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This invention provides methods and

ri

diagnostic kits for identifying and characterizing
toxic ceompounds. These methods and diagnostic kits
measure transcription or translation levels from genes
linked to native eukaryotic stress promoters,
especially those of mammals. The kits and methods of
this invention utilize at least one stress promoter
from each of the following groups: redox stress, DNA
stress, protein stress and energy/ionic stress. The
invention also provides methods and diagnostic kits for
identifying and characterizing compounds that are toxic
to specific organs, such as skin and the eye, as well
as for each of the individual stresses indicated above.
The methods and diagnostic kits of this invention yield
information concerning the action of a compound on a
subcellular level. This information may be utilized to

design antitoxins to compounds found to be toxic and in
active drug design.

BACKGROUND OF THE INVENTION

At least 55,000 chemicals are presently

produced in the United States. Over 2,000 new

chemicals are introduced into the market each year.
Very few of these chemicals have been comprehensively
tested for acute or chronic toxicity. For example,
less than 1 percent of commercial chemicals have
undergone complete health hazard assessment.

The Environmental Protection Agency ("EPA")
has the authority to require toxicological testing of a
chemical prior to commercial production, but that
authority is rarely invoked. Less than 10 percent of

new chemicals are subjected to detailed review by the
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nmeasure transcription or
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stress, protein stress and energy/iahfc stress. The

I nvention al so
provi des nmet hods and di agnostic kits for 15

I denti fying and characteri zi ng

conpounds that are toxic to specific organs, such as skin and the eye,
as wel I'* as for each of the individual stresses i'ndicated above. The
methods and di agnostic kits of this invention yield.: i nformation
concerning the action of a conpound on a 20 subcellular level. This

information may be utilized to design-zantitoxins to conpounds found to
be toxic and in active drug design. BACKGROUND OF

THE | NVENTI ONEPA. In the intArekeasf 55s80@nchaFHeesYs e SH derfilly 25
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exanpl e, h&SSchbancaipercent of commrercial chem cals have 30

under gone conpl ete heal th hazard ass ssnen

Envi ronmental  Prot ect i on ‘RGeRQF & HyEoxicify o %fﬁf%ﬂ&?&ﬁlt% to require

t oxi col ogi cal #wefitbgedf by the Rammami Iiradmichstrextion pfBERAL i on,

but that '

gutharidty, IDSrurgarelg}i 1 IMOKGH (nDESS tHANFER PepLeni1pf
requires a large battery of toxicity, carcinogenicity,
mutagenicity and reproduction/fertility tests in at
10 least two species of live animals. These tests are
required to last up to one year. A two year toxicity
test in rats costs approximately $800,000 [Casarett and
Doull’s Toxicology, 4th Edition, M. O. Amdur et al.,
eds. Pergamon Press, New York, New York, p. 37 {(1991)].
15 Besides cost, animal testing also presents
disadvantages in terms of time, animal suffering and
accuracy. Typical toxicity tests are divided into
three stages: acute, short term and long term. Acute
tests, which determine the LDs, of a compound (the dose
20 at which 50% of test animals are killed), require some
60-100 animals and a battery of tests for determining
LDy, dose-response curves and for monitoring clinical
end points, other than death. Short term tests usually
involve at least 24 dogs and 90 rats and last from 90
25 days in rats to 6-24 months in dogs. Body weight, food
consumption, blood, urine and tissue samples are
frequently measured in the short-term tests. 1In
addition, dead animals are subjected to post-mortem
examinations. Long term tests are similar to short

30 term tests, but last 2 years in rats and up to 7 years

in dogs or monkeys.

Animal testing has come under criticism by
animal rights activists and the general public because
of the severe suffering inflicted on the animals.

35 Moreover, recent evidence calls into question the

accuracy of animal testing. For example, variables,
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35 new chemcals are subjected to detailed review by the _

EPA. In the interest of cost and speedy access to the mar ket, the EPA
of ten uses Thh§h¢eoﬁas®bény{eﬁlicecpreV| ously t ested honol ogous conpounds to
gauge the to I new chem cal . The potentia
tOXICIty of %Ll nmonitored by the Food and Drug Adm nistration
(" FDA" g Application (NDA), the FDA typically

reqU|res a Iarge battery of toxicity, carcinogenicity, mut agenicity and
reproduction/fertility tests in at 10 |east two species of live aninals.

These tests arguch as animal diet, may impair the predictability of

animal tests in determining carcinogenic properties
[P. H. Abelson, "Diet and Cancer in Humans and
Rodents", Science, 255, p. 141 (1992)]. And prior
5 determinations on dioxin toxicity, based on guinea pig
testing, are now being reevaluated [B. J. Culliton, "US
Government Orders New Look At Dioxin", Nature, 352,
p. 753 (1991); L. Roberts, "More Pieces in the Dioxin
Puzzle", Research News, October, 1991, p. 377]. It is
10 therefore apparent that there is an urgent need for a
quick, inexpensive and reliable alternative to toxicity
testing in animals.
Several short-term alternative tests are
available. For example, the Ames Assay detects
15 carcinogens which cause genetic reversion of mutant
strains of Salmonella typhimurium. However, the Ames
Assay cannot detect either non-mutagenic carcinogens or
non-carcinogenic toxins. The yeast carcinogen assay
system described in United States patent 4,997,757
20 overcomes some of the drawbacks of the Ames Assay, but
is still not able to detect non-carcinogenic toxins.
Both of these assays are designed to detect alterations
and mutations at the DNA level only. Therefore, those
prior art tests cannot detect direct damage to proteins
or lipid membranes, nor inhibitors of DNA synthesis.
Moreover, those prior art tests cannot provide

25

information as to how a mutagen or toxin exerts its
effect.
Applicant’s copending United States

30 application Serial No. 910,793, filed July 6, 1992, the
disclosure of which is herein incorporated by
reference, describes an assay system which utilizes a
reporter gene fused to bacterial stress promoters to
determine and characterize the toxicity of a compound.
This assay is able to detect damage to proteins or
lipid membranes and inhibition of DNA synthesis. Thus,

35



required to last up to one year. A two year toxicity test in rats costs

approxi mat el y $800, 000 [ Casarett and Doul I "s Toxi col ogy, 4th Edition,

M Q Amgur et al., eds. Perganon Press, New York, New York, p. 37
(1991)) 15 Besi des cost, animal testing al so presents

di sadvantages in terns of tinme, aninmal suffering and - accuracy. Typical
toxicity tests are divided into three stages: acute, short term and

|l ong term Acute tests, which determ né-the LD err] of a conpound (the
dose 20 at which 50% of test animals are killed), require sone 60- 100

animal s and a bhiseagsay providesr il &hh nidRutificatien HbseeResponse

curves and forcHPEhEB@éﬂgcC“d%fﬁﬁ Unfé¥EhﬁH&éE§ ohdetothanadeahh. Short
termtests usuaII i nvol ve at | east 24-£0 S and 90 rats and | ast from

90 25 days in ?5W§epobécﬁﬁﬂﬂﬁﬂtﬁ?ﬁ%FH%ﬁsan R GRTPntS FyBgaLs and
consunpt i on, bbaﬁdr thighe rardi ddrsaiee S dngpd eSept®in limfragiens| gndeasur ed

th h t t | ted t
|0 the shord -t gL LeSLy, akdbirare HALLOD: ofod a0l 4Bl spoheqnub) ected Lo

ons efmteéests are o short 30
termtests, buaniamsfls2 years in rats and up to 7 years i n dogs or
nonkeys

: Si dgr Bt ESlk-SEHKD
animal rights activists anéﬁ&%' ene@H?Pé b% ggaﬁsggé of dssay

gg t he severe
suf feri ng inflﬁéﬁédh@$tQR?aﬂﬂmﬁﬂ%Pd }gs FEBVEE,fFEEBﬁ?SeVﬁdéﬁée calls

into question thARterial stress assay, but is based on a eukaryotic
10 cell.

SUMMARY OF THE INVENTION

Appliicant has fulfilled this need by
providing an in vitro diagnostic kit and assay method
which identify and characterize the cellular and sub-

15 cellular effect of a potential toxin on an animal cell.

These kits and methods employ the native stress
promoters of eukaryotic cells, preferably mammalian
cells, and measure the level of transcription or
translation of a gene which is operatively linked

20 thereto. Depending upon the choice of stress promoters
used, the kits and methods of this invention may be
designed to identify and characterize compounds that
are toxic to the whole animal or to specific organs of
that animal. _

25 In one embodiment, the kits and methods of
this invention characterize the toxicity of a compound
by determining the level of transcription of various
stress genes present in a eukaryotic cell. These kits
and methods employ oligonucleotides that are

30 complementary or homologous to at least a portion of
various stress gene messenger RNAs to detect
transcription of those genes in the cell. 1In this
embodiment a single cell is effectively an in vivo
diagnostic reagent for determining what particular

35 stress a given cbmpound induces.
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predictability of animal tests in determ ning carcinogenic properties
[P.. H el son, "Diet and Cancer in Humans and- Rodent s", Science, 255,
p. 141, 1992)]. And prior determ nations on dioxin toxicity, based on
gui nea pig testing, are now being reevaluated [B. J. Culliton, "US

Governnent Orders New Look At Di oxin", Natére, 352,
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In another embodiment, each of a plurality of
similar eukaryotic cells harbors a different stress
promoter operatively linked to a reporter gene. By
exposing each cell separately to a compound and
measuring the expression of the reporter gene product,
the toxicity of that compound may be characterized.

The kits and methods of this invention are
optimally designed to determine the toxicity of a
compound in a matter of days, rather than the months or
years required for animal testing. Furthermore, the
kits of this invention achieve these results for a
fraction of the cost of animal testing and without the
objectionable consequences to live animals. And, the
diagnostic kits and methods of this invention yield
direct information about the nature of a toxin’s action

on mammalian cells -- something that the prior art
short-term assays fail to do.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 depicts the relative expression of
chloramphenicol acetyl transferase under the control of
different stress promoters in the presence of varying
concentrations of tetrachlorodibenzo-p-dioxin (TCDD).

Figure 2 depicts the relative expression of
chloramphenicol acetyl transferase under the control of
different stress promoters in the presence of varying
concentrations of 3-methyl cholanthrene (3-MC).

Figure 3 depicts the relative expression of
chloramphenicol acetyl transferase under the control of
different stress promoters in the presence of varying
concentrations of benzo[alpyrene.

Figure 4 depicts the relative expression of
chloramphenicol acetyl transferase under the control of

different stress promoters in the presence of varying
concentrations of cadmium sulfate.
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p.. 753 .(1991); L. Roberts, "Mdire Pieces in the D oxin Puzzl e", Research
News, COctober, 1991, p. 377). It is 10 therefore apparent that there is an
urgent need for a qui ck, inexpensive and reliable alternative to
toxicity testing in aninmals. Several short-term
alternative tests are avai l abl e. For exanple, the Ames Assay detects
15 carcinogens which cause genetic reversion of nutant strains of

Sal nonel | a typhi nurium However, the Anesé-  Assay cannot detect either
non- mut ageni ¢ car ci nogens or non- car ci nogeni ¢ toxins. The yeast
car ci nogen assay systiagurrestriertctd UAet s618EAVEs SFREERE1RNOOE, 757 20

over cones Songyfo A HERIICKkSc iyl herAHBEP888Y unBdlr the cbat¥bill bfnot
abl e to detect_ non-carcinogenic toxins. gpth of these assg&g are

desi gned to deHdEeTATErSHTYFE PTOMORRYS niPaltPENBTEESTRE B%aVRdve onl y.
Therefore, thasshcentrddid®ds asf dtmésheansal fdaidet (@MSet. damage to

PLOLeL e 28, 0r LIPS TEIBROES, gn Lol RO O RS o8
nmut agen or toxihlexEmplsenisol acetflettransferase under thspldantincls of
copendi ng Umt&%?f%f@ﬁé §9r?§9p#£ﬁﬁBEgﬁsS§5i@h resdhd®@df WdBfinpl Y 6
1992, the I'scl osure of whtch 1's herein iIncorporated by
reference, desePneRRtBatigBaycfystBaR@Ai-ch utilizes a

Figure 7 depicts the relative expression of

10 chloramphenicol acetyl transferase under the control of
different stress promoters in the presence of varying
concentrations of methapyrilene hydrochloride.

Figure 8 depicts the relative expression of
chloramphenicol acetyl transferase under the control of

15 different stress promoters in the presence of varying
concentrations of methyl methanesulfonic acid (MMS).

Figure 9 depicts the relative expression of
chloramphenicol acetyl transferase under the control of
different stress promoters in the presence of varying

20 . concentrations of sodium arsenate.

Figure 10 depicts the relative expression of
chloramphenicol acetyl transferase under the control of
different stress promoters in the presence of varying
concentrations of phorbol 12-acetate-13-myristate

25 (PMA) .

Figure 11 depicts the relative expression of
chloramphenicol acetyl transferase under the control of
different stress promoters in the presence of varying
concentrations of retinoic acid.

30 DETAILED DESCRIPTION OF THE INVENTION
As used herein, the terms "stress" and
"toxicity" are used interchangeably and refer to the

disturbance of the biochemical and biophysical
homeostasis of the cell.
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reporter gene fused to bacterial stress pronoters to determ ne and
characterize the toxicity of a conmpound. 35 This assay is able to detect
damage to proteins,or i pi d menbranes and i nhibition of DNA synthesis.
Thus, This Siect Fa een]ke fatc y provides for the identification of non-
car ci nogeni ¢ t oxi |“a rely, the correlation bet ween bacteria

s and ot her hi gher eukaryotes has certain

toxicity and toxi

limtations and may 5 not be an accurate sipasure of toxicity in higher
ani mal s. Therefore, there.is still a need for an assay
The term "redox stress", as used throughout

this application, refers to conditions which vary from
the normal reduction/oxidation potential ("redox")

state of the cell. Redox stress includes increased

(91

levels of superoxides radicals, increased levels of

peroxides -- both hydrogen peroxide and organic

peroxides --, decreased levels of glutathione and any
other conditions which alter the redox potential of the
cell, such as exposure to strong reducing agents, some

10 aromatic hydrocarbons, electrophilic compounds,
aldehydes, intracellular thiols, steroids, methyl
cholanthrene, phenobarbital and CCl,. The term also
includes any additional conditions which cause
proliferation of peroxisomes.

15 The term "DNA stress", as used herein, refers
to alterations to deoxyribonucleic acid or to precursor
nucleotides. For example, DNA stress includes, but is
not limited to, DNA strand breaks, DNA strand cross-
linking, exposure to DNA intercalating agents, both

20 increased and decreased superhelicity, oxidative DNA
damage, DNA alkylation, oxidation of nucleotide
triphosphates and alkylation of nucleotide
triphosphates. The term also includes inhibition of
DNA synthesis and replication and inhibition of mitosis

25 or meiosis. And the term includes conditions caused by
exposure to growth factors, interferons, tumor
promoters, tumor necrosis factor, phorbol esters,
hydrophobic cytotoxic drugs, inflammatory agents,
mitogens, carcinogens, X-rays, UV radiation and

30 dimethylnitrosomines.

"Protein stress", as used throughout the
application, refers to alterations to proteins or
individual amino acids and .inhibition of enzyme
functions, as well as perturbations of intracellular

35 transport of proteins. The term includes, but is not

limited to, denaturation of proteins, misfolding of



that has the tine and cost-saving features of the bacterial stress
assay, but is based on a eukaryotic 10 cell. SUMVARY

OF THE | NVENTI ON Appl i cant has fulfIThllsgﬁlsett}ﬁkﬁeeﬂ gqa ey
providing an in vitro diagnostic kit and assay neth p enrify

and characterize the cellular and sub- 15 cellular tentla
toxin on an animal cell. These kits and nethods Ive

stress pronoters of eukaryotic cells, -greferably nannallan cells,
and neasure the level of transcription or transl ati on of a gene which

i's operativelyﬁﬁcﬂeﬂhéﬂ)ehéﬁﬁmﬁmn oDepeste g upﬁactbeschcroeseﬂ;akﬁags
pronot ers It d en

designed to |de#$%g§ an E%hé%% ery eggoﬁ%géﬂégh?ha?& hgg?§%¥g§$c to the
whol e ani mal orcxigatpeyt f9% rgens afd intrahkhahaini handsz5such as I n

one enbodi ment ,qidNg Kids MﬁtQPQ;?lQélon oftBkété&‘ﬁ%“t bR deRAACLE | z€
t he tOX|C|t¥ of a co ound by determ nin evel of transcription

of various FeRBLRP c3ehES| Ang EHRg?98t§€m€€FICa?ﬁ@@ehWits

and net hods em@bﬁrgw%@@wdﬂétamgt aieh 38 cedmleneRMdme Q.
honol ogous to at |east a Portéoghgfterm "energy/ionic stress" to

encompass conditions which affect ATP levels in the
cell or ionic gradients across a cell membrane.

10 Examples of energy stress are forced anaerobic
metabolism in the presence of oxygen, perturbations of
electron transport, exposure to uncoupling agents,
membrane depolarization, osmotic shock, exposure to
ions, such as Ca®', exposure to high levels of cAMP and

15 exposure to ethanol.

The term "cell surface receptor-mediated
stress" refers to those conditions which alter the
transcription level of genes whose expression is
regulated by the interaction of a cell surface receptor

20 with a ligand. Examples of such stress include
exposure of the skin, eyes or mucous membranes to
irritants, allergens or inflammatory compounds.

The term "stress promoter induction' refers
to conditions which increase the level of expression of

25 a gene product operably linked to a native stress
promoter or a recombinantly derived stress promoter
which contains a response element. The term "operative
linkage", "operatively linked" or "operably linked"
refers to the positioning of the promoter relative to

30 the gene such that transcription of the gene is
regulated by the promoter. The term encompasses both
recombinant constructs, as well as the structure of a
naturally occurring promoter and its associated gene.

The term "determining and characterizing the

35 toxicity of a compound" includes identifying a compound



vari ous- stress gene nessenger RNAs to detect transcription of those

genes in the | S enbodi nent a single cell is effectively an
in vivo . ﬁ'ﬁééheem s%egnrﬂe lace(rilt for determ ning what particular 35 stress
a given conpouiﬂmn i ﬁﬂlﬂ ir I n anot her enbodi nent,
each of a plur m | ar eukaryotic cells harbors a different

stress pronoter operatively linked to a reporter gene. By exposi ng
each cell separately to a conpound and -Beasuring the expression of the
reporter gene product, the toxicity of that conpound nmay be.

characteri zed. @8 a toxin and elucidating its mechanism of”action
within the cell.
The term "nucleic acid sequences" as used in
this appiication, includes RNA, single or double-

5 stranded cDNA cr portions thereof, single or double-
stranded genomic DNA or portions thereof, or single or
double stranded synthetic oligonucleotides.

Whereas every gene is controlled by a unique
promoter, genes which respond to identical stresses
10 contain a common response element within their
promoters. Accordingly, the same response element is
responsible for inducing expression of a family of
genes upon exposure to a certain stress. When isolated
and operably linked to a minimal promoter and a

15 structural gene, the resulting construct functions like
a stress promoter. This is particularly useful in
dissecting a native stress promoter that responds to
multiple stresses into its component parts.

Individual cells respond to toxic stimuli, in

20 part, by activating specific genes whose protein

products detoxify the stimuli or repair damage caused
thereby. Eukaryotic cells have large number of genetic
and biochemical responses to damage and stress. At
least 50 different mammalian stress genes have already

25 Dbeen isolated and characterized. These genes are
induced by a variety of chemical and physical stresses
or cellular damage.

Among the chemical stresses which induce one
or more of these identified genes are exposure of the
cell to mercury, heavy metals, nitroxides, aromatic
hydrocarbons, acidity, basicity, alkylating agents,
peroxidizing agents, cross-linking agents, ionophores,
redox active agents, electrophilic compounds,
inflammatory agents, hydrophobic cytotoxic drugs,

35 ethanol, steroids, uncoupling agents, tumor promoters

30

and cellular factors, such as tumor necrosis factor,



The kits and nethods of this invention are optimally designed to
determ ne the toxicity of a conmpound in a matter of days, rather than

the .nonths or 10 vyears required for animal testm&heetﬁ@ge&eﬁﬁ , the

kits of this invention achieve these results for of the cost
of animal testing and w thout the obj ect i onabl I" I to live
animal s. And, the di agnostic kits and net hods |on yield
15 direct infornation about the nature ofi@& toxin's action

manmal i an cells -- something that the prior art short - ternlassays fai
to do. growth faBRIfE DESCRIETTOAror. THEhPRAVRAGStresses

Figure 1 depi cldifitid Qaldier €xp6 o651 2Raghe 20n, ChbatagRNRNEGGL acet |

transferase under the contr erent stress ronDters in the
presence of varying %%ﬁﬁ@#ﬁ$a?foﬁ§léﬁlﬁét@a@ﬁgﬁrUBFSEn%B H<&i oxi n
(LCDD). Hen lthese ld&mgyffﬂea geﬂesg §réhE1@@Habk\iaa&&l@hezwegﬂ??fsome

chl or anphenicol_ a trans e under ont | nt
stress pron%terpsrcf ‘%/ "p’r%’éen% oF P f?i'jeaﬁs' E?g#}c@ﬁd':yiﬁt&l%l oﬁ@ net hyl
chol anthrene (3M9s-linking, DNA oxEdguien3 depicts timbalenative

expressi on of _gropéhlorarehentaol pagelyl, hianshanase wdgethe control of

different stre pronot ers | ence 0O
alkylation, ATP depletlon, membrane permeablllzatlon,

glutathione depletion and alterations in signal

10 transduction. Many more stress genes are believed to
exist. The identification and characterization of
these additional stress genes is highly desirable in
understanding what effects various chemical stresses
have on the cell.

15 The present invention provides diagnostic
kits and methods for determining and characterizing the
toxicity of a compound in terms of the type of damage
it causes within the cell, i.e., DNA damage, protein
damage, redox damage, energy damage, ionic damage,'etc.

20 According to one embodiment, each diagnostic kit of
this invention comprises a plurality of eukaryotic
cells, each of which harbors at least one promoter or
one promoter element which responds to stress. The
plurality of cells, in toto, must comprise at least one

25 promoter or promoter element which responds to each of
the aforementioned types of stresses -- redox, DNA,
protein and energy/ionic -- operably linked to a gene
encoding a detectable product.

According to one embodiment, the plurality of

30 cells in this kit are actually a single cell line,
wherein each cell contains all of the different types
of stress promoters and wherein each of those promoters
is activated upon exposure to the appropriate stress.
In this embodiment, the genes operatively linked to the

35 stress promoters are most preferably the native stress

genes. In this manner no genetic manipulation need be



30. concentrations of benzo[ a] pyrene. Figure 4 depicts the
rel ati.ve expression of chl or anpheni col acetyl transferase under the

control of different stress pronoters in the presence of varying
concentrations of cadmi um sul f ate. Figure 5

depicts the rel ative expression of chl oranpheni col acetyl transferase
under the control of different stress pronoters in the presence of
varyi ng concentrations of dinethyl stl¥oxide (DVSO). 5

Figure 6 depicts the relative expression of chl oranpheni col acetyl
transferase ufdarritgse aagntQolthg cells prior to running an assay. In

this preferred embodiment, the kits further comprise
oligonucleotides or cDNAs which are complementary to at
least a portion of either the coding or non-coding

5 strand of the genes under control of the specific
stress promoters. The oligonucleotides are used to
detect and quantify the mRNA transcripts of those genes
or the cDNA complement thereof, either of which may be
the detectable product in this embodiment.

10 It should be noted that although all
eukaryotic cells contain numerous stress promoters
within their genomes, some of those promoters may or
may not be activatable upon exposure to the proper
stress. This is especially true in higher eukaryotes,

15 such as mammals. Those cell lines whose stress
promoters do respond to almost all of the appropriate
stresses are preferred in the kits of this invention.
These include primary tissue from mammalian liver,
heart, lung, kidney, brain, or other organ, as well as

20 mammalian derived cell lines established from these
tissues available from American Type Culture Collection
(ATCC, Rockville, MD). More preferred are HepG2 cells,

Hela cells and WIL-2 cells. Most preferred are HepG2
cells.

25 The oligonucleotides employed in the above

diagnostic kits and methods of this invention are
chosen based upon their ability to specifically
hybridize under relatively high stringency conditions
to the either the transcriptién product of the gene
30 operatively linked to the various stress promoters or
its complement (i.e., a single-stranded cDNA reverse
transcribed from that mRNA). The choice of utilizing
complementary or homologous oligonucleotides depends
upon the method used for detecting the transcription

35 products. These various methods are described later in
the application. '
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different stress pronoters in the presence of varying concentrations of

et hanol . Figure 7 depicts the relative expression of 10

chl gr anpheni col acetyl transferase under the control of di fferent
stress pronoters in the presence of varying concentrations of

met hapyri | ene hydrochl ori de. Figure 8 depicts the relative
expr essi on of chl or anpheni col acetyl transferase under the control of
15 different stress pronoters in the presédce of varying

concentrations of methyl nethanesul fonic acid (MVB) Figure 9

depicts the relative exprB8SaBfcofhe DNGh|sGameseenidioIMede MATMMA AT er ase
under thgocontr@&rf&stcengéf%Qéegho&hfe%§ﬂa?aﬂﬂdﬁﬁé|d1ﬂdﬁhdﬁk§ﬁﬁﬂ&éﬁi)
varyi ng concentrations of sodi um.arséna ur e

depi cts the rel3Fve28kpYeSSPERTYFLED. cﬁ%n%%ﬁﬂk919ﬁﬂn%ﬁﬁﬁ hﬁétn&ﬁbrase
under the contrisdmoiogy oﬂlEbab&amemﬁarmxymhyﬁweyﬁ;uhetdmignmunuﬁmzxﬁe

varying = <Congentiglignsool BURLPRldh2-ACGIA GidtiiWId St ake 25 o (PVY).

Figure 11 depicts e-rarafive “expression o or anphenicol  acetyl
transferase undb¢cﬂuéec§h5r@ul@bnuClGQﬂﬂdQﬂmau ka rdesignedmbased i woeme

presence of varyh89sequene@Ne@Nt ald s Yed Ll G G Apéeies different
from the source of the cells utilized in the kits and
methods of this invention.

10 While it is expected that similar stress
genes from different mammalian species will be closely
related, the transcripts from those genes will most
likely not have identical nucleotide sequences.
Accordingly, the oligonucleotides utilized in the kits

15 and methods of this invention are preferably at least
95% homologous or complementary. Preferably, the
oligonucleotides are between 20 and 500 base pairs
long. Most preferably, the oligonucleotides are
between 50 and 100 base pairs.

20 More preferably, the oligonucleotides are
synthesized using an oligonucleotide synthesizer,
optionally followed by polymerase chain reaction
("PCR"). 1In this procedure, an ocligonucleotide having
a sequence identical to a portion of either the

25 template strand or the non-coding strand and within the

coding region of a known, sequenced stress gene is

synthesized. If PCR is to be used to increase the

quantity of oligonucleotide, the ocligonucleotide is

synthesized with an additional 6 to 12 nucleotides at

30 each end. Those extra nucleotides serve as targets for
complementary primers in a PCR reaction. Preferably
the extra nucleotides at each end are complementary to
one another. This allows a single primer to prime off
of both the original oligonucleotide and the PCR

35 product thereof. Most preferably, the extra
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30 : DETAI LED DESCRI PTI ON OF THE | NVENTI ON As used
herein, the terns "stress" and "toxicity" are used interchangeably and

refer to.the di st urbance of the biochen cal and bi ophysi cal
honeostasi s of the cell. -7-
The term "redox stress”, as used throughout this application, refers to
condi ti ons which vary from the normal reduction/oxidation potenti al
("redox") state of the cell. Redox str-ess includes increased | evel s
of superoxides radicals, increased |evels of per oxi des -- both hydrogen
peroxi de and ongelieetides at each end are complementary homohexamers,
i.e., AAAAAA at one end and TTTTTT at the other.

During PCR, cne or more labeled nucleotides
are preferably included in the polymerase reaction.
Preferably the label is P, biotin or a fluorescent

(9]

marker. This results in a labelled product that can be
used directly to detect the level of transcription
product. The advantage of this mixed oligonucleotide
synthesizer/PCR technique is that microgram gquantities
10 of labelled oligonucleotide can be produced in a single
procedure. The resulting oligonucleotides may
optionally be biotinylated following synthesis and
purification.
If the oligonucleotide is used to detect cDNA
15 reverse transcripts of the transcription product, it is
preferable that they not be labelled. 1In this
embodiment, it is preferred that the label be

incorporated into the cDNA, rather than the
oligonucleotide.

