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ABSTRACT 

The small molecule pro?les of cells are compared to identify 
small molecules Which are modulated in altered states. 

Cellular small molecule libraries, methods of identifying 
tissue sources, methods for treating genetic and non-genetic 
diseases, and methods for predicting the ef?cacy of drugs are 
also discussed. 
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METHODS FOR DRUG DISCOVERY, DISEASE 
TREATMENT, AND DIAGNOSIS USING 

METABOLOMICS 

RELATED APPLICATIONS 

[0001] This application claims priority to US. Provisional 
Application Ser. No. 60/239,340, entitled “Methods for 
Drug Discovery, Disease Treatment, and Diagnosis Using 
Metabolomics” ?led on Oct. 11, 2000; US. Provisional 
Application Ser. No. 60/239,541, entitled “Methods for 
Drug Discovery, Disease Treatment, and Diagnosis Using 
Metabolomics” ?led on Oct. 10, 2000; US. Provisional 
Application Ser. No. 60/197,117, entitled “Small Molecule 
Pro?les of Cells and Methods Of Use Thereof,” ?led on Apr. 
14, 2000; and US. Provisional Application Ser. No. 60/ 197, 
085, entitled “Cellular Small Molecule Libraries,” ?led on 
Apr. 14, 2000. The entire contents of each of the aforemen 
tioned applications are hereby incorporated herein by refer 
ence. 

BACKGROUND OF INVENTION 

[0002] Living organisms are autonomous chemical sys 
tems Which include diverse sets of small molecules. Small 
molecules found in living systems include, for example, 
sugars, fatty acids, amino acids, nucleotides, and interme 
diates of metabolic and signaling pathWays. Sugars are a 
primary source of chemical energy for cells. The cells break 
the sugars doWn through a series of oxidative reactions to 
small sugar derivatives and, ultimately, CO2 and H20. Fatty 
acids used for both energy storage and as major components 
of cellular membranes. Amino acids are the building blocks 
of proteins. Nucleotides are involved in intracellular signal 
ing, energy transfer, and as the monomers of the information 
macromolecules, RNA and DNA. 

[0003] The cellular small molecules are, generally, com 
posed of six elements (C, H, N, O, P, S). If Water is excluded, 
carbon compounds comprise a large majority of the cellular 
small molecules. The cellular small molecules repeatedly 
use certain distinctive chemical groups, such as methyl 
(CH3), carboxyl (COOH) and amino (NH2) groups. 

[0004] Generally, most cellular small molecules are syn 
thesiZed from and broken doWn to the same basic com 
pounds. Synthesis and metabolism occurs through 
sequences of controlled chemical reactions, catalyZed by 
enZymes. Most of the metabolic reactions of the cell occur 
in the cytoplasm, Which contains many distinctive 
organelles. For example, the mitochondria are responsible 
for respiration and energy production. Mitochondria are the 
“poWer plants” of eukaryotic cells, harnessing energy con 
tained by combining oxygen With metabolites to make ATP. 
Other organelles of the cell include the Golgi apparatus, a 
system of stacked, membrane bound, ?attened sacs involved 
in modifying, sorting and packaging of macromolecules for 
secretion or for delivery to other organelles. The endoplas 
mic reticulum (ER) is a series of ?attened sheets, sacks, and 
tubes of membrane extending throughout the cytoplasm of 
eukaryotic cells. The ER membrane is in structural conti 
nuity With the outer membrane of the nuclear envelope and 
specialiZes in the synthesis and transport of lipids and 
membrane proteins. 

SUMMARY OF INVENTION 

[0005] In recent years, scientists have attempted to study 
cells and living systems through the cataloging of the entire 
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genome of an organism (e.g., genomics). Genomics is a 
poWerful tool, useful for identifying and interrogating the 
entire inventory of genes of a living system. Recently, 
scientists have also attempted to identify and interrogate all 
the proteins present in the cell or organism through pro 
teomics. HoWever, most pharmaceutical companies Who 
study genomics and proteomics realiZe that many of their 
anticipated products are not proteins nor genes but small 
molecules. 

[0006] For example, once a novel gene or target is dis 
covered by genomics, the investigators must ?rst validate 
the target using expensive and time consuming procedures 
Which are far removed from the actual disease state. 
Examples of typical validation procedures include expres 
sion pro?ling, generating knock-out mice or transgenic 
mice, in situ hybridiZation, etc. Once a target is validated, 
the investigators typically screen enormous random small 
molecule libraries to identify molecules Which interact With 
the protein targets. The identi?ed small molecules typically 
optimiZed through chemical synthesis in order to obtain a 
marketable product. 

[0007] The invention pertains, at least in part, to the 
generation and the analysis of small molecule pro?les of 
cells, cellular compartments, and speci?c organelles (e.g., 
mitochondria, Golgi, endoplasmic reticulum, cytoplasm, 
nucleus, etc.) Small molecule pro?les alloW for the identi 
?cation and interrogation of inventories of small molecules 
(e.g., the metabolome) to ?nd, for example, disease-relevant 
small molecules as Well as potential targets for drug design. 

[0008] Small molecule pro?les of cells and organelles can 
be used directly to identify drug candidates. Unlike genom 
ics, small molecule pro?ling can either eliminate entirely or 
accelerate the process of identifying genes and proteins 
associated With a disease state. In one embodiment of the 
invention, the methods of the invention include, for 
example, comparing small molecule pro?les of diseased 
cells, cellular compartments, and organelles to standard 
pro?les of a healthy cells, cellular compartments, and 
organelles. Therefore, if a particular diseased cell, cellular 
compartment, or organelle Was found to be de?cient in a 
particular compound, the de?ciency may be overcome by 
simply administering the compound or an analogue thereof. 
Metabolomics offers a neW route to the identi?cation of 
potentially therapeutic agents and targets. 

[0009] Metabolomics eliminates much of the guess Work 
surrounding genomics. For example, small molecule pro?l 
ing alloWs one to investigate the very biochemical pathWay 
(e.g., cellular metabolites) involved in the disease state by 
comparing small molecule pro?les of cells, cellular com 
partments, or organelles With those of cells, cellular com 
partments, or organelles treated With toxins, chemical agents 
or other therapeutic agent (or derived from an organism 
treated With the agent or drug). 

[0010] The invention also includes methods for identify 
ing potential cell drug targets (e.g., cellular components 
Which interact With the labeled small molecules). This 
method is particularly useful because it can identify com 
ponents Which are knoWn to interact With disease relevant 
small molecules. Therefore, targets identi?ed through this 
method are “pre-validated,” and some of the guess Work 
surrounding the choice of target is eliminated. In a further 
embodiment, this method can be used in conjunction With 
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conventional genomics as a further validation step to iden 
tify targets for further research. 

[0011] Unlike genomics, small molecule pro?ling is not 
limited to disease states With a genetic component. Many 
disease states are not genetically determined and genomics 
offers little to those suffering or at risk of suffering from 
non-genetic linked disease states. Therefore, there is a need 
for a comprehensive method to study the effects of nonge 
netic factors on cells and living systems. 

[0012] Small molecule pro?ling of cells or organelles can 
be used to study both genetic and non-genetically linked 
disease states. For example, methods of the invention can be 
used to identifying small molecules associated With, for 
example, body Weight disorders, central nervous system 
disorders, cardiovascular disorders, immunological disor 
ders, oncological disorders, etc. 

[0013] In addition, metabolomics can be used in tandem 
With genomics and/or proteomics. For example, small mol 
ecule pro?les can be used to identify small molecules 
regulated, modulated, or associated With genetic modi?ca 
tion or alterations of cells, both engineered and naturally 
occurring. 
[0014] In addition, metabolomics can also be applied to 
the ?eld of predictive medicine. For example, the invention 
pertains to diagnostic assays, prognostic assays, pharma 
cometabolomics, and the monitoring clinical trails Which are 
used for prognostic (predictive) purposes to treat an indi 
vidual prophylactically, based on an individual’s “metabo 
print.” Unlike pharmacogenetics, Which is limited to genetic 
factors, pharmacometabolomics is able to predict an indi 
vidual’s response to a drug based not only on genetic factors, 
but also non-genetic factors, such as other drugs in the 
patient’s body, the patient’s current state of health, etc. 
Pharmacometabolomics alloWs for the use of a subject’s 
small molecule pro?le (or “metaboprint”) to deliver the right 
drug to the right patient. Subjects respond differently to 
drugs based on their small molecule pro?les. 

[0015] The small molecule pro?ling of cells, cellular 
compartments, and/or particular organelles of the present 
invention can also be used to identify individuals from 
minute biological samples. The method includes taking one 
or more samples from a subject and determining the small 
molecule pro?les of the samples; taking a sample from a 
unknoWn source and determining its small molecule pro?le; 
and comparing the tWo small molecule pro?les to determine 
Whether the small molecule pro?les are from the same 
individual. 

[0016] The invention also pertains, for example, to phar 
maceutical compositions comprised of compounds identi 
?ed by the methods of the invention and a pharmaceutical 
carrier. 

[0017] In another embodiment of the invention, the inven 
tion includes a method for the identi?cation of insecticides, 
herbicides, and other compositions for agricultural use. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0018] 1. Small Molecule Pro?les of Cells, Cellular Com 
partments, and Organelles 

[0019] The invention pertains, at least in part, to the 
generation of small molecule pro?les of samples, cells, and 
cellular compartments. Small molecule pro?les “?nger 
print” the cell or cellular compartment and identify the 
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presence, absence or relative quantity of small molecules. 
The small molecule pro?les of the cells or cellular compart 
ments may be obtained through, for example, a single 
technique or a combination of techniques for separating 
and/or identifying small molecules knoWn in the art. 
Examples of separation and analytical techniques Which can 
be used to separate and identify the compounds of the small 
molecule pro?les include: HPLC, TLC, electrochemical 
analysis, mass spectroscopy, refractive index spectroscopy 
(RI), Ultra-Violet spectroscopy (UV), ?uorescent analysis, 
radiochemical analysis, Near-InfraRed spectroscopy (Near 
IR), Nuclear Magnetic Resonance spectroscopy (NMR), 
Light Scattering analysis and other methods knoWn in 
the art. Preferably, the methods of the invention detect both 
electrically neutral as Well as electrochemically active com 
pounds. Detection and analytical techniques can be arranged 
in parallel to optimiZe the number of molecules identi?ed. 

[0020] The term “sample” include cellular extracts from 
Which a small molecule pro?le of the extract can be 
obtained. In one embodiment, the samples are substantially 
free of macromolecules (e.g., large proteins and polynucle 
otides With molecular Weights of greater than 10,000). The 
sample may be obtained from the entire cell or from speci?c 
cellular compartments. Examples of speci?c cellular com 
partments include the cytoplasm, the mitochondria, the 
Golgi apparatus, the endoplasmic reticulum, the nucleus, the 
chloroplasts, the cytosol, etc. The term “samples” includes 
both isolated small molecules and mixtures of small mol 
ecules. 

[0021] The term “cells” includes prokaryotic cells, 
eukaryotic cells, yeast cells, bacterial cells, plant cells, 
animal cells, such as, reptilian cells, bird cells, ?sh cells, 
mammalian cells. Preferred cells include those derived from 
humans, dogs, cats, horses, cattle, sheep, pigs, llamas, 
gerbils, squirrels, goats, bears, chimpanZees, mice, rats, 
rabbits, etc. The term cells includes transgenic cells from 
cultures or from transgenic organisms. The cells may be 
from a speci?c tissue, body ?uid, organ (e.g., brain tissue, 
nervous tissue, muscle tissue, retina tissue, kidney tissue, 
liver tissue, etc.), or any derivative fraction thereof. The term 
includes healthy cells, transgenic cells, cells affected by 
internal or exterior stimuli, cells suffering from a disease 
state or a disorder, cells undergoing transition (e.g., mitosis, 
meiosis, apoptosis, etc.), etc. 

[0022] In a further embodiment, the samples are obtained 
from a speci?c cellular compartment. The term “cellular 
compartment” includes organelles (such as mitochondria, 
Golgi apparatus, centrioles, chloroplasts), the nucleus, the 
cytoplasm (optionally including the organelles), and other 
cellular regions capable of being isolated. In one embodi 
ment, the cellular compartment is the entire cell. 

[0023] The analysis of a particular cellular compartment 
has many advantages over analysis of Whole cells, Whole 
cell lysates, body ?uids, etc. For example, often the mecha 
nism of action of a drug, a toxic compound, etc. is directed 
to a speci?c cellular function, such as, for example, the 
electron transport chain in the mitochondria, nucleic acid 
replication in the nucleus, etc. By isolating the speci?c 
cellular compartment or organelle (e.g., mitochondria, 
nuclei, Golgi apparatus, endoplasmic reticulum, ribosomes, 
etc.), it is possible to narroW the focus of the pro?le to small 
molecules involved in the relevant pathWay. Previously, 
metabolome studies have been complicated by the large 
number of chemical species present in a given sample. By 
narroWing the scope of the study to the particular organelle, 
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researchers Will be able to study the pathway of interest in 
more detail Without irrelevant molecules present in intersti 
tial ?uid, blood, spinal ?uid, saliva, etc. 
[0024] The term “small molecules” includes organic and 
inorganic molecules Which are present in the cell, cellular 
compartment, or organelle. The term does not include large 
macromolecules, such as large proteins (e.g., proteins With 
molecular Weights over 2,000, 3,000, 4,000, 5,000, 6,000, 
7,000, 8,000, 9,000, or 10,000), large nucleic acids (e.g., 
nucleic acids With molecular Weights of over 2,000, 3,000, 
4,000, 5,000, 6,000, 7,000, 8,000, 9,000, or 10,000), or large 
polysaccharides (e.g., polysaccharides With a molecular 
Weights of over 2,000, 3,000, 4,000, 5,000, 6,000, 7,000, 
8,000, 9,000, or 10,000). The small molecules of the cell are 
generally found free in solution in the cytoplasm or in other 
organelles, such as the mitochondria, Where they form a pool 
of intermediates Which can be metaboliZed further or used to 
generate large molecules, called macromolecules. The term 
“small molecules” includes signaling molecules and inter 
mediates in the chemical reactions that transform energy 
derived from food into usable forms. Examples of small 
molecules include sugars, fatty acids, amino acids, nucle 
otides, intermediates formed during cellular processes, and 
other small molecules found Within the cell. In one embodi 
ment, the small molecules of the invention are isolated. 

[0025] The term “metabolome” includes all of the small 
molecules present in a given organism. The metabolome 
includes both metabolites as Well as products of catabolism. 
In one embodiment, the invention pertains to a small mol 
ecule pro?le of the entire metabolome of a species. In 
another embodiment, the invention pertains to a computer 
database (as described beloW) of the entire metabolome of a 
species, e.g., an animal, e.g., a mammal, e.g., a mouse, rat, 
rabbit, pig, coW, horse, dog, cat, bear, monkey, and, prefer 
ably, a human. In another embodiment, the invention per 
tains to a small molecule library of the entire metabolome of 
an organism (as described beloW), e.g., a mammal, e.g., a 
mouse, rat, rabbit, pig, coW, horse, dog, cat, bear, monkey, 
and, preferably, a human. 

