound free fatty acid levels in human serum. J Lipid Res
36:229-240, 1995; Apple, F S, et al.: Unbound Free Fatty
Acid Concentrations Are Increased in Cardiac Ischemia.
Clinical Proteomics 1:41-44, 2004; U.S. Pat. Nos. 6,444,432
& 6,750,030, all incorporated by reference). The results
vielded total [FFA, | averages and standard deviations for the
normals, NASH and diabetes patients. The values were found
to be 1.4+0.6 nM for normals, 2.5+1.1 nM for NASH and
3.7£1.5 nM for diabetes. The increase in NAFLD and diabe-
tes is consistent with previous reports of increases in total
FFA. Discriminant analysis was applied to these results and
the receiver operator curve (ROC) for normals versus NASH
and NASH versus diabetes are shown in FIG. 4. The area
under the curve (AUC) was 0.85 and for NASH versus dia-
betes it was 0.78. For normals versus NASH this AUC yields
sensitivities and specificities of about 80% each while for
NASH versus diabetes an 80% sensitivity corresponds,
approximately, to a 70% specificity.

[0108] In a separate experiment, measurements of the
response of 7 different probes (Table 1), transformed as
In(AR/Ro), were the inputs used for discriminant analysis.
The multi-probe discriminant analysis results for normals
versus NASH and NASH versus diabetes yielded AUCs for
their respective ROCs of 0.974 and 0.998 (FIG. 5). These
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ROCs correspond to sensitivities and specificities of 92% and
89% for normals versus NASH and 96% and 97% for NASH
versus diabetes.

[0109] In addition to these 2 group discriminant analyses
we performed discriminant analysis for the 3 groups: nor-
mals, NASH and diabetes. The results indicate that discrimi-
nant analysis is capable of separating all 3 groups (FIG. 6).
These results indicate that the sample response profiles and
FFA,, profiles are highly accurate indicators of NAFLD and
diabetes.

Example 7

Multiple Probes Help Distinguish Acute Coronary
Syndrome (ACS) and Other Diseases that Elevate
FFA Level

[0110] Differences in the sample response profiles in blood
specimens of healthy individuals, subjects with non-ACS
diseases, and patients suffering from ACS were compared.
The source and number of samples within each subject group
are given in Table 6. All samples were measured using the
seven different probes of Table 5.

TABLE 6

Description and number of samples from each subject group.

Sample Group Group Size
Healthy 226
All Non-ACS Diseases includes the following 208
Non-alecholic fatty liver disease 38
Type 11 Diabetes 48
Stroke 67
Sepsis 55
ACS 416
[0111] In this example we used the following nonlinear

quantity to define the probe response in each sample as
(R-RV(R,,..~R), where R is the fluorescence ratio (I5s,/
1,5,) in plasma, R , is the ratio with no fatty acids present, and
R, 1s the ratio when the probe is saturated with FFA.
Sample response profiles {(R*:-RF Y(R* -Rf)} were
obtained by measuring each plasma sample with each of the
seven probes. Differences between the sample profiles in
control and TIMI groups were exploited to design a classifier
that distinguished between all non-ACS (healthy and disease)
and ACS populations. Two-group (non-ACS and TIMI
patients) Bayesian decision theory was used to construct this
classifier (Duda R O, Hart P E and Stork D G. Patterrn Clas-
sification. John Wiley & Sons, Inc., 2001). The class-condi-
tional probability for the two groups was calculated using the
distribution of response profiles within the two populations.
Samples from both groups were set aside to construct the
classifier, and the rest of the samples were tested once the
optimum classifier was found.

[0112] In this analysis 400 samples (204 controls and 196
MI patients) of the 850 total samples were randomly set aside
as a test set and the remaining 450 (230 non-ACS and 220 MI
patients) were used as the training set to calculate the class-
conditional probability density functions. Approximately
90% of samples in each group were classified correctly
(specificity and sensitivity) using the derived classification
functions and the results were similar for the training and
testing sets (Table 7). Comparable results were obtained with
other testing sets chosen randomly from the same total
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sample pool. This demonstrates that the classification func-
tions are robust across different data sets.