20 The design of appropriate oligonucleotide

probes for use in the kits and methods of this
invention is relatively straightforward. Obviously,
they should have high sequence similarity or
complementarity to the stress gene mRNA to which they

25 are designed to hybridize. The oligonucleotides in any
particular kit should also have approximately the same
melting temperature (T,) so that a single warming
apparatus (such as a water bath) may be utilized when
carrying out hybridization and subsequent washing

30 steps. Preferably the oligonucleotides are designed to
have a T, of greater than 70°C in 0.2X SSC. To
determine which portions of the coding regions of the
stress gene to use in designing oligonucleotide probes,
one may utilize a commercially available computer

35 program, such as OLIGO (National Biosciences, Plymouth,
MN]) .
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peroxi des --, decreased |evels of glutathione and any ot her conditions
which alter the redox potential of the cell, such as exposure to strong
reduci ng.agents, some 10 aromatic hydrocar bons Bliehid 9RMedd Repe@dpounds,

al dehydes intracellular thiols, steroids, net hyI e,
phenobarbital and CC[err]. The termal so I ncl kBH!‘[ onal
condi ti ons which cause proliferation of peroxi .

term "DNA stress”, as used herein, refersig- to alterations to
deoxyri bonucl eic acid or to precursor nucl eoti des. For exanple, DNA
stress includes, but is AccoB@Enbi Kot @thdrhe YONAisdd iameh thr esekesy dRN/AcIsd r and

- | i nki ng, DNA .i nt al at
ﬂlngased anljnﬁt{f]?%%\g p@f"%gfry@ltt]{?n & C‘l(f ?‘14/%5\1%%5“"%@@
al kyl ation, oxtHasi dnnvehtmunl e.alrbd:e*s a stixreqmq&p:bmie%ra@m al &W%ﬁ&% on of
nucl eoti de gfﬁbﬂg sphal s ygl Fbl t| t;@éjp;sliﬂgég)l% op of

DNA synt hesi s an |Cat|0n an tosi s nei-osi S.
And the terim i hergte Ogéﬁﬁlgﬁ@ﬁse@ﬂﬂﬁﬁﬁgnﬁ dete%&%%%%rér?%uﬁFomﬂ%nfactors
interferons, tWRBE embod&h@@il&t ey, ﬂé’rﬁ&fef@ﬁé@:ﬁéstﬁ@@t@he pheebol esters,
hydr ophobi c cyhot OXI dr . infla agen 5
car ci nogens, P§§§° dﬂ%ﬁ%ﬂ?%ﬁ qﬁ%d %? ﬁyYﬂF%?Bioﬁ?ﬁaé
"Protein stresg:"romel:tfse@zt Heap@iig dlements in the kit. In this

manner, only a single assay need be performed to detect

10 induction of any of the stress promoters and stress
response elements. It is also preferable that each
cell within the kit contains only a single stress
promoter or response element/heterologous gene
construct. Thus, the expression of the detectable

15 product in any given cell in the kit can be
specifically correlated to the induction of a single
stress promoter or response element.

The diagnostic kits and methods of this
invention employ a plurality of eukaryotic cells,

20 which, in toto, comprise promoters or response elements
that respond to each of: redox stress, DNA stress,
protein stress and energy stress. The preferred
promoters and response elements of this invention for
use with mammalian cells are listed below in Table 1.

25 TABLE 1

Preferred Mammalian Stress Promoters

Energy/
Promoter Redox DNA Protein lonic
CYP1A1 X
GST Ya X X
30 GADDA4S . X
GRP78 X X X
JUN X X X
FOS X X X




application, refers to alterations to proteins or I ndi vi dual am no
aci ds and i niiskhdei 1290, RENZ functions, as well as perturbations of
i ntracel l.ul ar of proteins. The termi ncludes, but is not
limted to, ﬁmﬂmﬂ” ﬂ& proteins, m sfolding of

pr ot ei ns, ein cofactors, cross-1linking of proteins,
bot h oxygen dependent and - i ndependent oxi dati on of inner and

i ntra-chai n bonds, such as di sul fi de bokes, al kyl ati on of proteins,
oxidation of 5 individual am no acids and protein damage caused by

exposure to heavy netals, such as cgghidn apdheas)

Energyrs
Promozter Redox DNA Protein {onic

XHF X

HSP70 X

MT lIA X X

GADD153 X

5 ALDH 1
HMO
CRE

X[ x
x

XRE

NFkBRE

10 RARE

ThRE

x| x| X| x| X

PPRE

TRE X

ERE X

15 PS3RE X

Preferably, the promoters or response
elements which respond to redox stress in the methods
and kits of this invention are selected from the
promoters of the CYP1Al, GST Ya, JUN, ALDH1 and HMO

20 genes and the XRE, NFkERE, PPRE, RARE, ERE, and ThRE
response elements.

The CYP1Al gene encodes cytochrome P450 1A1,
an enzyme involved in the metabolism of polycyclic
aromatic hydrocarbons, such as benzo(a)pyrene. The
gene is inducible by aromatic hydrocarbons, plant
flavones and also by tetrachlorodibenzo-p-dioxin
(TCDD), one of the most potent teratogens and tumor
promoters (L. A. Neuhold et al., Mol. Cell. Biol., 9,
pPp. 2378-2386 (1989); Y. Fujii-Kuriyama et al., The
30 FASEB J., 6, PP. 706-710 (1992); D. W. Nebert et al.,

Env. Health Perspec., pp. 13-25 (1990); R. A. Dixon et

al., Biol. Rev., 61, Pp. 239-241 (1986)]. The sequence
of this gene is described in K. Sogawa et al., Proc.

25




o~

| use the term"energy/ionic stress" to enconpass conditions which
affect ATP levels in the cell or ionic gradients across a cel
nenbrane 10 Exanples of energy stress are forced anaerobic met abol i sm

in the presence of oxygen, perturbations of el ectron transport,
exposure to uncoupling agents, menbr ane depol ari zati on, osnotic shock,

exposure to I ons, such as Ca[err], exposure to high levels of cAMP and
15 exposure to ethanol. Thééterm "cel |l surface

recept or - nedi at ed stress” refers to those condikions whi ch alter the
transcription Navkl Btaden8siwhisd,eppre$iddm 8048 (13889 R by the

nteracti on of acgebLusll (3CG,1 BRERLIRCIR s i dkdd 0aN bbxanl es of such

stress include €XpPOSUreé o e skin, eyes or nucous nembranes to
irritants, alléﬁééﬁgnéﬁ +i nfl ammat ory conpounds.

The term
"stress pronoter inducti @he GBfENVSa gene lehcxaiub tilonsglwtabhioceedse the
| evel of eﬁfre55|on of 25

duct bl t
stress or GRBRSEESASE P@C%ﬁ@%ﬁﬁﬁ? ue opera % nobEedL QeQPQHERVS

Fess pronote whi ch
contains a respoementl.emmie rebux tsairaé's}mﬂm:.tleve porti@ragé" the GST

“operatively linked  or °opera . feisctPophRe1pesi tioning of
t he pronoter g% P*ﬁ&%ﬁ?rsc- Qg%ﬁg%gygﬁ% u? ?rgnsgrlé I on of the gene
i s regulab@¢ﬁgﬁﬂd&$¢N4nﬂﬂQ#lCﬂdﬁﬁt%ﬂ¢n@%@%ﬁ5a§§@§a 6€h

hydrocarbons such as f-naphthoflavone and 3-

10 methylcholanthrene [T. H. Rushmore et al., Proc. Natl.
Acad. Sci. USA, 87, pp. 3826-3830 (1990)]. The
sequence of this gene is described in T. H. Rushmore et
al., supra, the disclosure of which is herein
incorporated by reference.

15 The JUN -oncogene codes for c-jun which
participates in the formation of the AP-1 complex -- a
transcriptional activator. Redox stresses which
activate the JUN gene are superoxide radicals and UVA
radiation. The sequence of this gene is described in

20 R. De Groot et al., EMBO J., 10, pp. 2523-2532 (1991),
the disclosure of which is herein incorporated by
reference.

The ALDH 2 gene encodes aldehyde
dehydrogenase and is induced by aldehydes and

25 peroxisome proliferators [D. W. Nebert, Env. Health
Persp., 88, pp. 13-25 (19%0)]. The sequence of that
gene is described in L.C. Hsu et al., Proc. Natl. Acad.

" Sci. USA, 82, pp. 3771-3775 (1985), the disclosure of
which is herein incorporated by reference.

30 The HMO gene codes for heme oxygenase. The

~ promoter is induced by the following redox stresses:
oxidative stress, hydrogen peroxides, and sodium
arsenite [S. T. Keyse and R. M. Tyrell, Proc. Natl.
Acad. Sci. USA, 86, pp. 99-103 (1989)]}. The sequence
35 of this gene is described in that document, the
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reconbi-nant constructs, as well as the structure of a natural ly

occurring pronoter and its associ ated gene. The term
"det.erm ping and characterizing the 35 toxicity of a conpound” includes
i dentifying a conpound as a toxin and elucidating its
mecnani sm of action within the cell. The term "nucleic
aci d sequences” as used in this application, includes RNA, single or
double- 5 stranded cDNA or portions thereadf- single or double-
stranded genom c DNA or portions thereof, or single or _ double stranded
synt hetic ol i gdhachestirgesf which is herein incorporated by

reference.

The XRE is a redox stress response element.
It responds to xencbiotics, such as aromatic
5 hydrocarbons [T. H. Rushmore et al., Proc. Natl. Acad.
Sci. USA , 87, pp. 3826-3830 (1990)]. The sequence of
this response element is described in that document,

the disclosure of which is herein incorporated by
reference.

10 NFKBRE is a redox stress response element

which encodes a transcription factor that is activated
by intracellular thiocls [R. Schreck et al., EMBO J.,
10, pp. 2247-2258 (1991); B. Nelson et al., Molec.
Cell. Biol., 8, pp. 3526-3531 (1988)]. It also
15 responds to DNA stress. The sequence of this response
element is described in K. Leung and G. J. Nabel,
Nature, 333, pp. 776-778 (1988), the disclosure of
which is herein incorporated by reference.
PPRE is the peroxisome proliferation response
20 element. It is a redox stress responsive element that
is induced by peroxisome proliferators [C. Dreyer et
al., Cell, 68, pp. 879-887 (1992)]. The sequence of
this response element is described in that document,
the disclosure of which is herein incorporated by
25 reference.
RARE is the retinoic acid response element.
It is a redox stress-sensitive response element that
responds to the steroid hormone retinoic acid and its
analogs [H. de The, et al., Nature, 343, pp. 177-180

30 (1990), the disclosure of which is herein incorporated

by reference].

ERE is the estrogen response element. It
responds to redox stress that is induced by estrogenic
compounds. The sequence of the ERE is described in V.

35 Kumar, et al., Cell, 55, pp. 145-156 (1988), the
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Whereas every gene is controlled by a unique pronoter, genes which
respond to identical stresses 10 contain a comobn response elenent W thin
t hei,r . promoters. Accordingly, the sane response el enent

responsi‘bl e for inducing expression of a fanily of ‘5$“ ‘g posur e
to a certain stress. Wen isolated and operabl 1 ni mal
pronmoter and a 15 structural gene, the resulting c ons |ike
a stress pronoter. This is particularly usggul in dlssectlng a native
stress pronoter that responds to multiple stresses into its conponent
parts. disclosurei of dwhicnelbsheespandntorpoxacest byul i, in 20
part, by actlvqlga%rggeC|f|c genes whose protein products detoxify the
stimuli or repait anad% caused t hereby. Eukaryotic cells have |arge
nunber of genetic andThRBchentbal thy¥rpdds bOTNEONGaFEFEORFE StIeTSNt At

| east 50 differgnt, LaBoSLERss genResshRvaciliadiutia enralial od

and characteri zed. ese _genes are | nduced by a v %my chem ca
and physi caP sth@c@eRe and sfScePR&PEF -dafli§e sequence of t %ﬁﬁmfﬁhe

chemi cal stres?@éi&b%%édl REuge eBdto, Cedl N6 qultfmamhenuéasa)d genes
are exposure o f he cel to_nercu avy .net.al s (0] aI‘OfYB.tI C
hydr ocar bons, atrdi ?‘§7SC58§PEFt of ¥ W}%’ﬁshgl St s:.ncdrgpo e

perOX| zin
agents, cross- Ircﬁengnegents i onophor es,

Other promoters and response elements which

10 respond to redox and can be utilized in the kits and
methods of this invention may be selected from those
listed in Table 2, below. 1In the brief description of
each of these genes and response elements that follows,
the document which discloses the DNA sequence of the

15 particular gene is indicated in brackets. The
disclosure of each of these documents is herein
incorporated by reference.

UGT encodes a UDP-glucoronosyl transferase

and its redox response is induced by 3-methyl

20 cholanthrene [T. Iyanagi et al, J. Biol. Chem, 261, pp.
15607-14 (1986)]. CYP1l1R2 encodes a cytochrome P450
whose redox response is induced by steroids [T.
Kawamoto et al., Proc. Natl. Acad. Sci. USA, 89, pp.
1458-62 (1992)]. Cu.ZnSOD encodes a superoxide

25 dismutase that is induced by copper- and zinc-catalyzed-
superoxide formation ([E. Danciger et al., Proc. Natl.
Acad. Sci. USA, 83, pp. 3619-23 (1986)]. The MnSOD
gene encodes a superoxide dismutase gene which can be
activated by tumor necrosis factor, interleukin-2 and

30 lipopolysaccharides [M. K. St. Clair and J. C. Holland,
Cancexr Res., 51, pp. 939-943 (1991)]. ADPRT encodes a
ribosyl transferase and is induced by oxidative stress.
GP encodes glutathione peroxidase and its redox
response is induced by peroxides (S. Chada, Genomics,

35 6, pp. 268-71 (1990)). FAOxase encodes fatty acyl-CoA
oxidase and is induced by peroxisome proliferators [S.



redox active agents, electrophilic conpounds, I nfl ammat ory agents,
hydr ophobi ¢ cytotoxic drugs, 35 ethanol, steroids, uncoupling agents,

tumor pronoters and cellular factors, such as tunor necrosis factor.
-10- arow h factors and interferon. Physical stresses ncl ude
exposure to UV radiation, heat or X-rays. Exanpl es of
cel | ul ar damage whi ch i nduce these identified genes are lipid
oxi dati on, peroxisone proliferation, -BD¢A strand breaks, DNA al kyl ati on,
DNA cross-|inking, DNA oxidation, osnotic inbal ance, protein
oxi dati on, proVMéyazawsf elcdiaig, @.otBdigl. Chem., 262, pp. 8131-37

(1987)]. PBE encodes a peroxisomal enoyl-CoA

hydratase/3-hydroxyacyl CoA dehydrogenase bifunctional
enzyme and is induced by peroxisome proliferators (J.

S K. Reddy et al., Proc. Natl. Acad. Sci. USA, 83, pp.
1747-51 (1986)]. PPAR encodes a peroxisome
proliferator-activated receptor and is induced by
peroxisome proliferators [C. Dreyer et al., Cell, 68,
pPp. 879-87 (1992)]. EH encodes an epoxide hydrolase

10 which responds to redox stress caused by phenobarbital
[R. K. Skoda et al., J. Biol. Chem.., 263, pp. 1549-54
(1988)]. CYP2B2 [J. S. Miles et al., Nucl. Acids Res.,
16, pp. 5783-95 (1988)], CYP2El1l {J. E. Freeman et al.,
Biochem. J., 28, pp. 689-95 (1992)] and CYP3A3 ([N. K.

15 Spurr et al., GenBank Accession number X12387] encode
three different cytochrome P450s. They are responsive
to redox stress caused by phenobarbital (2B2), CCl,

(2E1), and aflatoxin, cyclosporin, testosterone and
nifedipine (3A3), respectively. The P450b gene encodes
20 the cytochrome P450b which is induced by phenobarbital
[C. M. Giachelli, et al., J. Biol. Chem., 264, pp.
7046-7053 (1989). The P450d gene encodes cytochrome
P450d, which is induced by polycyclic aromatic
hydrocarbons, isosafrole, and 3-amino-1-S5H-pyrido(4,3-
25 Dblindole (Trp-P-2) [K. Sogawa et al., J. Biol. Chem.,
260, pp. 5026-5032 (1985). PPa encodes a poly (ADP~-
ribose) polymerase and has a redox stress-sensitive
component which responds to lipid peroxidation and
oxidative stress [K. Uchida et al, Biochem. Biophys.
30 Res. Comm., 148, pp. 617-22 (1987)]. PKC encodes
protein kinase C and its redox stress-sensitive
component is induced by lipid peroxidation. ALDH1
encodes another aldehyde dehydrogenase that is induced
by aldehydes and peroxisome proliferators [L.C. Hsu et
35 al., Proc. Natl. Acad. Sci. USA, 82, pp. 3771-75
(1985)]. The NMOl gene encodes the NAD(P)H menadione
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al kyl ati on, ATP depl etion, nenbrane perneabilization, gl ut at hi one
depletion and alterations in signal 10 transduction. Many nore stress
genes ar< believed to exi st. The identification and characterization of
these additional stress genes is highly desirable in under st andi ng what
effects various chem cal stresses have on the cell. 15 The
present invention provides diagnostic kits and nethods for determ ning
and characterizing the toxicity of a c@ﬁpound internms of the type of
damage it causes wiithin the cell, i.e DNA danmaege, prot . danmage,
redox danmage, eMeFERrEdAHEERSSI RFC —&aﬁﬂ@@ce& LY BRI IQUSDH %A ltctF'd-'r%

enbodi nent , eachndlaaﬂﬁgt pq;ahatr @.fromatld mcﬁnpdutﬁm | Gz alvpes S@sd a
plurality of euk

h har bo t | t
pronot er or 1%6%8 bFoﬁ‘Bf’er“xéId@ﬁ’Erﬁ aﬁ?ﬁl SL &I‘%%er?dgrﬂrbé gcf‘?e% e@s et
plurality of c Qe 6ComE . S F -4 560t (1oL )25, pThIETUISETZ or

promoter el %rren%e;e@ Dl&a%m%%&%%%% trangidiadd of emi\tf%%l@&?&ypes of

stresses -- rotein and energy/ionic -- opera I nked to
a gene encb@i ﬁgmaiééft é’@% Stxashfrg as GST Ya [P. G. A%%%)’F@Ilﬁ"g to one

enbodi nent, theapl ur@kbby Qac130 Ace | ssdi. tigs, kid, s, agiwaldy a single
cell 1line, ghn eaglkfr];e elT_contains all of the dliéere t types
of stress pronné%?§7 (GREDLE [985e 19RAGT Y erkaldehyde-3-=
phosphate dehydrogenase [L. Ercolani et al., J. BIol.
10 Chem., 263, pp. 15335-41 (1988)]. The NQO gene encodes
NAD (P})H quinone oxireductase and responds to the same

redox stresses as NMO [A. K. Jaiswal, Biochemistry, 30,
Pp- 10647-53 {1991).
The promoters and response elements which
15 respond to DNA stress that are useful in the methods
and kits of this invention are preferably selected from
the promoters of the GST Ya, GADD45, JUN, FOS, XHF and
GADD153 genes and the TRE and pS53RE response elements.
The GST Ya gene is described above. Its DNA
20 stress-sensitive component is induced by alkylated DNA.
The GADD45 gene encodes a growth arrest and
DNA damage responsive protein. The GADD45 gene is
induced by UV irradiation, X-rays, and the DNA damaging
agent, methyl methane sulfonate (MMS). This gene is
25 described in Q. Zhan et al., Mol. Cell Biol., 13, pp.
4242-50 (1993), the disclosure of which is incorporated
by reference.
The JUN gene has a DNA stress-sensitive
component that is induced by UVA radiation, tumor
30 promoters and growth factors.
The FOS gene encodes the oncogene c-fos. The
DNA stress-sensitive components of its promoter are
induced by tumor promoters and growth factors [E. M.
Haliday, EMBO J., 10, pp. 109-115 (1991)). The
35 sequence of this gene is described in F. van Straaten
et al., Proc. Natl. Acad. Sci. USA, 80, pp. 3183-3187
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I s activated upon exposure to the appropriate stress. In this
enbodi ment, the genes operatively linked to the 35 stress pronoters are
nmost: preﬁerably the native stress genes. In this manner no genetic
mani pul ati on need be carried out on the cells prior to
runni ng an assay. In this preferred enbodi nent, the kits further
conpri se ol i gonucl eoti des or cDNAs which are conplenentary to at

| east a portion of either the coding or n@k-<oding strand of the genes

under control of the specific stress pronoters. The oligonucl eotides are

used to det €dt38anid durentd fscidmamRNAE twiahsior ipt snoprphvseedgehesein

by reference.
The XHF gene codes for collagenase and is
activated by mitogenesis, inflammatory agents, UV
5 radiation, and also in response to the tumor promoter,

12-0-tetradecanoyl-phorbol-13-acetate (TPA). The
sequence of this gene is described in P. Angel et al.,
Mol. Cell. Biol., 7, pp. 2256-2266 (1987), the

disclosure of which is herein incorporated by
10 reference.

The GADD1S53 gene is expressed in response to
growth arresting signals and DNA damaging agents (J. D.
Luethy and N. 5. Holbrook, Cancer Res., 52, pp. 5-10
(1992)]. The sequence of this gene is described in
15 A.J. Fornace et al., Mol. Cell. Biol., 9, pp. 4196-4203
(1989), the disclosure of which is herein incorporated
by reference.
TRE is the TPA response element. It responds
to DNA stress induced by phorbecl esters. The sequence
20 of TRE is described in P. Angel et al., Cell, 55, pp.
875-85 (1988), the disclosure of which is herein
incorporated by reference.
P53RE in the pS53 response element. It is
responsive to DNA stress and is induced by X-rays and
25 MMS. The sequence of the pS53RE is described in Q.
Zahn, et al., Mol. Cell. Biol., 13, pp. 4242-4250
(1993), the disclosure of which is herein incorporated
by reference.
Other promoters which respond to DNA stress
30 and are useful in the methods and kits of this
invention are listed in Table 2, below. 1In ﬁhe brief
description of each of these gene that follows, the
document which discloses the DNA sequence of the
particular gene is indicated in brackets. The
35 disclosure of each of these documents is herein
incorporated by reference.
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or the cDNA conpl enent thereof, either of which may be t he detectable

product in this enbodinent. 10 It should be noted that although
al .+ seukaryotic cells contain numerous stress pronoters within their
genones, sone of those pronoters may or may not be activatabl e upon
exposure to the proper stress. This is especially true in higher
eukaryotes, 15 such as mammals. Those cell |ines whose stress

pronoters do respond to alnost all of the-appropriate stresses are
preferred in the kits of this invention. These include primary tissue
frommamalian |iver, TheaEltR- 1 ungnekednedesbrai eardy gosthor gan, as

well as 20 na ' dey | C lLn blis f .hese -
ti ssues avail able éoﬁ%n? Aéréeér/t?%%ng%p? Cgﬁfiﬁrééa&%b’l te}%(:#'io r(??l@st"'tg %&FCC
Rockvi | | e, MD) phasmhafaserivhibieorepE2.c¥l.| Suggs, Nugla Agids Res W L-2

cell's. Mst preferrngd afgsieps2(1990)¢€l | Fhe s 2,3 gene eHi®ddes a
ol i gonucl eoti des enpl oyed in the_above di agnosti c_kits and, net hods of

this invent Pon 3¢ whickpeepopdselouFsRvther taRY i & Ay
hybri di ze underal ) atéVE| ysbi gppsSt 7BngenGy (Q@®)t)i.onThe MGMD dritvdrid her

(e ransct! P g0 9 OOWEL gl e 927G 0108l Ml LIS, g 0
reverse t repnszlkpbat édoDNAhAK . nREAP etThd. .ch | d i
Sci. USA., 87, pp. 686-90 (1990)]. DNA Pol encodes DNA
10 polymerase A and is induced by mitogens. TK (which
encodes thymidine kinase) [H. D. Bradshaw Jr. et al.,
Mol. Cell. Biol.], 4, pp. 2316-20 (1984)], DHFR (which
encodes dihydrofolate reductase) [C. Morandi, J. Mol.
Biol., 156, pp. 583-607 (1982)] and PCNA (which encodes
15 proliferating cell nuclear antigen) [D. Jaskulski et
al., J. Biol. Chem., 263, pp. 10175-79 (1988)] each are
induced by cell proliferation. PGHS encodes

prostaglandin endoperoxidase synthase and is induced by
mitogens [S. A. Kraemer et al., Arch. Biochem.

20 Biophys., 293, pp. 391-400 (1992)]. LOX encodes a
5/12-lipoxygenase and is activated by exposure to tumor
necrosis factor [P. A. Dixon et al., Proc. Natl. Acad.
Sci. USA, 85, pp. 416-20 (1988)]. ISG1lS5, which enccdes
interferon-stimulated gene, is induced by a-interferon

25 [N. Reich et al., Proc. Natl. Acad. Sci. USA, 84, pp.
6394-98 (1987)]. 2'-5' AS, which encodes 2’-5’
oligoadenylate synthetase, is induced by R-interferon
[M. Walthelet et al., FEBS Lett., 196, pp. 113-20
(1986)]; EH, which is discussed above, contains a DNA

30 stress-sensitive component which is activated by
carcinogens. CYP2El contains a DNA stress-sensitive
element which responds to dimethylnitrosamine. TPO1
and TPO2 encode topoisomerases and are induced by DNA
strand breaks and agents which cause promoter

35

recombination [P. D’arpa et al., Proc. Natl. Acad. Sci.
USA, 85, pp. 2543-47 (1988); M. Tsai-Pflufelder et al.,
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conpl enmentary or honol ogous ol i gonucl eoti des depends upon the nmet hod
used f.or detecting the transcription 35 products. These vari ous nethods
are: desgribed later in t he applicati on.

-12- Because the DNA sequence of many nmanmal i an stress
cenes are known, hybridi zabl e ol i gonucl eoti des are easily constructed.
It should be noted that 100% honol ogy or conplenentarity between the
oligonucleotide 5 and the stress gene nRMMN-is not required. This is
because the oligonucl eoti de may be desi gned based upon t he sequence of
a stress gene Hyaam avspeci ®sadi f §eientsa, 85, pp. 7177-81 (1988)1].

PPa, which was also discussed above, responds to DNA
stress caused by DNA damage. DRA encodes HLA class II
and is induced by interferon gamma [A. J. Korman et

5 al., Proc. Natl. Acad. Sci. USA, 79, pp. 6013-17

(1982); D. A. Shackelford et al., Immunol. Rev., 66,

pPp. 133- (1982)]. The MnSOD promoter, which is

described above, also contains a DNA stress-responsive
element that is induced by tumor necrosis factor. The

MDR-1 gene encocdes a protein which imparts multi-drug

resistance and is mainly induced by hydrophcbic

cytotoxic drugs [J. A. Silverman et al., Gene, 106, pp.

229-236 (1991)]1. The beta-pol gene encodes the DNA

repair enzyme DNA polymerase beta and responds to N-

15 methyl-N’nitro-N-nitrosoguanidine (MNNG),
mechlorethamine hydrochloride (HN2), and cis-
platinum(II) diamine dichloride (cis-Pt) [S. G. Widen,
et al., J. Biol. Chem., 263, pp. 16992-98 (1988)]. The

stromelysin-1 gene encodes a protein that is induced by
20 phorbol esters, such as PMA [K. L. Sirum et al.,
Biochemistry, 28, pp. 8691-98 (1989)]. The PCNA gene

10

encodes proliferating cell nuclear antigen which is
induced by tumor promoters ([S. Travali et al., J. Biol
Chem., 264, pp. 7466-72 (1989)].

Promoters which respond to protein stress
useful in the methods and kits of this invention are

preferably selected from GRP78, JUN, FOS, HSP70 and
MTIIA.

25

The GRP78 gene encodes a 78-kDa protein that
is a major endoplasmic reticulum component. GRP78 is
induced by misfolded proteins and glycosylation blocks
[S. K. Wooden, et al., Mol. Cell. Biol., 11, pp. 5612-
23 (1991). The sequence of this gene is described in
E. Resendez et al., Mol. Cell. Biol., 5, pp. 1212-19

35 (1985), the disclosure of which is herein incorporated
by reference. :

30
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fromthe source of the cells utilized in the kits and met hods of this

I nventi-on. 10 VWhile it is expected that simlar stress genes
fromidifferent manmal i an species will be closely rel ated, the
transcripts fromthose genes w Il nost | i kely not have identi cal

nucl eoti de sequences. Accordi ngly, the oligonucleotides utilized in the
kits 15 and nethods of this invention are preferably at | east 95%
honol ogous or conplenentary. Preferably, {3 ol i gonucl eoti des are

bet ween 20 and 500 base pairs | ong. Most preferably, the

ol i gonucl eoti des are BBt vaseh B2E arwh 100 deeedparribedoabove, both

More pref er abl yonitha roldqanuu] entides. ?é§ﬁ>on51§¥néi]§§téﬁ€g WBLR0,20

oI|gonucleotld%f%%thfslqu% optionally foll owed by pol ynerase chain

reaction B tHi%- procedure, an ol i gonucl eoti de having a

sequence identlcal to a mmﬁlispxﬂ é&ﬂémﬁn&6@e85théeﬁﬁhateh&Eka@QoQé-hhe

non-codi ng str th| codi region of own uenced
51 LU oy wed) SRR e Rl B pB et Rey o2z vn

stress gene is hest ze
quantity of oI%ﬁﬁﬂuﬁ&gﬁqquﬁsxrhemvygUaU@leotadexma and 1synbh$©mse@ﬂmtr1

an additional & w180t St 80 n 0S xt ucl eoti des
serve as target gﬁ‘}gﬁl}z kgfiggn{e%t algﬁglgélg%%?sgt 21 ﬁ L et

Pref erably Bigle o8 r PRt B THEs (h988hLR eﬁbeaﬁéQ@Gﬁﬁleelﬁntt@ﬂ)‘s to

gene is described in C. Hunt and R. I. Morimoto, Proc.
10 Natl. Acad. Sci USA, 82, pp. 6455-59 (1985), the

disclosure of which is herein incorporated by
reference.

MT IIA, which encodes metallothionine IIa, is
induced by heavy metals and glucocorticoids [M. Karin
15 et al., Nature, 299, pp. 797-802 (1982)]. The sequence
of that gene is described in the above reference, the
disclosure of which is herein incorporated by

reference.

Other promoters which may be employed in the

20 kits and methods of this invention to detect protein
Stress may be selected from those promoters listed in
Table 2, below, which respond to protein stress. In
the brief description of each of these gene that
follows, the document which discloses the DNA sequence

25

of the particular gene is indicated in brackets. The
disclosure of each of these documents is herein
incorporated by reference.

MT 1A [R. I. Richards et al, Cell, 37, PpP.
263-72 (1984)] and MT III [R. D. Palmitter et al.,
30 Proc. Natl. Acad. Sci. USA, 89, pp. 6333-37 (1992)]

each encode a metallothionein gene that is induced by

the heavy metal, cadmium. GP contains an element that

responds to the protein damaging heavy metal, selenium.
The preferred promoters and response elements

35 which respond to energy/ionic stress in the methods and
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one anot her.

ori gi nal

preferahly, the extra
conpl ement ary honohexaner s, i.e

ot her.