[0026] The language “small molecule pro?le” includes the 
inventory of small molecules in tangible form Within a 
targeted cell, tissue, organ, organism, or any derivative 
fraction thereof, e.g., cellular compartment, that is necessary 
and/or suf?cient to provide information to a user for its 
intended use Within the methods described herein. The 
inventory Would include the quantity and/or type of small 
molecules present. The ordinarily skilled artisan Would 
knoW that the information Which is necessary and/or suffi 
cient Will vary depending on the intended use of the “small 
molecule pro?le.” For eXample, the “small molecule pro 
?le,” can be determined using a single technique for an 
intended use but may require the use of several different 
techniques for another intended use depending on such 
factors as the disease state involved, the types of small 
molecules present in a particular targeted cellular compart 
ment, the cellular compartment being assayed per se., etc. 

[0027] The relevant information in a “small molecule 
pro?le” also may vary depending on the intended use of the 
compiled information, eg spectra. For eXample for some 
intended uses, the amounts of a particular small molecule or 
a particular class of small molecules may be relevant, but for 
other uses the distribution of types of small molecules may 
be relevant. 
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[0028] The ordinarily skilled artisan Would be able to 
determine the appropriate “small molecule pro?les” for each 
method described herein by comparing small molecule 
pro?les from diseased and/or test subjects With standard 
and/or healthy subjects. These comparisons can be made by 
individuals, e.g., visually, or can be made using softWare 
designed to make such comparisons, e.g., a softWare pro 
gram may provide a secondary output Which provides useful 
information to a user. For eXample, a softWare program can 
be used to con?rm a pro?le or can be used to provide a 
readout When a comparison betWeen pro?les is not possible 
With a “naked eye”. The selection of an appropriate softWare 
program, e.g., a pattern recognition softWare program, is 
Within the ordinary skill of the art. An eXample of such a 
program is Pirouette. It should be noted that the comparison 
of the pro?les can be done both quantitatively and qualita 
tively. 
[0029] The small molecule pro?les can be obtained from 
an organism suffering from a disease state, genetic alter 
ation, or any of the models discussed in more detail beloW. 
In one embodiment, the small molecule pro?le of an organ 
ism is determined by using HPLC (Kristal, et al. Anal. 
Biochem. 263:18-25 (1998)), thin layer chromatography 
(TLC), or electrochemical separation techniques (see, WO 
99/27361, WO 92/13273, US. Pat. No. 5,290,420, US. 
5,284,567, US. 5,104,639, US. 4,863,873, and US. RE32, 
920). Other techniques for determining the presence of small 
molecules or determining the identity of small molecules of 
the cell are also included, such as refractive indeX spectros 
copy (RI), Ultra-Violet spectroscopy (UV), ?uorescent 
analysis, radiochemical analysis, Near-InfraRed spectros 
copy (Near-IR), Nuclear Magnetic Resonance spectroscopy 
(NMR), Light Scattering analysis (LS) and other methods 
knoWn in the art. The small molecule pro?les of the inven 
tion may also be referred to as “metaboprints.” The eXact 
combination of techniques used to determine the small 
molecule pro?les can be determined by. 

[0030] In one embodiment, the invention pertains to small 
molecule pro?les generated by several methods, e. g., HPLC, 
TLC, electrochemical analysis, mass spectroscopy, refrac 
tive indeX spectroscopy (RI), Ultra-Violet spectroscopy 
(UV), ?uorescent analysis, radiochemical analysis, Near 
InfraRed spectroscopy (Near-IR), Magnetic Resonance 
spectroscopy (NMR), Light Scattering analysis (LS) and 
other methods knoWn in the art. 

[0031] The methods of the invention have several advan 
tages over methods Which rely only on a single mode of 
analysis, such as electrochemical separation. While electro 
chemical separation Works only for “electrochemically” 
active compounds, it does not effectively separate neutral 
molecules. The invention here relates to the use in tandem 
and in parallel of a multitude of these detectors. This Will 
result in the identi?cation of a more comprehensive data 
base. The detectors are usually attached to the HPLC col 
umns Where they can detect and emit a response due to the 
eluting sample and subsequently signal a peak on a chro 
matogram. The bandWidth and height of the peaks may 
usually be adjusted using the coarse and ?ne tuning controls 
and the detection and sensitivity parameters may also be 
controlled. There are many detectors that can be used With 
the HPLC. Some detectors Which can be used in the methods 
of the invention include: Refractive IndeX (RI), Ultra-Violet 
(UV), Fluorescent, Radiochemical, Electrochemical, Near 
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InfraRed (Near-IR), Mass Spectroscopy (MS), Nuclear 
Magnetic Resonance (NMR), Light Scattering (LS) among 
others. 

[0032] The methods of the invention can be used to detect 
both electrochemically active molecules as Well as electro 
chemically neutral molecules. In a further embodiment, the 
invention pertains to methods Which detect about 50% or 
more, about 60% or more, about 70% or more, about 75% 
or more, about 77.5% or more, about 80% or more, about 
82.5% or more, about 85% or more, about 86% or more, 
about 87% or more, about 88% or more, about 89% or more, 
about 90% or more, about 91% or more, about 92% or more, 
about 93% or more, about 94% or more, about 95% or more, 
about 96% or more, about 97% or more, about 98% or more, 
about 99% or more of the small molecules of a cellular 
compartment (e.g., mitochondria, chloroplast, endoplasmic 
reticulum, nuclei, Golgi apparatus, cytosol, etc.). 
[0033] In one embodiment, HPLC columns equipped With 
coulometric array technology can be used to analyZe the 
samples, separate the compounds, and/or create a small 
molecule pro?les of the samples. Such HPLC columns have 
been used extensively in the past for serum, urine and tissue 
analysis and are suitable for small molecule analysis 
(AcWorth et al., 300; Beal et al., J Neurochem. 55, 1327 
1339, 1990; Matson et al., Life Sci. 41, 905-908, 1987; 
Matson et al., Basic, Clinical and Therapeutic Aspects of 
Alzheimer’s and Parkinson ’s Diseases, vol II, pp. 513-516, 
Plenum, NeW York 1990; LeWitt et al., Neurology 42, 
2111-2117, 1992; Milbury et al., J. Wildlife Manag, 1998; 
OgaWa et al., Neurology 42, 1702-1706, 1992; Beal et al.,]. 
Neurol. Sci 108, 80-87, 1992, Matson et al., Clin. Chem. 30, 
1477-1488, 1984; Milbury et al., Coulometric Electrode 
Array Detectors for HPLC, pp. 125-141, VSP International 
Science Publication; AcWorth et al., Am. Lab 28, 33-38, 
1996). HPLC columns equipped With coulometric arrays 
have been used for the simultaneous analysis of the majority 
of loW-molecule Weight, redox-active compounds in mito 
chondria. (Anal. Biochem. 263, 18-25, 1998). 

[0034] For the detection and characteriZation of the small 
molecules in an effort to create a comprehensive small 
molecule pro?les, a multitude of detection methods can be 
used. These methods are described in more detail beloW. 

[0035] A. Mass Spectroscopy (MS) Detectors: 

[0036] The sample compound or molecule is ioniZed, it is 
passed through a mass analyZer, and the ion current is 
detected. There various methods for ioniZation. Examples of 
these methods of ioniZation include electron impact (El) 
Where an electric current or beam created under high electric 
potential is used to ioniZe the sample migrating off the 
column, chemical ioniZation utiliZes ioniZed gas to remove 
electrons from the compounds eluting from the column; and 
fast atom bombardment Where Xenon atoms are propelled at 
high speed in order to ioniZe the eluents from the column. 

[0037] B. Pyrolysis Mass Spectrometry: 

[0038] Pyrolysis is the thermal degradation of complex 
material in an inert atmosphere or vacuum. It causes mol 
ecules to cleave at their Weakest points to produce smaller, 
volatile fragments called pyrolysate (IrWin 1982). Curie 
point pyrolysis is a particularly reproducible and straight 
forWard version of the technique, in Which the sample, dried 
onto an appropriate metal is rapidly heated to the Curie 
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point of the metal. A mass spectrometer can then be used to 
separate the components of the pyrolysate on the basis of 
their mass-to-charge ratio to produce a pyrolysis mass 
spectrum (MeuZelaar et al 1982) Which can then be used as 
a “chemical pro?le” or ?ngerprint of the complex material 
analyZed. The combined technique is knoWn as pyrolysis 
mass spectrometry (PyMS). 

[0039] C. Nuclear Magnetic resonance (NMR) Detectors: 

[0040] Certain nuclei With odd-numbered masses, includ 
ing H and 13C, spin about an axis in a random fashion. When 
they are placed betWeen poles of a strong magnet, the spins 
are aligned either parallel or anti-parallel to the magnetic 
?eld, With parallel orientation favored since it is slightly 
loWer energy. The nuclei are then irradiated With electro 
magnetic radiation Which is absorbed and places the parallel 
nuclei into a higher energy state Where they become in 
resonance With radiation. Different spectra Will be produced 
depending on the location of the H or 13C and on adjacent 
molecules or elements in the compound because all nuclei in 
molecules are surrounded by electron clouds Which change 
the encompassing magnetic ?eld and thereby alter the 
absorption frequency. 

[0041] D. Refractive Index (RI): 

[0042] In this method, detectors measure the ability of 
samples to bend or refract light. This property for each 
compound is called refractive index. For most RI detectors, 
light proceeds through a bi-modular ?oW to a photodetector. 
One channel of the ?oW-cell directs the mobile phase 
passing through the column While the other directs only the 
other directs only the mobile phase. Detection occurs When 
the light is bent due to samples eluting from the column, and 
is read as a disparity betWeen the tWo channels. Laser based 
RI detectors have also become available. 

[0043] E. Ultra-violet (UV) Detectors: 

[0044] In this method, detectors measure the ability of a 
sample to absorb light. This could be accomplished at a ?xed 
Wavelength usually 254 nm, or at variable Wavelengths 
Where one Wavelength is measured at a time and a Wide 
range is covered, alternatively Diode Array are capable of 
measuring a spectrum of Wavelengths simultaneously. Sen 
sitivity is in the 10'8 to 10'9 gm/ml range. Laser based 
absorbance or Fourier Transform methods have also been 
developed. 

[0045] F. Fluorescent Detectors: 

[0046] This method measure the ability of a compound to 
absorb then re-emit light at given Wavelengths. Each com 
pound has a characteristic ?uorescence. Each compound has 
a characteristic ?uorescence. The excitation source passes 
through the ?oW-cell to a photodetector While a monochro 
mator measures the emission Wavelengths. Sensitivity is in 
the 10-9 to 10-11 gm/ml. Laser based ?uorescence detectors 
are also available. 

[0047] G. Radiochemical Detection: 

[0048] This method involves the use of radiolabeled mate 
rial, for example, tritium (3H) or carbon 14 (14C). It operates 
by detection of ?uorescence associated With beta-particle 
ioniZation, and it is most popular in metabolite research. The 
detector types include homogeneous method Where addition 
of scintillation ?uid to column ef?uent causes ?uorescence, 
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or heterogeneous detection Where lithium silicate and ?uo 
rescence by caused by beta-particle emission interact With 
the detector cell. Sensitivity is 10'9 to 10'10 gm/ml. 

[0049] H. Electrochemical Detection: 

[0050] Detectors measure compounds that undergo oxida 
tion or reduction reactions. Usually accomplished by mea 
suring gains or loss of electrons from migration samples as 
they pass betWeen electrodes at a given difference in elec 
trical potential. Sensitivity of 10'12 to 10'13 gms/ml. 

[0051] 
[0052] This method involves a source Which emits a 
parallel beam of light. The beam of light strikes particles in 
solution, and some light is then re?ected, absorbed, trans 
mitted, or scattered. TWo forms of LS detection may be used 
to measure transmission and scattering. 

I. Light Scattering (LS) Detectors: 

[0053] Nephelometry, de?ned as the measurement of light 
scattered by a particular solution. This method enables the 
detection of the portion of light scattered at a multitude of 
angles. The sensitivity depends on the absence of back 
ground light or scatter since the detection occurs at a black 
or null background. Turbidimetry, de?ned as the measure of 
the reduction of light transmitted due to particles in solution. 
It measures the light scatter as a decrease in the light that is 
transmitted through particulate solution. Therefore, it quan 
ti?es the residual light transmitted. Sensitivity of this 
method depends on the sensitivity of the machine employed, 
Which can range from a simple spectrophotometer to a 
sophisticated discrete analyZer. Thus, the measurement of a 
decrease in transmitted light from a large signal of trans 
mitted light is limited to the photometric accuracy and 
limitations of the instrument employed. 

[0054] Near Infrared scattering detectors operate by scan 
ning compounds in a spectrum from 700-1100 nm. Stretch 
ing and bending vibrations of particular chemical bonds in 
each molecule are detected at certain Wavelengths. This is a 
fast groWing method Which offers several advantages; speed, 
simplicity of preparation of sample, multiple analyses from 
single spectrum and nonconsumption of the sample 
(McClure, 1994). 
[0055] J. Fourier Transform Infrared Spectroscopy (FT 
IR): 
[0056] This method measures dominantly vibrations of 
functional groups and highly polar bonds. The generated 
?ngerprints are made up of the vibrational features of all the 
sample components (Griffiths 1986). FT-IR spectrometers 
record the interaction of IR radiation With experimental 
samples, measuring the frequencies at Which the sample 
absorbs the radiation and the intensities of the absorptions. 
Determining these frequencies alloWs identi?cation of the 
samples chemical makeup, since chemical functional groups 
are knoWn to absorb light at speci?c frequencies. Both 
quantitative and qualitative analysis are possible using the 
FT-IR detection method. 

[0057] K. Dispersive Raman Spectroscopy: 

[0058] Dispersive Raman Spectroscopy is a vibrational 
signature of a molecule or complex system. The origin of 
dispersive raman spectroscopy lies in the inelastic collisions 
betWeen the molecules composing say the liquid and pho 
tons, Which are the particles of light composing a light beam. 
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The collision betWeen the molecules and the photons leads 
to an exchange of energy With consequent change in energy 
and hence Wavelength of the photon. 

[0059] To create a small molecule pro?le (or “Metabo 
print”) organs, cells, cellular compartments, or organelles 
are homogeniZed in standard Ways knoW for those skilled in 
the art. Different fractionation procedures can be used to 
enrich the fractions for small molecules. The small mol 
ecules obtained Will then be passed over several fraction 
ation columns. The fractionation columns Will employ a 
variety of detectors used in tandem or parallel to generate the 
small molecule pro?le for the organ, cell, cellular compart 
ment, or organelle. 