TABLE 7

Percentage of samples classified correctly using Bayesian
decision theory with 7 probes. All calculations were performed with
XILSTAT, an Fxcel add-in for statistical analysis.

Non-ACS MI
Group (Specificity) (Sensitivity)
Training Set 87.0% 90.9%
Testing Set 88.7% 90.8%

[0113] In addition to the single specificity and sensitivity
values, we also generated receiver operating characteristic
(ROC) curves for the Bayesian 7 probe analysis and each
individual probe. The ROC curves show the entire range of
sensitivity and specificity values, and the area under the ROC
curve (AUC) provides a single value measure of the overall
diagnostic performance of a test. As can be seen from FIG. 7,
the Bayesian classifier derived from the 7 probe analysis
performs much better than the single ADIFAB2 probe, with
substantially better sensitivity at high specificity (low
[1-specificity]). Moreover, the 7 probe Bayesian classifier
significantly outperforms all individual probes as reflected in
the AUC values, which range from 0.72 to 0.82 for the single
probes as compared to 0.95 for the multiple probe method.
[0114] ACS is considered a spectrum of diseases ranging
from unstable angina to non-ST-segment elevation MI
(NSTEMI) to ST-segment elevation MI (STEMI), the most
severe form of ACS. We investigated whether our probe mea-
surements are consistent with a continuum of severity. The
sample response profiles from the non-ACS and TIMI 11
samples were used to generate a Fisher linear discriminant
function (Duda R O, Hart P E and Stork D G. Pattern Classi-
fication. John Wiley & Sons, Inc., 2001). Based on the con-
tinuous values of the Fisher discriminant function, a sample
canbe identified as being from an MI or non-ACS patient. The
discriminant function generated from the TIMI IT population,
which is comprised only of STEMI patients, can be used to
predict the diagnosis of EARLY patients, which were
unstable angina and NSTEMI only.

[0115] We measured 309 baseline EARLY samples with
the same 7 probes used to generate the non-ACS versus TIMI
1T Fisher discriminant function and, using that function, cal-
culated the discriminant score (F1) for each EARLY sample.
The samples were then divided into quartiles based on the
discriminant score. As shown in FIG. 8, quartile 1 (mean
F1=-0.81) had the fewest MI patients (56%) and quartile 3
(mean F1=0.71) had the most (79%). The difference was
statistically significant (p=0.002) by logistic regression.
Interestingly, the F1 values for quartiles 1 and 3 are closest to
the mean F1 values for the non-ACS (-0.81) and TIMI 1I
(0.85) populations, respectively. The results of FIG. 8 indi-
cate that the discriminant function derived from the non-ACS
and TIMI I populations canbe used to 1) identify any type of
MI patient and 2) stratify patients for likelihood of MI versus
unstable angina (reversible ischemia). Furthermore, the
applicability of the TIMI II derived discriminant function to
other types of ACS patients implies that cardiac ischemia in
general has a specific metabolic signature that can be detected
with our FFA, probes.

[0116] The classification results indicate that the pattern of
probe responses for plasma from M1 patients differs from the
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response pattern for plasma from non-ACS subjects. To illus-
trate this difference, a normalized probe response profile was
calculated for each sample from Table 2. Each probe response
was normalized by dividing by the square root of the sum of
each squared response. From these values, the mean profile
for each disease was determined and subtracted the mean
healthy profile from each disease profile. The resulting profile
differences indicate the change in relative response of each
probe from a healthy to a given disease state (FIG. 9). For
example, the relative response from L10P7A4 is less for
non-alcoholic fatty liver disease (NAFLD) than for healthy

donors, but it is greater for all other diseases. Multivariate
analysis of variance indicates that all diseases are statistically
different from healthy donors and each other (p<0.05), sug-
gesting that each disease has a specific FFA , profile signature.
[0117] Itwill be understood by those of skill in the art that
numerous and various modifications can be made without
departing from the spirit of the present invention. Therefore,
it should be clearly understood that the forms of the present
invention are illustrative only and are not intended to limit the
scope of the present invention.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 4
<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