[err]p,

product .

This allows a single priner to prime off of both the

ol i gonucl eoti de and the PCR 35 product thereof. Most

nucl eoti des at each end are

biotin or a fluorescent mar keps-This results in a | abelled
product that can be used directly to detect the |level of transcription
The akiraatagethist hnveficieth @lreggahte|mainateers of the FOS and

10

15

20

25

30

35

GRP78 genes and the CRE response element.

FOS, which i1s described above, contains the
CAMP response element ("CRE") [W. J. Roesler et al., J.
Biol. Chem.., 263, pp. 2063-9066 (1988)]}.

GRP78, which is also described above,
contains an energy/ionic stress responsive element that
responds to calcium ionophores.

CRE is the cAMP response element. It is an
energy/ionic stress-sensitive response element which
responds to increased levels of cAMP [J. Roesler et
al., J. Biol. Chem., 263, pp. 9063-66 (1988), the
disclosure of which is herein incorporated by
reference. ]

Other energy/ionic stress promoters that may
be employed in the kits and methods of this invention
are listed in Table 2, below. In the brief description
of each of these gene that follows, the document which
discloses the DNA sequence of the particular gene is
indicated in brackets. The disclosure of each of these
documents is herein incorporated by reference.

Two cytochrome P450 genes -- CYP1l1lB2 which is
induced by cAMP; and CYP2El, which is induced by
ethanol -- contain energy/ionic stress responsive

elements. 2’-5’ AS contains an element which responds
to energy\ionic stress induced by ethanol. DBH, which
encodes dopamine fR-hydroxylase [B. Grima, Nature, 326,
pp. 707-11 (1987)] and TH, which encodes tyrosine
hydroxylase [A. Lamouroux et al., EMBO J., 6, pp. 3921-
37 (1987)] are both induced by membrane depolarization.
ODC, which encodes ornithine decarboxylase, is induced
by osmotic shock [N. J. Hickok et al., DNA, 6, pp. 179-
87 (1987)]. G6PD encodes glucose-6-phosphate
dehydrogenase and is induced by ATP depletion. PKC
contains an energy/ionic stress-responsive element
which is induced by Na/K ATPase depletion. PVALB
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., AAAAAA at one end and TTTTTT at the
During PCR, one or nore | abel ed nucieotides are

preferably included in the pol ynerase reaction. Preferably the | abel

'S



synt hesi zer/ PCR technique is that m crogramquantities 10 of |abelled

ol i gonucl eoti de can be produced in a single procedure. The resulting

ol i gonug! eoti des may optionally be biotinylated followi ng synthesis and
purification. If the oligonucleotide is used to detect cDNA
15 reverse transcripts of the transcription product, it is preferable
that they not be labelled. In this enbodi nent, it is preferred that the
| abel be i ncorporated into the cDNA -pgther than the

ol i gonucl eoti de. 20 The design of appropriate oligonucleotide
probes for useehtotife petrvadbdmiet keds ief ifMiwced by mweentiwm iensel@tively
straightforwargu ggvi us&y, n a%ﬂg éggggfihav | nce simlarity
or conpl enen ariFy 5t FEREARESS gene NAT O iC ey 25 are

desi gned to hyBrkdimzdysiThé clongains eot iedwsrayy onic streg®ticul ar kit
shoul d al so haygsBRRALAYMBUMEAN SIS is indEidd NGy teaperghure (Tlerr])
so that a single warm ng appar at us (suéh as a water bath) may be
utilized when 1ONOPESTEF-ng out hybridi zati on and subsequent washi ng 30
steps. Preferably the oligonucleotides are designed to have a T[err]
of greater than 70[err]C in 0.2X SSC. iﬁ%b 5 determ ne which portions of
the coding regions of the stress ¢ Eo2use in desi gni ng

ol i gonucl eoti de probes, Other Mammalian Stress Promoters

Energy/
Promoter Redox DNA Protein lonic

UGT X
10 CYP11B2
Cu.ZnSOD
MnSOD
NMOQO 1
ALDH 2
15 ADPRT
GP

GAS 2,3
EGR-1
MGMT
20 DNA Pol
beta-pol
DHFR

TK

| PCNA

25 PGHS
LOX
ISG15
DRA
MDR-1
30 2'-8' AS
FAOxase X
P8BE X
PPAR X
MT 1ANIA
35 TH

DBH

oDC

XX X[X]X]|X]X

P xIxIxpx]x]x]x|x]x]|X]{xX]xX|X

EH X X
CyP2B2 X
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one may- utilize a commercially available conputer 35 program such as

OLlI GO (Nati onal Biosciences, Plynouth, WN) .

-14..- Accordlng t o anot her enbodi nent, each of the
plurallty of eukaryotic cells in the diagnostic kit of this invention
harbors a stress pronoter or a stress response el enent which is
operatively linked to a S heterol ogous gene encodi ng a detectable product.
In this enbodinent, it is preferable_that the sane

Table 2 (cont’d)

Energy/
Promoter Redox DNA Protein lonic
CYP2E1 X X X
CYP3A3 X
P450b X
P450d X
5 TPO1/TPO2 X
PPa X X
G6PD X
PKC X X
PVALB X
10 Stromeiysin-1 X X
GST2 X
GAPDH X
NQO X
PCNA X
15 ARE X

Because response elements can only be
isolated from the promoters which contain them by
recombinant DNA methods, the use of such elements in
the kits and methods of this invention is limited to

20 embodiments utilizing promoter-heterologous gene

constructs.

In order to operatively link a response
element to a heterologous gene, it must first be
ligated to a minimal promoter. A minimal promoter is

25 one which constitutively causes a basal expression of a
gene operatively linked theretoc. Preferred minimal
promoters are the SV40 minimal promoter, the TK minimal
promoter or the {-interferon minimal promoter. These
minimal promoters are well known in the art. This
30 minimal promoter/response element construct is then
operatively linked to the heterologous gene by well-
known recombinant DNA methods.

Many of the above described promoters, or

functional equivalents thereof, are present in other _
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het er ol.ogous gene be linked to the various stress pronoters or response

elements in the kit. In this manner, only a single assay need be
performed to detect 10 induction of any of the stress pronoters and stress
response elenents. It is also preferable that each cell within the kit
contains only a single stress pronoter or response el ement/ heterol ogous
gene construct. Thus, the expression of the detectable 15 product in
any given cell in the kit can be specibgcally correlated to the

i nduction of a single stress pronoter or response el enent.

The di agnostic éﬂl&&r}?@@eg@t Bﬁdﬁ gk hBimdtodes,i Réenrid onimyEduy, a plurality
of eukaryotic ceIIs ri se pronoters or response

whi ch, i
el enent s tHR® %e%ﬁonamPB @é@ﬁsoﬁn%rééﬁﬁp ress, DNA stress,
protein stress and energyrskr exampllee Qmebmwuahtain g muertt lerok lminsheriss ponse

cLenents of 1 eADYSEbEONLL reopdth W4 IBVIELI AR | maiced Iy o
Preferred Memetkpassreess hegiymt esals [T. R. Butt et al., Gene, 27,
pp. 23-33 (1984); T. R. Butt et al., Proc. Natl. Acad.
Sci. USA, 81, pp. 3332-36 (1984)1]. Yeast also contain
equivalents of the HSP70 and GRP 78 genes [E. A. Craig,
In Stress Proteins In Biology And Medicine, Cold Spring
10 Harbor Laboratory Press, Cold Spring Harbor, New York,
pp. 301-21 (1990); W. R. Boorstein et al., J. Biol.
Chem., 265, pp. 18912-21 (1990); and M. D. Rose et al.,
Cell, 57, pp. 1211-21 (1990)]. Alcochol dehydrogenases,
a family of yeast genes that are induced by alcohol, an
15 energy/ionic stress have also been sequenced [T. Young
et al., Basic Life Sci., 19, pp. 335-361 (1982)].

Also, a large number of DNA stress genes have

been identified and sequenced in yeast. These include
MAG, the methyladenine DNA glycosylase, and MGT1l, which
20 respond to DNA alkylation damage [(W. Xiao et al., Mol.
Cell, Biol., 13, pp. 7213-21 (1993)]; RAD51, RADS54,
RAD6, RAD23, RAD2, RAD18 and RAD7, all of which respond
to DNA strand breaks [G. Basile et al., Mol. Cell.
Biol., 12, pp. 3235-46 (1992); G. M. Cole et al., Mol.
25 Cell. Biol., 9, pp. 3314-3326 (1989); K. Madura et al.,
Nucleic Acids Res., 18, pp. 771-78 (1990); Nucleic
Acids Res., 18, pp. 4737-42 (1990); K. Madura et al.,
J. Bacteriol., 166, pp. 914-23 (1990); J. S. Jones et
al., Nucleic Acids Res., 19, pp. 893-98 (1991); J. S.
30 Jones et al., Nucleic Acids Res., 18, pp. 3281-85
(1990)]; PHR1 which is induced by DNA damaging agents
(J. B. Sebastion et al., Mol. Cell. Biol., 10, pp.
4630-37 (1990)]; RNR2 and RNR3, the yeast
ribonucleotide reductases, which are induced by DNA
35 damage [S. J. Elledge et al., Mol. Cell. Biol., 9, pp.
5373-86 (1989); S. J. Elledge et al., Gene Dev., 4, pp.

I
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Ener gyi-

Pr onot er Redox DNA Protein l oni c
CYPI Al. X GST Ya X X 30 GADD45
X . »+ GCGRP78 X X X JUN
X . X - X FGS X
-15-
-29-
740-51 (1990); Z. Zhou et al., ZGenetics, 131, pp. 851-
66 (1992)1; CDC9, the yeast DNA ligase ([T. A. Peterson
et al., Mol. Cell. Biol., 5, pp. 226-35 (1985)]; URI4,

10

15

20

25

30

35

another gene that responds to DNA damage {J. M. Treger
et al., Mol.

Cell. Biol., 8, pp. 1132-36 (1988)]; and
DDR48, a gene which responds to mutagens [J. M. Treger
et al., Mol. Cell. Biol., 10, pp. 3174-84 (1i990)]. 1In
addition, several other DNA stress genes have also been

identified in yeast [G. W. Robinson et al., Proc. Natl.
Acad. Sci. USA, 83, pp. 1842-46 (1986); S. W. Ruby et
al., Mol. Cell. Biol., 5, pp. 75-84 (1985); E. C.
Friedberg, Microbiol. Rev., 52, pp. 70-102 (1988); T.
McClanahan et al., Mol. Cell. Biol., 4, pp. 2356-2363

(1984)].

The appropriate combination of any or all of
these promoters, as well as other known yeast stress
promoters, may be utilized in the methods and kits of
this invention. It will be understood that if yeast
stress promoters are employed, yeast hosts are
preferred and should be grown under conditions
appropriate for such a host.

known in the art.

Such conditions are well

The most preferred kits and methods which
utilize oligonucleotides to detect toxicity comprise
the following stress promoters: ALDH1, CYP1lAl, FOS,
GADD153, HMO, HSP70, JUN and MTIIA. The most preferred
kits and methods which utilize reporter gene expression
to detect toxicity comprise the following stress
promotefs and response elements: CYP1lAl, GST Ya,
GADD45, FOS, XHF, HSP70, MT IIA, GADD153, CRE, XRE,
NFKBRE, RARE and p53RE.

According to another embodiment of this
invention, the diagnostic kits and methods additionally
employ at least one cell surface receptor-mediated
stress promoter. Such kits and methods are

particularly useful for determining and characterizing
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Table 1 (cont'd) Ener gy

Pr onot er Redox

DNA . Protein | oni c XHF X HSP70
X e o MITTA K X GADD153
X X 5 ALDH1 X HMO X X CRE
X XRE X NFk BRE X RARE X
ThRE X

_30_

10

15

20

25

30

35

the toxicity of a compound on external organs, such as
skin, the eye or mucous membranes. The use of cell
surface receptor-mediated stress promoters allows Zfor
the detection of compounds which can cause local
irritation or inflammation of such external organs.

Irritants and inflammatory agents may cause
sub-lethal cell injury that cannot be detected
histologically. Such toxins would not be toxic to an
animal as a whole in a classic sense and thus may
escape detection by methods such as live animal
testing. The use of cell surface receptor-mediated
stress promoters in the kits and methods of this
invention allow for the detection and characterization
of such local irritants or inflammatory agents, as well
as the ability to distinguish between the two on a
subcellular level -- something that whole animal
testing cannot achieve.

The preferred cell surface receptor-mediated
stress promoters for use in such kits are selected from
the promoters of the IL-1 alpha, G-CSF, GM-CSF, TNF-
alpha, IL-3, IL-6, IL-8, ICAM-1 and stromelyéin-l
genes.

The Interleukin (IL)-1 alpha gene encodes a
cytokine that is induced by mitogens,

lipopolysaccharide (LPS), PMA, silica, other cytokines,
and UVB irradiation (T. A. Luger et al., J. Invest.
Dermatol., 95, pp. 100S-104S (1990)]. The sequence of
that gene is described in Y. Furutani et al., Nucleic
Acids Res., 14, pp. 3167-79 (1986), and the disclosure
of which is herein incorporated by reference.

The granulocyte colony stimulating factor (G-
CSF) gene produces a protein that is induced by
endotoxin, interferons, and PMA [T. A. Luger et al., J.
Invest. Dermatol., 95, pp. 100S-104S (1990)]. The
sequence of this gene is described in S. Nagata et al.,
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PPRE : X TRE ERE X 15 p5S3RE

X Preferably, the pronmoters or response el ements whi ch
respond to redox stress in the nethods and kits of this invention are
selected fromthe pronoters of the CYPIAl, GST Ya, JUN, ALDH1 and HMO
20 . genes and the XRE, NFkBRE, PPRE, RARE, ERE, and ThRE response

el enent s. The CYP1Al gene encodes cytochrone P450 | A1,

an enzyme involved in the metabolismof pokycyclic aromatic

hydr ocar bons, such as benzo(a)pyrene. The
EMBO J., 5, pp. 575-581 (1986), the disclosure of which

is herein incorporated by reference.
The granulocyte macrophage colony stimulating
factor (GM-CSF) gene encodes a protein that is produced
5 1in response to the same stimuli as G-CSF (T. A. Luger

et al., supra). The sequence of this gene is described
in S. Miyatake et al., EMBO J., 4, pp. 2561-2568
(1985), the disclosure of which is herein incorporated

by reference.

10 The tumor necrosis factor (TNF) alpha gene
encodes a protein that is induced by IL-1 alpha and IFN
gamma [B. J. Nickoloff et al., J. Invest. Dermatol.,
94, pp. 1515-157S (1990)]. The sequence of this gene
is described in D. Semon et al., Nucleic Acids Res.,

15 15, pp. 9083-9084 (1987), the disclosure of which is
herein incorporated by reference.

The IL-3 gene encodes a product of the same
name and is induced by interferon (IFN) gamma, PMA, and
UVB irradiation ([T. A. Luger et al., supral. The

20 sequence of that gene is described in D. R. Cochen et

al., Nucl. Acids Res., 14, pp. 3641-58 (1986), the

disclosure of which is herein incorporated by
reference.

The IL-6 gene produces a protein that is
25 expressed in response to other cytokines, bacterial
toxins, viruses, tumor promoters and sodium lauryl
sulphate [T. Hunziker et al., Brit. J. Dermatol., 127,
PP. 254-57 (1992) and T. A. Luger et al., J. Invest.
Dermatol., 95, 100S-104S (1990)]. The sequence of this
30 gene is described in K. Yasukawa et al., EMBO J., 6,
PP. 2939-45 (1987), the disclosure of which is herein
incorporated by reference.
The IL-8 gene is induced by the cytokines IL-
1 alpha, tumor necrosis factor (TNF-alpha), and IFN-
35 gamma, as well as by LPS, and tumor promoters ([I. C.
Oliveira et al., Proc. Natl. Acad. Sci. USA, 89, pp.
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25 gene is inducible by aromatic hydrocarbons, plant fl avones and
al so by tetrachl orodi benzo-p-di oxin (TCDD), one of the nobst potent
t ef at ogens and tunor pronoters [L. A Neuhold et al., MIl. Cell
Biol., b, pp. 2378-2386 (1989); Y. Fujii-Kuriyama et al., The 30
FASEB J., 6, pp. 706-710 (1992); D. W Nebert et al., Env. Health
Perspec., pp. 13-25 (1990); R A. D xon et al., Biol. Rev., 61, pp.

239-241 (1986)]. The sequence of thga_gene is des bed in K Sogawa
et al., Proc. REPLACENMENT
SHEET

9049-53 (1992)]. The sequence of that gene is
described in N. Mukaida et al., J. Immunol., 143, pp.
1366-71 (1989), the disclosure of which is herein
incorporated by reference.

5 The intracellular adhesion molecule (ICAM) -
gene encodes a protein that is induced by cytokines,
LPS, hydrocortisone, and PMA ([S. W. Caughman et al., J.
Invest. Dermatol., 98, pp. 61S-65S (1992)]. The
sequence of this gene is described in B. G. Stade et

10 al., Immunobiology, 181, pp. 851-56 (1990), the
disclosure of which is herein incorporated by
reference.

The stromelysin-1 gene contains a cell
surfaced receptor-mediated stress element that is

15 induced by epidermal growth factor.

Other cell surface receptor-mediated stress
promoters that may be utilized in the kits and methods
of this invention include the promoters of IL-1 beta,
TGF-alpha, IL-10 and M-CSF genes, as well as the

20 promoters of the genes that encode the cell surface
receptor that regulates the expression of any of the
above genes. 1In the brief description of each of these
gene that follows, the document which discloses the DNA
sequence of the particular gene is indicated in

25 brackets. The disclosure of each of these documents is

herein incorporated by reference.

The IL-1 beta gene is induced by the same
agents as IL-1 alpha [J. J. Huang et al., J. Immunol .,
140, pp. 3838-43 (1988)]. The transforming growth
factor (TGF) alpha gene encodes a protein that is
induced by itself as well as by IFN-gamma [F. Iris et
al., Nature Cenetics, 3, pp. 137-45 (1993)]. 1IL-10 is
induced by contact allergens such as
trinitrochlorobenzene (TNCB) and haptens [J. M. Kim et
35 al., J. Immunol., 148, pp. 3618-23 (1992)]. The other

30

This Sheet Has Been Replaced

[T




05 AUG.1996 Natl. Acad. Sci. USA, pp. 8044-8048 1986), the

di scl osure of which is herein incorporated by ref erence.

The, GST .Ya gene encodes the glutathione S- 5 transferase Ya subunit, a
uni que xenobi oti c-responsive el enent. The redox stress-sensitive
portion of the GST Ya pronmoter is strongly induced by electrophilic

her bi ci des, insecticides and planar aromatic hydr ocar bons such as
[err]-naphthoflavone and 3- 10 nethylcholgnthrene [T. H Rushnore et al.,
Proc. Natl . Acad. Sci. USA, 87, pp. 3826-3830 (1990)]. The

sequence of thbélﬁe%f%c%e dét%’ofnnéfdliteéiughﬁeég §knes hale, agypra, the

di scl osure of which is herein ncorporated by reference. 15
The JUN oncogeﬁ@e@o@é§qﬁﬂngjtﬁlW%ﬁc%r participates in the formation of

the AP-1 conplex -- a THe anssghest 08akiast andt aechBéddonfstheésses which
activate the JUNJ%%¥35g62§%§Eggxégg Egg 8gkgnag ggécific stress
5 promoters or stress response elements and the
transcription and/or translation of a gene operatively
linked thereto.
For embodiments of the invention that employ
a heterologous gene operatively linked to a mammalian
10 stress promoter or stress responsive element, the
choice of gene is essentially limitless. The only
parameters that are required are (1) that a DNA
sequence encoding the assayable product has been
characterized; and (2) that the product of the gene can
15 be detected. Sufficient characterization includes
knowledge of the entire coding sequence, availability
of a genomic clone or knowledge of a sufficient number
of restriction sites within the genomic DNA sequence to
allow the gene to be manipulated so as to create an
20 operative linkage to the stress promoter.
Promoters of most mammalian stress genes are
inducible by more than one type of stress. This is
because such promoters contain within their sequence a
number of stress response elements, each of which is
25 responsive to a different type of stress. 1In
embodiments that utilize such multiple stress promoters
it is preferable that another promoter which responds
to only one of the multiple stresses also be employed.
This is true whether native promoter-gene systems oOr
30 recombinant promoter-assayable gene fusions are used.
For example, the HMO promoter and the JUN promoter are
induced by both peroxides and by UVA rays. Thus, these
promoters respond to both redox stress and DNA stress.
An NMOl promoter, which responds solely to oxidative
35 stress, may be used together with an HMO or JUN

promoter. This combination of promoters allows one to
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radi ati.on. The sequence of this gene is described in 20 R De G oot et
al., EMBO J., 10, pp. 2523-2532 (1991), t he di scl osure of which is
herei n j.ncor porated by ref erence. The ALDH 2 gene
encodes al dehyde dehydrogenase and is induced by al dehydes and 25
peroxi some proliferators [D. W Nebert, Env. Health Persp., 88, pp.
13-25 (1990)]. The sequence of that gene is described in L.C. Hsu et
al., Proc. Natl. Acad. Sci. USA, 82,_fp. 3771-3775 (1985), the

di scl osure of which is herein incorporated by reference. 30

The HMO gene cedee mfind G (ht9eNadt-t idh€f the PhQIPiBLel StkBgHCEd by the
follow ng redox stresses: oxi dative stress, hydrogen ﬁgroxkdesh.and
sodi um ar EAME S WaE QUs) e arRARX $FTIS5F ePF, UBPocTIRGL | . 10 ER1gc4a(.

Sci. USA, 86, manrd 1Ghd H8de dheckeqseness 3ausédt biysagepapband
described in that docunent, the , .
can be more 'accurately determined.

5 According to another embodiment of this
invention, individual response elements of a promoter
may be isolated and then operatively linked to a
mammalian minimal promoter and to a gene which encodes
a detectable product. Thus, expression of the

10 detectable product in the presence of a compound is
correlated with only one particular type of stress.

In embodiments which employ a gene encoding a
detectable product, the assayable product is preferably
f-galactosidase (encoded by the lacZ gene),

15 chloramphenicol acetyl transferase (encoded by the CAT
gene), galactose kinase {(encoded by the galK gene), B-
glucosidase (encoded by the gus gene), glutathione
transferase, human growth hormone (encoded by the hGH
gene) or firefly luciferase (encoded by the lux gene).

20 Most preferably, the CAT gene is employed.

The stress promoter-assayable product fusions
harbored by the hosts employed in certain of the
diagnostic kits and methods of this invention may be
made using standard recombinant DNA techniques that are

25 well known in the art. The choice of techniques
depends upon what is known about the particular stress
promoter to be used in the strain.

If a genomic fragment containing a stress
promoter and its gene have been isolated or cloned into

30 a vector, the promoter is removed by appropriate
restriction enzyme digests. The promoter fragment is
then isolated and operably linked to a gene encoding an
assayable product in a plasmid. The vector should also
contain a marker, such as Neo, for identifying stable

35 transfectants. Screening for a functional fusion is

achieved by exposing transfectants to a stress which is

This Sheet Has Been Replaced

TR




di scl osure of

The XRE is ar
such as ,ar omat
Sci.. USA , 87,
element is des

whi ch is herein incorporated by r ef er ence.

edox stress response el enent. It responds to xenobiotics,
ic 5 hydrocarbons [T. H Rushnore et al., Proc. Natl. Acad.
pp. 3826-3-830 (1990)]. The sequence of this response

cribed in that docunent, t he di sclosure of which is

herein incorporated by .reference. 10 NFKkBRE is a redox

stress respons
activated

pp. 2247-2258

3526-3531 (198
this response

Nature, 333, p

e el enent whi ch encodes_ggtranscription factor that i
by intracellular thiols [R Schreck et al., EMBOJ.,
(&2 e B 1 NekeON B 3beciMBbeerress SdmotRirOlang 8, pp.
224. |t also 15 resgonds ho DNA stress. The sequence of
SAY WENtOF sCRBSCFHBEHAPASKISPEURFOMNFG J. Nabel ,

p. 776-778 {4968¢, nibkedtideostimctice of Wheclstiredwerein

Lpg?{?g{:t?gnb%gé%%%éggcghd its gene is kggag,“%§f¥%4¥§§2“5ﬁ2§%

5

10

15

20

25

30

35

reaction technology may be employed to produce
assayable protein fusions. Specifically, one
synthesizes primers which are complementary to the 5’
and 3’ ends of the stress promoter portion of the gene,
hybridizes those primers to denatured, total mammalian
DNA under appropriate conditions and performs PCR. In
this manner, clonable quantities of any sequenced
stress promoter may be obtained. Once the stress
promoter DNA has been obtained, it is operatively
linked to a DNA encoding an assayable protein in an
appropriate vector, as described above. Such methods
are well-known in the art.

Constructing operable fusions of stress
promoter response elements to a gene encoding a
detectable product is also carried out by standard
recombinant DNA techniques. Because response elements
are small, DNA encoding them may be produced using an
oligonucleotide synthesizer. Oligonucleotides
corresponding to both strands of the response element
are synthesized, annealed together and cloned into a
plasmid containing a reporter gene under control of a
minimal promoter. Alternatively, the double stranded
oligonucleotides can be allowed to multimerize via self
ligation prior to insertion into a vector. The
multiple copies of the response element allow for
higher expression of the detectable product upon stress
induction.

Embodiments of the present invention that
employ native stress genes as the genes encoding an

assayable product require no genetic manipulation prior
to assaying toxicity.
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20 element. It is a redox stress responsive el enent that
by peroxisonme proliferators [C. Dreyer et
(1992)].. The sequence of

is induced

al., Cell, 68, pp. 879-887
this response el enent is described in that
docunent t he di sclosure of which is herein incorporated by 25

ref erence. RARE is the retinoic acid response el enent.

It is a redox stress-sensitive response el enent that responds to the
steroid hornone retinoic acid and its -3@halogs [H de The, et al.

Nat ure, 343, pp. 177-180 30 (1990) , the disclosure of which is herein

i ncor por at ed by ref efiencejoice of cell _lnEREoiesehenesneogénsresponse
element. It

Conpounis. | The sechiBatodn ‘SheCiRE TLVERRibHnLg feblAueg] BpcRstregens
Cell, 55, pp. Esahbtd 1988)sedheo determine tox1c1ty For those R
embodiments which utilize stress promoter-assayable
5 product gene fusions, the cells must be able to produce
the expression product in assayable form. Moreover,
those cells should not constitutively produce the
assayable product from another copy of the gene in
their genome.

10 For embodiments which utilize the cell’s
native stress genes, the choice of cells is based upon
the ability of those genes to be induced by stress.
Preferred ceils for embodiments that do not employ cell
surface receptor-mediated stress promoters are Hela,

15 HepG2 and WIL-2. For those kits and methods that do
employ cell surface receptor-mediated stress promoters,
the preferred cell line is one derived from the organ
of concern. For example, if the stress kits and
methods are intended to identify compounds which affect

20 the skin, a skin fibroblast or keratinocyte cell line,
such as SCCl12 or its derivatives, such as C6Cl, is
preferred. For kits and methods seeking to identify

toxins to the eye, a corneal cell line is most
preferred.

25 When utilizing stress promoter-assayable

product fusions, it is preferable that each host
employed in the kits and methods of this invention
harbors only one such fusion. In this manner, if a
compound induces expression of the assayable gene

30 product in any particular host cell, the specific type
of stress caused by the compound can unambiguously be
identified. .

It is known that some compounds are not toxic

to mammals in their native form, but become toxic after

35 being processed by the liver. Therefore, according to

another embodiment of this invention, the compound to
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- 8 - di scl osure of which is herein incorporated by ref erence.

ThRE is the thyroid hornone response el ement. It responds to redox
stress that is induced by thyroid 5 hornone and its anal ogs. The sequence
of the ThRE is described in M Beato, Cell, 56, pp. 335-344 (1989),

t he di sclosure of which is herein incorporated by ref erence.

O her pronoters and response el enents which 10 respond to redox and can be
utilized in the kits and met hods of this_invention may be sel ected from
t hose listed in Table 2, below. In the brief description of each of

these genes ancd esponse ﬁh%@@tﬁeﬁnaasfahhom@ts of ke sdaeRl ophiieh

di scl oses the DNA sequence of th articul ar ene n ed in

brackets. The PT®~ Eﬁ%ﬁ?% dV%tha%atﬁ ngFﬁe§§td3 Gnen r§%# %é

i ncor por at ed bypreferimgean S9 liver extrbEt dmsodes axreUdRrsginidednnsyl

o hrone 1 YA P SPOL R AhbiNSsg, gl 1 20
Practical Approach, S. Vennitt et al., eds., IRL Press,
Oxford, England, pp. 52-57 (1984), the dlsclosure of
which is herein incorporated by reference. S9 is
generally a crude homogenate of rat liver with
insoluble particles removed by low speed

10 centrifugation, but may alsc be prepared from human or

other mammalian liver. S9 is incubated with the test
compound in a potassium buffer containing NAD(P)H to
mimic stage I and stage II biotransformation of
compounds normally performed by the mammalian liver

15 prior to performing the toxicity assay. If, however,

primary mammalian liver cells are utilized in the kits
and methods of this invention, S9 pre-treatment is
unnecessary. The cells will be capable of performing
stage I and II biotransformation of compounds under

20 assay growth conditions.

Alternatively, the cells utilized in the kits
and methods of this invention are co-cultured with
cells capable of performing stage I and II
biotransformation, preferably, a primary liver cell

25 1line. The biotransformation of the compound being
assayed is, in this instance, performed by those other
cells, rather than enzymatic fractions derived from
liver cells.

Prior to carrying out an assay on a compound
of unknown toxicity using the methods and kits of this
invention, standard curves should be generated
utilizing at least one and preferably at least three
compounds that are known to induce each specific stress

promoter or response element that will be used to
35 screen the unknown compound.