[0060] For example, to generate a small molecule pro?le 
of Water soluble molecules, the cell, cellular compartment, 
or organelle extracts Will be fractionated on HPLC columns 
With a Water soluble array. The Water soluble small mol 
ecules can then be detected using ?uorescence or UV 
detectors to generate the small molecule pro?les. Alterna 
tively, electrochemical detectors can be used With diads to 
pick up redox active compounds and the absorbance of 
active compounds. For generating detecting non Water 
soluble molecules, hydrophobic columns can also be used to 
generate small molecule pro?les. In addition, gas chroma 
tography combined With mass spectroscopy, liquid chroma 
tography combined With mass spectroscopy, MALDI com 
bined With mass spectroscopy, ion spray spectroscopy 
combined With mass spectroscopy, capillary electrophoresis, 
NMR and IR detection are among the many other combi 
nations of separation and detection tools Which can be used 
to generate small molecule pro?les. 

[0061] These small molecule pro?les (or “metaboprints”) 
Will be able to de?ne and characteriZe organs, cells, cellular 
compartments, and organelles by their small molecule con 
tent in both health and disease states. The information 
generated by the small molecule pro?les Will be both 
qualitative and quantitative. 

[0062] 2. Methods of Identi?cation of Disease-relevant 
Small Molecules 

[0063] In another embodiment, the invention includes a 
method of identifying disease-relevant small molecules. The 
method includes comparing small molecule pro?les of dis 
eased cells, cellular compartments, or organelles to a stan 
dard pro?le of a healthy cell, cellular compartment, or 
organelle. The method also involves identifying the small 
molecules Which are present in aberrant amounts in the 
diseased small molecule pro?le. The small molecules 
present in aberrant amounts in the diseased cells are “dis 
ease-relevant small molecules.” 

[0064] The language “disease-relevant small molecules” 
includes both small molecules present in aberrant amount in 
diseased small molecule pro?les and, in addition, small 
molecules Which are potentially involved in disease initia 
tion, progression or prediction. The term also includes small 
molecules Which are identi?ed using the assays for particu 
lar diseases given beloW, as Well as, compounds Which are 
identi?ed as being associated With particular genes of inter 
est, also given beloW. The term also may include small 
molecules Which When modulated, result in the lessening or 
curing of at least one symptom of a disease. The disease 
relevant small molecules are ideal drug candidates in the 
screening assays discussed elseWhere in the application. 
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[0065] For example, identi?ed disease relevant small mol 
ecules may be screened using in vitro or in vivo assays 
known in the art to determine biological activity. The 
biological activity of disease relevant small molecules can 
also be pinpointed by using screening assays against protein 
targets Which have been implicated in the disease state. In 
another embodiment, the biological activity of disease rel 
evant small molecules can be determined using cell-based 
assays, e.g., tumor cell assays (Lillie et al. Cancer Res. 
53(13):3172-8 (1993)). The disease relevant small mol 
ecules can also be tested for neuronal protection activity by 
exposing primary or cultured neurons to the compounds and 
toxic agents, such as glutamate, and identifying the com 
pounds Which protect the neurons from death. Animal mod 
els can also be used to further identify the biological activity 
of disease relevant small molecules. For example, animal 
models of Huntington’s Disease, Parkinson’s disease, and 
ALS can be used to identify small molecules useful as 
neuroprotective agents. (Kilvenyi, Nature Med. 5:347-350 
(1999); MatheWs et al, Experimental Neurology 157:142 
149 (1999)). In a further embodiment, the disease relevant 
small molecules can be chemically modi?ed to further 
enhance their pharmaceutical or nutriceutical properties. 

[0066] The term “disease” or “disease state” includes all 
disease Which result or could potentially cause a change of 
the small molecule pro?le of a cell, cellular compartment, or 
organelle in an organism af?icted With said disease. 
Examples of diseases include metabolic diseases (e.g., obe 
sity, cachexia, diabetes, anorexia, etc.), cardiovascular dis 
eases (e.g., atherosclerosis, ischemia/reperfusion, hyperten 
sion, restenosis, arterial in?ammation, etc.), immunological 
disorders (e.g., chronic in?ammatory diseases and disorders, 
such as Crohn’s disease, reactive arthritis, including Lyme 
disease, insulin-dependent diabetes, organ-speci?c autoim 
munity, including multiple sclerosis, Hashimoto’s thyroidi 
tis and Grave’s disease, contact dermatitis, psoriasis, graft 
rejection, graft versus host disease, sarcoidosis, atopic con 
ditions, such as asthma and allergy, including allergic rhini 
tis, gastrointestinal allergies, including food allergies, eosi 
nophilia, conjunctivitis, glomerular nephritis, certain 
pathogen susceptibilities such as helminthic (e.g., leishma 
niasis) and certain viral infections, including HIV, and 
bacterial infections, including tuberculosis and lepromatous 
leprosy, etc.), nervous system disorders (e.g., neuropathies, 
AlZheimer disease, Parkinson’s disease, Huntington’s dis 
ease, amyotropic lateral sclerosis, motor neuron disease, 
traumatic nerve injury, multiple sclerosis, acute dissemi 
nated encephalomyelitis, acute necrotiZing hemorrhagic leu 
koencephalitis, dysmyelination disease, mitochondrial dis 
ease, migrainous disorder, bacterial infection, fungal 
infection, stroke, aging, dementia, peripheral nervous sys 
tem diseases and mental disorders such as depression and 
schiZophrenia, etc.), oncological disorders (e.g., leukemia, 
brain cancer, pancreatic cancer, prostate cancer, liver cancer, 
stomach cancer, colon cancer, throat cancer, breast cancer, 
ovarian cancer, skin cancer, melanoma, etc.). The term also 
include disorders Which result from oxidative stress. 

[0067] The language “aberrant levels” includes any level, 
amount, or concentration of a small molecule in a cell, 
cellular compartment, or organelle Which is different from 
the level of the small molecule of a standard sample. 

[0068] The term “standard pro?le” includes pro?les 
derived from healthy cells, advantageously from a similar 
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origin as the source. In one embodiment, the standard pro?le 
is an average of many samples of a certain cell type and/or 
a certain cellular compartment. In another embodiment, the 
standard pro?le may be derived from a patient prior to the 
onset of the disease state or from cells not affected by the 
disease state. Or, in another embodiment the standard pro?le 
can be an average of the pro?les obtained from numerous 
sources, e.g., the standard pro?le may be an average of small 
molecule pro?les obtained from 2 or more subjects. The 
standard pro?le can be a small molecule pro?le of a certain 
cellular compartment or from a certain subset of cells. In one 
embodiment, the invention pertains to the standard pro?le of 
healthy cells. Advantageously, the small molecules With 
aberrant levels in the sample are identi?ed, e.g., HPLC, 
TLC, electrochemical analysis, mass spectroscopy, refrac 
tive index spectroscopy (RI), Ultra-Violet spectroscopy 
(UV), ?uorescent analysis, radiochemical analysis, Near 
InfraRed spectroscopy (Near-IR), Nuclear Magnetic Reso 
nance spectroscopy (NMR), Light Scattering analysis (LS) 
and other methods knoWn in the art. In one embodiment, the 
small molecule pro?le of the sample, cell, or cellular com 
partment, is compared to the standard pro?le by using 
subtracting one pro?le from the other. The compounds 
Which are present in aberrant amounts can then be used in 
drug design to identify deregulated cellular components. 
Standard pro?les can also be made of the effects of certain 
agents (e.g., drugs, therapeutic agents, toxins, etc.) on both 
healthy and diseased cells (e.g., cells diseased With the type 
of disease treated by the therapeutic agent). 

[0069] Furthermore the language “standard pro?le” 
includes information regarding the small molecules of the 
pro?le that is necessary and/or suf?cient to provide infor 
mation to a user for its intended use Within the methods 
described herein. The standard pro?le Would include the 
quantity and/or type of small molecules present. The ordi 
narily skilled artisan Would knoW that the information Which 
is necessary and/or suf?cient Will vary depending on the 
intended use of the “standard pro?le.” For example, the 
“standard pro?le,” can be determined using a single tech 
nique for an intended use but may require the use of several 
different techniques for another intended use depending on 
such factors as the types of small molecules present in a 
particular targeted cellular compartment, the cellular com 
partment being assayed per se., etc. 

[0070] The relevant information in a “standard pro?le” 
also may vary depending on the intended use of the com 
piled information, eg spectra. For example for some 
intended uses, the amounts of a particular small molecule or 
a particular class of small molecules of the standard pro?le 
may be relevant, but for other uses the distribution of types 
of small molecules small molecules of the standard pro?le 
may be relevant. 

[0071] Furthermore, comparison of the standard pro?les to 
pro?les from diseased cells can be used to identify small 
molecules deregulated in the disease state. The small mol 
ecules identi?ed can be used to guide the drug discovery 
effort. For example, the small molecules present in aberrant 
levels in the sample cells, can be identi?ed and used as 
pharmaceutical or nutricutical agents. For example, if a 
patient is suffering from a disease state associated With a 
aberrantly loW level of a certain compound, the compound 
or a precursor thereof may be tested in an assay that mimics 
the disease state. In another embodiment, the small mol 
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ecules present in aberrant amounts may be used as targets for 
drug design to develop agents With enhanced activity, e.g., 
enhanced activity to treat the disease state associated With 
the aberrant levels of the small molecule. Additionally 
libraries of small molecules based on the structures of the 
small molecules present in aberrant amounts can be used to 
develop more potent therapeutics. The cellular targets and 
pathWays could also be used to guide drug design. 

[0072] In a further embodiment, the invention pertains to 
a method for treating a patient With a de?ciency in certain 
disease relevant small molecules. The method includes 
obtaining cells from the patient, obtaining the small mol 
ecule pro?le of either a particular organelle (e.g., mitochon 
dria, nucleus, cytoplasm, Golgi apparatus, endoplasmic 
reticulum, etc.) or a cell, comparing the small molecule 
pro?le With a standard pro?le, determining a de?ciency in 
the patient’s small molecule pro?le of a certain disease 
relevant small molecule, and administering the disease rel 
evant small molecule to the patient. 

[0073] In a further embodiment, the invention features 
diagnostic assays for the detection of disease states. For 
example, the method includes identifying a small molecule 
Which is present in aberrant amounts in a particular disease 
state, e.g., by comparing standard pro?les of diseased cells 
or cellular compartments With healthy cells or cellular 
compartments to identify compounds Which are present in 
aberrant amounts in the diseased cell or cellular compart 
ment. The method also involves designing a reagent that 
speci?cally reacts With the compound present in aberrant 
amounts to indicate the presence or absence of the com 
pound, and therefore, the presence or the absence of the 
disease. The invention also pertains to kits Which include the 
reagent and instructions for its use to diagnose the disease. 

[0074] 3. Methods of Identifying the Effect of Chemical 
Agents on Small Molecule Pro?les of Cells, Cellular Com 
partments and Organelles 

[0075] In another aspect, the invention pertains to the 
comparison of small molecule pro?les of cells, cellular 
compartments, or organelles With those of cells, cellular 
compartments, or organelles treated With toxins, chemical 
agents or therapeutic agent (or derived from an organism 
treated With the agent or drug). In one embodiment, the cells, 
cellular compartments, or organelles are diseased (or 
derived from a diseased organism) and are treated With a 
therapeutic agent Which is knoWn to modify or treat that 
disease. For example, the small molecule pro?le of a cell 
treated With a therapeutic agent, chemical agent, or toxin, 
can be compared the small molecule pro?le of a normal cell, 
e.g., a healthy cell of similar lineage, or a diseased cell of 
similar lineage Which Was not treated With the therapeutic 
agent, chemical agent, or toxin. Examples of toxins include 
bacterial toxins such as endotoxins and exotoxins, such as 
cholera toxin, diptheria toxin, verotoxin, enterotoxin, etc. In 
a further embodiment, the cells are genetically altered. 

[0076] In addition, subtraction pro?les can be obtained by 
subtracting the nontreated pro?le or a standard pro?le With 
the small molecule pro?le from a treated cell, cellular 
compartment, or organelle. The subtraction pro?les can then 
be used to identify certain small molecules the presence or 
the absence of Which may indicate the ef?cacy or the toxicity 
of the compound. The subtraction pro?les can be made 
using, for example, computer programs knoWn to those of 
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skill in the art, e.g., pattern recognition softWare program. 
An example of such a program is Pirouette. It should be 
noted that the comparison of the pro?les can be done both 
quantitatively and qualitatively. 

[0077] In a further embodiment, the invention pertains to 
certain small molecules Which indicate the efficacy or the 
toxicity of the compound. The invention also applies to 
assays Which can be developed to indicate the presence or 
absence of these certain small molecules. For example, if the 
presence of a certain small molecule is essential for the 
ef?cacy of a particular therapeutic compound, then an assay 
can be developed to quickly determine the presence or 
absence of this certain small molecule in cell samples treated 
With test compounds. This can be both an effective and 
inexpensive method to determine the potential ef?cacy of 
compounds. It can be used alone or in combination With 
traditional drug screening assays such as, for example, 
binding assays and other enZymatic assays. 

[0078] For example, in search of molecules With anti 
tumor activity, small molecule pro?les could be taken of 
cells at certain intervals after being treated With a knoWn 
anti-tumor drug (e.g., taxol, cis platin, adriamycin, etc.). 
Comparison of the small molecule pro?les of these cells 
could lead to the identi?cation of small molecules regulated 
by these drug. The identi?ed small molecules could then be 
used to guide drug discovery by pointing to pathWays Which 
could be targeted for drug design or by using them as 
therapeutic or nutriceutical agents. Furthermore, both the 
targets and the identi?ed small molecules can be used in 
assays of the invention described in detail in later sections. 

[0079] The invention also includes a method for determin 
ing the toxicity of a test compound, e.g., a compound in 
development as a therapeutic agent. The method includes 
culturing cells, contacting a portion of the cells With the test 
compound, taking small molecule pro?les of both the cells 
contacted With the test compound, taking the small molecule 
pro?les of cells not contacted With the test compound, and 
comparing the pro?les to either each other or pro?les from 
cells contacted With a knoWn therapeutic agent or cells 
contacted With a knoWn toxin. The method also can include 
a step of purifying a particular organelle of interest from the 
cells and obtaining the small molecule pro?le of the par 
ticular organelle of interest (e.g., nuclei, mitochondria, 
Golgi apparatus, endoplasmic reticulum, ribosome, etc.). 

[0080] In a further embodiment, the invention pertains to 
a method for reducing side effects of drugs under develop 
ment. For example, cells can be cultured, contacted With the 
test compound, the small molecule pro?le can be generated, 
and compared to the pro?les of knoWn toxins and therapeu 
tic agents. Changes then can be made to the structure of the 
test compound to reduce the side effects. For example, in 
order to test for liver toxicity, the compound may be 
incubated the in a liver cell culture to mimic the biotrans 
formation that occurs in the liver. The small molecule 
pro?les of cells and organelles in the treated and untreated 
liver cultures can be compared to the small molecule pro?les 
of knoWn toxins. Both the total cellular small molecule 
pro?le could be compared or the small molecule pro?le of 
a particular organelle, e.g., mitochondria, Golgi apparatus, 
nuclei, ribosomes, endoplasmic reticulum, etc. 