SEQ ID NO 1

LENGTH: 399

TYPE: DNA

ORGANISM: Rattus norvegicus
FEATURE:

NAME/KEY: CDS

LOCATION: (1)...(399)

protein ¢DNA sequence
<400> SEQUENCE: 1

aat
Asn

tac
Tyr
10

act
Thr

atg gca ttt gat ggc
Met Ala Phe Asp Gly
1 5

aaa
Lys

gta
Val

tgg
Trp

cgg
Arg

tte
Phe

att
Ile

aay
Lys

atyg
Met

aaa
Lys

atyg
Met

aac
Asn
25

gty
Val

gty
Val

gag
Glu
20

gge
Gly

aayg
Lys

cat
His

ate
Ile

get
Ala

gac
Asp
35

aac
Asn

ttg
Leu

aaa
Lys

ctyg
Leu

acy
Thr
40

aca
Thr

cay
Gln

gaa
Glu
45

aca
Thr

tea
Ser

tte
Phe

att
Ile

gte
Val
50

aaa
Lys

gaa
Glu

age
Ser

aac
Asn
55

cga
Arg

aac
Asn

gat
Asp

gtt
Val

cte
Leu
65

ttt
Phe

tat
Tyr

cta
Leu

gte
Val

agt
Ser

gat
Asp
75

gge
Gly

gac
Asp

gee
Ala
70

geca
Ala

gga
Gly

ace
Thr

ace
Thr

aat
Asn

aaa
Lys

ctt
Leu
90

ttg
Leu

atg
Met
85

gtt
Val

999
Gly

gag
Glu

gga
Gly

gga

Gly Lys

aat
Asn

att
Ile

gta att

Val

gac
Asp

ctg
Leu

get
Ala
105

gte
Val

gga
Gly
100

aag
Lys

gag
Glu

cga
Arg

gag
Glu

cta
Leu

ate
Ile
115

caa
Gln

ace
Thr

tac
Tyr

aca
Thr

tat
Tyr
120

gaa
Glu

gaa
Glu

gtg
Val

gga
Gly

gag
Glu

gee

125

ttt
Phe

aag
Lys
130

aag
Lys

gaa tag

«210>
<211>
<212>
«213>
«220>
<221>
«222>
«223>

SEQ ID NO 2

LENGTH: 131

TYPE: PRT

ORGANISM: Rattus norvegicus
FEATURE:

NAME/KEY: PEPTIDE

LOCATION: (1)...(131)

OTHER INFORMATION: wild-type rat intestinal fatty

gag

Glu

agg
Arg

gga
Gly

aca
Thr

aaa

Ile

Ala

acid binding

aac tat gaa 48
Asn Tyr Glu
15
aag ctt gga 96
Lys Leu Gly
30
aat aaa tte 144
Asn Lys Phe
gty ttt gaa 192
Val Phe Glu
gaa ctc act 240
Glu Leu Thr
80
tte aaa cgt 288
Phe Lys Arg
95
tet ggt aac 336
Ser Gly Asn
110
aag cgc atce 384
Lys Arg Ile
399

OTHER INFORMATION: wild-type rat intestinal fatty acid binding
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-continued

protein
<220> FEATURE:
<221> NAME/KEY: ACETYLATION
<222> LOCATION: (1)...(1)

<400> SEQUENCE: 2

Ala Phe Asp Gly Thr Trp Lys Val Asp Arg Asn Glu Asn Tyr Glu Lys
1 5 10 15

Phe Met Glu Lys Met Gly Ile Asn Val Val Lys Arg Lys Leu Gly 2la
20 25 30

His Asp Asn Leu Lys Leu Thr Ile Thr Gln Glu Gly Asn Lys Phe Thr
35 40 45

Val Lys Glu Ser Ser Asn Phe Arg Asn Ile Asp Val Val Phe Glu Leu
50 55 60

Gly Val Asp Phe Ala Tyr Ser Leu Ala Asp Gly Thr Glu Leu Thr Cly
65 70 75 80

Thr Trp Thr Met Glu Gly Asn Lys Leu Val Gly Lys Phe Lys Arg Val
85 90 85

Asp Asn Gly Lys Glu Leu Ile Ala Val Arg Glu Ile Ser Gly Asn Glu
100 105 110

Leu Ile Gln Thr Tyr Thr Tyr Glu Gly Val Glu Ala Lys Arg Ile Phe
115 120 125

Lys Lys Glu
130

<210> SEQ ID NO 3

<211> LENGTH: 426

<212> TYPE: DNA

<213> ORGANISM: Rattus norvegicus

<220> FEATURE:

<221> NAME/KEY: mutation

<222> LOCATION: (1)...(426)

<223> OTHER INFORMATION: rat intestinal fatty acid binding protein DNA
sequence coding for substitution of alanine for
leucine at position 72

<223> OTHER INFORMATION: 3' terminus codes for a 6his tag

<400> SEQUENCE: 3

atggcatttg atggecacttg gaaagtagac cggaatgaga actatgaaaa gttcatggag 60
aaaatgggca ttaacgtggt gaagaggaag cttggagetce atgacaactt gaaactgacg 120
atcacacagg aaggaaataa attcacagtc aaagaatcaa gcaacttecg aaacattgat 180
gttgtgtttg aacteggegt cgactttgec tatagtgetg cagatggaac agaactcacce 240

ggtacctgga caatggaggg asataaactt gttggaaagt ttaaacgtgt agacaatgga 300

aaggagctga ttgetgteceg agagatttet ggtaacgaac taatccagac ctacacatat 360
gaaggagtgg aggccaagcg gatctttaag aaggaccgeg gtcatcatca ccatcatcac 420
tagtaa 426

<210> SEQ ID NO 4

<211> LENGTH: 139

«<212> TYPE: PRT

<213> ORGANISM: Rattus norvegicus

<220> FEATURE:

<221> NAME/KEY: MUTAGEN

<222> LOCATION: (72)...(72)

<223> OTHER INFORMATION: rat intestinal fatty acid binding protein with
alanine substitution for leucine at position 72 and Glu 131 to
Asp subsitition.
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-continued

<223> OTHER INFORMATION: COOH-terminal affinity tag comprising Argl32,

Glyl33 and 6 histidines

<400> SEQUENCE: 4

Ala Phe Asp Gly Thr Val Asn Glu Asn

1 5

Trp Lys Asp Arg

10

Phe Met Glu Met Ile Val

25

Lys Asn Val

20

Gly Lys Arg Lys

Thr Ile

40

Thr Gln Glu Asn

45

Asn Leu Leu

35

Asp Lys Gly

Val Glu Phe

55

Ile Val

60

Lys Ser Ser Asn Asn Val

50

Arg Asp

Gly
65

Val Asp Phe Ala Tyr Ser Ala Ala Thr Glu

70

Asp Gly

75
Thr Thr

Met Glu

85

Val
90

Trp Gly Asn Lys Leu Gly Lys Phe

Glu Ile Ala Val

105

Asp Asn Gly Lys Leu Glu Ile Ser

100

Arg

Ile Gln

115

Thr Thr Glu

120

Leu Tyr Tyr Gly Val Glu Ala Lys

125

His His His Hig Hig

135

Lys Lys His

130

Asp Arg Gly

Tyr

Leu

30

Lys

Phe

Leu

Lys

Gly

110

Arg

Glu
15

Lys

Gly Ala

Phe Thr

Glu Leu

Thr Gly

80

Arg Val

95

Glu

Ile Phe

1. A method of determining a sample response profile of
one or more probes of unbound metabolites in body fluids for
a test individual comprising:

obtaining a body fluid sample from the test individual;

measuring a sample response for each of the one or more
probes to the body fluid sample to generate the sample
response profile; and

applying a statistical classification analysis to determine
the probability that the sample response profile corre-
sponds to a state different from a state of a preselected
control population.

2. The method of claim 1, wherein the preselected control
population comprises individuals without disease symptoms
and the test individual is a patient presenting with symptoms
of the disease.