30
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15607-14 (1986)]. CYP11B2 encodes a cytochrone P450 whose redox
response i s induced by steroids [T. Kawanmoto et al., Proc. Natl. Acad.
Sci.. USA, 89, pp. 1458-62 (1992)]. Cu.ZnSCD encodes a superoxi de 25

di snutase that is induced by copper- and zinc-catal yzed super oxi de
formation [E. Danciger et al., Proc. Natl. Acad. Sci. USA, 83, pp.
3619-23 (1986)]. The MhSOD gene encodes a superoxi de di snut ase gene
whi ch can be activated by tunmor necroggs factor, interleukin-2 and 30
| i popol ysaccharides [M K St. Cair and J. C. Holland, Cancer Res.,

51, pp. 939-943 (1991)]. APRTkeAJEEeRical sholagymoreanslkeas®1gndei S

i nduced by oxidative stress. . encodes gl ut at hi one .peroxidase and its
rodox ) T espRtiEd SITARRLEY Bbr oRPABEorat Al o tGINET S 35 6,

pp. 268-71 (199Y)dmoteiixeser ehroileskhawhy tacyindGad. Andoxatdsehand dad
i nduced by pe“%ﬂé&¥&*6%‘%é£§§§&°£§e£5a sufficiently wide range of
5 concentratiocns to provide a useful standard curve,
preferably 1 picomolar to 1 millimolar as well as at
several time points.

Once the standard curves have been generated,
a computer data base containing those curves is

10 generated. This database is then used to compare
stress promoter-induction profiles of the compounds to
be tested with those of the known toxins used to
generate the standard curve. Thus, the results for any
untested compound are expressed in terms of relative

15 toxicity compared to known inducers of stress
promoters.

Each of the characterization and toxicity
determination methods of this invention comprise the
first step of culturing the cells both prior to and

20 following exposure to a potential toxic compound.
Culture conditions will vary depending upon the cell
type utilized. Most preferably, immortalized human
liver cells (HepG2) are used. Growth of these cells
is performed under standard tissue culture conditions

25 -- minimal essential medium at 37°C, 5% CO,. The cells
are routinely grown in 165 cm? flasks until they reach a
density of about 5 x 10% cells/ml.

Following this initial growth, the cells are
subcultured and exposed to the compound to be tested.

30 A typical assay employs approximately 2.75 x 10°
cells/ml. For initial tests on a compound, a series of
10-fold dilutions of the compound should be used.
Another series of dilutions of the compound which have
been pre-incubated with S9 fraction should also be

35

prepared and added to a second portion of each culture.
A third portion of each culture, which serves as a
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M yazawa et a., J. Biol. Chem, 262, pp. 8131-37 (1987)]. PBE encodes a
per oxi somal enoyl - CoA hydr acase/ 3- hydr oxyacyl CoA dehydr ogenase

bi fncti,onal enzyme and is induced by peroxisonme proliferators [J. 5 K
Reddy et al., Proc. Natl. Acad. Sci. USA, 83, pp. 1747-51 (1986)]. PPAR
encodes a peroxi sone proliferator-activated receptor and is induced by
peroxi some proliferators [C. Dreyer et al., Cell, 68, pp. 879-87
(1992)]. EH encodes an epoxi de hydrol ase 189-whi ch responds to redox stress
caused by phenobarbit al [R K Skoda et al., J. Biol. Chem., 263, pp.
1549- 54 (1@&quol(N@Q;to;Jexﬁbsaﬁl99 eheakomphuaid., h@td@tmegwise 16,

pp. 5783-95 (1 &Y. J n_at ,
pp. 689-95 (1992 and %%Eé%é RF ﬁéﬁgg?sagrgé rl ed gL %Qﬁk Acce55|on
number X12387] encode Alhr@é Ehﬁféﬂéﬁ9r§§té@ﬁr@#@nP§§d§Weﬁhé¥>are

responsive LI TV §£r§§§maaugegwb.y1 El%ﬁ@%%rt@x‘eaEdrzﬁz erGdd &1 |
(2E1) , and_aflatoxin, cl ogporin, testosterone ni f edi pi ne (3A3),
respectivel y. 1§%F?M5%Bg BAe* gﬁ@oée§l§ﬁte?hé gﬁWﬁﬁb PASEIE which is

i nduced by phermmbeférébly, exposure to the tox1c or test compound is
for about 2 to 32 hours. Following exposure to the
test compound, the level of assayable product or stress

gene mRNAs are measured.

10 If the embodiment measuring assayable product

is employed, quantification may be carried out in a
number of ways that are well known in the art. For
example, a colorimetric substrate may be utilized if
the expression product is an enzyme. Appropriate
15 colorimetric substrates for specific enzymes are well-
known in the art. Alternatively, an assay which
employs specific antibodies, such as an RIA or ELISA,
can be used to detect the expression product.
Depending upon the nature of the assay used,
20 the buffer conditions of the lysed culture or
Supernatant may need to be adjusted. Accordingly,
suitable buffer may be added to the lysed culture or
supernatant so that optimal conditions for the
particular assay are obtained. For example, if the
assayable product is to be detected by an RIA or ELISA
assay, the buffer conditions must be adjusted to a

25

neutral pH to allow for maximal antibody-antigen
complex formation and to minimize non-specific antibody
binding. Such conditions are well known in the art and
are exemplified by a final buffer condition of S50 mM
phosphate buffer, 150 mM NacCl, PH 7.0. If the

30

assayable product is an enzyme and detection is to be
achieved by a colorimetric substrate assay, buffer
conditions must be optimized for maximal enzymatic

35 activity and minimal non-catalytic cleavage of the
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[C M Gachelli, et al., J. Biol. Chem, 264, pp. 7046- 7053 (1989).

The P450d gene encodes cytochrone P450d, which is induced by
polycychlc aromatic hydr ocar bons, isosafrole, and

3-am no-1-5H pyrido[4,3- 25 Db]indole (Trp-P-2) [K Sogawa et al., J.

Bi ol . Chem, 260, pp. 5026-5032 (1985). PPa encodes a poly (ADP-

ri bose) polynerase and has a redox stress-sensitive conponent whi ch
responds to |ipid peroxidation and oxd@ative stress [K. Uchida et al

Bi ochem Biophys. 30 Res. Comm, 148, pp. 617-22 (1987)]. PKC encodes ’
prot ei n ki nase sQketcades. réitth$t¢m1tsm$tave Conveﬁéﬁﬁﬁﬁéntanﬂsvﬁmruced

Chat |51 hauced P arher e A 0 R e 0T o [ & Feu et
35 al., Proc. Natl. Acadtn Scfﬂe ESRE 1823* EreSﬁTg?glment 9 1§§’%)S] The
NMOL gene encodgspddie N H iPeR€li @A¢ the detectable product is
5 chloramphenicol acetyl transferase (CAT). Assays for
this enzyme are well-known in the art and are described
in J. Sambrcok et al., "Molecular Cloning - A
Laboratory Manual, Second Edition", Cold Spring Harbor
Laboratory Press, pp. 16.60-16.65 (1989), the
10 disclosure of which is herein incorporated by
reference. That reference also describes assays for f3-
galactosidase, another assayable product useful in the
methods and kits of this invention (pp. 16.66-16.67).
In embodiments that utilize transcription
15 level to determine stress gene induction, the level of
mRNA transcribed from genes operatively linked to the
stress promoters utilized in the kits and methods of
this invention must be measured ("stress gene mRNA").
This requires that total RNA or mRNA be isolated from
20 exposed cells. This may be achieved by any of the
numerous and well-known methodologies. Commercially
available mRNA or total RNA isclation kits may also be
utilized, such as is available from Strategene ([La
Jolla, CA]. Preferably the cells are lysed with
25 guanidinium isothiocyanate (GTC). The lysate is then
acidified with sodium acetate buffer (pH 5.2) and the
contaminants extracted with phenol. The RNA is then
twice precipitated with ethanol, dried and redissolved

in water.

30 Once the RNA has been isolated, the level of
stress gene mRNA can be measured in a number of ways,
either directly or indirectly. In the direct method,
oligonucleotides that are complementary to stress gene
mRNA are used. In this method, the mRNA isolated from

35

the cells is applied to nitrocellulose paper or nylon
membrane filter in a slot blot apparatus. After

This Sheet Has Been Replaced

[




-20- . oxidoreductase and is induced by various xenobiotics I ncl udi ng

pl anar. aromati ¢ conpounds, azo dyes and phenolic antioxidants [L. V.
Favreau.and C. B. Pickett, J. Biol. Chem, 266, pp. 4556-4561 (1991)].
The GST2 5 gene encodes gl utathione S-transferase-2 and responds to
simlar redox stresses as GST Ya [P. G Board et al., Proc. Natl. Acad.
Sci. USA, 84, pp. 2377-81 (1987)]. The GAPDH gene encodes

gl ycer al dehyde- 3- phosphat e dehydrogerdse [L. Ercolani et al., J. Blol.
10 Chem, 263, pp. 15335-41 (1988)]. The NQO gene encodes NAD( P) H

qui none oxi r eddéflasd nand e sP¥ndsn tthe heppanatus wikhHoRPBrPREiaseasalivo [ A

K. Jai swal, Bi e Viprierabl PPrwd064Yume30£198%) ssc) and washinghe
pronoters and response e\enents,mhlch 15. respond to DNA_stress that are

useful in the FBEhEILTS, R KitEOSRL IR eSEnPBREFORT afé1pPES éFaBiyher
sel ected from bakddepraurot €6 of Her<GIh ¥a,v{ARRM BvelNor REB, XHF and

GST Ya gones1 s BT BUFAagtc ¥ 1 ChBNaNB0  SiPoBSRsBAEPE 58 Eifponent 1<
i nduced by al kylidrextddNA1lose is then hybridized to labeled
oligonucleotide probes which are complementary to
stress gene mRNAs under appropriate buffer and
temperature conditions.

10 An indirect method utilizes oligonucleotides
that are homologous to stress gene mRNAs for detection.
This method measures transcription by using the stress
gene mRNAs as templates for making labelled single
stranded cDNA using reverse transcription. These cDNAs

15 are then detected and quantitated by hybridizing to
complementary oligonucleotides (or denatured double-
stranded cDNAs) that are bound to a solid support.
Preferably, the solid support is a negatively charged
membrane and the oligonucleotides are modified by the

20 addition of a positively charged amidite or amino group
on the 3’ end prior to binding to the membrane. This
3' modification allows the oligonucleotide to bind to
the membrane only via its 3’ end, allowing for more
efficient hybridization than other methods of binding

25 DNA to a solid support.

In either method, a control representing a
constitutively expressed "housekeeping geneﬁ, such as
B-globin, f-tubulin, f#-actin or y-actin, which is not
induced by the specific experimental sample, is also

30 used. This provides a control for proper growth and
functioning of the cells, as well as the background
standard upon which to calculate the amount of specific
induction. Following hybridization, the amount of
hybridization is quantified. Quantification is

35 achieved by a method that is consistent with the label

on the oligonucleotide or cDNA. 1If a radioisotope is
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The GADD45 gene encodes a grow h arrest and DNA damage responsive

protein. The GADD45 gene is I nduced by UV irradiation, X-rays, and
t he. DNA,danmagi ng agent, methyl methane sul fonate (MVB). This gene is
25 described in Q Zhan et al., MIl. Cell Biol

., 13, pp. 4242-50

(1993), the disclosure of which is incorporated by reference.

The JUN gene has a DNA stress-sensitive conponent that is induced by
UVA radi ation, tunor 30 pronoters and grost h factors. The
FOS gene encodes the oncogene c-fos. The DNA stress-sensitive

conponents of idsedra¥md eYalse B, expostideced biet mambrpnemubeXs rayd fglawt h
factors [E. M

sequence of tkﬂ%?%ﬁﬁég$gggég%ggggég?Erépt§§ﬁl§%?2age§qg%%g1)]t arh? P?gc.
Nat|. Acad. Sciscii8fl1Bétiqp.c8188iB8¢g8Would be the preferred methods
of quantification. If a fluorescent label is used, a
5 luorometer is used for quantification. In this manner
the level of various stress gene inductions can be
measured. If a biotinylated label is used,
quantification is achieved by using streptavidin
conjugated to an enzyme that can yield a measurable
10 colorimetric product.

It is known that while individual compounds
may not be toxic, combinations of non-toxic compounds
may, in fact be toxic. Therefore, it should be
understood that the kits and methods of this invention

15 can also be utilized to determine the potential
toxicity of combinations of known and unknown compounds
(eg. drug interactions) in an identical manner to that
described above.

This invention also provides stress-specific

20 diagnostic kits and methods. For example, the
invention provides redox stress kits and methods; DNA
stress kits and methods; protein stress kits and
methods; energy/ionic stress kits and methods; and
receptor-mediated stress kits and methods. The choice
25 of promoters to use in these stress-specific kits may
be made from any of the appropriate promoters described
or listed in Tables 1 and 2, above. Preferably these
kits employ at least 3, and more preferably at least 8,
promoters which respond to different subsets of
30 stresses within the larger group. Most preferably,
these specific kits and methods employ at least 12
promoters in those tables which respond to the
appropriate stress. These kits and methods allow a

more precise and specific analysis of the stresses
35 caused by a compound.
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(1983), 'the disclosure of which is incorporated herein by reference.

The XHF gene codes for coll agenase and is activated by m cogenesi s,

i nfl-anmat ory agents, UV 5 radiation, and also in response to the tunor

pr onot er, 12- O-tetradecanoyl - phor bol - 13-acetate (TPA). The sequence
of this gene is described in P. Angel et al., Mol . Cell. Biol. , 7, pp.
2256- 2266 (1987), the di scl osure of which is herein incorporated by 10
r ef er ence. The GADD153 gene-43- expressed in response to
grow h arresting signals and DNA danmagi ng agents [J. D. Luet hy and N.

J. Hol brook, Cancer Res. Aciyrdimg =dOanothé¢#98@bpdiffbatsefhence of this

gene i s descri L0 . Fo I - el L - BLgl -
4196- 4203 qﬁ%&?&){]"%} s %Zaﬁﬁﬁeg#ﬁh?’éhyﬁééﬁg?gﬁﬁ% ngo‘r?‘rg%r?é?ggn
by reference. to a compound deRRyming@ TPAbecSpsaSeb¥l Ehenmethpdsesfonds

to DNA stress ichduced i bolpesieLsrinbe g86Y8NCBnce a stress

5 promoter induction profile is generated for an unknown
compound, that profile is compared tc profiles of known
compounds in a database. A potential antitoxin to the
unknown compound is a known antidote to a compound
having a similar stress promoter induction profile.

10 In order to test the efficacy of such an
antitoxin, the stress promoter assay is repeated using
only those hosts containing stress promoters which were
induced by the unknown compound. Each of those hosts
is pre-incubated with varying concentrations of the

15 proposed antitoxin prior to the addition of an inducing
concentration of unknown compound. If pre-incubation
with the proposed antitoxin decreases or obliterates
the effect of the unknown compound, such an antitoxin
will likely be effective.

20 Finally, this invention provides a method of

improving active drug design. According to this

embodiment, a new drug is first tested with any of the
above-described kits and methods and its toxicity is
determined. The information provided by such methods
and kits indicates the cellular mechanism of the drug’s
toxicity. The portion of the drug that is likely to
cause the particular cellular damage indicated may then
be appropriately modified or eliminated depending upon
the role that portion plays in the drug’s

30 pharmaceutical activity. The resulting modified drug
is then retested with the kits and methods of this
invention to determine if its toxicity has been

25

sufficiently reduced or eliminated. Drugs improved and

modified by this method are also within the scope of
35 this invention. _
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20 -of TRE is described in P. Angel et al., Cell, 55, pp. 875-85
(1988), the disclosure of which is herein I ncorporated by reference.
p53RE i n:the p53 response elenent. It is responsi ve t.o DNA stress and
I s induced by X-rays and 25 MVS. The sequence of the p53RE is described
in Q Zahn, et al., Mdl. Cell. Biol., 13, pp. 4242-4250 (1993),

t he di scl osure of which is herein incorporated by reference.

O her pronoters which respond to DNA stresg4-30 and are useful in the

met hods and kits of this invention are listed in Table 2, below. In
the brief descripti én ofdexchhaft tthes dnyant idmtdgtidved heéwein

docunent which ﬂéiCbeS%ﬂehen@% WHEWD ], Wi folloM§'&;&Qr§61£§ne s

indicated in brackets. The 35 “disclosure of each of these docunents is
herein i nRBEpBRAL EQTHY 1 effér &haild be understood that these

examples are for illustrative purposes only and are not
5 to be construed as limiting this invention in any
manner.

Certain of the basic molecular bioclogy
techniques described below are not set forth in detail.
Such techniques are well known in the art and are

10 described in the disclosure of Molecular Cloning - A
Laboratory Manual Second Edition, J. Sambrock et al.,
eds., Cold Spring Harbor Laboratory Press, New York

(1989), the disclosure of which is herein incorporated
by reference.

15 EXAMPLE 1
Design And Synthesis Of Stress
Gene-Specific QOligonucleotide Probes
The nucleotide sequence of each of the stress
genes described herein is known. Accordingly, design

20 of specific oligonucleotides is simply a matter of
choosing what portion of the gene to model upon. The
computer program OLIGO allows one to enter the
nucleotide sequence of the gene of interest and analyze
the sequence to determine position, length, and
composition of oligonucleotides which will hybridize to
the sequence of interest at salt concentrations and

25

temperatures selected by the user. Using this program,
I have designed the following stress gene-specific
complementary oligonucleotides for use in the kits and
30 methods of this invention:

GADD 153 gene: [SEQ ID NO. 1] 5’-AAAAAAACCCAGTCCAACTA
CAGACATGGCAGCTGAGTCCCTGCCATTCACCTTGGAGACGGTGTTTTTT-3/ ;
XHF1 gene: [SEQ ID NO. 2] 5’'-AAAAAAGGCCAGTATGCACAGC
TTTCCTCCACTGCTGCTGCTGCTGTTCTGGGGTGTGGTGTCTTTTTT-3’;
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The EGR-1 gene encodes an early growh response factor and is induced by
m t ogenesi s and phosphatase inhibitors [S. V. Suggs, Nucl. Acids Res.,
18, .+pp. .4283-89 (1990)]. The GAS 2,3 gene encodes a 5 gene which responds
to-growth arrest [C. Schnei der et al., Cell, 54, pp. 787-793 (1988)].
The MGMI encodes an 0-6- nmet hyl guani ne net hyltransferase and is i nduced
by al kyl ated DNA [K. Tano et al., Proc. Natl. Acad. Sci. USA., 87, pp.
686-90 (1990)]. DNA Pol encodes DNA 10 poig4rerase A and is induced by

m togens. TK (which encodes t hym di ne kinase) [H D. Bradshaw Jr. et

al ., Mol . CBIN geBiend . ], 4,[$§Q P3160203[ 1984AhAABMERCOMGATCCT encodes

di hydrofol ate r, ﬁﬁﬁd 56, pp. 583-607
(1982)] and PCI@CA%\% encod%@é%c ?GétygraFCCAG ?ITTEU%I ear antigen)

[D. Jaskul ski &nSOD ggne: J, BI$EQ meNQ QB35’pbAAé%¢BA¢§T@3@@8)] each

are | nducedyn et AcE@lideiakAGBacoRSHScareateacacaTReR AY -andi n
endoper oxi dgse S»Xntcpearfg and 'S[éESU%SdNBY 5] 5’ -AAAAAATAGAGCGTCCGCA
ACCCGACAGCATGCCCCAGGATTTGTCAGAGGCCCTTTTTT-3 ' ;
GST Ya gene: [SEQ ID NO. 6] 5’-AAAAAAGGAGTTGGGAGCTG
AGTGGAGAAGAAGCCACGACTCTCGCTAGGTCAGTACTCTTTTTT-3 " ;
HSP70 gene: (SEQ ID NO. 7] 5'-AAAAAAGCCGCGGCAGTCG
10 GCATCGACCTGGGCACCACCTACTCCTGCGTGGGGGTGTTCCAATTTTTT-3" ;
MDR-1 gene: [SEQ ID NO. 8] 5’-AAAAAAATTACAGCAAGCC

TGGAACCTATAGCCCCTTTAACTTGAGCAGCATCATTTTTTTT -3
CYP 1Al gene: [SEQ ID NO. 9] 5'-AAAAAACATTCAGGGAAGG
GTTGGGTAGGTAGCGAAGAATAGGGATGAAGTCAGCTTTTTTT-3"
15 FOS gene: [SEQ ID NO. 10] 5'-AAAAAAATGCTGGAGAAGG
AGTCTGCGGGTGAGTGGTAGTAAGAGAGGCTATCCCCTTTTTT -3’
NMO1l gene: [SEQ ID NO. 11] 5’'-AAAAAAGGAATCTCATTTT
CTAGCTTTGATCTGGTTGTCAGTTGGGATGGACTTGCTTTTTT -3
ALDH2 gene: [SEQ ID NO. 12] 5'-AAAAAACCTCTTGCTTCCC
20 CGTGTTGATGTAGCCGAGGATCTTCTTAAACTGAGTTTTTTTT-3'
DRA gene: [SEQ ID NO. 13] 5’'-AAAAAACAGTGGTCAATGTCA
CGTGGCTTCGAAATGGAAAACCTGTCACCACAGGATTTTTT -3
MGMT gene: (SEQ ID NO. 14] 5'-AAAAAAGGATTGTGAAATG
AAACGCACCACACTGGACAGCCCGTTGGGGAAGCTGGAGCTGTCTTTTTT-3
25 2'-5’ AS gene: [SEQ ID NO. 15] 5'-AAAAAATTCTTACAATTTT
GGTACCAGTGCTTGACTAGGCGGATGAGGCTCTTGAGTTTTTT-3'
DHFR gene: [SEQ ID NO. 16] 5’-AAAAAAAGTCTTGCATGATCCTT
GTCACAAATAGTTTAAGATGGCCTGGGTGATTCTTTTTT-3"
Cu.ZnSOD gene: [SEQ ID NO. 17] 5’-AAAAAACCAGCACCCCGTCT
30 CCGCGACTACTTTATAGGCCAGACCTTTTTT-3'
ALDHAl gene: [SEQ ID NO. 18] 5’-AAAAAAAACCGTACTCTCC
CAGTTCTCTTCCATTTCCAGACATCTTGAATCCACCATTTTTT-3"
TK gene: [SEQ ID NO. 19] 5’'-AAAAAAGAGTGTCTTTGGC
ATACTTGATCACCAGGCACTTGTACTGAGCAATCTGGTTTTTT-3
35 PVALB gene: [SEQ ID NO. 20] 5’-AAAAAAAAACACCTTCTTC
ACATCATCCGCACTCTTTTTCTTCAGGCCGACCATTTTTTTTT-3'
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mtogens [S. A Kraener et al., Arch. Biochem 20 Biophys., 293, pp.

391-400 (1992)]. LOX encodes a 5/12-1i poxygenase and is activated by
expesure. to tunor necrosis factor [P. A Dixon et al., Proc. Natl.
Acad. Sci. USA, 85, pp. 416-20 (1988)]. |SGLl5, which encodes
interferon-stinulated gene, is induced by [err]-interferon 25 [N Reich
et al., Proc. Natl. Acad. Sci. USA 84, pp. 6394-98 (1987)]. 2'-5
AS, which encodes 2'-5' ol i goadenyl atas synt het ase, is induced by

[err]-interferon

(1986)];
conponent whic
stress-sensiti

[M Walthelet et al., FEBS Lett., 196, pp. 113-20

EH, wiTHchene :di SEESED aNibv el 1 coht aARBAARAGAKRGCBOTEAGRSACSensi tive

EAh&T%%%dﬁEﬂ%%#@%&FG?F“éé%6*@88 ég*f¥fﬁ§1 zeontains a DNA

Fesponds | hitrosam ne. TPOL

and TPQ2 encod@Ht@ﬁ@ﬁsone&ﬁ%bsihﬁﬂDar%2]n@UcéHAbﬁAIﬁmAGAATATAGEand br eaks

and agents whi @Ammd@mcﬁf CAOTEREPERERE @:A@ﬂG&ETT@r@@p@'et al., Proc.
Nat | . Acad. SCI USA 6m) 2543 47 (198 M Tsai - Pf | ufel der et
al . 5~ TOPl1 gene: fSEQ GATAGCECTCTTCTTC

10

15

20

25

30

35

CCACCATTTCCACTTCTIGTTCCTCTTCTTTCTTCTTTTTT -3

TOP2 gene: [SEQ ID NO. 24] 5’-AAAAAAGCCTCTGCCAGTTTTTCTT
CAGTCATCTTCACAACAAATTTCACAGTGGTTTTTTT-3'

MT 1A gene: [SEQ ID NO. 25] 5’-AAAAAATCTCTTCCTTGCAG
GTGGCTCCTGCACCTGCACTGGCTCCTGCAAATGCAAAGAGTTTTTT -3

The synthesis of the above oligonucleotides
was carried out as follows. The specific
oligonucleotide was synthesized using an automated
oligonucleotide synthesizer [Model 392, Applied
Biosystems, Foster City, CA].

I have also designed the following
oligonucleotides which are homologous to the indicated
stress gene mRNAs, based on the reported nucleotide
sequence of the various genes or cDNAs thereof:

ALDH1 gene: [SEQ ID NO. 26] S5'-AATTGCTATGGCGTGGTAAGTG
CCCAGTGCCCCTTTGGTGGATTCAAGAT -3’

CYP1Al gene: [SEQ ID NO. 27] 5’'-ATCTGAGTTCCTACCTGAACGGT
TTCTCACCCCTGATGGTGCTATCGACA-3'

FOS gene: [SEQ ID NO. 28] 5'-GTACTCCCAGCTGCACTGCT
TACACGTCTTCCTTCGTCTTCACCT-3'

GADD153 gene: [SEQ ID NO. 29] 5'-AGGAGAATGAAAGGAAAGTGGC
ACAGCTAGCTGAAGAGAATGAACGGCTC-3'

GADD45 gene: [SEQ ID NO. 30] 5’-AGTCGCTACATGGATCAATGGGT
TCCAGTGATTAATCTCCCTGAACGGTG-3 "

GAPDH gene: (SEQ ID NO. 31] 5'-GTGGTGGACCTGACCTGCCGTCT
AGAAAAACCTGCCAAATATGATGACAT-3'

GST2 gene: [SEQ ID NO. 32] 5'-CAGCCCAAGGAAGCCTCCCATGG
ATGAGAAATCTTTAGAAGAAGCAAGGA-3'

HMO gene: [SEQ ID NO. 33] 5’-CTTACACTCAGCTTTCTGGTGGCG
ACAGTTGCTGTAGGGCTTTA-3"
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Proc. Natl. Acad. Sci. USA, 85, pp. 7177-81 (1988)] PPa, which was al so

di scussed above, responds to DNA stress caused by DNA damage. DRA
encedes HLA class |1 and is induced by interferon gamma [A. J. Korman et
5 al., Proc. Natl. Acad. Sci. USA, 79, pp. 6013-17 (1982); D. A
Shackel ford et al., Immunol. Rev., 66, pp. 133- (1982)]. The MhSCD
pronmoter, which is descri bed above, al so contains a DNA

stress-responsi ve el ement that is induged by tunor necrosis factor. The
10 MDR-1 gene encodes a protein which inparts multi-drug resi stance

and is mainly ﬂﬁﬂﬂbbdg@gehyﬁSEthbiNO 34¢yEO-OGRAGEATFAGTI TGAGCAJANT man

et al., Cene, ~c+991)]. The beta-pol gene encodes the
DNA repair enzyne %ﬁﬁFGéﬁgﬁéé§s§%bgta and responds to N 15

met hyl - N ni t r o-FMhi t@%@%guéﬁEﬁl AB NANNGP) 5' -CEECACSCIATHAGTSAEAAGMI or i de

(HN2), and cis- Twm@A@ma@tA&tAﬂtéﬂb&%ﬂi ghl ori de (cis Pt) [S. G Wden,
et al , J. Biol ? p._16992-98 21988)]
MDRl o‘ene SEB LD NO. 36] GAAAGGCATC"‘ATTTTTCAATGGT

CAGTGTCCAGGCTGGAACAAAGCGCC-3

MT1A gene: ([SEQ ID NO. 37] 5’-GCACTGGCTCCTGCAAATGCAAA
GAGTGCAAATGCAACTCCTGCAAG-3'

MTIIA gene: ([SEQ ID NO. 38] 5’'-CCCAGGGCTGCATCTGCAAAG
10 GGGCGTCGGACAAG-3’

NMO gene: [SEQ ID NO. 39] 5’'-ACCACTGTATTTTGCTCCAAGCAGC
CTCTTTGACCTAAACTTCCAGGCAG-3’
PCNA gene: [SEQ ID NO. 40] 5'-ACAAAAGCCACTCCACTCTCTTCA
ACGGTGACACTCAGTATGTCTGCAGA-3'

15 NQO gene: [SEQ ID NO. 41] 5’-TTGCTCTCGACAGTATCCACAAT
AGCTGACGGCTGGGTGTTTCAGTTTGA-3

I also designed the following control

oligonucleotides which are homologous to housekeeping
gene transcripts:

20 ACTG (gamma-actin) gene: [SEQ ID NO. 42] 5’'-ACCTTCCAGCA
GATGTGGATTAGCAAGCAGGAGTACGACGAGTCG-3
BTUB (beta-tubulin) gene: [SEQ ID NO. 43] 5’-TTGAGTGG
ATCCCCAACAATGTGAAAACGGCTGTCTGTGACATCCCACCT-3 .

These oligonucleotides were each modified at

25 their 3’ end by the addition of an amino group so that
they could bind to a negatively charged membrane only
via their 3’ end. Such oligonucleotides were
synthesized to order by Operon Technologies, Inc.,
Alameda, CA.