[0081] The methods of the invention are particularly use 
ful because they offer a quick and relatively inexpensive 
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method to determine Whether a certain test compound is 
likely toxic to a body organ, such as the liver. This alloWs for 
pharmaceutical companies to quickly screen and identify 
compounds Which are toxic and to direct their research 
toWards non-toxic compounds. 

[0082] The methods and small molecule pro?les of the 
invention may also be used to rescue drugs, e.g., drugs 
Which fail a particular step in the clinical or pre-clinical trial 
procedure. The failed drug can be exposed to cells or a test 
organism and small molecule pro?les of the cells, cellular 
compartments, organelles, etc. can be taken and compared to 
those of knoWn toxins, knoWn therapeutic agents, etc. to 
pinpoint the reason for failure of the drug. Small molecule 
pro?les of various organs can also be taken if it is advan 
tageous for the study (e.g., small molecule pro?les can be 
taken from muscle, brain, retinal, nerve, heart, lung, stom 
ach, colon, skin, breast, fatty tissue, blood, etc.) Then the 
drug can be redesigned to avoid the its previous adverse 
effects. 

[0083] The methods and small molecule pro?les of the 
invention can also be used to “reposition” drugs. 

[0084] The term “reposition” refers to discovering neW 
uses for an agent. In one embodiment, a dose of an agent is 
administered to a subject (e.g., a human or other animal, 
healthy or diseased) and small molecule pro?les are then 
taken from various organs, tissues, cells, cellular compart 
ments, and/or organelles of the subject to determine What 
tissues, organs, cells, cellular compartments, and/or 
organelles are being affected by the administration of the 
agent. 

[0085] 4. Methods of Identifying Small Molecules Asso 
ciated With Body Weight Disorders 

[0086] The invention also pertains to methods for identi 
fying small molecules associated With, for example, body 
Weight disorders such as obesity. Examples of methods for 
identifying small molecules associated With body Weight 
disorders are described beloW. The folloWing experiment are 
directed to the identi?cation of small molecules associated 
With short term appetite control. These experiments can be 
used to identify small molecules involved in signaling 
hunger and satiety. 

[0087] In one embodiment, test subjects, preferably mice, 
Will be fed normally prior to the initiation of the experiment, 
and then divided into one control and tWo experimental 
groups. The control group Will then be maintained on ad lib 
nourishment, While the ?rst experimental group (“fasted 
group”) Will be fasted, and the second experimental group 
(“fasted-refed group”) Will initially be fasted, and Will then 
be offered a highly palatable meal shortly before the col 
lection of tissue samples. Each test animal Will be Weighed 
immediately prior to and immediately after the experiment. 
Small molecule pro?les Will be taken of each mouse from 
each group. The pro?les of each group Will be averaged and 
compared to those of different groups. Example 2, beloW, 
demonstrates the use of such short term appetite experiments 
to identify small molecules Which are present in different 
amounts in control versus fasting and versus refed animals. 

[0088] Other experiments Which may be used for the 
identi?cation of cellular small molecules involved in, for 
example, body Weight disorders, are experiments designed 
to analyZe small molecules Which may be involved genetic 
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obesity. In the case of mice, for example, such experiments 
may identify small molecules regulated by the ob, db, and/or 
tub gene products. In the case of rats, for example, such 
paradigms may identify small molecules regulated by the 
fatty (fa) gene product. 

[0089] In one embodiment of such an experiment, test 
subjects may include ob/ob, db/db, and/or tub/tub experi 
mental mice and lean littermate control animals. The ani 
mals Would be offered normal nourishment for a given 
period, after Which tissue samples Would be collected for 
analysis. Example 2, beloW, demonstrates the use of such 
genetic obesity paradigms in identifying small molecules 
Which are present in different amounts in the small molecule 
pro?les of obese versus lean animals. 

[0090] In additional experiments, ob/ob, db/db, and/or 
tub/tub experimental mice and lean control animals may be 
used as part of the short term appetite control experiments 
discussed above, or in other experiments discussed herein, 
such as set-point experiments and drug related experiments. 

[0091] Experiments Which may be used for the identi? 
cation of small molecules involved in body Weight disorders 
may include experiments designed to identify those small 
molecules Which may be regulated in response to changes in 
body Weight, e.g., “set point experiments”. 

[0092] In one experiment, test subjects, preferably mice, 
Will be fed normally prior to the initiation of the experiment, 
and then divided into one control and tWo experimental 
groups. The control group Will then be maintained on an ad 
lib diet of normal nourishment in order to calculate daily 
food intake. The ?rst experimental group (“underWeight 
group”) Will then be underfed by receiving some fraction of 
normal food intake, 60-90% of normal, for example, so as to 
reduce and maintain the group’s body Weight to some 
percentage, for example 80%, of the control group. The 
second experimental group (“overweight group”) Will be 
overfed by receiving a diet Which Would bring the group to 
some level above that of the control, for example 125% of 
the control group. Tissue samples Will then be obtained for 
analysis to identify small molecules Which are present in 
different amounts in control versus overWeight and/or under 
Weight conditions. 

[0093] Additionally, human subjects may be used for the 
identi?cation of obesity-associated small molecules. In one 
embodiment of such an experiment, tissue samples may be 
obtained from obese and lean human subjects and analyZed 
for the presence of small molecules Which are present in 
different amounts in the tissue, cells, or cellular organelles of 
one group as opposed to another (e.g. differentially present 
in lean versus obese subjects). In another embodiment, 
obese human subjects may be studied over the course of a 
period of Weight loss, achieved through food restriction. 
Tissue from these previously obese subjects may be ana 
lyZed for differing amounts of small molecules relative to 
tissue obtained from control (lean, non-previously obese) 
and obese subjects. 

[0094] Experiments may also be designed to identify of 
small molecules involved in body Weight disorders and may 
also may include experiments designed to identify small 
molecules associated With body Weight disorders induced by 
some physical manipulation to the test subject, such as, for 
example, hypothalamic lesion-induced body Weight disor 
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ders. For example, bilateral lesions in the ventromedial 
hypothalamus (VMH) of rodents may be utilized to induce 
hyperphagia and gross obesity in test subjects, While bilat 
eral lesions in the ventrolateral hypothalamus (VLH) of 
rodents may be used to induce aphagia in test subjects. In 
such experiments, tissue from hypothalamic-lesioned test 
subjects and from control subjects Would be analyZed for the 
identi?cation of small molecules Which are present in dif 
ferent amounts in control versus lesioned animals. 

[0095] Drugs knoWn to affect (e.g., ameliorate) human or 
animal body Weight and/or appetite (such as short term 
appetite) may be incorporated into the experiments designed 
to identify small molecules Which are involved in body 
Weight disorders and/or body Weight or appetite regulation. 
These compounds may include knoWn therapeutics, as Well 
as compounds that are not useful as therapeutics due to, for 
example, their harmful side effects. Among the categories of 
control and test subjects Which may be used in such experi 
ments are, for example, lean subjects, obese subjects, and 
obese subjects Which have received the drug of interest. In 
variations of the experiment, subjects such as these may be 
fed a normal ad lib diet, a caloric restriction maintained diet, 
or a caloric restriction ad lib diet. Control and test subjects 
may additionally be pairfed i.e., the control and test subjects 
may be fed via a coupled feeding device such that both 
control and test subjects receive identical amounts and types 
of food). 

[0096] 5. Methods of Identifying Small Molecules Asso 
ciated With Immunological Diseases 

[0097] The invention also pertains to methods for identi 
fying small molecules associated With, for example, normal 
and abnormal immune responses. Examples of methods for 
identifying small molecules associated With immune 
responses are described beloW. The folloWing experiment 
are directed to the identi?cation of small molecules Which 
are differentially present Within and among TH cell sub 
populations, including but not limited to TH1 and TH2 
subpopulations. Such small molecules can be involved in, 
for example, TH cell subpopulation differentiation, mainte 
nance, and/or effector function, and in TH cell subpopula 
tion-related disorders. For example, TH cells can be induced 
to differentiate into either TH1 or TH2 states, can be 
stimulated With, for example, a foreign antigen, and can be 
collected at various points during the procedure for analysis 
of their small molecule pro?les. This example is merely 
meant to be illustrate several experiments Which can be done 
using small molecule pro?les to determine small molecules 
associated With immunological disorders. This example is 
not intended to limit the invention to the speci?c types of 
cells or subjects discussed in this section. 

[0098] In one experiment, transgenic animals, preferably 
mice, Will be used Which have been engineered to express a 
particular T cell receptor, such that the predominant T cell 
population of the immune system of such a transgenic 
animal recogniZes only one antigen. Such a system Will be 
used because it provides a source for a large population of 
identical T cells Whose naivete can be assured, and because 
its response to the single antigen it recogniZes is also 
assured. T helper cells can be isolated from such a transgenic 
animal can then be induced, in vitro, to differentiate into TH 
cell subpopulations such as TH1, TH2, or THO cell sub 
populations. In one embodiment, one T helper cell group 
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(the TH1 group) is exposed to IL-12, a cytokine knoWn to 
induce differentiation into the TH1 state, a second T helper 
cell group (the TH2 group) is exposed to IL-4, a cytokine 
knoWn to induce differentiation into the TH2 state, and a 
third group is alloWed, by a lack of cytokine-mediated 
induction, to enter a TH-undirected state. Small molecule 
pro?les of each type of cells can then be taken and com 
pared. 

[0099] In another experiment, mature TH cell clones can 
be used, such as TH1 and TH2 and THl-like and TH2-like 
cell lines, preferably human cell lines. Such TH cell lines 
can include, but are not limited to the folloWing Well knoWn 
murine cell lines: Doris, AE7, D10.G4, DAX, D1.1 and 
CDC25. Such T cell lines can be derived from normal 
individuals as Well as individuals exhibiting TH cell sub 
population-related disorders, such as, for example, chronic 
in?ammatory diseases and disorders, such as Crohn’s dis 
ease, reactive arthritis, including Lyme disease, insulin 
dependent diabetes, organ-speci?c autoimmunity, including 
multiple sclerosis, Hashimoto’s thyroiditis and Grave’s dis 
ease, contact dermatitis, psoriasis, graft rejection, graft ver 
sus host disease, sarcoidosis, atopic conditions, such as 
asthma and allergy, including allergic rhinitis, gastrointes 
tinal allergies, including food allergies, eosinophilia, con 
junctivitis, glomerular nephritis, certain pathogen suscepti 
bilities such as helminthic (e.g., leishmaniasis) and certain 
viral infections, including HIV, and bacterial infections, 
including tuberculosis and lepromatous leprosy. 

[0100] The TH cell clones can be stimulated in a variety 
of Ways. Such stimulation methods include, but are not 
limited to, pharmacological methods, such as exposure to 
phorbol esters, calcium ionophores, or lectins (e.g., Con 
canavalin A), by treatment With antibodies directed against 
T-cell receptor epitopes (e.g., anti-CD3 antibodies) or expo 
sure, in the presence of an appropriate antigen presenting 
cell (APC), to an antigen that the particular TH cells are 
knoWn to recogniZe. FolloWing such primary stimulation, 
the cells can be maintained in culture Without stimulation 
and, for example, in the presence of IL-2, utiliZing standard 
techniques Well knoWn to those of skill in the art. The cells 
can then be exposed to one or more additional cycles of 
stimulation and maintenance. The small molecule pro?les of 
the cells 0 cellular compartments can be taken at any time 
during the process of the stimulation in this experiment. 

[0101] A third experiment can also be used to discover 
determine small molecules present in different amounts. In 
vivo stimulation of animal models forms the basis for this 
experiment. The in vivo nature of the stimulation can prove 
to be especially predictive of the analogous responses in 
living patients. Stimulation can be accomplished via a 
variety of methods. For example, animals, such as trans 
genic animals described earlier, can be injected With appro 
priate antigen and appropriate cytokine to drive the desired 
TH cell differentiation. Draining lymph nodes can then be 
harvested at various time points after stimulation. Lymph 
nodes from, for example, TH1-directed animals can be 
compared to those of TH2-directed animals. AWide range of 
animal models, representing both models of normal immune 
differentiation and function as Well as those representing 
immune disorders can be utiliZed for this in vivo experiment. 

[0102] Cell or organelle samples can be collected during 
any point of such a procedure for small molecule pro?ling. 
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For example, cells or organelles can be obtained following 
any stimulation period and/or any maintenance period. 
Additionally, the cells or organelles can be collected during 
various points during the TH cell differentiation process. 
The small molecule pro?les of the cells or organelles can be 
compared using the methods outlined in the Examples. For 
example, small molecule pro?les from THO, TH1 and TH2 
groups isolated at a given time point can then be analyZed 
and compared. Additionally, small molecule pro?les from 
stimulated and non-stimulated cells Within a given TH cell 
group can also be compared and analyZed. Further, small 
molecule pro?les from undifferentiated TH cells can be 
compared to small molecule pro?les from cells at various 
stages during the differentiative process Which ultimately 
yields TH cell subpopulations. 

[0103] 6. Methods of Identifying Small Molecules Asso 
ciated With Cardiovascular Disorders 

[0104] The small molecule pro?les of the invention can be 
used to identify small molecules Which are relevant to 
cardiovascular disease. 

[0105] According to the invention, pro?les are generated 
for small molecules present in endothelial cells or endo 
lethial cell organelles subject to ?uid shear stress in vitro. 
Shear stress may be responsible for the prevalence of 
atherosclerotic lesions in areas of unusual circulatory ?oW. 

[0106] Cell cultures are exposed to ?uid shear stress Which 
is thought to be responsible for the prevalence of athero 
sclerotic lesions in areas of unusual circulatory ?oW. 
Unusual blood ?oW also plays a role in the harmful effects 
of ischemia/reperfusion, Wherein an organ receiving inad 
equate blood supply is suddenly reperfused With an over 
abundance of blood When the obstruction is overcome. 

[0107] Cultured HUVEC monolayers are exposed to lami 
nar shear stress by rotating the culture in a specialiZed 
apparatus containing liquid culture medium (Nagel et al., 
1994, J. Clin. Invest. 94: 885-891). Static cultures groWn in 
the same medium serve as controls. After a certain period of 
exposure to shear stress, experimental and control cells Will 
be harvested, organelles isolated and small molecule pro?les 
Will be generated to identify molecules Which are present in 
exposed versus control cells. 

[0108] In experiments designed to identify small mol 
ecules Which are involved in cardiovascular disease, com 
pounds such as drugs knoWn to have an ameliorative effect 
on the disease symptoms may be incorporated into the 
experimental system. Such compounds may include knoWn 
therapeutics, as Well as compounds that are not useful as 
therapeutics due to their harmful side effects. Test cells that 
are cultured, for example, may be exposed to one of these 
compounds and analyZed for different small molecule pro 
?les With respect to untreated cells, according to the methods 
described beloW in the Examples. In principle, according to 
the particular experiment, any cell type involved in the 
disease may be treated at any stage of the disease process by 
these therapeutic compounds. 