3. The method of claim 1, wherein the preselected control
population comprises individuals who have not been treated
with a test drug and the test individual is an individual who
has been treated with the test drug.

4. The method of claim 1, wherein the preselected control
population comprises individuals who have not been admin-
istered with test nutrients and the test individual is an indi-
vidual who has been administered with test nutrients.

5. The method of claim 1, wherein the body fluid is selected
from the group consisting of whole blood, blood plasma,
blood serum, urine, CSF, saliva, gastric juices, bile, amniotic
fluid, breast milk, seminal fluid, interstitial fluid, synovial
fluid, plant sap and lymph.

6. The method of claim 1, wherein the statistical classifi-
cation analysis is a mathematical method for classifying
results into distinct groups, which is used to determine the
probability that the response profile corresponds to the state
of the preselected control population.

7. The method of claim 6, wherein the statistical classifi-
cation analysis method is principal component analysis, dis-
criminant analysis, decision trees, k-nearest neighbors, logis-
tic regression, support vector machines, classification
analysis based on Bayesian decision theory, analysis based on
artificial neural networks techniques or a mathematical
method for pattern recognition or classifying metabolomic
results.

8. The method of claim 1, wherein the unbound metabolite
is an unbound free fatty acid (FFA) or free unconjugated
bilirubin (UCB),

9. The method of claim 1, wherein the one or more probes
comprise at least two probes which are proteins labeled with
a fluorophore that generate a fluorescence change upon bind-
ing unbound metabolites.

10. The method of claim 9, wherein the proteins are intra-
cellular lipid binding protein muteins.

11. The method of claim 9, wherein the proteins are fatty
acid binding protein muteins.

12. The method of claim 9, wherein the proteins are intes-
tinal fatty acid binding protein muteins.

13. The method of claim 9, wherein the fluorophore is
acrylodan.

14. The method of claim 12, wherein the fatty acid binding
protein muteins are selected from ADIFAB2 (L72A mutein
relative to SEQ ID NO: 2) and fatty acid binding protein
muteins comprising mutations in at least two positions
selected from the group consisting of 14, 18, 21, 31, 38, 72,
73,78,102, 106, 115, and 117 relative to the L72A mutein of
the rat Intestinal-FABP shown as SEQ ID NO: 2.

15. The method of claim 1, wherein the one or more probes
comprise at least two selected from L1P8H2, L2P22G6,
L10P7A4, L.11P7B3, L13P7B4, L18P5G12 and ADIFAB2.



US 2010/0062948 A1

16. The method of claim 1, wherein measuring a sample
response comprises comparing a fluorescence index, com-
prising changes in intensity, ratio of intensities at two excita-
tion and/or emission wavelengths, polarization and/or life-
time of the probes for the body fluid sample to the preselected
control population.

17. The method of claim 16, further comprising analyzing
the fluorescence indices by pattern classification or discrimi-
nant analysis methods to obtain a diagnosis.

18. (canceled)

19. The method of claim 1, wherein the sample response
for each of the one or more probes is calculated as AR/Ro, or
the logarithm of AR/Ro and wherein R is the fluorescence
emission ratio (I554/1,5,) in plasma, R, is the fluorescence
ratio of the probe with no fatty acids present, and AR is the
difference between R and Ro.

20. The method of claim 1, wherein the sample response
for each of the one or more probes is calculated as AR/
(Rmax-R), or the logarithm of AR/(Rmax-R) and wherein R
is the fluorescence emission ratio (Is5,/1,5-) in plasma, AR is
the difference between R and Ro, R, is the fluorescence ratio
of the probe with no fatty acids present, and Rmax is the
fluorescence ratio (I55./1,5,) of the probe when the probe is
saturated with FFA.

21. The method of claim 19, further comprising analyzing
the fluorescence indices by pattern classification or discrimi-
nant analysis methods to obtain a diagnosis.

22. The method of claim 20, further comprising analyzing
the fluorescence indices by pattern classification or discrimi-
nant analysis to obtain a diagnosis.