30

Complementary and homologous oligonucleotide
probes for any of the other stress gene mRNAs that may
be employed 'in this invention may be similarly designed
using the software described above.
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stronel ysin-1 gene encodes a protein that is induced by 20 phorbol esters,

such as PMA [K. L. Sirumet al., Bi ochem stry, 28, pp. 8691-98
(1989)] .: The PCNA gene encodes proliferating cell nuclear antigen
whi-ch is i nduced by tunor pronoters [S. Travali et al., J. Biol
Chem, 264, pp. 7466-72 (1989)). 25 Pronmoters which respond to
protein stress useful in the nmethods and kits of this invention are
preferably selected from GRP78, JUN, FCS, -B8P70 and MTI | A.

The GRP78 gene encodes a 78-kDa protein that 30 is a major endoplasnc
reticul um conmponent. GRP78 is i NEXANPIYY 2 sfol ded proteins and

gl ycosyl ati on bl ocks [S. K Woden, et al., MIl. Cell. Biol., 11, pp.
5612- 23 (1991). The sequence of this gene is described in E.
Resendez et al., Mol. oemoxue«ﬂy %?a-pprQHZUQBHOBB CP@BBB¥G t he

di scl osure of which i sUfeR@iRadhesabeld e oes

I. Direct Quantification of
5 Stress Gene mRNA by Hybridization
to Oligonucleotide Probes

It is desirable to know if unknown compound
"X" is toxic and, if it is, what type of damage it
causes to mammalian cells.

10 HepG2 cells are grown in 165 cm® flasks
containing minimal essential medium (Gibco/BRL,
Gaithersburg, MD) until they reach a density of
approximately 8 x 10° cells/ml. The cells are then
subcultured by diluting them to 5 x 10°% cells/ml and

15 plated at 10 ml/plate. Several plates of each
subculture are exposed to a different concentration of
compound X (1 pM to 1 mM in a series of 10-fold

dilutions). Messenger RNA is isolated from subcultures
after 2, 4, 8, 16 and 32 hours, as described below.
20 The medium is removed from the cell

monolayers by aspiration and the cells are washed twice
with cold phosphate buffered saline. I then add 2 ml
of cold phosphate buffered saline to the monolayer and
use a rubber policeman to scrape the lysate into 15 ml

25 disposable polypropylene tubes. Total RNA was isolated
using the RNAzol B reagent (Biotecx Laboratories,
Houston, TX), following manufacturer’s directions. The
RNA pellet is dried and redissolved in 10 pl water. A
normal yield of RNA is about 100-200 ug/plate.

30 RNA from each two replicate plates is then
applied to 20 different slots in a slot blot apparatus
as follows. The slot blot apparatus is cleaned prior
to use in 0.1 N NaOH. A piece of nitrocellulose paper
or nylon membrane filter (0.45um pore size) is briefly

35

wetted in water and then soaked in 20X SSC for 1 hour
at room temperature. The filter is then placed in the
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- 24 - JUN and FCS, which are descri bed above, both

contain protein stress-responsive elenents that are I nduced by heat.
The. HSP70 aene encodes the heat shock protein 70 and is induced by
heat, denatured proteins, am no aci d anal ogues, heavy netal s, anoxia
and inhibitors of energy nmetabolism|[D. D. Mosser et al, MIl. Cell.
Biol., 8, pp. 4736-44 (1988)). The sequence of this gene is described
in C Hunt and R |. Mrinoto, Proc. 10 Na&td- Acad. Sci USA, 82, pp.
6455-59 (1985), the di scl osure of which is herein incorporated by

r ef er ence. apparatus . VT ThieA RNAh i senmeliee dteem neaclh |ptdton siendxed is

i nduced by heavy; ggt abs qn@fglltmc%fmpéew ;ﬁﬁrw I Pértﬁéldel{x;%ﬁé”e
299, pp. 797-802 1982% he sequence ‘%gne i s descri

t he above refer &R of ‘Q¥:§§ suﬁ%?%ﬁa%ﬁﬁcﬁtl%s £OFn LSnBeApEest ed by
ref erence. and then chilled on ice.

5 Twenty ug of RNA is applied to each slot in
the apparatus together with two volumes of 20X SSC.
After the solution drains through the filter, the slots
are rinsed twice with 1 ml of 10 X SSC. The filter is
then dried and baked at 80°C for 2 hours in a vacuum

10 oven. The filter is then cut into strips so that
samples exposed to different concentrations of X for
varying periods of time can be hybridized to individual
stress gene-specific probes. One strip is used for
each separate probe.

15 Hybridization of the strips to individual
oligonucleotide probes are carried out under well known
conditions for RNA-DNA hybridization. The temperature
and salt concentration for hybridizing various probes
to the RNA will depend upon the nature of the

20 oligonucleotide. These conditions can be calculated
using well known formulae. Probes to the following
genes are used:
redox stress only: CYP1Al, NMOl, ALDH2;

DNA stress only: XHF, DRA, GADD153 and MDR-1;

25 protein stress only: HSP70, MT 1A;

redox and DNA stress: GST Ya, HMO and MnSOD;

redox, DNA and protein stress: JUN;

DNA, protein and energy/ionic stress: FOS.

Following hybridization, the strips are
washed, dried and mRNA levels are quantified in one of
two ways. 1In one method, the strips are exposed to X-
ray film and hybridization quantified by densitometry.
Alternatively the strips are cut into individual slots
and subjected to scintillation counting. Actually,

35 ©both methods can be carried out if the former is
performed first. R _—

30
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O her pronoters which may be enployed in the 20 kits and nethods of this
I nventi-on to detect protein stress nmay be selected fromthose
praonoters listed in Tabl e 2, below, which respond to protein stress.
In - the brief description of each of these gene that foll ows, the
docunent which discloses the DNA sequence 25 of the particular gene is

i ndicated in brackets. The di scl osure of each of these docunents is
her ei n i ncor porated by reference. -50- MI 1A [R 1. Richards
et al, Cell, 37, pp. 263-72 (1984)] and Mr 11l [R D. Palmtter et

al . 30 Proc.INat| In@dguect SQhant$hAicggioppof6333-37 (1992)] each
encode a metal | ot hi oBBFaS eﬁ@nﬁhaﬁNﬁsan@N ddjgation t he heavy netal,

cadm um GP cont ai ns€8 pt OlpgenucleotdgdeqPIohes t he protein danaglng
heavy netal, sel-enium The preferred pronoters and response

el ements 35 which Agspoggogg %g%&g%(lo %f?géﬁﬁ%léééfEEQEthOds and
5

&b@we_mm
We separately cross-linked oligonucleotides
homologous to the mRNAs of the following stress and
housekeeping genes to Biodyne C membranes (Pall
Corporation, East Hills, New York) essentially using
10 the method described in Y. 2Zhand et al., Nucleic Acids
Res., 19, pp. 3929-33 (1991):
redox stress only: CYP1lAl, ALDHI;
DNA stress only: GADD153;
protein stress only: HSP70;
15 redox and protein stress: MTIIA;
redox and DNA stress: HMO;

redox, DNA and protein stress: JUN;
DNA, protein and energy/ionic stress: FOS;
control: +y-actin.
20 The Biodyne C membrane was first rinsed
briefly with 0.1 N HCl. We then treated the membrane
for 15 minutes with freshly prepared 20% (w/v) EDC (1-
ethyl-3- (3-dimethylaminopropylcarbodiimide)). The
membrane was- then rinsed with H,0 and placed on a 96-
25 well Dot-Blot apparatus. We then applied the amino-
modified oligonucleotides in 0.5M NaHCO, (pH 8.4) to the
membrane in individual wells using a vacuum for 15 min.
The total volume per well should not to exceed 3 ul.
Each individual oligonucleotides was applied in four
30 adjacent wells.

After applying the oligonucleotides, we
rinsed the membrane with 1 x TBS/0.1% Tween-20 and then
quenched any remaining active groups on the membrane by
treating with 0.1N NaOH for 10 min. We then rinsed the

35 membrane with dH,0, air dried, and stored the dry
membrane in a sealed plastic bag.
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- 25- kits of this invention are the pronoters of the FOS and GRP78

genes and the CRE response el enent. FOS, which is described
abqve, gontains the CAMP response elenment ("CRE') [W J. Roesler et
al; J. 5 Biol. Chem., 263, pp. 9063-9066 (1988)]. GRP78,
which is al so described above, contains an energy/ionic stress
responsi ve el enent that responds to cal ci um i onophores.

CRE is the cAMP response elenent. It is arg1l0 energy/ionic
stress-sensitive response el enent which responds to increased | evels of
CAMP [J. Roesler etB. Jireatherll f e, 263, pp. 9063-66 (1988), the
di scl osure of which is heane T doicorigmm ab gg@g reference.] 15

Q her energy/ionic stres ers. t y kits
and nethods of this |nve%ﬁﬂjyngel§re ISQP%W ?a@ﬁﬁgggg 8§Sbﬂt&P§

brief descriptimedium igf h&ﬂﬂmmﬁcﬂhbs@ubéﬂéetﬁaﬁhﬁélF@m§° Sﬁéa§6§uﬁbﬁﬂ
whi ch 5 80% confluency. The cultures are then exposed to

various concentrations of compound X and are incubated
at 37°C for the desired length of time. After
aspirating off the media, the cells are washed three
times with 10 ml of a room temperature phosphate

10 buffered saline solution. 5 ml of the phosphate
buffered saline solution is then added to the cell
culture dish and the cells are scraped from the dish
with a rubber policeman and placed in a 15 ml
centrifuge tube. Cells are the counted with a

15 hemacytometer and pelleted in a centrifuge. The
phosphate buffered saline is poured off.

If total RNA isolation is desired, we use

RNAzol B (Biotecx Laboratories, Inc., Houston, TX),
following manufacturer’s directions. If only mRNA is

20 desired, the Messenger RNA Isolation Kit (Stratagene
Inc., La Jolla, CA) is used, following the
manufacturer’s directions.

3. Reverse Transcription and Optional
PCR of Stress-Specific cDNAsg
25 Total RNA (50 ug) or mRNA (2 ug) isolated by

the procedures described above is then reverse
transcribed using SUPERSCRIPT II (reverse

transcriptase) (Gibco/BRL, Gaithersburg, MD) and the
following protocol.

30 The RNA is added to a microcentrifuge tube

with DEPC H.,0 and oligo-dT primer. The amount of DEPC
H,0 added to the reaction mix is determined after the
volumes of the other reagents are determined. The
0ligo-dT primer (0.5 upg/ul) is added so that the volume
35 is 10% of the total end volume. The reaction mixture
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di scl oses the DNA sequence of the particular gene is 20 indicated in
bracket.s. The discl osure of each of these docunents is herein

i ngor porated by reference. Two cytochrome P450 genes --
CYP11B2 which is i nduced by cAMP; and CYP2ELl, which is induced by

et hanol -- contain energy/ionic stress responsive 25 elenents. 2'-5" AS
contains an el enent which responds to energy\ionic stress induced by
et hanol . DBH, which encodes dopam ne_ggcrr] - hydroxylase [B. Gimg,

Nat ure, 326, pp. 707-11 (1987)] and TH, which encodes tyrosine

hydr oxyl ase (Aid ateutedxcet7alc, fEﬂy’BQOJmlnﬁanﬁpth%&2bulc3’.@cn3.7ll(eﬁg%ﬂ] are

bot h i nduced by nenbr ne de arization h .en des n|th|ne
decar boxyl ase, 1ndﬁ%%dzofpowbvgogﬁgppeegﬁgcErFN Q@' ﬁﬁk g{

6, pp. 179- SxEEUEEEBQRIPTGSPBSEnsodanagbutﬁse-Gamﬁosﬁhaxaal
dehydr ogenase afih e 10HCEY BirATROdeBkoLoly RHGnelS ORI

ener gy/ I onic stress- responS| ve el
ATPase depl &t off% PRALBRtal voxume) SUPERSCRIPT II (Ss of total

volume). The reaction mixture is centrifuged briefly
and then mixed by repeated pipetting. The mixture is
incubated at 37°'C for 1 hour. 2 pl of RNAse A (10
mg/ml) is then added to the reaction mixture and mixed

10 by pipetting. The reaction mixture is then incubated
at 37°C for another hour. At the end of incubation,
ddH,0 is added to a final volume of 450 ul. The cDNA is
precipitated by adding 50 ul of 3M sodium acetate,
followed by 1 ml of 100% ethanocl. The mixture is then

15 centrifuged for 30 minutes in a microcentrifuge at
12,000 X g. The supernatant is removed and the cDNA
resuspended in 100 ul of ddH,0. 2 ul of the resuspended
cDNA is then removed and read in a scintillation
counter. A total of 1,000,000 cpms is required for

20 hybridization.

The cDNA may be either radiolabelled through
the use of «-%P 4CTP (100 uCi) in the reaction or
chemically labelled through the use of digoxigenin-dUTP
using the GENIUS 1 kit (Boehringer Mannheim

25 Biochemical, Indianapclis, IN).

If an insufficient quantity of stress gene
cDNA is obtained by the above process, PCR may be used
for amplification. Reverse transcription is carried
out as described above, except that no label is

30 incorporated into the cDNA. Primers based on the
published 5’ and 3' coding sequences of the desired
stress gene are used in the PCR reaction.
Amplification of all stress gene cDNAs is carried out

in the same reaction tube.

35 The total cDNA is diluted 1:10 with dH,0 and

10 ul is used for the PCR reaction. The following
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Lutum et al.
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GenBank Accessi on nunber X63070].
an_ energy/ionic stress-

5 i onophor es.

I's induced by calciumions [C

. Stronel ysin-1 contai ns
resnonsi ve el ement which is induced by cal ci um

TABLE 2

-53-

components are then added to produce the indicated
final concentration: 1x TAQ buffer (Boehringer
Mannheim Biochemical); 300 uM each dANTP; 25 pmol each
PCR primer; 2.5 units TAQ polymerase (Boehringer
Mannheim Biochemical); dH,0 to a total reaction volume
of 50ul. The mixture is mixed by pipetting, followed
by a 2 second centrifugation. Two drops of light
mineral oil are placed on top of the reaction mixture.
PCR is set then carried out for 30 cycles of 1 minute
at 95°'C; 2 minutes at T, + 2°C; 3 minutes at 72°C (10
minutes during last cycle). The PCR products are
labelled with ®P that has been incorporated into nested
primers via a kinase reaction in a one-cycle PCR
reaction.

A nested primer is a primer based on a stress
specific nucleotide sequence located inside of the
sequences upon which the primers for PCR were based.
These primers are synthesized using an oligonucleotide
synthesizer or purchased from a commercial contractor.
The nested primers are labelled by mixing 1.2 ul (0.5
ug/ul) of nested primer with 1.0 pl of 10x kinase
buffer (0.5M Tris, pH 8.2, 0.1M MgCl,, 50 mM DTT); 5.0
pl a-3P ATP; 1.0 pl polynucleotide kinase and 1.8 ul
dH,0. The reaction is mixed by pipetting and incubated
at 37°C for 1 hour. The reaction is terminated by
incubation at 70°C for 10 minutes, followed by a quick
centrifugation and cooling on ice. 90 ul of dH,0 are
then added, followed by 100 pl of phenol/chloroform
(1:1). The mixture is mixed well, centrifuged for 10
minutes, and the aqueous phase is then transferred to a
new tube. We then precipitate the labelled primers by
adding 10 pul of 3M sodium acetate, 1 ul of 10 mg/ml
tRNA, and 400 pl of 100% ethanol and placing on ice for
10 minutes. The mixture is the centrifuged for 30 min
at room temperature. The pellet is washed with 80%

ethanol, centrifuged for 5 seconds and dried. The
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ian Stress Pronpters

Pr onot er Redox DNA Protein

UGT X 10 CYP1182 X
Cu. ZnSOD X MhSQOD X X

X ALDH 2 X 15 ADPRT
GP X X GAS 2.3
EGR-1 5% - YeYn
DNA Pol X bet a- ool
DeRlet is resuspended with 4Xul dH,0, 0.5 TR 10x TAQ
Pgﬁ%fer, and 0.5 ul TAQ enzym%(.25 PGHS

We then add 5 pl of the labeled nested _
primers to the agueous phase of the above-described PCR
mixture under the mineral oil and perform an additional
cycle of PCR by heating to 95°C for 2 minutes, cooling
to T, + 2°C (of labeled primer) for 2 minutes and
warming to 72°'C for 10 minutes.

We then remove 50 ul of the aqueous phase to
a new tube, add 50 ul dH,0, 100 pl phenol/chloroform,
mix well, and centrifuge for 10 minutes. The aqueous
phase is recovered into a fresh tube. Unincorporated
primers are removed using a spin column.

4. Hybridization

The membrane containing the cross-linked
oligonucleotides is wetted in 15 ml of RAPID HYB buffer
(Amersham, Arlington Heights, IL) by holding one end of
the membrane with a pair of tweezers and slowly
immersing the membrane. The membrane is then
prehybridized by transferring to a Seal-a-Meal bag, the
15 ml of RAPID HYB buffer from the wetting step is
added, and the bag is sealed. It is then immersed in a
68°'C shaking water bath for 1 hour. The labelled cDNA
(15,000,000 cpms) is diluted into 1 ml of RAPID HYB and
boiled for 10 minutes followed by quick-chilling on
ice.

After prehybridization, the RAPID HYB is
removed and replaced with 14 ml of fresh RAPID HYB
preheated to 65°C. The labelled cDNA is then added to
the bag and the end is resealed. The bag is then
immersed in a 68°'C shaking water bath overnight. After
hybridization, the membrane is removed from the bag and
placed into a tray containing low stringency buffer (2x
SSC/0.1% SDS) for 20 minutes at rom temperature. The
membrane is then transferred to high stringency buffer
(0.2x SSC/0.1% SDS; preheated to 45°C), and shaken for
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30 minutes at 45°C. The membrane is then removed from
the high stringency wash, placed on a piece of Whatman
3MM filter and exposed to X-ray film at -70°C overnight
with an intensifying screen. After development, the
autoradiograph is cut to fit into a 96-well microtiter
plate holder and taped such that the radioactive dots
are aligned with the holes in the holder. The
autoradiograph is then read at 600nm for
quantification.

The results for either of the two above-
described assays are then compared to a database of
standards prepared using the above promoters and known
toxins. By correlating results for X with known
compounds, a toxicity profile can be created. For
example, if X induced the same stress genes as TCDD at
similar concentrations, this would indicated that X is

toxic to whole animals at similar concentrations as
TCDD.

EXAMPLE 3

Construction Of Stress Promoter-CAT Fusions
I prepared an XHF promoter-CAT fusion as
follows. I synthesized two oligonucleotides based upon
the published sequence of the XHF (collagenase)
promoter [P. Angel et al., Mol. Cell Biol., 7, pp.

2256-66 (1987)]. One corresponded to positions -520 to
-501 upstream from the transcription start site primer.
[SEQ ID NO. 44): 5’-TACCAGGCAGCTTAACAAAG-3’'. The other
corresponded to positions +53 to +73 downstream from
the transcriptions start site. [SEQ ID NO. 45]:

5' -ACTGGCCTTTGTCTTCTTTC-3’. The oligonucleotides were
synthesized by Operon Technologies (Alameda, CA). The

oligonucleotides were dissolved in water at a final
concentration of 500 pmoles/ml.
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Table 2 (cont'd)

Pr onot er Redox DNA Protein | oni c
X X X CYP3A3 X
X P450d X5 TPOL/ TPO2
X X G6PD
PKC X X PVALB
Stronelvsin- 1 X -56- X GST2
" GAPDH X NQO X PC NA

For XHF promoter amplification I mixed 0.1 ug
of Raji (human genomic library) genomic DNA, 20 pmoles
of each of tche above two primers, 5 ul of 10X buffer
[500 mM KCl, 100 mM Tris-HCl, pH 8.3, 15 mM MgCl,, 0.1%
gelatin], 5 pl of 2.0 mM of each dNTP and 1 unit of
AMPLITAQ (Tag polymerase) (Perkin-Elmer, Norwalk, CT).
I added water to a total volume of 50 pl and performed
PCR.

The PCR reaction was run at 94°C for 2
minutes, followed by 30 cycles of: 10 seconds at 56°C,
30 seconds at 71°C and 10 seconds at 94°C. The PCR
reaction was completed by incubating the mixture at 56°C
for 1.5 minutes followed by 71°C for 4 minutes. The
reaction product was then electrophoresed on a 1.0%
agarose gel and the amplified sequence excised from the
gel and purified. The isolated fragment was then
kinased and blunt-end ligated into the pBLCAT3 vector
described in B. Luckow et al., Nucl. Acids Res., 15, p.
5490 (1987), the disclosure of which is herein
incorporated by reference.

Other stress promoter-CAT fusions may be
similarly prepared using any of the above-cited,
published nucleotide sequences of the various stress
gene promoter regions to design appropriate
oligonucleotide primers for PCR. CAT fusions with the
following stress promoters were prepared for use in the
kits and methods of this invention: XHF, CYP1lAl, GST
Ya, MTIIA, FOS, HSP70, GADD45, GADD153 and JUN.

EXAMPLE 4

Construction Of A Response Element-CAT Fusion

I constructed a xenobiotic response element
XRE-CAT fusion as follows. . I first had

oligonucleotides corresponding to both strands of the
XRE synthesized by an independent contractor (Operon
Technologies, Inc., Alameda, CA). The sequence of the
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15 - ARE X Because response el enents can

only be I sol ated fromthe pronoters which contain them by

reconbi pant DNA net hods, the use of such elenents in the kits and

met hods of this inventionis limted to 20 enbodinents utilizing

pr onot er - het er ol ogous gene constructs. In order to

operatively link a response el emrent to a heterol ogous gene, it nust

first be ligated to a mnimal pronoter7- A mininmal pronoter is 25

one which constitutively causes a basal expression of a gene

operatively |inkrH ibhedetoriBeef énr &d mMenisdn et al., J. Biol. Chem.,
263, pp. 17221-24 (1988). The oligonucleotides were

synthesized with overhanging BamHI compatible ends.
The oligonucleotides were dissolved in water
5 at a final concentration of 500 pmoles/ml. I then
mixed 50 ug of each oligonucleotide together in a
solution containing 500 mM NaCl, 50 mM Tris-HCl, pH
7.8, 1 mM EDTA and boiled for 5 minutes. I then
incubated the solution overnight at 68°C to allow the

10 strands to anneal to one another. The double stranded
oligos were then electrophoresed on a 12%
polyacrylamide gel and purified by excising the band
and electroeluting the DNA.

The purified response elements were then

15 kinased and cloned into the BamHI site of pBLCAT2 [M.
Denison et al., J. Biol. Chem., 263, pp. 17221-24
(1988) ], just upstream of the tk minimal promoter.

Other response element-CAT fusions may be
similarly prepared using any of the above-cited,

20 published nucleotide sequences of the various response
elements to design appropriate oligonuclectide primers
for PCR. CAT fusions with the following response
elements were prepared for use in the kits and methods
of this invention: XRE, NFkB, CRE, pS3RE and RARE

25 EXAMPLE S
‘Assay Of Toxins Using Stress Promoter-CAT Fusions
Approximately 5 x 10* cells of each of the 14
transformed strains described in Example 3 and 4 above
were separately plated into a row of 12 wells in one of
30 two 96-well plates. An untransformed human liver cell
line was plated into the wells of the last row of the
second plate to determine cell viability. The cells
were grown in 10% Complete Minimal Essential Media
(Gibco/BRL, Gaithersburg, MD) at 37°C, 5% CO, until
35 reaching 90% confluency. B
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pronoters are the SV40 m nimal pronoter, the TK m ni nmal pronoter or
the [err]-interferon mninmal pronoter. These m ni mal pronoters are
weld knewn in the art. This 30 mninal pronoter/response el enent

construct is then operatively |linked to the heterol ogous gene by
wel | - known reconbi nant DNA net hods. Many of the

above descri bed pronoters, or functional equivalents thereof, are
present in other -58-

We tested five or six different
concentrations of the various chemicals listed in Table

3, below, dissolved in the appropriate solvent in

triplicate.
5 Table 3
Test Compounds

Compound Solvent Concentration Range
3-MC DMSO 1 nM - 10uM
Sodium arsenate water 1 nM - 10uM

10 DMSO none .001 - 10% (v/v)
Cadmium suifate water 100 nM - 10 uM
Benzolajpyrene DMSO 10 nM - 100 uM
Ethanol none .001 - 10% (viv)
PMA ethanol 3.2 - 200 ng/ml

15 MMS water 10 ng/ml - 100 ug/ml
Methapyriiene water 10 nM - 100 uM
TCDD DMSO 1nM-10uM
Retinoic acid OMSO 10 nM - 100 M

The various concentrations were made by performing a

20 dilution series. For TCDD, we first removed 20 ul of
media from each well in columns 3 through 10 and 10 ul
_from columns 11 and 12 of the 96 well plates. We
placed 10 ul of a 200 uM solution of test chemical into
each well in columns 11 and 12. The liquid in those

25 wells was mixed well with a multichannel pipetman using
separate pipette tips for each row, and 20 ul was then
transferred from the wells in column 12 to column 10.
The liquid in column 10 was mixed and 20 ul then
transferred to column 8 and the procedure repeated for

30

the even numbered columns down to column 4. The same
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- 28- - eukaryotes, such as nematodes, yeast, insects, reptiles,

anphi bi ans and pl ant s. For exanple, yeast contain a

mef.al | qt hi onei n gene, CUP, that responds to protein stress induced by
exposure to heavy netals [T. R Butt et al., Gene, 27, pp. 23-33
(1984); T. R Butt et al., Proc. Natl. Acad. Sci. USA, 81, pp. 3332-36
(1984)]. Yeast al so contain equi val ents of the HSP70 and GRP 78 genes
(E. A Craig, In Stress Proteins In Bi®ogy And Medicine, Cold Spring
10 Harbor Laboratory Press, Cold Spring Harbor, New York, pp. 301-21
(1990); W R Earmcstd@me etasalcaryie®i @it for thgnpddopymbgred;ggismps
(1990); and M g fﬁa columncfi|ané7enaﬁng ¥2th- 26104896).] . Al cohol
dehydrogenases

east genes that are induce QY al cohol, an

15 energyllonﬁEﬂéWF§s§-H§Vé %J% #reh EEHUEﬁBESSF?t ¢ ﬁ&a et a

Basic Life Sci.conk&boldp. 388 36lafdS84t}e then incubatedAlsoz27aC) a$9ge
nunber of DNA stress enes have been identified and sequenced in yeast.
These include © ﬁﬁ%,nﬁﬁgtnethyladenlne DNA gl ycosyl ase, and MGT1, which
20 respond to DNA al kyl aat onheaemgeofWehii docesbagiion Mile media was

gently aspirated from all of the wells except the cell
viability row on the second plate. The cells in all
but that last row were washed twice with 200 ul of

10 phosphate buffered saline. After the wash, we added
100 ul of Cell Lysis Buffer (5 mM Mops, 2.5 mM NaCl,
0.38 mM MgClz, 0.25% Triton X-100, pH to 6.5 using NaCH)
to each well and incubated 30 minutes at room
temperature. We then combined the lysates in the wells

15 containing duplicate concentrations of chemical by
transferring the 100 ul of lysate in column 12 to
column 11, column 10 to column 9, and so on.

We assayed the total protein in each well as

follows. In two fresh 96 well plate we added 190 ul of

20 1X Protein Assay Reagent (Bio-Rad Laboratories,
Hercules, CA) to each well in column 1 through 7. We
transferred 10 ul of cell lysate from the wells in
column 1 of the toxin test plate to column 2 of the
protein assay plate, from column 3 of the toxin test

25 plate to column 3 of the protein assay plate, from
column 5 of the toxin test plate to column 4 of the
protein assay plate and so on. The plates were then
incubated for 15 minutes at room temperature and then
the absorbance of each well read at ODgy.

30 The CAT assay was performed using a CAT ELISA
kit (5 Prime-3 Prime, Inc., Boulder, CO) and following
the manufacturer’s directions. We used 190 ul of each
cell lysate in the toxin test plates for determining
CAT activity. The CAT assay was allowed to proceed for

35

three and one-half hours at room temperature. CAT

activity was measured by using a biotinylated anti-CAT
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Cetl. Biol., 13, pp. 7213-21 (1993)]; RAD51, RAD54, RAD6, RAD23, RAD2,

RAD18 .and RAD7, all of which respond to DNA strand breaks (G Basile et
alve, M. Cell. Biol., 12, pp. 3235-46 (1992); G M Cole et al., Ml.
25 Cell. Biol., 9, pp. 3314-3326 (1989); K Madura et al., Nucl ei c
Acids Res., 18, pp. 771-78 (1990); Nucleic Acids Res., 18, pp. 4737-42
(1990); K. Madura et al., J. Bacteriol., 166, pp. 914-23 (1990); J. S
Jones et al., Nucleic Acids Res., 198%0pp. 893-98 (1991); J. S. 30
Jones et al., Nucleic Acids Res. 18 pp 3281-85 (1990)] ; PHR1 which

i s induced by ®#NALBaAHg ﬁg—é@@ﬁps Yy a stremavidigstGynuEatdd | Mol . Cell.

Biol., 10, pp. alkall4@3ghégbﬁ£%%gg1 dﬂgz%fﬂﬂil %%etéﬁﬂdﬁﬁﬁﬁtrlc
ri bonucl eoti de reductases, which are i.nd ced bé 3?

dan%§%9$
El | edge et al . SURBFY3E8)| P-BiGEOPRENY 5P phosph 10 gHY ‘BemElledge
et al., Gene Dris, méaspfed at ODg;.

5 Fold-induction was calculated using the
following fermula:

ODys (test sample) /ODgy (test sample)

OD,ys (control) /ODgy (control)
10 The results for each of these experiments is
shown graphically in Figures 1 - 11.

EXAMPLE 6
Identification Of Antitoxins

15 After an unknown compound is found to be a
toxin on the basis of its induction of one or more
mammalian stress promoters, the same process can be .
utilized to identify a potential antitoxin.