[0109] Test cells may also be compared to unrelated cells 
(e.g., ?broblasts) that are also treated With the compound, in 
order to screen out generic effects on small molecule pro?les 
that may not be related to the disease. Such generic effects 
might be manifest by changes in small molecule pro?les that 
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are common to the test cells and the unrelated cells upon 
treatment With the compound. 

[0110] By these methods, the small molecules upon Which 
these compounds affect can be identi?ed and used in the 
assays described beloW to identify novel therapeutic com 
pounds for the treatment of cardiovascular disease. 

[0111] In another experiment, small molecules are identi 
?ed from monocytes from human subjects. This experiment 
involves differential treatment of human subjects through 
the dietary control of lipid consumption. The human subjects 
are held on a loW fat/loW cholesterol diet for three Weeks, at 
Which time blood is draWn, monocytes are isolated accord 
ing to the methods routinely practiced in the art, organelles, 
such as mitochondria, nuclei, and the cytosol, are isolated 
and pro?les are generated. These same patients are subse 
quently sWitched to a high fat/high cholesterol diet and 
monocyte organelles are puri?ed again. The patients may 
also be fed a third, combination diet containing high fat/loW 
cholesterol and monocyte organelles may be puri?ed once 
again. The order in Which patients receive the diets may be 
varied. The small molecules of the organelles derived from 
patients maintained on tWo of the diets, or on all three diets, 
may then be compared and analyZed. 

[0112] In addition to the detection of different small mol 
ecule pro?les in monocytes, paradigms focusing on endot 
helial cells may be used to detect small molecules involved 
in cardiovascular disease. In one experiment, human umbili 
cal vein endothelial cells (HUVEC’s) are groWn in vitro. 
Experimental cultures Will then be treated With human 
IL-1[3, a factor knoWn to be involved in the in?ammatory 
response, in order to mimic the physiologic conditions 
involved in the atherosclerotic state. Alternatively experi 
mental HUVEC cultures may be treated With lysophosphati 
dylcholine, a major phospholipid component of atherogenic 
lipoproteins or oxidiZed human LDL. Control cultures are 
groWn in the absence of these compounds. After a certain 
period of treatment, experimental and control cells Will be 
harvested and small molecule pro?les Will be taken of the 
cells and/or organelles and analyZed. 

[0113] 7. Methods of Identifying of Small Molecules 
Associated With Central Nervous System and Other Neuro 
logical and Neurodegenerative Disorders 

[0114] The small molecule pro?les of the invention can be 
used to identify small molecules Which are relevant to 
central nervous system and other neurological and neuro 
degenerative disorders. Examples of such disorders include, 
for example, neuropathies, AlZheimer disease, Parkinson’s 
disease, Huntington’s disease, amyotropic lateral sclerosis, 
motor neuron disease, traumatic nerve injury, multiple scle 
rosis, acute disseminated encephalomyelitis, acute necrotiZ 
ing hemorrhagic leukoencephalitis, dysmyelination disease, 
mitochondrial disease, migrainous disorder, bacterial infec 
tion, fungal infection, stroke, aging, dementia, peripheral 
nervous system diseases and mental disorders such as 
depression and schiZophrenia, etc. 

[0115] One method for identifying small molecules Which 
are relevant to central nervous system and other neurological 
and neurodegenerative disorders, is to compare the small 
molecule pro?les of a diseased cell, cellular compartment or 
organelle of a diseased organism to a small molecule pro?le 
of a healthy cell, cellular compartment, or organelle (e.g., a 
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standard small molecule pro?le) For example, the cells can 
be derived from the subjects’ brain, muscle, retinal, nerve 
tissue, spinal ?uid, blood, etc. 
[0116] The diseased organism can be either a human or 
animal patient suffering from a neurological disorder or 
from an animal model of such a disorder. In certain embodi 
ments, the invention pertains to the small molecules Which 
are found in aberrant amounts in the small molecule pro?les 
of diseased cells. In other embodiments, the invention 
pertains to the small molecule subtraction pro?les of par 
ticular neurological disorders (e.g., subtraction pro?les of 
the diseased small molecule pro?le compared to the standard 
small molecule pro?le, etc.). 

[0117] 8. Methods of Identifying Small Molecules Asso 
ciated With Oncological Disorders 

[0118] In one embodiment, the invention pertains to meth 
ods of identifying small molecules associated With onco 
logical disorders, e.g., cancerous tumors, leukemia, lym 
phoma, etc. 

[0119] In one embodiment, small molecules associated 
With an oncological disorder are identi?ed by comparing 
small molecule pro?les of cancerous tissue With normal 
tissue. In a further embodiment, the tissue is from the same 
individual, e.g., normal and malignant prostate tissues are 
excised from a mammalian subject, e.g., mouse, rat, or 
human. Small molecule pro?les of cells, cellular compart 
ments, or organelles of the normal tissue is compared With 
the corresponding small molecule pro?les of the malignant 
tissue. When the small molecule pro?les are compared, 
certain small molecules may appear to be present in aberrant 
amounts in the cancerous tissue. 

[0120] The invention also pertains to methods for detect 
ing aberrant amounts of the identi?ed compound in other 
tissue, e.g., the methods of the invention can be used to 
develop a reagent that speci?cally reacts With cancerous 
tissue. 

[0121] 9. Methods of Identifying Small Molecules Regu 
lated by Genes of Interest 

[0122] In another embodiment, the invention pertains to 
methods of identifying small molecules regulated, modu 
lated, or associated With genetic modi?cation or alterations 
of cells, both engineered and naturally occurring. The iden 
ti?ed small molecules can be used, for example, to deter 
mine the function of unknoWn genes in functional genomics. 
For example, the comparison of the small molecules found 
in genetically altered cells can be used to elucidate the 
function of any given gene. For example, the invention 
pertains to a method for identifying small molecules asso 
ciated With expression vectors of interest by comparing the 
small molecules of host cells expressing an expression 
vector to the small molecules of host cells not expressing the 
expression vector. In one embodiment, the expression vector 
comprises a portion or fragment of the genome, e.g., human 
genome. In another embodiment, the expression vector may 
be knoWn to be associated With a particular disease state. 
The small molecules of the cells With and With out the 
expression vector expressed can be used to identify small 
molecules of interest, pathWays of interest, and targets for 
drug design and/or future study. 

[0123] In a further embodiment, the small molecules of 
the cells are identi?ed by through separation techniques such 
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as HPLC, mass spectroscopy and coulometric array tech 
nology to create small molecule pro?les (see, for example, 
Kristal, B. S. et al. Anal. Biochem. 263:18-25 (1998)). The 
resulting small molecule pro?le can then be compared to the 
small molecule pro?le of other cells, e.g., cells not geneti 
cally modi?ed. 

[0124] The term “vector” includes nucleic acid molecules 
capable of transporting another nucleic acid to Which it has 
been linked. One type of vector is a “plasmid”, Which refers 
to a circular double stranded DNA loop into Which addi 
tional DNA segments can be ligated. Another type of vector 
is a viral vector, Wherein additional DNA segments can be 
ligated into the viral genome. Certain vectors are capable of 
autonomous replication in a host cell into Which they are 
introduced (e.g., bacterial vectors having a bacterial origin 
of replication and episomal mammalian vectors). Other 
vectors (e.g., non-episomal mammalian vectors) are inte 
grated into the genome of a host cell upon introduction into 
the host cell, and thereby are replicated along With the host 
genome. Moreover, certain vectors are capable of directing 
the expression of genes to Which they are operatively linked. 
Such vectors are referred to herein as “expression vectors”. 
In general, expression vectors of utility in recombinant DNA 
techniques are often in the form of plasmids. In the present 
speci?cation, “plasmid” and “vector” can be used inter 
changeably as the plasmid is the most commonly used form 
of vector. HoWever, the invention is intended to include such 
other forms of expression vectors, such as viral vectors (e. g., 
replication defective retroviruses, adenoviruses and adeno 
associated viruses), Which serve equivalent functions. 

[0125] The recombinant expression vectors of the inven 
tion comprise a nucleic acid of the invention in a form 
suitable for expression of the nucleic acid in a host cell, 
Which means that the recombinant expression vectors 
include one or more regulatory sequences, selected on the 
basis of the host cells to be used for expression, Which is 
operatively linked to the nucleic acid sequence to be 
expressed. Within a recombinant expression vector, “oper 
ably linked” is intended to mean that the nucleotide 
sequence of interest is linked to the regulatory sequence(s) 
in a manner Which alloWs for expression of the nucleotide 
sequence (e.g., in an in vitro transcription/translation system 
or in a host cell When the vector is introduced into the host 
cell). The term “regulatory sequence” is intended to includes 
promoters, enhancers and other expression control elements 
(e.g., polyadenylation signals). Such regulatory sequences 
are described, for example, in Goeddel; Gene Expression 
Technology: Methods in Enzymology 185, Academic Press, 
San Diego, Calif. (1990). Regulatory sequences include 
those Which direct constitutive expression of a nucleotide 
sequence in many types of host cell and those Which direct 
expression of the nucleotide sequence only in certain host 
cells (e.g., tissue-speci?c regulatory sequences). It Will be 
appreciated by those skilled in the art that the design of the 
expression vector can depend on such factors as the choice 
of the host cell to be transformed, the level of expression of 
protein desired, etc. 

[0126] The recombinant expression vectors of the inven 
tion can be designed for expression in prokaryotic or, 
preferably, eukaryotic host cells. For example, the vectors 
can be expressed in bacterial cells such as E. coli, insect cells 
(using baculovirus expression vectors) yeast cells or mam 
malian cells. Suitable host cells are discussed further in 
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Goeddel, Gene Expression Technology: Methods in Enzy 
mology 185, Academic Press, San Diego, Calif. (1990). 

[0127] Expression of vectors in prokaryotes is most often 
carried out in E. coli With vectors containing constitutive or 
inducible promoters directing the expression of either fusion 
or non-fusion proteins. Examples of inducible non-fusion E. 
coli expression vectors include pTrc (Amann et al., (1988) 
Gene 691301-315) and pET 11d (Studier et al., Gene Expres 
sion Technology: Methods in Enzymology 185, Academic 
Press, San Diego, Calif. (1990) 60-89). Target gene expres 
sion from the pTrc vector relies on host RNA polymerase 
transcription from a hybrid trp-lac fusion promoter. Target 
gene expression from the pET 11d vector relies on tran 
scription from a T7 gn10-lac fusion promoter mediated by a 
coexpressed viral RNA polymerase (T7 gn1). This viral 
polymerase is supplied by host strains BL21(DE3) or 
HMS174(DE3) from a resident prophage harboring a T7 gn1 
gene under the transcriptional control of the lacUV 5 pro 
moter. 

[0128] In another embodiment, the expression vector is a 
yeast expression vector. Examples of vectors for expression 
in yeast S. cerivisae include pYepSec1 (Baldari, et al., 
(1987) Embo J. 61229-234), pMFa (Kurj an and HerskoWitZ, 
(1982) Cell 301933-943), pJRY88 (Schultz et al., (1987) 
Gene 541113-123), pYES2 (Invitrogen Corporation, San 
Diego, Calif.), and picZ (InVitrogen Corp, San Diego, 
Calif.). 
[0129] Alternatively, the vector can be expressed in insect 
cells using baculovirus expression vectors. Baculovirus vec 
tors available for expression of vectors in cultured insect 
cells (e.g., Sf 9 cells) include the pAc series (Smith et al. 
(1983) Mol. Cell Biol. 312156-2165) and the pVL series 
(LuckloW and Summers (1989) Virology 170131-39). 
[0130] In a preferred embodiment, a nucleic acid of the 
interest is expressed in mammalian cells using a mammalian 
expression vector. Examples of mammalian expression vec 
tors include pCDM8 (Seed, B. (1987) Nature 3291840) and 
pMT2PC (Kaufman et al. (1987) EMBO J. 61187-195). 
When used in mammalian cells, the expression vector’s 
control functions are often provided by viral regulatory 
elements. For example, commonly used promoters are 
derived from polyoma, Adenovirus 2, cytomegalovirus and 
Simian Virus 40. For other suitable expression systems for 
both prokaryotic and eukaryotic cells see chapters 16 and 17 
of Sambrook, J ., Fritsh, E. F., and Maniatis, T. Molecular 
Cloning: A Laboratory Manual. 2nd, ed., Cold Spring 
Harbor Laboratory, Cold Spring Harbor Laboratory Press, 
Cold Spring Harbor, NY, 1989. 

[0131] The terms “host cell” and “recombinant host cell” 
are used interchangeably. These cells include not only the 
particular subject cell but to the progeny or potential prog 
eny of such a cell. Because certain modi?cations may occur 
in succeeding generations due to either mutation or envi 
ronmental in?uences, such progeny may not, in fact, be 
identical to the parent cell, but are still included Within the 
scope of the term as used herein. 

[0132] For this method, a host cell can be any prokaryotic 
or eukaryotic cell. For example, a protein of interest can be 
expressed in bacterial cells such as E. coli, insect cells, yeast 
or, preferably, mammalian cells (such as Chinese hamster 
ovary cells (CHO) or COS cells). Other suitable host cells 
are knoWn to those skilled in the art. 
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[0133] Vector DNA can be introduced into prokaryotic or 
eukaryotic cells via conventional transformation or trans 
fection techniques. The terms “transformation” and “trans 
fection” include a variety of art-recognized techniques for 
introducing foreign nucleic acid (e. g., DNA) into a host cell, 
including calcium phosphate or calcium chloride co-precipi 
tation, DEAE-dextran-mediated transfection, lipofection, or 
electroporation. Suitable methods for transforming or trans 
fecting host cells can be found in Sambrook, et al. (Molecu 
lar Cloning: A Laboratory Manual. 2nd, ed., Cold Spring 
Harbor Laboratory, Cold Spring Harbor Laboratory Press, 
Cold Spring Harbor, NY, 1989), and other laboratory 
manuals. 

[0134] For stable transfection of mammalian cells, it is 
knoWn that, depending upon the expression vector and 
transfection technique used, only a small fraction of cells 
may integrate the foreign DNA into their genome. In order 
to identify and select these integrants, a gene that encodes a 
selectable marker (e.g., resistance to antibiotics) is generally 
introduced into the host cells along With the gene of interest. 
Preferred selectable markers include those Which confer 
resistance to drugs, such as G4 18, hygromycin and meth 
otrexate. Nucleic acid encoding a selectable marker can be 
introduced into a host cell on the same vector as the gene or 
a separate vector. Cells stably transfected With the intro 
duced nucleic acid can be identi?ed by drug selection (e.g., 
cells that have incorporated the selectable marker gene Will 
survive, While the other cells die). 