23. The method of claim 16, wherein the body fluid sample
is from a patient with symptoms of cardiac dysfunction, non-
alcoholic fatty liver disease (NAFLD), stroke, sepsis or dia-
betes and the preselected control population is one or more
individuals without symptoms of cardiac dysfunction, non-
alcoholic fatty liver disease (NAFLD), stroke, sepsis or dia-
betes.

24. A method of screening a patient for cardiac dysfunc-
tion, non-alcoholic fatty liver disease (NAFLD), stroke, sep-
sis or diabetes comprising:

withdrawing a fluid sample from the patient;

contacting the fluid sample with at least two probes

selected from the group consisting of LI1P8H2,
L2P22G6, L10P7A4, L11P7B3, L13P7B4, L18P5G12
and ADIFAB2;
measuring the change in fluorescence of the probes;
determining the binding of at least two FFAu in the fluid
sample from the measured change in fluorescence;

comparing the probe binding in the sample to probe bind-
ing in a normal population, without symptoms of cardiac
dysfunction, non-alcoholic fatty liver disease (NAFLD),
stroke, sepsis or diabetes using statistical classification
analysis; and

correlating the probe binding with the presence or absence

of cardiac dysfunction, non-alcoholic fatty liver disease
(NAFLD), stroke, sepsis or diabetes in the patient.

25. The method of claim 24, wherein the cardiac dysfunc-
tion is acute coronary syndrome.

26. A method to determine the concentration of free uncon-
jugated bilirubin (UCB)) in body fluids of a mammal which
comprises:
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withdrawing a body fluid from the mammal;
contacting the body fluid with a probe capable of binding to
UCB; and

determining the level of UCB by measuring binding to the

probe and comparing to a standard.

27. The method of claim 26, wherein the body fluid is blood
plasma.

28. The method of claim 26, wherein the probe is a fatty
acid binding protein mutein.

29. The method of claim 28, wherein the FABP mutein is
L.24P19C7 which has the following mutations with reference
to rat Intestinal Fatty Acid Binding Protein mutein (SEQ ID
NO: 4): YI4R M1SL L38V V60R A721. A73F R106C Q115R
and Y117D.

30. The method of claim 26, wherein the mammal is a
human.

31. A substrate comprising

a support; and

an array on the support comprising two or more probes

selected from the group consisting of LI1P8H2,
L2P22G6,L10P7A4, L11P7B3, L13P7B4, L18P5G12,
[.24P19C7, and ADIFAB2 attached to the support.

32. The substrate of claim 31, wherein each probe is pro-
vided in duplicate pairs on the support.

33. The substrate of claim 31, wherein the support is aslide,
dish or multiwell plate.

34. The substrate of claim 31, wherein the support is a
multiwell plate and the two or more probes are attached to
different wells of the multiwell plate by Ni-His tag interac-
tion.

35. A kit comprising the substrate of claim 31 and at least
two FFAu standards.

36. A method of diagnosing a coronary dysfunction, non-
alcoholic fatty liver disease (NAFLD), stroke, sepsis or dia-
betes comprising:

obtaining a blood sample from a mammal;

contacting the blood sample with each probe from the

probes on the substrate of claim 31;

determining a fluorescence index for each probe;

comparing the fluorescence index for each probe bound to

the blood sample with the fluorescence index for each
probe not bound to blood sample to obtain a change in
fluorescence index;

analyzing the change in fluorescence index for each probe

by cluster or classification analysis by comparison to a
control population that does not have coronary dysfunc-
tion, non-alcoholic fatty liver disease (NAFLD), stroke,
sepsis or diabetes; and

diagnosing coronary dysfunction, non-alcoholic fatty liver

disease (NAFLD), stroke, sepsis or diabetes in the mam-
mal.

37. The method of claim 36, wherein the mammal is
human.

38. A method for diagnosis of different degrees of acute
coronary syndromes (ACS) by comparing a sample response
profile to classifying functions determined from multi-probe
profiles of patients with different degrees of ACS.

39. The method of claim 38, wherein the classification
functions are determined from patients with unstable angina,
non ST elevation myocardial infarction and/or ST elevation
myocardial infarction.
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