An unknown compound is demonstrated to induce

20 the HMO promoter and the GADD153 promoter in any of the
assays described herein. This indicates that the
compound is causing oxidative stress and DNA damage.
One possibility is that the compound is causing
hydrogen peroxide formation in sufficiently high

25 amounts to result in DNA strand breaks. Ascorbic acid
is known to reduce the number of hydrogen peroxide-
induced DNA strand breaks, and therefore is a potential
antitoxin to this unknown compound.

HepG2 cells are grown as described in Example

30 2. The cells are then incubated with varying
dilutions of ascorbic acid for 30 minutes. The cells
are then exposed to the concentration of unknown
compound previously determined to be optimum for
inducing the HMO and GADD153 promoters. The assay for

35 promoter induction (and concomitant stress gene
expression) is then carried out as described in Example
2. If the ascorbic acid-treated cells produce a lower
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- 29- - 740-51 (1990); Z. Zhou et al., GCenetics, 131, pp. 851- 66
(1992)].; CDC9, the yeast DNA ligase [T. A Peterson et al., Ml. Cell.
Biad., 5, pp. 226-35 (1985)]; UBI4, anot her gene that responds to DNA
damage [J. M Treger 5 et al., Mdl. Cell. Biol. , 8, pp. 1132-36 (1988)];
and DDR48, a gene which responds to nutagens [J. M Treger et al.,
Ml. Cell. Biol., 10, pp. 3174-84 (1990)]. 1In addi tion, several other
DNA stress genes have al so been i denti-ihed in yeast [G W Robinson et
al., Proc. Natl. 10 Acad. Sci. USA, 83, pp. 1842-46 (1986); S. W Ruby et
al., M. Cell.l8vel. of5E Mppor?&%®®1639&&Nm.Eréﬁsc niﬁi@ﬂ@@r@pnﬁ&@lobiol

Rev., 52, pp. 7 (1988 Cl. a han et Cell. Biol., 4,
pp. 2356- 2363 gei? 982 ) : )s gonSIderMé he aa;ﬁ)r%rg‘lfll‘"?el\@ljéonbl nation of any

or all of t hese pronoWbide ds hasld heyregttimidarpprysentedt s eggmber
promoters, may Be anbblﬁﬁ@n't% e L'?ﬁ.téqq(iiﬁre;’l'f{'fjl&ﬁ ts;ofig apégi:énf: nﬁ’ﬁ‘QE' on.

It will be understood t hat yeast stress pronoters are g
yeast hosts %ar eMYoPagief é‘PP@&”M%lﬂ%‘ e FvRrehde? Eﬁﬁ'ﬂ%@?oﬁ'é er’

embodiments which utilize the diagnostic kits, pro-
cesses and products of this invention. Therefore, it
will be appreciated that the scope of this invention is
to be defined by the claims appended hereto rather than

10 the specific embodiments which have been presented
hereinbefore by way of example.
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appropriate for such a host. Such conditions are well known in the art.
The nost preferred kits and net hods which utilize oligonucleotides to
det.ect toxicity conprise 25 the follow ng stress pronoters: ALDH1,
CYPI Al , FGCsS, GADD153, HMO, HSP70, JUN and MIIIA The nost preferred
kits and nethods which utilize reporter gene expression to detect
toxicity conprise the follow ng stress pronoters and response

el ements: CYPl Al, GST Ya, 30 GADDM5, FOgz2-XHF, HSP70, M I1A, GADD153,
CRE, XRE, NFkBRE, RARE and p53RE. Accordi ng to anot her

enbodi nent of this i nvention, the cdeaugNostLISTNES and net hods
additionally enpl oy at | east one cell surface receptor-nediated 35

stress pronotef, . Kitsordad et hods are particularly useful for
det erm ni ng and characterizing 1
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Boulder, Colorado 80301
United States of America
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United States of America
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the toxicity of a conpound on external organs, such as skin, the eye or
mucous . nmenbranes. The use of cell surface recepcor-nedi ated stress
pronoters allows for t he detection of conpounds which can cause |ocal 5
irritation or inflammtion of such external organs. [rritants
and inflamatory agents may cause sub-lethal cell injury that cannot be
det ect ed hi stol ogically. Such toxins would not be toxic to an

animal as a whole in a classic sense and_g¢Hus may 10 escape detection by
met hods such as |ive ani nal testing. The use of cell surface

recept or - nedi at ed stress pronoters in the kits and nmethods of this

i nvention allow forn SERUBKREEcCHARDATERTIETT K act eri zati on of such | oca
irritants or infl ammt‘(ggr)féggggﬁt 4o %??ev@g’trs‘lS as the ability to distinguish

bet the t T nucleic aci
etween the tWo ON @ (c) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:
AAAMAAACCC AGTCCAACTA CAGACATGGC AGCTGAGTCC CTGCCATTCA CCTTGGAGAC 60
GGTGTTTTTT 70
(2) INFORMATION FOR SEQ ID NO:2:
(i) SEQUENCE CHARACTERISTICS:
{a) LENGTH: 69 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:
AAAAAAGGCC AGTATGCACA GCTTTCCTCC ACTGCTGCTG CTGCTGTTCT GGGGTGTGGT 60
GTCTTTTTT 69
(2) INFORMATION FOR SEQ ID NO:3:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 59 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPCLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:
AAAARACCCC AAGATCCTGA AACAGAGCAT GACCCTGAAC CTGGCCGACC CAGTTTTIT 58
(2) INFORMATION FOR SEQ ID NO:4:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 63 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:
AAAAAACAAC CTGAACGTCA ACGAGGAGAA GTACCAGGAG GCGTTGGCCA AGGGAGATTIT 60
TTT 63
{(2) INFORMATION FOR SEQ ID NO:5:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 60 base pairs

(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
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AAAAAATAGA GCGTCCGCAA CCCGACAGCA TGCCCCAGGA TTTGTCAGAG GCCCTTTTTT 60

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:



subcel lul ar | evel -- sonething that whol e ani nal testi ng cannot

achi eve. The preferred cell surface receptor-nedi ated

stress pronoters for use in such kits are selected from20 the pronoters
of -the IL-1 al pha, G CSF, GW CSF, TNF- al pha, 1L-3, IL-6, IL-8 ICAM1
and stronelysin-1 genes. The Interleukin (IL)-1 al pha
gene encodes a cytokine that is induced by mtogens, 25

| i popol ysaccharide (LPS), PMA, silica, ether cytokines, and UVB
irradiation [T. A Luger et al., J. Invest. Dermatol ., 95, pp.
100S-104S (1990)& The se uence of that gene is described in Y.
Furutani et S, INFRRYMPEIX #ox SERCABSRES. | 14, pp. 3167-79 (1986), and the

di sclosure 30 of, %bﬁihdzsc%etrﬁnmeéporated by ref erence.
The granul ocyte col ony) stenowh atesngaseaphors (G CSF) gene produces a

protein that |s I ndudéd nuc&eheloatcesél n, interferons, and PMA [T. A
Luger et al. ‘Cgr%%ﬁ” “91, 95, pp. 100S- 104S (1990)]. The
35 sequence of this gene is descrl ed in S. Nagata et al.

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:

AARAAAGGAG TTGGGAGCTG AGTGGAGAAG AAGCCACGAC TCTCGCTAGG TCAGTACTCT 60
TTTTT 65
(2) INFORMATION FOR SEQ ID NO:7:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 69 base pairs
(B) TYPE: nucleic acid
(C}) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:
ARAAARGCCG CGGCAGTCGG CATCGACCTG GGCACCACCT ACTCCTGCGT GGGGGTGTITC 60
CAATTTTTT 69
(2) INFORMATION FOR SEQ ID NO:8:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 62 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:

ARAAARATTA CAGCAAGCCT GGAACCTATA GCCCCTTTAA CTTGAGCAGC ATCATTTTTT 60

TT 62
(2) INFORMATION FOR SEQ ID NO:9:
This Sh
(i) SEQUENCE CHARACTERISTICS: s soect Has Been Repl
(A) LENGTH: 62 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:
AAAANACATT CAGGGAAGGG TTGGGTAGGT AGCGAAGAAT AGGGATGAAG TCAGCTTTTIT 60
T 62

(2) INFORMATION FOR SEQ ID NO:10:

(i) SEQUENCE CHARACTERISTICS: .
(A) LENGTH: 62 base pairs



0 5 AUG 1996 EMBO J., 5, pp. 575-581 (1986), the

di scl osure of which I's herein incorporated by reference.

Thes granul ocyt e macrophage col ony stimul ating factor (Gw CSF) gene
encodes a protein that is produced 5 in response to the sane stinuli as
G CSF (T. A. Luger et al., supra). The sequence of this gene is

descri bed in S. Myatake et al., EMBO J., 4, pp. 2561-2568 (1985),
t he di sclosure of which is herein incorpo§ated by reference. 10

The tunor necrosis factor (TNF) al pha gene
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:
AAARAAATGC TGGAGAAGGA GTCTGCGGGT GAGTGGTAGT AAGAGAGGCT ATCCCCTTIT 60

TT 62
(2) INFORMATION FOR SEQ ID NO:11:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 62 base pairs
{(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:11:
AAAAAAGGAA TCTCATTTTC TAGCTTTGAT CTGGTTGTCA GTTGGGATGG ACTTGCTTTIT 60
TT 62
(2) INFORMATION FOR SEQ ID NO:12:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 62 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:12:
AAAARACCTC TTGCTTCCCC GTGTTGATGT AGCCGAGGAT CTTCTTAAAC TGAGTTTTTT 60
TT 62
(2) INFORMATION FOR SEQ ID NO:13:
(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 62 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:13:
AARARACAGT GGTCRATGTC ACGTGGCTTC GAAATGGAAA ACCTGTCACC ACAGGATTTT 60
TT 62
(2) INFORMATION FOR SEQ ID NO:14:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 69 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:14:
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encodes-a protein that is induced by IL-1 al pha and IFN gamma [ B. J.

Ni ckol of f et al., J. Invest. Dermatol., 94, pp. 151S-157S (1990)]. The

sequence of this gene is described in D. Senon et al., Nucleic Acids

Res., 15 15, pp. 9083-9084 (1987) , the disclosure of which is her ei n

I ncor porated by reference. The 1L-3 gene encodes a product of

t he sane name and is induced by interferon (IFN) ganma, PMA, and

UWVB irradiation [T. A Luger et al., supred- The 20 sequence of that gene

is described in D. R Cohen et al., Nucl. Acids Res., 14, pp. 3641-58

(1986), the AAAAARGGAT|TRIGABATEA WRIGCACCAC METEGATAGO CINGPOEGRGAIAGSTIGGAGCT 60

ref erence. STCTTTT The 1L-6 gene produces a protein that is 25

expressed in'¥ es% nse ¥ ot her cyt oki nes, bacteri al t oxi ns, viruses,

t unor pronot ers andrRFioNNFdAWEY! 1D No:1sul phate [T. Hunziker et al., Brit.

J. Dermatol., 127 254- 57 1992 and T. A Luger et al., J.

| nvest . Dern]dt’oFEQ g g‘i 90)). The sequence of this 30

gene is described in I@ 2s§l:lzlr MBO J., 6, pp. 2939-45

(1987), the disclosur ec;ofs'mmmmmzss eifgle i ncorporated by reference.

The IL-8 gene is induéed T8FORMH : cyinseiknes | L- 1 al pha, tunor necrosis

f O T, 2 PNk Qo pactRro PRI Psn 1o o328 by LPS. and tumor
AAAAAATTCT TACAATTTTG GTACCAGTGC TTGACTAGGC GGATGAGGCT CTTGAGTTTT 60

TT 62
(2) INFORMATION FOR SEQ ID NO:16:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 62 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:16:
AAAAAAAGTC TTGCATGATC CTTGTCACAA ATAGTTTAAG ATGGCCTGGG TGATTCTITIT 60
TT 62
(2) INFORMATION FOR SEQ ID NO:17:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 51 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D} TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:17:
AAAARMACCAG CACCCCGTCT CCGCGACTAC TTTATAGGCC AGACCTTTIT T 51
(2) INFORMATION FOR SEQ ID NO:18:
(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 62 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:18:

AAAAAAARMACC GTACTCTCCC AGTTCTCTTC CATTTCCAGA CATCTTGAAT CCACCATTTT 60

TT 62
{2) INFORMATION FOR SEQ ID NO:19: This Sheet Has Been Repl
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 62 base pairs

(B) TYPE: nucleic acid



Oiveira et al., Proc. Natl. Acad. Sci. USA, 89, pp.

9049-53 (1992)]. The sequence of that gene is described in N. Mikai da
et ,al.,.J. Imunol., 143, pp. 1366-71 (1989), the disclosure of which
I's herein i ncorporated by reference. 5 The intracel |l ul ar
adhesi on nol ecule (ICAM-1 gene encodes a protein that is induced by
cyt oki nes, LPS, hydrocortisone, and PMA [S. W Caughman et al., J.

I nvest. Dermatol., 98, pp. 61S-65S (1992)]e7-The sequence of this gene

is described in B. G Stade et

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:19:
AAARAAGAGT GTCTTTGGCA TACTTGATCA CCAGGCACTT GTACTGAGCA ATCTGGTTTT 60
TT 62
(2) INFORMATION FOR SEQ ID NO:20:
(i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 62 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:20:
ARAARARAAC ACCTTCTTCA CATCATCCGC ACTCTTTTTC TTCAGGCCGA CCATTTTTTT 60

TT 62
(2) INFORMATION FOR SEQ ID NO:21:

(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 62 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:21:
AAAAAAGAAG CTCTCAGACA CGAAGTAGAC TGACTGGTAC GTCTGGTCTT GGTAGGTTTIT 60
TT 62

{(2) INFORMATION FOR SEQ ID NO:22:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 62 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:22:
AAAAAATCTA GAATATAGGC AGCCAGACCC ACAGGAGAGT CATTCAGAGC AGAGCCTTTT 60
TT 62
{(2) INFORMATION FOR SEQ ID NO:23:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 62 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:23:
ARAARAGATA GCGCTCTTCT TCCCACCATT TCCACTTCTG TTCCTCTTCT TTCTTCTTTT 60

TT 62
This Sheet Has Been Replaced
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10 al .., I'nmunobi ol ogy, 181, pp. 851-56 (1990), the di scl osure of which
is herein incorporated by ref erence. The stronel ysin-1
gene coptains a cell surfaced receptor-nediated stress elenment that is
15 induced by epidermal growth factor. O her cell surface
receptor-nedi ated stress pronoters that may be utilized in the kits and
nmet hods of this invention include the pronoters of IL-1 beta,

TGF-al pha, 1L-10 and M CSF genes, -as wel Lggs the 20 pronoters of the genes
that encode the cell surface receptor that regul ates the expression of
any of the above genes. In the brief description of each of these
gene that f ol (20WSNFORNBTTIT TARNEQVEP 31P:dfscl oses t he DNA sequence of
the particul ar ge rackets. The disclosure of each
of these documsntée)l é%i{’%ﬁ%‘é’%g bg\g%tbggf@t ed by reference.

The IL-1 beta gene is endmeed Nyklehe sage agents as IL-1 alpha [J. J.
Huang et al., J. | mmung) .S$TRANDEDNESS : 918838-43 (1988)]. The transform ng
growth 30 factor (TGRP affO%OGendiBfPodes a protein that is i nduced
by itself as well sfﬁbutﬁé\l: @a88@rdrion | 6k & no:24: al ., Nature Genetics, 3,
pp. 137-45 (1993)] IL 10 is i nduced by contact _all G%Gééj'f;rh as .
trinitrochl or BAFoRRAERET CTREENCTARITIARERFRS PICTICRCHKY I’FP@‘?TTTCA A

TT 62
(2) INFORMATION FOR SEQ ID NO:25:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 67 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:25:

AAAARATCTC TTCCTTGCAG GTGGCTCCTG CACCTGCACT GGCTCCTGCA AATGCARAGA 60

GTTTTTT 67

(2) INFORMATION FOR SEQ ID NO:26:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 50 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(iii) HYPOTHETICAL: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:26:
AATTGCTATG GCGTGGTAAG TGCCCAGTGC CCCTTTGGTG GATTCAAGAT S0
(2) INFORMATION FOR SEQ ID NO:27:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 50 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear This Sheet Has Been Replac

i

(ii) MOLECULE TYPE: cDNA HIHI

(iii) HYPOTHETICAL: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:27:



35 al.; J. Imunol., 148, pp. 3618-23 (1992)]. The other

- 33- . cell surface receptor-nedi ated stress genes have al so been
described in the art. The di agnostic kits and nethods of this
i nvention rely on the induction of specific stress 5 pronoters or stress
response el enents and the transcription and/or translation of a gene
operatively | i nked t hereto. For enbodi nents of the
i nvention that enploy a heterol ogous-égene operatively linked to a
manmal i an 10 stress pronoter or stress responsive el enent, the

ATCTGAGTTC CTACCTGAAC GGTTTCTCAC CCCTGATGGT GCTATCGACA 50

(2) INFORMATICN FOR SEQ ID NO:28:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 45 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA

{iii) HYPOTHETICAL: NO

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:28:
GTACTCCCAG CTGCACTGCT TACACGTCTT CCTTCGTCTT CACCT 45
(2) INFORMATION FOR SEQ ID NO:29:
(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 50 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA

(1ii) HYPOTHETICAL: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:29:
AGGAGAATGA AAGGAAAGTG GCACAGCTAG CTGAAGAGAA TGAACGGCTC 50
(2) INFORMATION FOR SEQ ID NO:30:
(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 50 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA

{(iii) HYPOTHETICAL: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:30:
AGTCGCTACA TGGATCAATG GGTTCCAGTG ATTAATCTCC CTGAACGGTG 50
(2) INFORMATION FOR SEQ ID NO:31:
(i} SEQUENCE CHARACTERISTICS: .

(A) LENGTH: 50 base pairs
(B) TYPE: nucleic acid This Sheet Has Been Rep
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choice of gene is essentially limtless. The only paranmeters that are
required are (1) that a DNA sequence encodi ng the assayabl e product has
been .+ Characterized; and (2) that the product of the gene can 15 be
detected. Sufficient characterization includes know edge of the entire
codi ng sequence, availability of a genom c clone or know edge of a
sufficient nunber of restriction sites within the genom c DNA sequence
to all ow the gene to be mani pul ated sores to create an 20 operative

| i nkage to the stress pronoter. Pronoters of nost mammal i an
stress genes are (ii) Nougguidh|™grPBy apRe t han one type of stress. This is
because such prommters in.wthin their sequence a nunber of stress
response el ementgglga %%ggéﬁ#é“h 1?5(2 25 responsive to a different type of
stress. In enbodi ments that utilize such multiple stress pronoters

it is preferable that another pronoter which responds . to only one of

the nultiple streSdesSEQUEYCHPESAPIDNEY: SEQ IDPR:3ti s true whether native

pronot er - gene sy eidRBc HundBrdREOTBI AR D (RTBE@naShrMagA@TIeNe fusi @gs are
used. For exanple, she HMO pronoter and the JUN pronoter are

i nduced by bot(R) p@FFORNERONAFRR I$EQUANOa§%: Thus, these pronot ers

respond to both redox ‘E&E ﬁ%h% S. An NMO pronoter, which
responds sol ely to(dlgmsé |L‘£G 18D 505 gggéfixyay be used together with an HMO

or JUN (B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA

(iii) HYPOTHETICAL: NO

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:32:

CAGCCCAAGG AAGCCTCCCA TGGATGAGAA ATCTTTAGAA GAAGCRAGGA
50

(2) INFORMATION FOR SEQ ID NO:33:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 44 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
(iii) HYPOTHETICAL: NO
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:33:
CTTACACTCA GCTTTCTGGT GGCGACAGTT GCTGTAGGGC TTTA 44
(2) INFORMATION FOR SEQ ID NO:34:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 45 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA

(iii) HYPOTHETICAL: NO

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:34:

AGAAGGACGA GTTTGAGCAC AAGAGGARAGG AGCTGGAGCA GGTGT 45
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pronoter. This conbination of pronoters allows one to

- 34- det erm ne whet her induction of the nultiple stress pronot er was
due to redox stress or WA light. In this manner, the nature of the
st'ress ‘caused by a conpound can be nore accurately determ ned.

Accordi ng to another enbodi nent of this I nvention, individual response
el ements of a pronoter may be isolated and then operatively linked to a
manmal i an minimal pronoter and to a gene.-mwhi ch encodes a detectable

product. Thus, expression of the 10 detectable product in the presence of
a conpound | §2) INFORMATION FOR SEQ ID NO:35:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 50 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA

(iii) HYPOTHETICAL: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:35:
GCTCAGGGAA CAGGTGGCAC AGCTTAAACA GARAGTCATG AACCACGTTA 50
(2) INFORMATION FOR SEQ ID NO:36:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 50 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA

(iii) HYPOTHETICAL: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:36:
GARAGGCATC TATTTTTCAA TGGTCAGTGT CCAGGCTGEGA ACAAAGCGCC S0
(2) INFORMATION FOR SEQ ID NO:37:
(i} SEQUENCE CHARACTERISTICS:
{A) LENGTH: 47 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA

(iii) HYPOTHETICAL: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:37:
GCACTGGCTC CTGCAAATGC AAAGAGTGCA AATGCAACTC CTGCAAG 47
(2) INFORMATION FOR SEQ ID NO:38:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 35 base pairs
(B) TYPE: nucleic acid _—

(C) STRANDEDNESS: single
{D) TOPOLOGY: linear This Sheet Has Been R
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correlated wwth only one particular type of stress. In

enbodi nents whi ch enpl oy a gene encoding a det ect abl e product, the
assayabl.e product is preferably [err]-gal act osi dase (encoded by the

| acZ gene), 15 chl oranphenicol acetyl transferase (encoded by the CAT
gene), gal actose ki nase (encoded by the gal K gene), [err]- gl ucosi dase
(encoded by the gus gene), gl utathione transferase, human growt h

hor nrone (encoded by the hCGH gene) or-fprefly luciferase (encoded by the
| ux gene). 20 Most preferably, the CAT gene is enpl oyed. The
stress pronot er {asiSayapdmEPIarducyof usi ons har bored by the hosts

enpl oyed in certain of the di agnostic kits and nethods of this

i nventi on may be made using standard reconbi nant DNA techni ques that
are 25 well knowgkd)n skbeenekt pesbaeptiti. Cee®fint &6 iwai: ques depends upon
what is known about the particul ar stress pronoter to be used in the
strain. CCCAGGGCTG CATQTGEARME $ERFCCTHCFARAE containing a stress 35

pronoter and ig)sxwlgwl,gg%qi spl@f.8d.or cloned into 30 a vector, the

pronoter is renoved by appropriate restriction enzyne digests. The
pronot er fragnent (i)s SEQUENCEhERARACTERISIAICaNd operably linked to a gene

encodi ng an assaygglf%ggzgdﬁg?# &3pF8sm d. The vector should al so
c

contain a marker, suchsassies ggc ;fcgaji pfying stable 35 transfectants.
Screeni ng for a functi@natorbustn 1ifear

(ii) MOLECULE TYPE: cDNA

(iii) HYPOTHETICAL: NO

(xi) SEQUENCE DESCRIPTION: SEQ-ID NO:39:
ACCACTGTAT TTTGCTCCAA GCAGCCTCTT TGACCTAAAC TTCCAGGCAG 50
(2) INFORMATION FCR SEQ ID NO:40:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 50 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{(ii) MOLECULE TYPE: cDNA

(iii) HYPOTHETICAL: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:40:
ACAARAGCCA CTCCACTCTC TTCAACGGTG ACACTCAGTA TGTCTGCAGA 50
(2) INFORMATION FOR SEQ ID NO:41:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 50 base pairs
(B) TYPE: nucleic acid
{(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA

(iii) HYPOTHETICAL: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:41:
TTGCTCTCGA CAGTATCCAC AATAGCTGAC GGCTGGGTGT TTCAGTTTGA 50

(2) INFORMATION FOR SEQ ID NO:42:  — —
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achi eved by exposing transfectants to a stress which is

known to induce the specific stress pronoter and assaying for the

det ect abl e gene product. | f the nucl eoti de sequence of the
stress pronoter and its gene is known, polynerase chain reaction
technol ogy may be enpl oyed to produce assayabl e protein fusions.
Specifically, one synt hesi zes prinmers which are conplenentary to the 5

and 3' ends of the stress pronoter portiomof the gene, hybri di zes those
primers to denatured, total manmalian

(i) SEQUENCE CHARACTERISTICS:
- {A} LENGTH: 45 base pairs
(B) TYPE: nucleic acid
{C}) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
(iii) HYPOTHETICAL: NO
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:42:
ACCTTCCAGC AGATGTGGAT TAGCAAGCAG GAGTACGACG AGTCG 45
(2) INFORMATION FOR SEQ ID NO:43:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 50 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA

(iii) HYPOTHETICAL: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:43:
TTGAGTGGAT CCCCAACAAT GTGAAARACGG CTGTCTGTGA CATCCCACCT _50
(2) INFORMATION FOR SEQ ID NO:44:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
(iii) HYPOTHETICAL: NO
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:44:
TACCAGGCAG CTTAACAAAG 20
(2) INFORMATION FOR SEQ ID NO:45:
(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single This Sheet Has Been Repl
(ii) MOLECULE TYPE: cDNA I”

(iii) HYPOTHETICAL: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:45:

ACTGGCCTTT GTCTTCTTTC . 20



10 "DNA“under appropriate conditions and perfornms PCR In t hi s manner,
cl onable quantities of any sequenced stress pronoter nmay be obtai ned.
Once the-stress pronoter DNA has been obtained, it is operatively

| inked to a DNA encodi ng an assayable protein in an 15 appropriate vector,
as -descri bed above. Such nethods are well-known in the art.
Constructing operable fusions of stress pronoter response elenents to a
gene encodi ng a detectabl e product is-@kso carried out by standard 20
reconmbi nant DNA techni ques. Because response el enents are smal |, DNA
encodi ng them may be produced using an crarmsi gonucl eotiﬂﬂ'ﬂﬂmmm M.

a igonucleotidgf claj correspondi ng to both strands of thef nnl#u“u
are synt hesi zed, anmeal ed together and cloned into a 25 pléénfd os oo
containing a reporter gene under control of a m ni mal pronoter.

Al ternatively, the doubl e;strapd [ uGl y ; owed to
mul tinmerize via self _1[igagig%agPPSFQ%OQ?ESgf??gﬁgﬁﬁ?ggglggé?%%. The
nul tipl e copi esCRATARELFE3pBGEse BPEHENECRPPUNS GOMPIT-Sifi%fher expr essi on of
the detectable product upon stig$s an eukbRPeehicOell characterized '

Enbodi nents of the present invention that enpl oy native stress genes
as the genes eH@%ding an’ assayabl e product require no genetic
mani pul ati on prior (i) at least one promoter which

responds to redox stress;
(ii) at least one promoter which
responds to DNA stress;
(iii) at least one promoter which
responds to protein stress; and
(iv) at least one promoter which
responds to energy/ionic stress,
each of said promoters being operatively linked to a
different gene which encodes a detectable product; and
(b) at least four different nucleic
acid sequences, each of said nucleic acid sequences
being capable of hybridizing to the mRNA transcript of
a different one of the genes that is operatively linked

to said promoters or to a single stranded cDNA prepared
from said mRNA transcript.

2. A diagnostic kit for identifying and
characterizing a toxic compound comprising:

(a) an eukaryotic cell comprising at
least 4 different promoters which respond to redox
Stress, each of said promoters being operatively linked
Lo a gene which encodes a different detectable product;
and

(b} at least four different nucleic
acid sequences, each of said nucleic acid sequences
being capable of hybridizing to the mRNA transcript of
a different one of the genes that is operatively linked
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35 to assaying toxicity.

- 36-
The chaice of cell Iine to use in the kits and nethods of this .
i nventiQn i s dependent upon the assay to be use i ne toxicity.
For those enbodi ments which utilize stress prorﬂiﬂ@lﬁ‘m{iiﬁ I[!ﬂl'lL
product gene fusions, the cells nust be able to pro ¢ L Messi on
product in assavable form Moreover, t hose cel |l s shoul d not
constitutively produce the assayabl e -piseduct from anot her copy of the
gene in t heir genone. 10 For enbodi ments which utilize the
cell's

to said promoters or to a single stranded cDNA prepared
from said mRNA cranscript.

3. A diagnostic kit for identifying and
characterizing a toxic compound comprising:

(a) an eukaryotic cell comprising at
least 4 different promoters which respond to DNA
stress, each of said promoters being operatively linked
to a different gene which encodes a detectable product;
and '

(b) at least four different nucleic
acid sequences, each of said nucleic acid sequences
being capable of hybridizing to the mRNA transcript of
a different one of the genes that is operatively linked

to said promoters or to a single stranded cDNA prepared
from said mRNA transcript.

4. A diagnostic kit for identifying and
characterizing a toxic compound comprising:

{(a) an eukaryotic cell comprising at
least 4 different promoters which respond to protein
stress, each of said promoters being operatively linked
to a different gene which encodes a detectable product;
and

(b) at least four different nucleic
acid sequences, each of said nucleic acid sequences
being capable of hybridizing to the mRNA transcript of
a different one of the genes that is operatively linked

to said promoters or to a single stranded cDNA prepared
from said mRNA transcript.