[0135] Furthermore, in yet another embodiment, the 
invention also pertains to methods for identifying small 
molecules regulated by a gene expressed in a particular host 
cell. In this embodiment, the gene is removed, functionally 
disrupted, otherWise not expressed in the cell and the small 
molecules of the cell are compared to those of a similar cell 
Wherein the gene is expressed. The small molecules Which 
are regulated, modulated or associated With this gene can 
then be identi?ed by the comparison of the small molecules 
of the cells With and Without the gene expressed. The small 
molecules Which are present in aberrant amounts can then be 
used to identify pathWays, targets, and other small molecules 
associated With this gene, using methods of the invention. 

[0136] To functionally disrupt a gene of a cell, a vector is 
prepared Which contains at least a portion of a gene of 
interest into Which a deletion, addition or substitution has 
been introduced to thereby alter, e.g., functionally disrupt, 
the gene of interest. The gene of interest can be a human 
gene, or a non-human homologue of a human gene. In an 
embodiment, the vector is designed such that, upon homolo 
gous recombination, the endogenous gene of interest is 
functionally disrupted (i.e., no longer encodes a functional 
protein; also referred to as a “knock out” vector). Alterna 
tively, the vector can be designed such that, upon homolo 
gous recombination, the endogenous gene of interest is 
mutated or otherWise altered but still encodes, for example, 
a functional protein (e. g., the upstream regulatory region can 
be altered to thereby alter the expression of the endogenous 
protein). In the homologous recombination vector, the 
altered portion of the gene of interest is ?anked at its 5‘ and 
3‘ ends by additional nucleic acid sequence of the gene of 
interest to alloW for homologous recombination to occur 
betWeen the exogenous gene of interest carried by the vector 
and an endogenous gene of interest in a cell. The additional 
?anking nucleic acid sequence should be of sufficient length 
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for successful homologous recombination With the endog 
enous gene. Typically, several kilobases of ?anking DNA 
(both at the 5‘ and 3‘ ends) are included in the vector (see 
e.g., Thomas, K. R. and Capecchi, M. R. (1987) Cell 511503 
for a description of homologous recombination vectors). 
The vector is introduced into a cell line (e.g., by electropo 
ration) and cells in Which the introduced gene of interest has 
homologously recombined With the endogenous gene of 
interest are selected (see e.g., Li, E. et al. (1992) Cell 
691915). The small molecules of the cells can then be 
compared to cells With out the gene of interest disrupted, 
thus identifying small molecules associated With the gene of 
interest. 

[0137] 10. Assays for Identifying Potential Cell Drug 
Targets Using Labeled Disease Relevant Small Molecules 

[0138] In another embodiment, the invention also pertains 
to methods for identifying potential cell drug targets (e.g., 
cellular components Which interact With the labeled small 
molecules). This method is particularly useful because it can 
identify components Which are knoWn to interact With 
disease relevant small molecules. Therefore, targets identi 
?ed through this method are “pre-validated,” and some of 
the guess Work surrounding the choice of target is elimi 
nated. In a further embodiment, this method can be used in 
conjunction With conventional genomics as a further vali 
dation step to identify targets for further research. 

[0139] The method includes obtaining a cell from a 
source, obtaining samples of small molecules from the cell; 
testing the samples for biological activity; identifying the 
biologically active small molecules of the samples; labeling 
the biologically active small molecules; contacting the 
labeled small molecules With cellular components; and 
identifying interactions betWeen cellular components and 
said labeled small molecules. The invention includes the 
identi?ed cell drug targets as Well as the identi?ed biologi 
cally active small molecules. 

[0140] In another embodiment, the invention includes a 
method for identifying potential cell drug targets. The 
method includes contacting a labeled disease relevant small 
molecule With cellular components; and identifying interac 
tions betWeen said cell components and the labeled disease 
relevant small molecule. 

[0141] The labeled small molecules also include labeled 
“disease-relevant small molecules,” identi?ed by any of the 
techniques described herein (e.g., comparison of small mol 
ecule pro?les in healthy and diseased cells, etc.). In another 
embodiment, the method includes contacting a labeled dis 
ease relevant small molecule With cellular components, and 
identifying the interactions betWeen the cellular components 
and the labeled disease relevant small molecule. 

[0142] The term “label” includes any moieties or mol 
ecules Which enhance the ability of the labeled small mol 
ecules to be detected. Examples of suitable labels are Well 
knoWn in the art. radiolabels and ?uorescent labels. The term 
“label” includes direct labeling of the small molecule by 
radiolabeling, coupling (i.e., physically linking) a detectable 
substance (e.g., a ?uorescent moiety) to the small molecule, 
and indirect labeling of the small molecule by reacting the 
small molecule With another reagent that is directly labeled. 
Examples of indirect labeling include detection of a small 
molecules by labeling it With biotin such that it can be 
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detected With ?uorescently labeled streptavidin. In one 
embodiment, the small molecules are ?uorescently labeled 
or radiolabeled. 

[0143] The term “cellular components” includes material 
derived from cells. The cellular components can be puri?ed 
or crude cellular extracts. The cellular components can be 
derived from one type of cell, or even a speci?c cellular 
compartment such as an organelle (e.g., mitochondria, 
nucleus, cytoplasm). Furthermore, the term includes both 
natural proteins found Within biological systems and chi 
meric and other engineered proteins. In one embodiment, the 
term “cellular component” includes cellular receptors. The 
term also includes natural and unnatural polysaccharides and 
nucleic acids. In one embodiment, the term “cellular com 
ponent” is a crude cellular extract from a human cell. The 
term “cellular component” includes “targets.” 

[0144] Samples of the invention that bind to cellular 
components can be identi?ed by preparing a reaction mix 
ture of the cellular components and the samples under 
conditions and for a time suf?cient to alloW the components 
and the sample to interact and bind, thus forming a complex 
Which can be removed and/or detected in the reaction 
mixture. The cellular components used can vary depending 
upon the goal of the screening assay. In one embodiment, the 
sample of the invention is an isolated, labeled small mol 
ecule, e.g., a disease relevant small molecule, a small 
molecule With biological activity or another small molecules 
Which is present in aberrant levels in disease states. The 
assay can be used to determine Which cellular components 
the small molecule interacts With. The identi?ed cellular 
components Which interact With the small molecule can then 
be used for drug design. 

[0145] In a further embodiment, the cellular components 
are a nucleic acid array. High density arrays of nucleic acids 
(such as cDNA’s and synthetic oligonucleotides) alloW for 
a high degree of automation, repetitive analysis and dupli 
cation at minimal cost (Fraser, Electrophoresis, 1811207 
1215 (1997)). The development of recent technology has 
provided methods for making very large arrays of oligo 
nucleotide probes in very small areas (see, for example, US. 
Pat. No. 5,143,854, WO 90/15070 and WO 92/10092, each 
of Which is incorporated herein by reference). In one 
embodiment, the nucleic acids of the array are human genes. 
Examples of nucleic acid arrays include those mentioned in 
US. Pat. No. 6,027,880 and US. Pat. No. 5,861,242. The 
nucleic acids also can be representative of RNA molecules 
present in a cell, tissue or organ (e.g., the “transcriptome”, 
see Hoheisel, J. et al. Trends Biotechnol. 151465-469 (1997); 
Velculescu, Cell, 881243-251 (1997)). In one embodiment, 
the nucleic acids are in array. 

[0146] In another further embodiment, the cellular com 
ponents are a protein array. Examples of protein arrays 
include those employing conventional protein separation 
techniques, such as 2-dimensional gel electrophoresis, chro 
matographic procedures (e.g., FPLC, SMART by Pharma 
cia, Uppsala, SWeden), capillary electrophoretic techniques 
and mass spectrometry. In another embodiment, the protein 
array is a soup of proteins that contains a signi?cant portion 
of the diversity encoded by a genome (see WO 99/39210). 

[0147] In a further embodiment, the cellular components 
are a 2D protein gel. The 2D protein gel may be a complete 
or an incomplete set of the protein molecules present in a 
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cell, tissue or organ (e.g., the proteome, see Sagliocco, et al. 
Yeast 12, 15191534 (1996); Shevalanko, et al. Porch. Nat. 
Acad. Sci. 93, 14440-14445 (1996)). Labeled biologically 
active small molecules previously identi?ed through meth 
ods of the invention can then be contacted With the 2D gels 
and interactions betWeen the labeled small molecules and 
the protein of the 2D gel can be detected. 

[0148] The proteins identi?ed through this method can 
then be further tested for biological activity, e.g., biological 
activity relating to that of the small molecule, e.g., through 
knock-out mice, inhibition studies, and other techniques 
knoWn in the art. Furthermore, the identi?ed proteins can 
then be used in drug design to identify other molecules 
(either naturally occurring or chemically synthesiZed) Which 
bind or interact With the protein Which may have advanta 
geous characteristics (e.g., enhanced biological activity, less 
toxic side effects). 

[0149] 11. Predictive Medicine and Pharmacometabolom 
ics 

[0150] The present invention also pertains to the ?eld of 
predictive medicine in Which diagnostic assays, prognostic 
assays, pharmacometabolomics, and monitoring clinical 
trails are used for prognostic (predictive) purposes to 
thereby treat an individual prophylactically. Accordingly, 
one aspect of the present invention relates to diagnostic 
assays for determining small molecule pro?les, in the con 
text of a biological sample (e.g., blood, serum, cells, tissue, 
cellular organelles) to thereby determine Whether an indi 
vidual is af?icted With a disease or disorder, or is at risk of 
developing a disorder, associated With aberrant levels of 
small molecules. The invention also provides for prognostic 
(or predictive) assays for determining Whether an individual 
is at risk of developing a disorder associated With relevant 
small molecules. For example, aberrant levels of small 
molecules can be pro?led from a biological sample. Such 
assays can be used for prognostic or predictive purpose to 
thereby prophylactically treat an individual prior to the onset 
of a disorder characteriZed by or associated With a relevant 
small molecule. 

[0151] Another aspect of the invention provides methods 
for determining small molecule pro?les of an individual to 
thereby select appropriate therapeutic or prophylactic agents 
for that individual (referred to herein as “pharmacometabo 
lomics”). Pharmacometabolomics alloWs for the selection of 
agents (e.g., drugs) for therapeutic or prophylactic treatment 
of an individual based on the small molecule pro?le of the 
individual (i.e., the individual’s “metaboprint”). The 
metaboprint of the individual is examined to predict What 
the person’s reaction to a particular therapeutic compound 
Will be. Yet another aspect of the invention pertains to 
monitoring the in?uence of agents (e.g., drugs or other 
compounds) on the small molecule pro?les of the patients in 
clinical trials. 

[0152] Pharrnacometabolomics is similar to pharmacoge 
nomics but it is also able to taken in to account environ 
mental and other non-genetic factors (e.g., other drugs, etc.) 
Which may affect an individual’s response to a particular 
therapeutic compound. Pharmacometabolomics can be used 
alone or in combination With pharmacogenomics to predict 
an individual’s reaction to a particular drug based upon their 
metaboprint (e.g., small molecule pro?le) and/or their geno 
type. 
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[0153] Pharmacometabolomics is particularly useful 
because it provides an early Warning sign, due to its capa 
bility of detecting aberrant small molecules long before any 
disease symptoms or predisposed phenotypes are noticed. 

[0154] A. Diagnostic Assays 
[0155] In one embodiment, the invention pertains to a 
method for facilitating the diagnosis of a disease state of a 
subject. The method includes obtaining a small molecule 
pro?le from a subject suspected of having and/or having a 
disease state, and comparing the small molecule pro?le from 
the subject to a standard small molecule pro?le. 

[0156] The invention provides a method of assessing small 
molecule pro?les, especially aberrant small molecule pro 
?les. Aberrant small molecule pro?les (e.g., excessive 
amounts of a particular molecule, de?cient amounts of a 
particular molecule, the presence of a small molecule not 
usually present, etc.) may indicate the presence of a disease 
state. More generally, aberrant small molecule pro?les may 
indicate the occurrence of a deleterious or disease-associated 
metaboprint contributed by small molecules present in aber 
rant amounts. 

[0157] The standard small molecule pro?le can be 
obtained from healthy subjects or subjects af?icted With the 
disease state Which is the subject is suspected of having. The 
small molecule pro?les can be taken from a particular organ, 
tissue, or combinations or organs or tissues. The small 
molecule pro?les can also be taken of cells, cellular com 
partments, or particular organelles. 

[0158] The term “disease state” includes any states Which 
are capable of being detected metabolomically by compar 
ing small molecule pro?les of a subject having the disease 
to a standard small molecule pro?le. Examples of disease 
states include, but are not limited to, include metabolic 
diseases (e.g., obesity, cachexia, diabetes, anorexia, etc.), 
cardiovascular diseases (e.g., atherosclerosis, ischemia/rep 
erfusion, hypertension, restenosis, arterial in?ammation, 
etc.), immunological disorders (e.g., chronic in?ammatory 
diseases and disorders, such as Crohn’s disease, reactive 
arthritis, including Lyme disease, insulin-dependent diabe 
tes, organ-speci?c autoimmunity, including multiple sclero 
sis, Hashimoto’s thyroiditis and Grave’s disease, contact 
dermatitis, psoriasis, graft rejection, graft versus host dis 
ease, sarcoidosis, atopic conditions, such as asthma and 
allergy, including allergic rhinitis, gastrointestinal allergies, 
including food allergies, eosinophilia, conjunctivitis, glom 
erular nephritis, certain pathogen susceptibilities such as 
helminthic (e.g., leishmaniasis) and certain viral infections, 
including HIV, and bacterial infections, including tubercu 
losis and lepromatous leprosy, etc.), nervous system disor 
ders (e.g., neuropathies, AlZheimer disease, Parkinson’s 
disease, Huntington’s disease, amyotropic lateral sclerosis, 
motor neuron disease, traumatic nerve injury, multiple scle 
rosis, acute disseminated encephalomyelitis, acute necrotiZ 
ing hemorrhagic leukoencephalitis, dysmyelination disease, 
mitochondrial disease, migrainous disorder, bacterial infec 
tion, fungal infection, stroke, aging, dementia, peripheral 
nervous system diseases and mental disorders such as 
depression and schiZophrenia, etc.), oncological disorders 
(e.g., leukemia, brain cancer, pancreatic cancer, prostate 
cancer, liver cancer, stomach cancer, colon cancer, throat 
cancer, breast cancer, ovarian cancer, skin cancer, mela 
noma, etc.). The term also include disorders Which result 
from oxidative stress. 
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[0159] The term “subject” includes humans, animals, and 
plants. In one embodiment, the subject is a human suffering 
from or at risk of suffering from a disease state. 

[0160] The invention also encompasses kits for detecting 
the presence of a particular relevant small molecule in a 
biological sample (a test sample). Such kits can be used to 
determine if a subject is suffering from or is at increased risk 
of developing a disorder associated With the relevant small 
molecule (e.g, drug resistance). For example, the kit can 
comprise a labeled compound or agent capable of detecting 
the relevant small molecule in a biological sample and 
means for determining the amount of the relevant small 
molecule in the sample (e.g., an antibody against the rel 
evant small molecule another molecular or chemical sensor). 
Kits may also include instruction for observing that the 
tested subject is suffering from or is at risk of developing a 
disorder associated With the relevant small molecule if the 
amount of the relevant small molecule is above or beloW a 
normal level. 

[0161] The kit may also comprise, e.g., a buffering agent, 
a preservative, or a stabiliZing agent. The kit may also 
comprise components necessary for detecting the detectable 
agent (e.g., a substrate). The kit may also contain a control 
sample or a series of control samples Which can be assayed 
and compared to the test sample contained. Each component 
of the kit is usually enclosed Within an individual container 
and all of the various containers are Within a single package 
along With instructions for observing Whether the tested 
subject is suffering from or is at risk of developing a disorder 
=associated With the relevant small molecule. 

[0162] B. Prognostic Assays 
[0163] The invention also pertains to a method for pre 
dicting Whether a subject is prediposed to having a disease 
state. The method includes obtaining a small molecule 
pro?le from the subject; and comparing the small molecule 
pro?le from the subject to a standard small molecule pro?le, 
thereby predicting Whether a subject is prediposed to having 
a disease state. 

[0164] The methods described herein can furthermore be 
used as diagnostic or prognostic assays to identify subjects 
having or at risk of developing a disease or disorder asso 
ciated With aberrant small molecule pro?les. For eXample, 
the assays described herein, such as the preceding diagnostic 
assays or the folloWing assays, can be utiliZed to identify a 
subject having or at risk of developing a disorder associated 
With an aberrant small molecule pro?le, such as drug resis 
tance of tumor cells. Alternatively, the prognostic assays can 
be utiliZed to identify a subject having or at risk for 
developing such a disease or disorder. Thus, the present 
invention provides a method in Which a test sample is 
obtained from a subject and a small molecule pro?le is 
taken, Wherein an aberrant small molecule pro?le is diag 
nostic for a subject having or at risk of developing a disease 
or disorder associated With an aberrant small molecule 
pro?le. The term “test sample” is a biological sample 
obtained from a subject of interest. For eXample, a test 
sample can be a biological ?uid (e.g., serum), cell sample, 
or tissue. Advantageously, the test sample may consist of 
cells or individual organelles, e.g., mitochondria, nuclei, 
Golgi apparatus, endoplasmic reticulum, ribosomes, chloro 
plasts, etc. 

[0165] Furthermore, the prognostic assays described 
herein can be used to determine Whether a subject can be 
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administered an agent (e.g., peptidomimetic, protein, pep 
tide, nucleic acid, small molecule, or other drug candidate) 
to treat a disease or disorder associated With an aberrant 
small molecule pro?le. For eXample, such methods can be 
used to determine Whether a subject can be effectively 
treated With a speci?c agent or class of agents (e.g., agents 
of a type Which effect the small molecule pro?le in particular 
Ways). Thus, the present invention provides methods for 
determining Whether a subject can be effectively treated With 
an agent for a disorder associated With an aberrant small 
molecule pro?le in Which a test sample is obtained and an 
aberrant small molecule pro?le is detected (e. g., Wherein the 
presence or relative quantity of particular relevant small 
molecules is diagnostic for a subject that can be adminis 
tered the agent to treat a disorder associated With the 
aberrant small molecule pro?le). In some embodiments, the 
foregoing methods provide information useful in prognos 
tication, staging and management of particular states that are 
characteriZed by altered small molecule pro?les and thus by 
a particular metaboprint. The information more speci?cally 
assists the clinician in designing treatment regimes to eradi 
cate such particular states from the body of an afflicted 
subject. 
[0166] The methods of the invention can also be used to 
detect the presence or absence of relevant small molecules, 
thereby determining if a subject is at risk for a disorder 
associated With this relevant small molecule. For eXample, 
the presence or absence of relevant small molecules, may 
indicate Whether the process of developing a disease state 
has been initiated or is likely to arise in the tested cells. In 
preferred embodiments, the methods include detecting the 
presence or absence of the relevant small molecule, in a 
sample of cells from the subject, the presence or absence of 
a disease state. Preferably the sample of cells is obtained 
from a body tissue suspected of comprising diseased cells. 
Thus, the present method provides information relevant to 
diagnosis of the presence of a disease state. In one embodi 
ment, the sample of cells is comprised mainly of a particular 
cellular organelle, e.g., mitochondria, Golgi apparatus, 
nuclei, etc. 

[0167] The methods described herein may be performed, 
for eXample, by utiliZing pre-packaged diagnostic kits com 
prising at least one reagent for detecting a relevant small 
molecule, Which may be conveniently used, e.g., in clinical 
settings to diagnose patients exhibiting symptoms or family 
history of a disease or illness involving a relevant small 
molecule. 

[0168] C. Pharmacometabolomics 

[0169] The invention also pertains to a method for pre 
dicting a subject’s response to a therapeutic agent. The 
method includes obtaining a small molecule pro?le from the 
subject, and comparing the small molecule pro?le of the 
subject to a knoWn standard established for the therapeutic 
agent as an indication of Whether the subject Would bene?t 
from treatment With the therapeutic agent. 

[0170] Agents, or modulators Which alter levels of par 
ticular relevant small molecules, as identi?ed by a screening 
assay described herein can be administered to individuals to 
treat (prophylactically or therapeutically) disorders associ 
ated With the relevant small molecules. In conjunction With 
such treatment, the pharmacometabolomics (i.e., the study 
of the relationship betWeen an individual’s metaboprint and 
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that individual’s response to a foreign compound or drug) of 
the individual may be considered. Differences in metabolism 
of therapeutics can lead to severe toxicity or therapeutic 
failure by altering the relation betWeen dose and blood 
concentration of the pharmacologically active drug. Thus, 
the pharmacometabolomics of the individual permits the 
selection of effective agents (e.g., drugs) for prophylactic or 
therapeutic treatments based on a consideration of the indi 
vidual’s metaboprint. Such pharmacometabolomics can fur 
ther be used to determine appropriate dosages and therapeu 
tic regimens. Accordingly, the small molecule pro?le of an 
individual can be determined to thereby select appropriate 
agent(s) for therapeutic or prophylactic treatment of the 
individual. 

[0171] The knoWn standard can be obtained from subjects 
Who bene?ted from the agent, e.g., patients Who Were treated 
With the agent and Were cured, maintained their health, or 
prevented or sloWed the deterioration of health. The knoWn 
standard can be taken from a particular tissue, organ. It can 
also be taken from any organelle, cell, or cellular compart 
ment during any point during the bene?cial treatment. It can 
be derived from a single patient or from an average of more 
than one patient Who Were treated successfully With the 
agent. In addition, the knoWn standard can also be derived 
using other techniques. 

[0172] Pharmacometabolomics deals With clinically sig 
ni?cant hereditary and non-hereditary variations in the 
response to drugs due to altered drug disposition and abnor 
mal action in affected persons. In general, several types of 
pharmacometabolomic conditions can be differentiated. For 
example, certain pharmacometabolomic conditions may be 
the result of genetic conditions. The genetic conditions may 
be transmitted as a single factor altering the Way drugs act 
on the body (altered drug action) or genetic conditions 
transmitted as single factors altering the Way the body acts 
on drugs (altered drug metabolism). These pharmacome 
tabolomic conditions can occur either as rare defects or as 

polymorphisms. For example, glucose-6-phosphate dehy 
drogenase de?ciency (G6PD) is a common inherited enZy 
mopathy in Which the main clinical complication is 
haemolysis after ingestion of oxidant drugs (anti-malarials, 
sulfonamides, analgesics, nitrofurans) and consumption of 
fava beans. Examples of non-hereditary conditions Which 
may affect the Way drugs act on the body or the Way the body 
acts on the drugs include the ingestion of certain drugs, the 
substance dependence of the patient, the diet of the patient, 
non-hereditary medical conditions of the patient, etc. 

[0173] The small molecule pro?le and metaboprint an 
individual can be determined to select appropriate agent(s) 
for therapeutic or prophylactic treatment of the individual. In 
addition, pharmacometabolomic studies can be used to 
identify an individual’s drug responsiveness metaboprint. 
This knowledge, When applied to dosing or drug selection, 
can avoid adverse reactions or therapeutic failure and thus 
enhance therapeutic or prophylactic ef?ciency When treating 
a subject With an agent, such as an agent identi?ed by one 
of the exemplary screening assays knoWn in the art. 

[0174] D. Monitoring of Effects During Clinical Trials 

[0175] The invention also pertains to a method for 
metabolomically monitoring the effectiveness of a therapeu 
tic agent in clinical trials. The method includes obtaining a 
small molecule pro?le from a subject in a clinical trial being 

Jan. 24, 2002 

treated With a therapeutic agent, and monitoring changes in 
the small molecule pro?le of the subject as an indication of 
the effectiveness of the therapeutic agent in the subject. In 
one embodiment, the small molecule pro?le of the subject 
can be compared to a predetermined standard. 

[0176] Monitoring the in?uence of agents (e.g., drugs, 
therapeutic compounds) on the small molecule pro?le can be 
applied not only in basic drug screening, but also in clinical 
trials. For example, the effectiveness of an agent determined 
by a screening assay as described herein to increase levels of 
certain relevant small molecules, can be monitored in clini 
cal trails of subjects exhibiting decreased levels of certain 
small molecules. Alternatively, the effectiveness of an agent 
determined by a screening assay to decrease levels of a 
certain relevant small molecule, can be monitored in clinical 
trails of subjects exhibiting increased levels of the certain 
relevant small molecule. In such clinical trials, the level of 
the certain small molecule and, preferably, the remainder of 
the small molecule pro?le can be used as a “read out” of the 
disease state of the particular cell. 

[0177] For example, and not by Way of limitation, small 
molecules that are modulated in cells by treatment With an 
agent (e.g., compound, drug or small molecule) can be 
identi?ed in screening assays. The effect of agents on 
cellular proliferation disorders, for example, can be studied 
in a clinical trial. For example, cells can be isolated and 
small molecule pro?les of either Whole cells or particular 
organelles can be taken. In this Way, the small molecule 
pro?le can serve as a marker, indicative of the physiological 
response of the cells to the agent. Accordingly, this response 
state may be determined before, and at various points 
during, treatment of the individual With the agent. 

[0178] In an embodiment, the present invention provides 
a method for monitoring the effectiveness of treatment of a 
subject With an agent (e.g., peptidomimetic, protein, peptide, 
nucleic acid, small molecule, or other drug candidate iden 
ti?ed by the screening assays described herein) comprising 
the steps of obtaining a pre-administration sample from 
a subject prior to administration of the agent; (ii) detecting 
the small molecule pro?le of the preadministration sample; 
(iii) obtaining one or more post-administration samples from 
the subject; (iv) detecting the small molecule pro?le of the 
post-administration samples; (v) comparing the small mol 
ecule pro?le of the pre-administration sample With the small 
molecule pro?le of the post administration sample or 
samples; and (vi) altering the administration of the agent to 
the subject accordingly. For example, increased administra 
tion of the agent may be desirable to increase the level of 
certain relevant small molecules to higher levels than 
detected, i.e., to increase the effectiveness of the agent. 
Alternatively, decreased administration of the agent may be 
desirable to decrease the level of certain relevant small 
molecules to loWer levels than detected, i.e., to decrease the 
effectiveness of the agent. 

[0179] 12. Identi?cation of Compounds Which Protect 
Mitochondrial Function 

[0180] In a further embodiment, the samples are obtained 
from a speci?c organelle, e g., mitochondria, nuclei, ribo 
somes, Golgi apparatus, endoplasmic reticulum, etc. The 
small molecule pro?les obtained from the organelles can be 
used to identify small molecules Which are of particular 
relevance to the particular organelle, in both health and 
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disease states. In one embodiment, the invention pertains to 
standard small molecule pro?les of particular organelles, 
e.g., nuclei, mitochondria, chloroplasts, Golgi apparatus, 
endoplasmic reticulum, ribosomes, etc. 
[0181] The term “standard small molecule pro?les of 
particular organelles” includes the averaged pro?les of par 
ticular organelles. The standard pro?les can be averaged 
over more than one pro?le from a particular individual, or 
from a population. Furthermore, the pro?les can all be from 
the same type of cells (e.g., liver cells, muscle cells, nerve 
cells, brain tissue cells, blood cells, immune system cells, 
etc.) or different types of cells. The standard pro?les can be 
taken of any organelle of interest. The organelle of interest 
can be obtained, generally, through methods knoWn in the 
art, such as fractional centrifugation. Examples of organelles 
Which can be analyZed through this method include, for 
example, nuclei, mitochondria, chloroplasts, centrioles, 
ribosomes, Golgi apparatus, endoplasmic reticulum, etc. 
[0182] In one embodiment, the organelles are mitochon 
dria. Mitochondrial dysfunction has been implicated in a 
Wide range of physiological conditions, such as neurode 
generative diseases, aging processes, diabetes, and cancer. 
Mitochondria buffer intracellular calcium, are responsible 
for production of ATP, and play a key role in cell death 
pathWays, such as apoptosis (Green and Reed, Science 281: 
1309-1312, 1998; Susin et al., Biochim. Et. Biophys. Acta 
1366: 151-165, 1998). Due to their central role in a Wide 
array of cellular respiratory, oxidative and metabolic pro 
cesses, defects in mitochondrial activity impact the rate of 
ATP production, calcium homeostasis, free radical produc 
tion and release of apoptosis inducing factors. (Ernster and 
SchatZ, J. Cell Biol. 91:227s-255, 1981). 
[0183] Therefore, in one embodiment, the invention per 
tains to a method for identifying compounds relevant to 
mitochondrial related disorders. In one embodiment, the 
invention pertains to small molecule pro?les of mitochon 
dria Which identify about 70% or more of the small mol 
ecules, about 75% or more of the small molecules, about 
80% or more of the small molecules, about 85% or more of 
the small molecules, about 90% or more of the small 
molecules, about 91% or more of the small molecules, about 
92% or more of the small molecules, about 93% or more of 
the small molecules, about 94% or more of the small 
molecules, about 95% or more of the small molecules, about 
96% or more of the small molecules, about 98% or more of 
the small molecules, about 99% or more of the small 
molecules of the mitochondria. In another embodiment, the 
invention pertains to methods for identifying compounds 
Which are present in aberrant amounts When standard small 
molecule pro?les of mitochondria are compared to small 
molecule pro?les of mitochondria afflicted With a mitochon 
drial related disorder. The invention pertains to both the 
standard mitochondria pro?le and the compounds identi?ed 
to be relevant to mitochondria related disorders. 