5. A diagnostic kit for identifying and
characterizing a toxic compound comprising:
(a) an eukaryotic cell comprising at
least 4 different promoters which respond to

energy/ionic stress, each of said promoters being
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native-.stress genes, the choice of cells is based upon the ability of
t hose genes to be induced by stress. Preferred cells for enbodi nents
t hat dq, not enploy cell surface receotor-nedi at ed stress ironnters ar

HeLa, 15 Hep& and WL-2. For those kits and rretllmm‘ H‘ ‘errpl oy
cell surface receptor-nedi ated stress pronoters, cel

line is one derived fromthe organ of concern. * For exanple I f the

stress kits and met hods are intended_tg_identify conpounds which affect
20 the skin, a skin fibroblast or keratinocyte cell I|ine, such as

SCCl12 or its ?éi’é’&i\‘f@ﬁ}/ $Eﬁneas*g6§1d1'f§erentprg%frﬁ efi.ch fdfcddds and
n

net hods seeki to 1den toxins to the eye, a corneal cell line is
nost pr ef ef@legctagie UrOGUCt utilizing stress pronoter-assayable

product fusions, it is preferab)e Ghatleeach fvast diffems oysdleicthe kits

and net hods of thls I nvention bar.s, onl G nthis
manner, if a 2S1d:.8RAYGRGSFNIGRER é&;rs@slg &ua’]’feltn%e as{a%/é%}&{]c%éne 30
product i N anybpangi cabablieosif ¢tgidridile repest fikee (A tran%ﬂr%@¢e%§
f?used by the QOHEQEQQ-EQQHO Ray %ﬁ%&e that iéj%éfé@ﬂvely linked

I s known that "SOffe compounds are n toxic @%gnna s 1n their
native form bap seedn@rmmt@r@f o tBR tiia'frf#@l%r%%’é%% b?D]iI%ePF?B%Fed
Therefore, accergiN@ali® mRNA transcript.

6. A diagnostic kit for identifying and
characterizing a toxic compound comprising:

(a) a mammalian cell comprising at
least 3 different promoters which respond to cell
surface receptor stress, each of said promoters being
operatively linked to a different gene which encodes a
detectable product; and

(b) at least three different nucleic
acid sequences, each of said nucleic acid segquences
being capable of hybridizing to the mRNA transcript of
a different one of the genes that is operatively linked

to said promoters or to a single stranded cDNA prepared
from said mRNA transcript.

7. The diagnostic kit according to claim 1,
wherein said eukaryotic cell is a mammalian cell which
additionally comprises a promoter which responds to
.cell surface receptor-mediated stress, said promoter
being operatively linked to a gene which encodes a
detectable product, said kit additionally comprising at
least one nucleic acid sequence which is capable of
hybridizing to either the mRNA transcript of said gene
which is operatively linked to said cell surface
receptor-mediated promoter or a single stranded cDNA

reverse transcribed from the mRNA transcript of each of
said genes.
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anot her- enbodi nent of this invention, the compound to
-37- . be tested in the nethods and kits of this invention is

pre-treated with an S9 liver extract. Methods for preparing-an_S9_liver. .
extract ("S9") are described by S. Vennitt et al

Testing - A5 Practical Approach, S. Vennitt et al.. edsm‘mlﬁﬁﬂm% ”"l
Oxford, England, pp. 52-57 (1984), the disclosure of

i ncorporated by reference. S9 is generakly a crude honpgenate of rat

liver with i nsol ubl e particles renoved by | ow speed O centrifugation,
but rmay al so be prEparEdstrO”thE%%d@étic kiz for identifying and
characterizing a toxic compound comprising:

(a) an eukaryotic cell which harbors at
least one promoter or response element that
responds to redox stress;

(b) an eukaryotic cell which harbors at
least one promoter or response element that
responds to DNA stress;

(c) an eukaryotic cell which harbors at
least one promoter or response element that
responds to protein stress; and

(d) an eukaryotic cell which harbors at
least one promoter or response element that
responds to energy/ionic stress;

wherein, each of said promoters or response elements is

operatively linked to a heterologous gene encoding a
detectable product.

9. A diagnostic kit for identifying and
characterizing a toxic compound comprising at least 4
different eukaryotic cells, each of which harbors a
different promoter or response element that responds to
redox stress and is operatively linked to a

heterologous gene encoding a detectable product.

10. A diagnostic kit for identifying and
characterizing a toxic compound comprising at least 4
different eukaryotic cells, each of which harbors a
different promoter or response element that responds to
DNA stress and is operatively linked to a heterologous
gene encoding a detectable product.

11. A diagnostic kit for identifying and
characterizing a toxic compound comprising at least 4
different eukaryotic cells, each of which harbors a

different promoter or response element that responds to
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other mammalian liver. S9 is incubated with the test conpound in a

pot assi-um buffer containing NAD(P)H to mmc stage | and stage ||

bi @t ransf ormati on of conmpounds normal |y perforned by t he—rarmal-i-an
liver 15 prior to performng the toxicity assay. |If I mary
manmal i an liver cells are utilized in the kits ii’, Eﬁ,ﬂ@'!ﬂ@ﬁ

I nvention, S9 pre-treatnent is unnecessary. The ceFIsCMA bl e
of performng stage | and Il biotransfggamati on of conpounds under 20
assay growt h conditions. Alternatively, the cells utilized in
the kits apttoretihods refsd hirsd iwejgbémw&y‘ostmkéares with cells
capabl e of pengEEEngo%%g e | and blotransfqg t|ond greferably a.
primary liver celf 25°99 genﬁn??ﬁ?ﬁ+%%s?o?ﬁ%??5ﬁ # PHRUEohpound bei ng

assayed is, in this instance performed by those ot her cells, rather

than enzymatic fractions Q?r'wfqiiéﬁﬂ%s%bclk¥€ é?'kﬁentlf g an Prior

to carrying out_an assay on a conpo nown toxi & u3|ng t he
met hods and ki C&a3gRStFIEzing qrﬁ@#&¢oﬁomé@ﬂﬂéaﬁﬁméﬁiﬁé§gsﬁ§u gags 4

gener at ed Qdffiflelrinty eAlkd Bpst i ON€e BN, PESERT 8B Mhibh' ﬁé%boﬁ:@r ge
conpounds t hat f% known to induce each s eC|f|i?stre onoter or

response el emeft AN IR PP TRECT of 85PSBFE R ﬂ@nEnEHéﬁnrééﬁﬁﬁéﬁdto

energy/ionic stress and is operatively linked to a
heterologous gene encoding a detectable product.

13. A diagnostic kit for identifying and
characterizing a toxic compound comprising at least 3
different eukaryotic cells, each of which harbors a
different promoter or response element that responds to
cell surface receptor-mediated stress and is

operatively linked to a heterologous gene encoding a
detectable product.

14. The diagnostic kit according to claim 8,
additionally comprising a mammalian cell harboring a
promoter which responds to cell surface receptor-
mediated stress, said promoter being operatively linked
to a heterologous gene encoding a detectable product.

15. The diagnostic kit according to any one

of claims 1-5 or 8-12, wherein said eukaryotic cell is
a mammalian cell.

16. The diagnostic kit according to claim
15, wherein said mammalian cell is a HepG2 cell.

17. The diagnostic kit according to any one
of claims 6-7 or 13-14, wherein said mammalian cell is
a cell derived from the skin or from the eye.
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Each known chem cal should nore preferably be tested against all of the

pronoters, not just the pronmoter that it is known to induce._And each
chenlcalTthM§h&ﬂB&nBadagtayed over a sufficiently mnde ran e of

concentr at e a useful standard curve, ﬁwmﬂ
pi conol ar ‘E“ r as well as at several tlne 1’
Once the s urves have been gener at ed, conputer ‘data b se

containing those curves is 10 generated. _-gkhi s database is then used to
conpare

18. The diagnostic kit according to any one
of claims 1, 2, 7, 8, 9 or 14 wherein said promoter or
response element that responds to redox stress is
selected from CYP1Al, GST Ya, JUN, XRE, NFKBRE, RARE,
ThRE, PPRE, ERE, NMO1, ALDH1l, ALDH2, HMO, MnSOD, UGT,
CYP11B2, Cu.ZnSOD, ADPRT, GP, FAOxase, PBE, PPAR, EH,
CYP2B2, CYP2E1l, CYP3A3, P450b, P450d, PPa, PKC, GST2,
GAPDH, NQO or ARE.

19. The diagnostic kit according to any one
of claims 1, 3, 7, 8, 10 or 14, wherein said promoter
or response element which responds to DNA stress is
selected from GST Ya, GADD45, JUN, FOS, XHF, GADD1S53,
TRE, pS53RE, HMO, DRA, MnSOD, MDR-1, EGR-1, GAS 2,3,
MGMT, DNA Pol, beta-pol, DHFR, TK, PCNA, PGHS, LOX,
ISGl5, 2'-5’ AS, EH, CYP2El1l, TPOl, TPO2, PCNA or PPa.

20. The diagnostic kit according to any one
of claims 1, 4, 7, 8, 11 or 14, wherein said promoter
or response element which responds to protein stress is

selected from GRP78, JUN, FOS, HSP70, MT 1A, MT IIA, MT
III or GP.

21. The diagnostic kit according to any one
of claims 1, S5, 7, 8, 12 or 14, wherein said promoter
which responds to energy/ionic stress is selected from
GRP78, FOS, CRE, CYP11B2, 2'-5’ AS, TH, DBH, ODC,
CYP2El, G6PD, PKC or PVALB.

22. The diagnostic kit according to any one
of claims 6, 7, 13 or 14, wherein said promoter which
responds to cell surface receptor-mediated stress is
selected from IL-1 alpha, G-CSF, GM-CSF, TNF alpha, IL-
3, IL-8, IL-6, ICAM-1, IL-10 and M-CSF.

23. The diagnostic kit according to claim 1,



stress pronoter-induction profiles of the conpounds to be tested with
t hose of the known toxins used to generate the standard curve.-Thus,

the results for any unt est ed conpound are expresse
relative 15 toxicity conpared to known inducers of st Hm ﬂ

Each of the characterization and toxicity det erm nat 1on erm Im
this invention conprise the first step of culturing the cells both
prior to and 20 follow ng exposure to a p@&Cntial toxic conpound.

Cul ture conditions will vary depending upon the cell Ke utilized.
Most pref er abl ywhemeont: alsieidd onpmmtrers commeyseephBHL He%‘@il ar eF@8ed.

Growth of these umd, S HRYFET MRy ulervet eRdagdat sasdee GRALIHE;
conditions 25 S;?’Bb!l%lg'rnal' éésentlal nedi um at 37[err]C, S%OCferr]le %ﬁe

cells are FButi A6l ¢ Fedw? iIG865 cnferr] flasks until they reach a
density of about 5 x 10[err] cells/n. Fol | owi ng thIS

initial growth, the ceIIs re ubcultured ap d €XRQ ound
to be tested. 30 A typ| agggi %@%téﬁpr6X|ﬁﬁFeF§§§g7g eFB]
cells/m. For i wiherain:estssOnpromumrgosindy nespones eﬂ.ementSmcmplrdse

di lutions of theganpound-shaul q%%ggedms EHﬁnohggeosewreglgj di lutions

of the conpound Which ‘have f e-T ntubat éd S9 fraction shoul d
al so be 35 pr@é‘é}Dé(ﬁ%ndf%deﬁ?Eo &Fls%%EndeBEt rpd BF3BEchaad ture.

said eukaryotic cells are HepG2 cells.

25. The diagnostic kit according to claim
24, wherein said gene encoding a detectable product is
the CAT gene.

26. A method for determining the toxicity of
a compound comprising the steps of:
(a) culturing:

(i) a eukaryotic cell comprising
at least one promoter or response element which
responds to. redox stress;

(ii) a eukaryotic cell comprising
at least one promoter or response element which
responds to DNA stress;

(iii) a eukaryotic cell comprising
at least one promoter or response element which
responds to protein stress; and

(iv) a eukaryotic cell comprising
at least one promoter or response element which
responds to energy/ionic stress;

wherein each of said promoters or response elements is
operatively linked to a gene encoding a detectable
product ;

(b) exposing said cells to said
compound; and |

(c) detecting the product of each of
said genes. -
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A third portion of each culture, which serves as a
5 AUG 1996 - 39- control, is

not. exposed to the conpound, but otherw se treated in the'sane ﬁﬁﬁﬁér

as descri bed bel ow. Al'l of the cultures
I ncubate at normal growth tenperature for a period of “\“M ﬁ'ﬂl from

5 mnutes to 48 hours. Mre preferably, exposure OXIi Cs or+ t est
compound i s -81-

27. A method for determining the toxicity of
a compound comprising the steps of:
(a) culturing:

(i) a eukaryotic cell harboring a
first redox stress promoter or response element
operatively linked to a gene encoding a detectable
product;

(ii) a eukaryotic cell harboring a
second redox stress promoter or response element
operatively linked to a gene encoding a detectable
product;

(iii) a eukaryotic cell harboring
a third redox stress promoter or response element
operatively linked to a gene encoding a detectable
product;

(iv) a eukaryotic cell harboring a
fourth redox stress promoter or response element
operatively linked to a gene encoding a detectable
product ;

(b) exposing said cells to said
compound; and

(c) detecting the product of each of
said genes.

28. A method for determining the toxicity of
a compound comprising the steps of:
(a) culturing:

(i) a eukaryotic cell harboring a
first DNA stress promoter or response element
operatively linked to a gene encoding a detectable
product;

(ii) a eukaryoctic cell harboring a
second DNA stress promoter or response element

operatively linked to a gene encoding a detectable
product;
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for-about 2 to 32 hours. Follow ng exposure to the test compound, the
| evel of assayabl e product or stress gene nRNAs are neasured. 10
t hee enbadi nent neasuring assayabl e product i s enpl oyed, quantification
may be carried out in a nunber of ways that are well known in the art.
For. exanple, a colorinecric substrate nmay be utilized if t he

expreSS|o zynme. Appropriate 15 colorinetric substrates

for speC| fli ﬂmﬂm:“w mw lﬂ& | - known ingphe art. Alternatively, an
oys specific antibodies, such as an RI A or ELI SA

can be used to det ect the expression mﬁ.ﬁzdmch eukaryotic cellDdmarmbimichaquipon

the nature of the assay_used, buf fer condi

culture or super n%\t'émr?mgﬁgeﬁgrfeﬁs Ergﬁﬁoﬁsﬁ eé’tIJ %ré%gg&§$%léﬁ§e%

sui tabl e buffer may b@paﬁdeﬂvebyt henkgdettocal gene @ncodlrsgjpﬁer eghaksle

that opti mal cond|t|o§§ % t he particul ar assay are obtained. For
saya Fé

exanple, if the 25 a e product is to be detected by an RI A or ELISA
assay, the buffer conditions nust be ddviste@ukdryotic bk (RATRAYIRg A1 ow

for maxi mal anti body- EBﬁkgﬁnDNA st%%@%' dHHHE¥|d¥1ﬁﬁgbéﬁséﬁéﬁéméﬁt
non-speci fi c anti body 15% ch condi tions ar edwel I ‘ﬂ%}f ihe
art and 30 are exeinPFFéHlHﬁlX edhHF & I T HFY 50 Sotable

phosphat e buffer, 150pgbida€l;, pH 7.0. If the
(b) exposing said cells to said
compound; and
(c) detecting the product of each of
said genes.

29. A method for determining the toxicity of
a compound comprising the steps of:
(a) culturing:

(i) a eukaryotic cell harboring a
first protein stress promoter or response element
operatively linked to a gene encoding a detectable
preduct;

(ii) a eukaryotic cell harboring a
second protein stress promoter or response element
operatively linked to a gene encoding a detectable
product;

(iii) a eukaryotic cell harboring
a third protein stress promoter or response
element operatively linked to a gene encoding a
detectable product;

(iv) a eukaryotic cell harboring a
fourth protein stress promoter or response element
operatively linked to a gene encoding a detectable
product;

(b) exposing said cells to said

compound; and

(c) detecting the product of each of
said genes. A— ' T
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assayabl e product is an enzyne and detection is to be achieved by a

colorinetric substrate assay, buffer condi tions nust be optim zed for
maxi mal..enzymatic 35 activity and m ninmal non-catalytic cleavage of the
substrate. These conditions are conventional and vary dependi ng on the
enzy In the nost preferred enbodi nent of
th| smlliﬂmnwmmme invention, the detectable product is 5

hl or anphent ¢ acetyl transferase (CAT). _ggsays for this enzynme are
mell-knomn in the art and are descri bed In J. Sanmbrook et al.,

"Ml ecular doning - A 39, A method for determining the toxicity of

a compound comprising the steps of:
(a) culturing:

(i) a eukaryotic cell harboring a
first energy/ionic stress promoter oOr response
element operatively linked to a gene encoding a
detectable product;

(ii) a eukaryotic cell harboring a
second energy/ionic stress promoter or response
element operatively linked to a gene encoding a
detectable product;

' (i) a eukaryotic. cell harboring a
third energy/ionic stress promoter or response
element operatively linked to a gene encoding a
detectable product;

(i) a eukaryotic cell harboring a
fourth energy/ionic stress promoter or response
element operatively linked to a gene encoding a
detectable product;

(b) exposing said cells to said
compound; and

(c) detecting the product of each of
said genes.

31. A method for determining the toxicity of
a compound comprising the steps of:
(a) culturing:

(i) a mammalian cell harboring a
first cell surface receptor-mediated stress
promoter or response element operatively linked to
a gene enceoding a detectable product;

(ii) a mammalian cell harboring a
second cell surface receptor-mediated stress
promoter or response element operatively linked to
a gene encoding a detectable product;
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Labor at-ory Manual, Second Edition", Cold Spring Harbor Laboratory
Press, pp. 16.60-16.65 (1989), the 10 disclosure of which is herein

I ncor pak at ed by reference. That reference al so describes assays for
[err]- gal act osi dase, anot her assayabl e product useful in the

met hods and kits of | s_invention (pp. 16.66-16.67). In
enbodi mn}l‘l‘mmllwmﬂzlgmranscri ption 15 level to determnine stress gene
i nduction!!® i * MRNA transcri begh from genes operatively |inked

to the stress pronoters utilized in the kits and net hods of this
I nvention nmust be neasured ("stress genei nRNAtammaliafhcslieharbesinbat

total RNA or nRNA be j.solated from20 ex e . [ be achi eved
by any of the n &%P%%és%i%iﬁ%ffé %pﬁﬁgﬁggﬂgaﬁ%gb?éég %ﬁ%ﬁ%fcially
avai | abl e nRNA or t otratorRN/fe T sut aregpokse sehapenr sopprativelyt Linked touch

as is available fromSiealoaansokla; a ded8btap1CAbrolusterabl y the cells

are lysed with 25 guanidiniumis I ocyanate (GIC). .The |ysate is then
acidified with sodi um acetate b{#}eretpPesng) sapd FRréls to' 6 m nant s
extracted with phenolcoﬂﬁﬁnﬁa#\gﬁdthen twice precipitated with

et hanol, dried and redissol ved lLn_water, 0] ce t RNA
has been isolated, the |evel of (<) dgF?SgéngeﬁgenﬁﬁRd@§§ 65'%%§§hfg§ in a

nunber of ways, said @eémder directly or indirectly. In the direct nethod,

32. The method according to claim 26,
comprising the additional step of culturing a mammalian
cell comprising at least one promoter or response
element which responds to cell surface receptor-
mediated stress.

33. The method according to any one of
claims 26-32, wherein: ’

(a) each of said promoters or response
elements is operatively linked to the same gene
encoding a detectable product, said gene being
heterologous to each of said promoters or response
elements; and

(b) each of said cells harbors a
different promoter or response element operatively
linked to said gene and is cultured separately prior to

‘exposure to said compound.

34. The method according to any one of
claims 26-30, wherein said eukaryotic cell is a
mammalian cell.

35. The method according to claim 31 or 32,
wherein said mammalian cell is derived from the skin or
the eye.
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ol i gonucl eoti des that are conplenentary to stress gene MRNA ar e used.
In this method, the nRNA isolated from 35 the cells is applied to

ni tv.oceld ul ose paper or nylon menbrane filter in a slot blot
apparatus. After diluting the RNA in the apparatus with

appriﬂﬂlﬁ olution preferably two vol une of 20X SSC) and washi ng
t he ‘ﬂ nﬂ"ﬂﬂl u”ZIlulose paper or filter is either baked at
80[err]C fob 2*hdurg in a vacuumoven or Wg5- crosslinked to fix the RNA

The RNA fixed to the nitrocellulose is then hybridized to | abel ed
ol i gonucl eoti de probes whBéh afbecowgheremarogrding to claim 33,

wherein said cell is a mammalian cell.

37. The method according to claim 34,
wherein said mammalian cell is HepG2.

38. The method according to any one of
claims 26, 28 or 32, wherein said promoter or response
element that responds to redox stress is selected from
CYP1Al, GST Ya, JUN, XRE, NFkBRE, RARE, ThRE, PPRE,
ERE, NMOl, ALDH1, ALDH2, HMO, MnSOD, UGT, CYPl1l1B2,
Cu.ZnSCD, ADPRT, GP, FAOxase, PBE, PPAR, EH, CYP2B2,

CYP2El, CYP3A3, P450b, P450d, PPa, PKC, GST2, GAPDH,
NQO or ARE.

39. The method according to any one of
claims 26, 29 or 32, wherein said promoter or response
element that responds to DNA stress is selected from
GST Ya, GADD45, JUN, FOS, XHF, GADD153, TRE, pS3RE,
HMO, DRA, MnSCD, MDR-1, EGR-1, GAS 2,3, MGMT, DNA Pol,
beta-pol, DHFR, TK, PCNA, PGHS, LOX, ISG1l5, 2'-5' AS,
EH, CYP2El, TPOl, TPO2, PCNA or PPa.

40. The method according to any one of
claims 26, 30 or 32, wherein said promoter or response
element that responds to protein stress is selected

from GRP78, JUN, FOS, HSP70, MT 1A, MT IIA, MT III or
GP.

41. The method according to any one of
claims 26, 31 or 32, wherein said promoter or response
element that responds to energy/ionic stress is
selected from GRP78, FOS, CRE, CYP11B2, 2’'-5' AS, TH,
DBH, ODC, CYP2El, G6PD, PKC or PVALBR.
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stress gene nRNAs under appropriate buffer and tenperature conditions.

10 An indirect nmethod utilizes oligonucleotides that are
howol ogeus to stress gene nRNAs for detection. Thi s met hod neasures
transcription by using the stress gene nRNAs as tenplates for making
Iabe tranded cDNA using reverse transcription. These cDNAs
H'ﬂ!(}lm;"gﬁﬂﬂﬂltlm and quantitated by hybridizing to conpl enentary
o i gohucd eat | dess(of denatured doubl e- -gdranded cDNAs) that are bound
to a solid supoort. Preferably, the solid support is a negatively
char ged menbrane and tahe olTigonnet eod i desoadengodobf aag byet BE 20

pri or 10 bi ndi hGLPATEn@ areriet ar. Sqni eherSin SRl FrRBrer o shEbeRee"""
rior to bindin I -

gligonucleotideeﬂedanuidhat *esﬁmnmsnboaoelbnbyrﬁaaeitecsptemdmedﬁauadng

for more 4 ouohEededl fyhud dloaly onthan, ot el ot nedese! BESHy Zie

to a solid support a control rebresentlng
a constltut@@mh@:exﬁré%rsedL %ousbkéep»ﬁ@MgéneTL 3QchAngsM-CSF.

[err]-globin, [err]-tubulin, [err]- actln or [err] actin, which is not

I nduced by the specific ex erlnental ngl s also 30 _used.  This
provi des a control for prdg%r gf Bﬁﬂﬁeéﬁa aCCOFGﬁEBlGﬁlﬁ&a&W £fe cells, as

wel | as the backgrensih the &éesdeidnup@nswhichehe @&bduloaTSGddﬂ@r&mnt of
specific the steps of:
(a) isolating mRNA from said exposed
culture;
, (b) quantitating the amount of mRNA
transcribed from each of said genes that is operativeiy
linked to a stress promoter or response element.

44. The method according to claim 36,

wherein said gene encoding a detectable product is the
CAT gene.

45. The method according to any one of
claims 26-30 or 32, comprising the additional step of
incubating said compound with an S9 liver extract prior
to exposing said cells to said compound.

46. The method according to claim 44,
wherein:
said promoters or response elements comprise CYP1Al,
GST Ya, GADD4S5, FOS, XHF, HSP70, MT IIA, GADD1S3, CRE,
XRE, NFkBRE, RARE and pS3RE; and

said mammalian cells are HepG2 cells.

47. A method of identifying an antitoxin to
a new toxic compound comprising the steps of:
(a) determining the types of stresses
caused by said new toxic compound by the method
according to any one of claims 26-46; T
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I nducti-on. Fol |l owi ng hybridization, the anmount of hybridi zation is
quantified. Quantification is 35 achieved by a nethod that is consistent
with the | abel on the oligonucleotide or cDNA. |If a radioisotope is
-42- used as a | abel, exposure of the nmenbrane to X-ray film

foll owed by densitonetry tracing or liquig scintillation counting would

be theuﬂm ,ﬂ”mm of quantification. If a fluorescent |abel is
used &ﬂllaﬂfls used for quantifigegation. In this nmanner t he
| evel of Variou% stress gene inductions can be measured. If a
bi otinylated label is used, (b) identifying a known toxic compound
which, in the process according to any one of claims
26-46, causes stresses similar to those caused by said
toxic compound; and

(c) repeating the method used to
determine the types of stresses caused by said new
toxic compound according to step (a) with the
additional step of treating the eukaryotic cells
employed in said method with an antitoxin to said known
toxic compound identified in step (b).

48. A method of decreasing the toxicity of a
drug, comprising the steps of:

(a) determining the type of stresses
caused by said drug using the methods according to any
one of claims 26 to 46; and

(b) modifying said drug to alter or

eliminate the portion thereof suspected of causing said
determined stresses.

49. The method according to claim 48,
further comprising, after step (b), the additional step
of:

(c) repeating the method used to
determine the types of stresses caused by said drug

according to step (a) using the modified drug according
to step (b).

50. A modified drug produced by the method
according to claim 49 or 50.
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guantification is achieved by using streptavidin conjugated to an enzyne
that can yield a neasurable 10 colorinetric product. It is
known t hat while individual cqgnmpounds may not be toxic, conbinations of
non-t oxi ¢ conpounds may, in fact be toxic. Therefore, it should be
understood that the kits and nethods of this invention 15 can al so be
utilized to determ ne the potenti al toxicity of conbinations of known
and unknown conpounds (eg. drug intq%qgﬁions) in an identical manner to
t hat descri bed above. hi's i nvention al so provi des
stress-specific 20 diagnostic kits and nethods. For exanple, the

i nvention provides redox stress kits and met hods; DNA stress kits-and .

nmet hods; protein stress kits and met hods; energy/ionic stress kit's'-and;

met hods; and receptor-nedi ated stress kits and nethods. The choice 25,
of pronoters to use in these stress-specific kits may be nade from any

of the appropriate pronoters described or listed in Tables 1 and 2,
above. Preferably these kits enploy at least 3, and nore preferably at
| east 8, pronoters which respond to different subsets of 30 stresses
within the |arger group. Mst preferably, t hese specific kits and

nmet hods enpl oy at | east 12 pronoters in those tables which respond to

t he
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appropriate stress. These kits and nethods all ow a nore precise and
specifi'c analysis of the stresses 35 caused by a conpound.