[0184] The term “mitochondrial related disorders” include 
disorders associated With processes associated With the 
mitochondria. Mitochondrial related disorders include neu 
rodegenerative diseases, aging, diabetes, and cancer. Further 
more mitochondrial related diseases included those related 
to the production of ATP, intracellular calcium, free radicals, 
and apopotosis. 
[0185] In another embodiment, the compounds identi?ed 
from the small molecule pro?le of the mitochondria are 
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assayed for biologically active small molecules Which pro 
tect mitochondrial function. Examples of assays that can be 
used for evaluating mitochondrial function include assays 
Which evaluate the inhibition of production of reactive 
oxygen species (e.g., assays using dichloro?uorescin diac 
etate), assays for mitochondrial permeability transition 
(MPT) (e.g., assays using dyes such as 2-4 dimethylami 
nostyryl-N-Methlypyridinim); mitochodrial electrochemical 
potential gradients; and cell death assays With signals Which 
can be used to induce insult, measure or release apoptogenic 
molecules, structural changes in cells, DNA changes, acti 
vation of caspases, and translocation of membrane compo 
nents. Assays that evaluate effects of compounds on electron 
transport chain are also included (Parker et al., Neurology 
44: 1090-96, 1994; Miller et al., J. Neurochem. 67: 1897, 
1996). In another embodiment, the compounds Which are 
determined to be present in aberrant amounts in mitochon 
drial related disorders are assayed for protecting function. 
The invention also pertains to a pharmaceutical composition 
comprising any compound identi?ed by the assays described 
herein and a pharmaceutically acceptable carrier. 

[0186] In a further embodiment, the biologically active 
small molecules are chemically modi?ed to enhance their 
biological activity. It is knoWn in the art that through 
chemical modi?cations, one can enhance the biological 
activity, stability, or otherWise modify a molecule to make it 
more suitable as a therapeutic or nutriceutical agent. 

[0187] 13. Small Molecules Libraries and Methods of Use 

[0188] In one embodiment, the invention pertains to the 
creation of small molecule libraries from cells, cellular 
compartments, and organelles, e.g., cells, cellular compart 
ments, and organeles in health, diseased, and altered states. 
The small molecule libraries can be derived from the same 
or different animal organs. For example, the small molecule 
libraries can be derived from cells of the heart, brain, kidney, 
liver, done, blood, gastrointestinal tract, and/or muscle. In 
addition, the small molecule libraries can be derived from 
individuals suffering from a particular disease state, e.g., 
cardiovascular diseases, neurodegenerative diseases, diabe 
tes, obesity, immunological disorders, etc. 

[0189] The creation of the libraries involves fractionating 
cell components, preparing cellular extracts, and fractionat 
ing the small molecules by methods such as HPLC, thin 
layer chromatography (TLC), electrochemical techniques 
and other methods knoWn in the art for separating such 
compounds. The compounds can be also separated using 
their charge, mass, hydrophilicity, and hydrophobicity. Fur 
thermore, the compounds can be characteriZed using meth 
ods such as Mass Spectroscopy, NMR, IR, and other tech 
niques knoWn in the art for identifying organic compounds. 

[0190] The term “library” includes searchable populations 
of small molecules or mixtures of molecules. In one embodi 
ment, the library is comprised of samples or test fractions 
(either mixtures of small molecules or isolated small mol 
ecules) Which are capable of being screened for activity. For 
example, the samples could be added to Wells in a manner 
suitable for high throughput screening assays. In a further 
embodiment, the library could be screened for binding 
compounds by contacting the library With a target of interest, 
e.g., a protein or a nucleic acid. 

[0191] In further embodiment, the invention pertains to a 
library of compounds from cells on a solid support, e.g., a 
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solid support suitable for screening assays, e.g., a solid 
support suitable for high throughput assays. The invention 
also pertains to a cellular small molecule library packaged in 
a container comprising the small molecule library, a solid 
support, and a label identifying the contents. 

[0192] In yet another embodiment, the small molecule 
libraries are derived from speci?c cellular compartments, 
e.g., the cytoplasm, the nucleus, the mitochondria, the 
choloroplast. 

[0193] In one embodiment, the samples are screened for 
activity as a library. Within the last decade, small molecule 
libraries have been generated using combinatorial chemistry 
techniques to identify biologically active molecules. For 
example, libraries of compounds have been screened for 
biological activity using high throughput assays. For 
example, anti-tumor assays involve adding compounds to 
cancer cells in plastic Wells and monitoring the effects of the 
compounds on cell survival. The compounds Which effect 
cell survival, are identi?ed as potential lead molecules. 

[0194] Libraries can be screened to determine Whether any 
samples of the library have a desired activity, and, if so, to 
identify the active compound or sample. Methods of screen 
ing libraries have been described (see, e.g., Gordon et al., J 
Med. Chem.) Soluble small molecule libraries can be 
screened by af?nity chromatography With an appropriate 
receptor to isolate ligands for the receptor, folloWed by 
identi?cation of the isolated ligands by conventional tech 
niques (e.g., mass spectrometry, NMR, and the like). Immo 
biliZed samples can be screened by contacting the samples 
With a soluble receptor; preferably, the soluble receptor is 
conjugated to a label (e.g., ?uorophores, colorimetric 
enZymes, radioisotopes, luminescent compounds, and the 
like) that can be detected to indicate ligand binding. Alter 
natively, immobiliZed samples can be selectively released 
and alloWed to diffuse through a membrane to interact With 
a receptor. 

[0195] In vitro systems may be designed to identify the 
samples of the libraries of the invention capable of inter 
acting With targets of interest. The identi?ed samples may 
contain useful compounds Which may, for example, modu 
late the activity of the target; be useful in elaborating the 
biological function of the target; be utiliZed in screens for 
identifying additional compounds that disrupt the normal 
interactions of the target; or be useful themselves as dis 
rupters of such interactions. 

[0196] The term “target” includes proteins and mixtures of 
proteins (e.g., naturally occurring proteins, polypeptides, 
peptidomimitics, mutant proteins, and recombinant pro 
teins). The term “target” also includes nucleic acid and 
mixtures of nucleic acids (e.g., RNA and DNA, both natu 
rally occurring nucleic acids, synthesiZed nucleic acids, 
mutant nucleic acids, and recombinant nucleic acids) or 
lipids (e.g., membranes or membrane fragments). In one 
embodiment, the target is involved in a disease state of 
interest. Furthermore, it may be necessary to vary the 
conditions such that the target is able to maintain its cellular 
con?guration. 

[0197] The screening assays can be conducted in a variety 
of Ways. For example, one method for identifying small 
molecules that interact With a target or targets involves 
anchoring a target onto a solid phase, contacting it With 

Jan. 24, 2002 

samples of small molecules, and detecting target/sample 
complexes anchored on the solid phase at the end of the 
reaction. 

[0198] For example, microtiter plates may be used as the 
solid phase. The anchored component may be immobiliZed 
by non-covalent or covalent attachments. Non-covalent 
attachment may be accomplished by simply coating the solid 
surface With a solution of the sample or the target and 
drying. The surfaces may be prepared in advance and stored. 
Covalent attachments include, for example, chemically link 
ing the compound or target to the plate. 

[0199] In one method of conducting the assay, the non 
immobiliZed component is added to the coated surface 
containing the anchored component. After the reaction is 
complete, unreacted components are removed under condi 
tions such that any target-sample complexes formed are 
capable of being detected. The complexes may be anchored 
on to the solid surface. The detection of complexes anchored 
on the solid surface can be accomplished in a number of 
Ways. Where the previously nonimmobiliZed component is 
pre-labeled, the detection of label immobiliZed on the sur 
face indicates that complexes Were formed. Where the 
previously nonimmobiliZed component is not pre-labeled, 
an indirect label can be used to detect complexes anchored 
on the surface; e.g., using a labeled antibody speci?c for the 
previously nonimmobiliZed component (the antibody, in 
turn, may be directly labeled or indirectly labeled With a 
labeled anti-Ig antibody). 

[0200] In another embodiment, the invention provides a 
method (also referred to herein as a “screening assay”) for 
identifying targets Which bind to the samples of the library. 
It also includes methods for identifying samples of the 
library Which have a stimulatory or inhibitory effect on 
targets, for example, or target activity. 

[0201] In an embodiment, the invention provides assays 
for screening libraries of the invention to identify samples 
Which bind to or modulate the activity of a target. Libraries 
of samples may be presented in solution (e.g., Houghten 
(1992) Biotechniques 13:412-421), on beads (Lam (1991) 
Nature 354:82-84), or chips (Fodor (1993) Nature 3641555 
556). 
[0202] For example, in one embodiment, the samples are 
prepared appropriately for a interaction With a speci?c target 
using a high thoroughput screen. The high throughput screen 
then is used to identify Which of the samples, bind or 
otherWise interact With the target. 

[0203] In one embodiment, an assay is a cell-based assay 
in Which a cell Which expresses a target (e.g., a protein of 
interest or a biologically active portion thereof) is contacted 
With a sample of the library and the ability of the sample to 
modulate the target’s activity is determined. Determining 
the ability of the sample to modulate the target’s activity can 
be accomplished by methods suitable for the particular 
target. Determining the ability of the sample to modulate the 
ability of a target to bind to its substrate can be accom 
plished, for example, by coupling the substrate With a 
radioisotope or enZymatic label such that binding of the 
target to its substrate can be determined by detecting the 
labeled substrate in a complex With the target. For example, 
substrates can be labeled With 1251, 35S, 14C, or 3H, either 
directly or indirectly, and the radioisotope detected by direct 
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counting of radioemmission or by scintillation counting. 
Alternatively, substrates can be enZymatically labeled With, 
for example, horseradish peroxidase, alkaline phosphatase, 
or luciferase, and the enZymatic label detected by determi 
nation of conversion of an appropriate substrate to product. 

[0204] In another embodiment, an assay is a cell-based 
assay comprising contacting a cell expressing a target sub 
strate With the samples of the invention and determining the 
ability of the samples to modulate (e.g., stimulate or inhibit) 
the activity of the target. 

[0205] Determining the ability of a target to bind to or 
interact With a target substrate can be accomplished by one 
of the methods described above for determining direct 
binding. In an embodiment, determining the ability of the 
target to bind to or interact With its substrate can be 
accomplished by determining the activity of the substrate. 
For example, the activity of the substrate can be determined 
by detecting induction of a cellular second messenger of the 
target, detecting catalytic/enZymatic activity of the target or 
its substrate, detecting the induction of a reporter gene 
(comprising a target-responsive regulatory element opera 
tively linked to a nucleic acid encoding a detectable marker, 
e.g., luciferase), or detecting a target-regulated cellular 
response. 

[0206] In yet another embodiment, an assay of the present 
invention is a cell-free assay in Which a target (e.g., a 
protein, a polypeptide, or a nucleic acid) is contacted With a 
sample of the invention and the ability of the samples to bind 
to the target is determined. Binding of a sample to the target 
can be determined either directly or indirectly as described 
above. In a further embodiment, the assay includes contact 
ing the target With a compound Which is knoWn to bind to 
the target to form an assay mixture, contacting the assay 
mixture With a sample of the invention, and determining the 
ability of the sample to interact With the target, Wherein 
determining the ability of the sample to interact With the 
target comprises determining the ability of the sample to 
preferentially bind to the target as compared to the knoWn 
compound. 

[0207] In another embodiment, the assay is a cell-free 
assay in Which a target is contacted With a library of 
compounds of the invention and the ability of the com 
pounds to modulate (e.g., stimulate or inhibit) the activity of 
the target is determined. Determining the ability of the test 
compound to modulate the activity of the target can be 
accomplished, for example, by determining the ability of the 
target to bind to another molecule by one of the methods 
described above for determining direct binding. Determin 
ing the ability of the target to bind to another molecule can 
also be accomplished using a technology such as real-time 
Biomolecular Interaction Analysis (BIA). Sjolander, S. and 
UrbanicZky, C. (1991) Anal. Chem. 63:2338-2345 and 
SZabo et al. (1995) Curr Opin. Struct. Biol. 51699-705. As 
used herein, “BIA” is a technology for studying biospeci?c 
interactions in real time, Without labeling any of the inter 
actants (e.g., BlAcore). Changes in the optical phenomenon 
of surface plasmon resonance (SPR) can be used as an 
indication of real-time reactions betWeen biological mol 
ecules. 

[0208] In yet another embodiment, the cell-free assay 
involves contacting the target With a compound Which is 
knoWn to bind to the target to form an assay mixture, 
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contacting the assay mixture With a sample of the invention, 
and determining the ability of the sample to interact With the 
target, Wherein determining the ability of the sample to 
interact With the target comprises determining the ability of 
the sample to preferentially bind to or modulate the activity 
of the target. 

[0209] The libraries of compounds of the invention can 
also be screened using combinatorial methods such as those 
described in WO 99/31267 for the simultaneous identi?ca 
tion of novel biological targets and lead structures for drug 
development. 14. Small Molecules Databases and Methods 
of Use In one embodiment, the invention pertains to the 
creation of small molecule databases containing information 
regarding the metabolome of cells, cellular compartments, 
and organelles, e.g., cells, cellular compartments, and 
organelles in health, diseased, and altered states. The infor 
mation regarding the small molecules of each cell, cellular 
compartment, or organelle can be found using the separation 
and analytical techniques described elseWhere in the appli 
cation. The small molecule databases can include com 
pounds derived from the same or different animal organs. 
For example, the small molecule databases can include 
compounds obtained from cells of speci?c organs such as a 
heart, brain, kidney, liver, done, blood, gastrointestinal tract, 
and/or muscle. In addition, the small molecule databases can 
include information regarding compounds obtained from 
individuals suffering from a particular disease state, e.g., 
cardiovascular diseases, neurodegenerative diseases, diabe 
tes, obesity, immunological disorders, etc. 

[0210] The databases can be made based on information 
obtained from the techniques described elseWhere in the 
application to determine the identity and presence of various 
small molecules in cells, cellular compartments, and 
organelles. The databases may include information regard 
ing the compounds found, such as structure, molecular 
Weight, amounts found in particular organelles in a particu 
lar state of health, and any other information that a person 
of skill in the art Would consider relevant and useful to be 
contained in the database. For example, information regard 
ing knoWn biochemical pathWays involving the particular 
compound may also be included as Well as other such 
information. 

[0211] In one embodiment, the databases of the invention 
contain information on the compounds of the metabolome of 
a particular organelle of a particular species in a particular 
state of health from a particular organ (e.g., one database 
may include compounds of the metabolome of the mito 
chondria of a healthy human heart). In other embodiments, 
the databases may include information regarding the 
metabolome of a variety of organelles (e.g., mitochondria, 
nuclei, Golgi apparatus, endoplasmic reticulum, ribosomes, 
cytosol, chloroplasts, etc.) or cells from a particular species 
from a particular organ in a particular state of health. In 
another embodiment, the databases may include information 
regarding either speci?c organelles or cells from a variety of 
tissues (e.g., fatty tissue, muscle tissue, nerve tissue, brain 
tissue, heart tissue, bone tissue, blood, connective tissue, 
retinal tissue, etc.) from an organism in a health or diseased 
stated (e.g., the tissue can be from an organism suffering 
from any disorder knoWn to af?ict it). Examples of disorders 
include neurological disorders, central nervous system dis 
orders, metabolic disorders, cardiovascular disorders, 
immunological disorders, oncological disorders. In a further 
