According to anot her enbodi nent, the i nvention provides a method of

i dentifying an antitoxin to a conpound determined to be toxic by the
met hods of this invention. As described above, once a stress

pronmoter induction profile is generated for an unknown conpound, that
profile is conpared to profiles of known, ,, conpounds in a database. A
potential antitoxin to the unknown conpound is a known antidote to a
conpound
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having a simlar stress pronoter induction profile. 10 I n order
to test the efficacy of such an antitoxin, the stress pronbter assay is
repeat eqg usi ng only those hosts containing stress pronoters which were
i nduced by the unknown conpound. Each of those hosts i's pre-incubated
wi th varying concentrations of the 15 proposed antitoxin prior to the

addi tion of an inducing concentration of unknown conpound. |f
pre-incubati on with the proposed antitoxin decreases or obliterates

the effect of the unknown compound, such34htantitoxin will likely be
effective. 20 Finally, this invention provides a nethod of

| mproving active drug design. According to this enbodi nent, a new drug
is first tested with any of the above-described kits and net hods and
its toxicity is determ ned. The information provided by such nethods 25
and kits indicates the cellular nechanismof the drug's toxicity. The
portion of the drug that is likely to cause the particular cellular
darmage i ndi cated may then be appropriately nodified or elimnated
dependi ng upon the role that portion plays in the drug's 30
pharmaceutical activity. The resulting nodified drug IS then retested
with the kits and nethods of this invention to determne if its
toxicity has been sufficiently reducedor elimnated. Drugs inproved
and g
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nodi fi.ed by this nmethod are also within the scope of 35 this invention.
-44 - In order that the invention described herein may
be.nore.fully understood, the follow ng exanpl es are set forth. It
shoul d be understood that these exanples are for illustrative purposes
only and are not 5 to be construed as |imting this invention in any

manner . Certain of the basic nol ecul ar biol ogy t echni ques
descri bed bel ow are not set forth in detayil
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Such techniques are well known inthe art and are 10 described in the

di scl osure of Ml ecular Coning - A Laborat ory Manual Second Editi on,

J. Sanbrook et al., eds., Cold Spring Harbor Laboratory Press, New York
(1989) -,, the disclosure of which is herein incorporated by reference.
15 EXAMPLE 1 Desi gn And
Synthesis O Stress CGene- Specific Aigonucl eoti de Probes

The nucl eoti de sequence of each of the stress genes described herein is
known. Accordingly, design 20 of specif?£1bligonucleotides is sinply a

mat ter of choosi ng what portion of the gene to nodel -upaon. The
conmput er program OLI GO all ows one to enter the nuglﬁ&@hgggﬁéﬁypn€ﬁ;£§
the gene of interest and anal yze t he sequence to getermpqg ;ﬁgiﬁtmmd

| ength, and 25 conposition of oligonucl eotides which WTFF=$WQEJ jgﬁﬂlgﬁj

t he sequence of interest at salt concentrations and t enper at ur es=

sel ected by the user. Using this program | have designed the
foll owi ng stress gene-specific conpl ement ary ol i gonucl eoti des for use
in the kits and 30 nethods of this invention: GADD 153 gene: [SEQ ID

NO. 1] 5'- AAAAAAACCCAGTCCAACTA
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CAGACAT GGCAGCT GAGT CCCT GOCAT TCACCT TGGAGACGGTGTTTTTT- 3' ; XHFI gene:
[SEQ ID NO. 2] 5'- AAAAAAGGCCAGTATGCACAGC
TTTCCTCCACTGCTGCTGCTGCTGTTCTGRGRGTGTGGTGTCTTTTTT- 3 ;

- 45- JUN gene: [(SEQ ID NO 3] 5'- AAAAAACCCCAAGATCCT

GAAACAGAGCATGACCCTGAACCTGGCCGACCCAGITTTTT- 3" MhSOD gene: [SEQ D NO
4] 5' - AAAAAACAACCTGAAC GI'CAACGAGGAGAAGT ACCAGGAGGECGT TGECCAAGCGAGATTTTTT
-3'"; 5 HMO gene [SEQ I D NO. 5] 5'-AAAMAATAGAGCGTCCGCA
ACCCGACAGCATGCCCCAGGATTTGTCAGAGECCCTTTTTT- 3 GST Ya gene: [SEQ I D

NO. 6] 5'- AAAAAAGGAGTTGGGAGCTG
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AGT GGAGAAGAAGCCACGACTCTCCGCTAGGTCAGTACTCTTTTTT- 3" HSP70 gene: [ SEQ

I D NO. 7] 5"- AAAAAAGCCGCGGCAGICG 10
GCATCGACCTGEGECACCACCTACTCCTGCGTGEEEGTGT TCCAATTTTTT-3' MDR-1 gene:

[SEQ ID NO. 8] 5'- AAAAAAATTACAGCAAGCC
TGGAACCTATAGCCCCTTTAACTTGAGCAGCATCATTTTTTTT- 3 CYP 1Al gene: [SEQ ID

NO. 9] 5'- AAAAAACATTCAGGGAAGG
GTTGGGTAGGT AGCGAAGAATAGGGATGAAGTCAGCTTTTTTT/3'1 15  FOS gene: [ SEQ I D
NO. 10] 5' - AAAAAAATGCTGGACAAGG
AGTCT GCGGGT GAGT GGTAGT AAGAGAGGCTATCCCCTTTTTT- 3 NMOL gene: [SEQ I D
NO. 11] 5' - AAAAAAGGAATCTCATTTT
CTAGCTTTGATCTGGTTGTCAGTTGGGATGGACTTGCTTTTTT- 3' ALDH2 gene: [ SEQ I D
NO. 12) 5'- AAAAAACCTCTTGCTTCCC 20
CGTGTTGATGTAGCCGAGGATCTTCTTAAACTGAGTTTTTTTT- 3' DRA gene: [SEQ I D NO
13] 5' - AAMMAAACAGTGGTCAATGTCA

[ SEQ I D

CGTGGCTTOGAAAT GGAAAACCT GTCACCACAGGATTTTTT- 3! MGMT gene:
NO. 14] 5' - AAAAAAGGATTGTGAAATG
AAACGCACCACACT GGACAGOCCGT TGGGGAAGCTGGAGCTGTCTTTTTT-3' 25 2' -5 AS gene:
[SEQ ID NO. 15] 5'- AAAAAATTCTTACAATTTT 5
GGTACCAGT GCTTGACTAGGOGGATGAGGCTCTTGAGT TTTTT- &' 3 DHFR gene: [SEQ I D NO.
= Q
S [ SEQ I D NO.

16] 5' - AAAAAAAGTCTTGCATGATCCTT

GTCACAAATAGTTTAAGATGGCCTGGGTGATTCTTTTTT-3' 3 Cu. ZnSOD gene:
C ACTTTATAGECCAGACET TTTTT- 3

= AAAAAAAACCGTACTCICE :

S v s N W W N N

N N W Wt i

- AN NN
SN NN TN N
AN \\\\"\

17] 5' - AAAAAACCAGCACCCCGICT 30

ALDHA1 gene: [SEQ ID NO. 18] 5
CAGITCTCTTCCATTTCCAGACATCTTGAA ‘_
SADD4s5 /i
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TK gene: [SEQ ID NO 19] 5'- AAAAAAGAGTGTCTTTGGC
ATACTTGATCACCAGGCACTTGTACTGAGCAATCTGGTTTTTT- 3'

35 PVALB gene: [ SEQ I D
NO. 20] 5'- AAAAAAAAACACCTTCTTC
ACATCATCCGCACTCTTTTTCTTCAGGCCGACCATTTTTTTTT- 3!
- 46- TH gene: [SEQ ID NO. 21] 5'- AAAAAAGAAGCTCTCAGACAC

GAAGTAGACTGACTGGTACGTCTGGTCTTGGTAGGTTTTT- 3 EH gene: [SEQ ID NO 22]

5' - AAMAAATCTAGAATATAGG  CAGCCAGACCCACAGEAGAGTCATTCAGAGCAGAGCCTTTTTT-3' 5
TOP1 gene: [SEQ ID NO. 23] 5'- AAAAAAGATAGCGCTCTTCTTC
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CCACCATTTCCACTTCTGITCCTCTTCTTTCTTCTTTTTT- 3' TOP2 gene: [SEQ I D NO 24]
5' - AAAAAAGCCTCTGCCAGTITTTTCTT CAGTCATCTTCACAACAAATTTCACAGTGGTTTTTTT- 3"
MI 1A gene: [SEQ ID NO. 25] 5'- AAAAAATCTCTTCCTTGCAG 10

GTGGCTCCTGCACCTGCACT GGCTCCTGCAAATGCCAAAGAGITTTTT -3¢ The

synt hesis of the above oligonucl eoti des was carried out as follows. The
specific ol i gonucl eoti de was synt hesi ?1using an aut omat ed

ol i gonucl eoti de synt hesi zer [ Model 392, Aég ifed 15 Biosystens, Foster

Cty, CAl. | have al so designed the follow ng

ol i gonucl eoti des whi ch are honol ogous to the indicated stress gene
MRNAs, based on the reported nucl eoci de sequence of the various genes
or cDNAs thereof: 20 ALDHl1 gene: [SEQ ID NO 26] 5'-AATTGCTATGCCGIGGTAAGTG
CCCAGTGCCCCTTTGGTGGATTCAAGAT- 3! CYP1Al gene: [SEQ ID NO. 27]

5' - ATCTGAGI TCCTACCTGAACGGT TTCTCACCCCTGATGGTGCTATCGACA- 3! FOS gene:
[ SEQ I D NO. 28] 5'-GIACTCCCAGCTGCACTGCT 25 TACACGTICTTCCTTCGICTTCACCT- 3
GADD153 gene: [SEQ ID NO 29] 5' - AGGAGAATGAAAGGAAAGTGGC
ACAGCTAGCTGAAGAGAATGAACCCCTC- 3 GADES5 gene: [SEQ I D NO. 30]

5' - AGTCGCTACATGGATCAATGGGT TCCAGTGAETAATCTCCCTGAACGGTG 3' 30 GAPDH
gene: [SEQ ID NO. 31] 5' -GTGGTGGACCTGACC%S@:GTCT
=}
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AGAAAAACCT GCCAAATATGATGACAT- 3' GST2 gene: [SEQ ID NO. 32]
5' - CAGOCCCAAGGAAGCCTCCCATGG ATGAGAAATCTTTAGAAGAAGCAAGGA- 3' HVD

gene: [SEQ ID NO. 33] 5 -CTTACACTCAGCTTTCTGGTGGCG 35
ACAGTTGCTGTAGGGCTTTA- 3' HSP70 gene: [ SEGFB=N
5' - AGAAGGACGAGT TTGAGCACAAG AGGAAGGAGCT GGAGCAGGTGT- 3'

[ SEQ TD NO. 35] 5'-GCTCAGGGAACAGGTGGCACA§
TTAAACAGAAAGTCATGAACCACGTTA-3' 5 MRL geféll[SEQ ID NO. 36
5' - GAAAGGCATCTATTTTTCAATGGT
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CAGT GT CCAGGCT GGAACAAAGCECC- 3! MI1A gene: [SEQ ID NO 37]

5' - GCACTGGCTCCTGCAAATGCAAA GAGTGCAAATGCAACTCCTGCAAG 3 MTI 1 A gene:
[ SEQ+I'D«NO. 38] 5'- COCAGGGCTGCATCTGCAAAG 10 GEECEWCE%%(I%(}3 NMO gene:
[SEQ I D NO. 39] 5'-ACCACTGTATTTTGCTCCAAGCAGC
CTCTTTGACCTAAACTTCCAGCCAG: 3' PCNA gene: [SEQ I D NO 40]
5' - ACAAAAGCCACTCCACTCTCTTCA ACGGTGéiﬁ%{gAGTATGTCTGCAGA—f-~
[SEQ I D NO. 41] 5'- TTGCTCTCGACAGTATCCA
AGCTGACGGCTGGEGTGTTTCAGTTTGA- 3' | al so desigred
control ol i gonucl eoti des whi ch are honol ogous t o houseKEEpPHH
transcripts: 20 ACTG (gamma-actin) gene: [SEQ ID NO. 42] 5 ACCTTCCAGCA
GATGTGGATTAGCAAGCAGGAGTACGACGAGTCG 3' BTUB (beta-tubulin) gene: [SEQ ID
NO. 43] 5'-TTGAGIGG ATCCCCAACAATGT GAAAACGCCTGTCTGTGACATCCCACCT- 3' .
These ol i gonucl eoti des were each nodified at 25 their 3' end by the

addition of an am no group so that they could bind to a negatively
charged nenbrane only via their 3 end. Such oligonucleotides were
synt hesi zed to order by Operon Technol ogies, Inc., Al ameda, CA. 30

Conpl enent ary and honol ogous ol i gonucl eoti de
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prcyg\for any of the other stress gene nRNAs that may be enpl oyed in

t hi nventi on nmay be S|n1IarIy desi gned using the software descri bed
above~—- - 48-
EXAMPLE 2 Toxicity Assay O An Unknown Conpound
Usi ng Radi ol abel |l ed A i gonucl eoti de Probes . Direct Quantification
of 5 Stress Gene nMRNA by Hybridi zation
-88-
ABSTRACT

This invention provides methods and
diagnostic kits for identifying and characterizing
toxic compounds. These methods and diagnostic kits

5 measure transcripticn or translation levels from genes
linked to native eukaryotic stress promoters,
especially those of mammals. The kits and methods of
this invention utilize at least one stress promoter
from each of the following groups: redox stress, DNA

10 stress, protein stress and energy/ionic stress. The
invention also provides methods and diagnostic kits for
identifying and characterizing compounds that are toxic
to specific organs, such as skin and the eye, as well
as for each of the individual stresses indicated above.
15 The methods and diagnostic kits of this invention yield
information concerning the action of a compound on a
subcellular level. This information may be utilized to

design antitoxins to compounds found to be toxic and in
active drug design.
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tq A iaonucl eotide Probes : . irable t ow i f unknown
cgrrpou_nd ~ "X" is toxic and, if it i's, ﬁhﬁe@ 6@}

causes
to mammalian cells 10 HepG2 0 ]

fl asks CcANREPPAQCEWIENT nSHEET ¢ssenti al nzlc#@ %%6’ Elﬁ_u@d@% 8 (1(’)
Gai t her shur g, N‘B)-—cm‘t-ﬁ”t"rr reéach a density of approximately 8 x
10[err] cell q/ “\I'Qﬁ sigy-% are then subcul tured by diluting themto
5 x 10[err] ceIIsQ'F.H & liated at 10 m/plate. Several pl ates of each
subcul ture arfe Eexpased to.a-diflf erent concentration of corrpoumd—X—fl pM
to 1 mMin a keries of 10fo|d di l utions) Messenger RNA is isol ated
from subcul tu 3- 188080 d 321 RO ULy - Ao e SBiARed el ow. 20
The mediumis reﬂDV%@ﬂé@ﬂbﬁaﬁoGe&i Ag”o Ongmm%mterm@x ¥ TS PO ak | @sMsstot he
cells are washed twce W th col'd phosphate buffered saline. T then add
2 m of cold phosphate bufferesNnsall eI dFe IMVEMITAREr and use a

rubber policeman to scrape the lysate into 15 ml 25 disposable
pol ypropyl ene tubes. Total TRNA wagensdbatexpvides wayipdsh@nRNAzol B

reagent (Biotecx L@i&graisﬂ_wre&,_-s rorH0§§¥x@'nyJTﬁ§,arfd)HMa@@eﬁf&-BU'ﬁ@CtUr er's
directions. The i ed and, redi ss in 10 [e

water. A nor me?*3A &%‘D&“ﬁﬁA |§¥1558u?er1}6%°§0ﬁ1 & 1ra]gélloﬁl afe’ lt%%)

RNA from each two mepdimaterguisarepriont hentranslation levels from genes
linked to native eukaryotic stress promoters,

10 especially those of mammals. The kits and methods of
this invention utilize at least one stress promoter
from each of the following groups: redox stress, DNA
stress, protein stress and energy/iocnic stress. The
invention aiso provides methods and diagnostic kits for

15 identifying and characterizing compounds that are toxic
to specific organs, such as skin and the eye, as well
as for each cf the individual stresses indicated above.
The methods and diagnostic kits of this invention yield
information concerning the action of a compound on a

20  subcellular level. This information may be utilized to

design antitoxins to compounds found to be toxic and in
active drug design.

BACKGROUND OF THE INVENTION

At least 55,000 chemicals are presently
25 produced in the United States. Over 2,000 new
chemicals are introduced into the market each year.
Very few of these chemicals have been comprehensively
tested for acute or chronic toxicity. For example,
less than 1 percent of commercial chemicals have
30 undergonrne complete health hazard assessment.
The Environmental Protection Agency ("EPA")
has the authority to require toxicological testing of a
chemical prior to commercial production, but that
authority is rarely invoked. Less than 10 percent of

35 new chemicals are subjected to detailed review by the



applied to 20 different slots in a slot blot apparatus
The sl ot bl ot apparatus is cleaned prior

of nitrocel l.ul ose paper or nylon nmenbrane filter (0.45[err]m pore

size) is briefly 35 wetted in water and then soaked in 20X SSC for 1 hour
at roomtenperature. The filter is then placed in the

- 49- apparatus. The RNA sanple fromeach plate is m xed with 20
[err]] of 100% formam de, 7 [err]l of 37% formal dehyde and 2 [err]l of
20X SSC, incubated at 68[err]C for 15 m nut®s and then chilled on ice.

> Teghy [hr1ge 0l B¥LLS APRIJRI N LY Hcddb co che

market, the EPA often uses the toxicity of previously

as foll ows.
to use in 0.1 N NaOH A piece

tested homologous compounds to gauge the toxicity of a

a

new chemicail.

m

The potential toxicity of new drugs is
monitored by the Food and Drug Administration ("FDA").
For a New Drug Application (NDA), the FDA typically
requires a large battery of toxicity, carcinogenicity,
mutagenicity and reproduction/fertility tests in at
10 least two species of live animals. These tests are
required to last up to one year. A two year toxicity

test in rats costs approximately $800,000 {(Casarett and

Doull’s Toxicoioay, 4th Edition, M. 0. Amdur et al.,
eds. Pergamon Press, New York, New York, p. 37 (1991)].
15 Besides cost, animal testing also presents
disadvantages in terms of time, animal suffering and
accuracy. Typical toxicity tests are divided into
three stages: acute, short term and long term. Acute
tests, which determine the LDy, of a compound (the dose
20 at which 50% of test animals are killed), require some
60-100 animals and a battery 6f tests for determining
LD,, dose-response curves and for monitoring clinical
end points, other than death. Short term tests usually
involve at least 24 dogs and 90 rats and last from 90
25 days in rats to 6-24 months in dogs. Body weight, food
consumption, blood, urine and tissue samples are
frequently measured in the short-term tests. In

addition, dead animals are subjected to post-mortem

examinations. Long term tests are similar to short

30 term tests, but last 2 years in rats and up to 7 years

in dogs or monkeys.

Animal testing has come under criticism by
animal rights activists and the general public because

of the severe suffering inflicted on the animals.

35 Moreover, recent evidence calls into question the

accuracy of animal testing. For example, variables,
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t he apparatus together with two vol unes of 20X SSC. After the solution

drains through the filter, the slots are rinsed twice with 1 m of 10 X
SSC. The filter is then dried and baked at 80[err]C for 2 hours in a
vacuum 10 oven. The filter is then cut into strips so that sanpl es
exposed to different concentrations of X for varying periods of tine
can be hybridized to individual stress gene-specific probes. One strip
is used for each separate probe. 15 . Hybri di zati on of the
strips to individual ol i gonucl eoti de probes are carried out under well
known conditions for

RNA--DNA hybri di zation. _The t-yr. - and
sal t concentratioﬁufgra%y%ﬁﬁ%ﬁ%ﬂqﬁ§CVangu§mB?65e§ne P£§§E?¥%§§iéﬁx Vil
depend upon the nandmelofestre 20 deflargemiaBe 68K deROITHES PIIAFFTEESNs can be

cal cul at ed ugipNguWehbe khaywn fardvulaade cBhebes ihorthend adddwi ng
genes are used:

. redpx stress only: CYPIAL,. ALDH?; . DNA
stress only: XHF,RBﬁﬁ?tEADd%%§H§ﬁH Wﬁéle' iél ﬁ%%%g?h'st%%%é#gﬁ?y:. HSP70,
MI 1A ~ redox datdroDipesioms son GEPXA, GQMQCQHN,NhS€£§ on guyrgdoR1gDNA
and protein stressesdiNg, are NN LI Sidev@NdagBar q¥li oni custiwss: «bes.
P g Y e O bR P X! Sodll a B3 B5dn I k€L ADT S Tevels

p- 753 (1991); L. Roberts, "More Pieces in the Dioxin
Puzzle", Research News, October, 1991, p. 377]. t is

10 therefore apparent that there is an urgent need for a

quick, inexpensive and reliable alternative to toxicity
testing in animals.

Several short-term alternactive tests are
available. Ffor example, the Ames Assay detects
carcinogens which cause genetic reversion of mutant

strains of Salmonella typhimurium. However, the Ames

Assay cannot detect either non-mutagenic carcinogens or
non-carcinogenic toxins. The yeast carcinogen assay
system described in United States patent 4,997,757
20 overcomes some of the drawbacks of the Ames Assay, but
is still not able to detect ﬁon—carcinogenic toxins.
Both of these assays are designed to detect alterations
and mutations at the DNA level only. Therefore, those
prior art tests cannot detect direct damage to proteins
25 or lipid membranes, nor inhibitors of DNA synthesis.
Moreover, those prior art tests cannot provide
information as to how a mutagen or toxin exerts its
effect.
Applicant’s copending United States
30 application Serial No. 910,793, filed July 6, 1992, the
disclosure of which is herein incorporated by
reference, describes an assay system which utilizes a
reporter gene fused to bacterial stress promoters to
determine and characterize the toxicity of a compound.
35 This assay is able to detect damage to proteins or

lipid membranes and inhibition of DNA synthesis. Thus,
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t wo ways. In one nethod, the strips are exposed to X-
hybridi zation quantified by densitonetry. Alternatively the strips
are cut' into individual slots and subjected to scintillation

counting. Actually, 35 both nmethods can be carried out if the former is
performed first.

- 50- .
I ndi rect Quantification of Stress Gene nMRNA by Hybridi zation
of cDNA to digonucl eotide Probes

ray film and

123

this assay provides

rh

or the identification of non-
carcinogenic toxins. Unfortunately, the correlation
between bactrerial toxicity and toxicity to mammals and
other higher sukaryotes has certain limitations and may
not be an accurate measure cf toxicity in higher
animals.

Therefore, there is still a need for an assay
that has the -ime and cost-saving features of the

bacterial stress assay, but is based on a eukaryotic
10 cell.

SUMMARY OF THE INVENTION

Appiicant has fulfilled this need by
providing an 1 vitro diagnostic kit and assay method
which identify and characterize the cellular and sub-

15 cellular effect of a potential toxin on an animal cell.

These kits and methods employ the native stress

promoters of eukaryotic cells, preferably mammalian

cells, and measure the level of transcription or
translation of a gene which is operatively linked

20 thereto. Depending upon the choice of stress promoters
used, the kits and methods of this invention may be
designed to identify and characterize compounds that
are toxic to the whole animal or to specific organs of
that animal.

25 In one embodiment, the kits and methods of
this invention characterize the toxicity of a compound
by determining the level of transcription of various
stress genes present in a eukaryotic cell. These kits

and methods employ oligonucleotides that are

30 complementary or homologous to at least a portion of
various stress gene messenger RNAs to detect
transcription of those genes in the cell. In this
embodiment a single cell is effectively an in vivo
diagnostic reagent for determining what particular

35

stress a given compound induces.
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Al Cross-Linking of Aigonucleotides 5 To Negatively Charged

Menbr ane we separately cross-Ilinked oligonucl eotides
honol ogous to the nRNAs of the follow ng stress and

housekeepi ng genes
to Birodyne C nenbranes (Pall Corporation, East Hills, New York)
essentially using 10 the nethod described in Y. Zhand et al., Nucleic
Aci ds Res., 19, pp. 3929-33 (1991): redox stress only: CYP1Al,
ALDH1,; DNA stress only: GADD153;

protein stress onIy HSP?O 15
redox and protein stress: MIIIA redox>and DNA stress:

r edox,
DNA and protein stress: JUN;

oteln and energyLi gnj, e, $iLesse  FCS;
control: [err]-actin. 20 in “nowerTﬁgL e C %glnbrqanegwasail r}gt rinsed
briefly with 0.1 $iddQar \Ml@mmtuceaeg&st herlnmmr?elf erenfoftY8SH; nut es

with freshly prep QAW iERS( Yinked to a reoorfer gene. B2y
et hyl - 3- (3- di met hy %?nogneopro(gpyl car boall [ rlnn ga

ne was then
rinsed with HO anB*PPakRstl &ffHm gt SEQarﬁéFayDb? BT ED| n%ng 2

apparatus. W then
applied the am nomeasurin@ditd eadcuziels@omcbeothdeSEPW@ﬂSMWHQGB”EEH 8. 4)

to the menbr dﬁ]\y alpateldohpbahag avva@w{axfamekﬁzann
The total vol unme g§§ égf & ou(?é‘I ot to exceedm3 r;l
The kits and methods of hhl invention are

optimally designed to determine the toxicity of a
compound in a matter of days, rather than the months or
10 vyears required for animal testing. Furthermore, the

' kits of this invention achieve these results for

i

fraction of the cost of animal testing and without the
objectionable consequences to live animals. And, the
diagnostic kits and methods of this invention yield

15 direct information about the nature of a toxin‘s action
on mammalian cells -- something that the prior art

short -term assays fail to do.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 depicts the relative expression of
20 chloramphenicol acetyl transferase under the control of
different stress promoters in the presence of varying
concentrations of tetrachlorodibenzo-p-dioxin {TCDD).
Figure 2 depicts the relative expression of
chloramphenicol acetyl transferase under the control of
25 different stress promoters in the presence of varying
concentrations of 3-methyl cholanthrene (3-MC).

Figure 3 depicts the relative expression of
chloramphenicol acetyl transferase under the control of
different stress promoters in the presence of varying
30 concentrations of benzol(a]pyrene.

Figure 4 depicts the relative expression of
chloramphenicol acetyl transferase under the control of
different stress promoters in the presence of varying

concentrations of cadmium sulfate.
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Each i ndi vi dual ol i gonucl eoti des was applied in four 30 adjacent wells.

After .applying the oligonucl eotides, we rinsed the nenbrane with 1 x
TBS/ 0. 1% Tween-20 and t hen guenched any remaining active groups on the
menbr ane by treating with 0. 1N NaOH for 10 min. W then rinsed the 35
menbrane with dH err]O, air dried, and stored the dry menbrane in a
seal ed pl astic bag. -51-

B. Treatment of Cells and | solation of RNA

Hep& tells are grown in mninmal essential®-

Figure & depicts the relative expression cf
chloramphenicol acetyl transferase under the control of
different stress promoters in the presence of varyin

concentyaticns of dimethyl sulfoxide (DMSO).

[¥)]

Figure 6 depicts the relative expression of
chloramphenicol acetyl transferase under the control of
different stress promoters in the presence of varying
concentrations of ethanol.

Figure 7 depicts the relative expression of

10 chloramphenicol acetyl transferase under the control of
: different stress promoters in the presence of varying
l concentrations of methapyrilene hydrochloride.
Figure 8 depicts the relative expression of
chloramphenicol acetyl transferase under the control of
15

different stress promoters in the presence of varying
concentrations of methyl methanesulfonic acid (MMS).

Figure 9 depicts the relative expression of
chloramphenicol acetyl transferase under the control of
different stress promoters in the presence of varying
20 concentrations of sodium arsenate.

Figure 10 depicts the relative expression of
chloramphenicol acetyl transferase under the control of
different stress promoters in the presence of varying
concentrations of phorbol 12-acetate-13-myristate

25 {PMA) .
Figure 11 depicts the relative expression of
chloramphenicol acetyl transferase under the control of

different stress promoters in the presence of varying
concentrations of retinoic acid.

30 DETAILED DESCRIPTION OF THE INVENTION

As used herein, the terms "stress" and

"toxicity" are used interchangeably and refer to the

disturbance of the biochemical and biophysical
homeostasis of the cell.
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mediumin 100 mmcell culture dishes to no greater than 5 80% confl uency.
The cultures are then exposed to various concentrations of conpound X
and are incubated at 37 Cfor the desired length of tine. After

aspirating off the nedia, the cells are washed three times with 10 m
of a roomtenperature phosphate 10 buffered saline solution.

5 mM of the
phosphat e buffered saline solution is then added to the cell
culture dish and the cells are scraped fromthe dish with a rubber
poli ceman and placed in a 15 ml centrifuge tube. Cel I s are t he counted

with a 15 henacytoneter and pelleted in a centrifuge. phosphate

buffered saline is poured offe term "redox sStresgf. th‘a'I‘s?fNA FE5PEPPEN i s

1°S0
desired, we use chlBNééeiLlBa\(ﬁbeIeﬁé@éﬁ)wcatdmmca$lchacwnl¢—bu§tro'n Erox) |

fol | owing manufactyrer s direchiOfison dls AV dod ekt 120 1 desigiod, the
Messenger RNA Isolg’t SRIRFt (Stracage nc.,. La Jolla, CA) is used,
foll owi ng the Smﬁuﬁacﬁbﬁe?esldl r%‘é‘i‘?’brﬁs"—ress 'inciudes ghcre %5 Sver se
Transcription and 1 @QYdi@Ndlk superoxides radf¥R of StaresseBpievéis TDNAs 25
Tota O (50 [err L ar A (2 b b5 ana oxbifsr ocedr e
peroxides --, decreased levels of giutathione and any
other conditions which alter the redox potential of the
cell, such as exposure to strong reducing agents, some

10 aromatic hydrocarbons, electrophilic compounds,
aldehydes, intracellular thiols, steroids, methyl

. | cholanthrene, phenobarbital and CCl,. The term also
includes anv additional conditions wnich cause
proliferation of peroxisomes.

15 The rerm "DNA stress", as used herein, refers
to alterations to deoxyribonucleic acid or to precursor
nucleotides. For example, DNA stress includes, but is
not limited to, DNA strand breaks, DNA strand cross-
linking, exposure to DNA intercalating agents, both

20 increased and decreased superhelicity, oxidative DNA
damage, DNA alkylation, oxidation of nucleotide
triphosphates and alkylation of nucleotide
triphosphates. The term also includes inhibition of
DNA synthesis and replication and inhibition of mitosis

25 or meiosis. And the term includes conditions caused by
exposure to growth factors, interferons, tumor
promoters, tumor necrosis factor, phorbol esters,
hydrophobic cytotoxic drugs, inflammatory agents,
mitogens, carcinogens, X-rays, UV radiation and

30 dimethylnitrosomines.

"Protein stress", as used throughout the
application, refers to alterations to proteins or
individual amino acids and inhibition of enzyme
functions, as well as perturbations of intracellular

35 transport of proteins. The term includes, but is not

limited to, denaturation of proteins, misfolding of
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transcri bed using SUPERSCRI PT || (reverse transcriptase) (G bco/BRL,

Gai t hersburg, MD) and the follow ng protocol. 30 The RNA
is added to a mcrocentrifuge tube with DEPC Herr]O and oligo-dT
prinmer. The amount of DEPC H err] O added to the reaction mx is
determ ned after the vol unes of the other reagents are determ ned. The

oligo-dT prinmer (0.5 [err]g/[err]l) is added so that the volunme 35 is 10%
of the total end volune. The reaction m xture

-52- is heated to 70[err]C for 10 m n-&d then quick-chilled on
i ce. The follow ng conponents are added in the order: .
proteins, cheiaticn of protein cofactors, cross-:inking

of proteins, both oxygen-dependent and -independent
oxidation c¢i Iarter- and intra-chain bonds, such a&as

disulfide ponds, alkylation of proteins, oxidation of

un

individual amino acids and protein damage caused by

exposure t©o heavy metals, such as cadmium and heart.
I use the term "energy/ionic stress" Lo

encompass conditions which affect ATP levels in the

cell or ionic gradients across a cell membrane.

10 Examples of energy stress are forced anaerobic

. metabolism in the presence of oxygen, perturbations of

electron transport, exposure to uncoupling agents,

membrane depoiarization, osmotic shock, exposure to

ions, such as Ca’*, exposure to high levels of cAMP and

15 exposure to ethanol.

The term "cell surface receptor-mediated

stress" refers to those conditions which alter the

transcription level of genes whose expression is
regulated by the interaction of a cell surface receptor

20 with a ligand. Examples of such stress include

exposure of the skin,

irritants,

eyes or mucous membranes to
allergens or inflammatory compounds.

The term "stress promoter induction" refers
to conditions which increase the level of expression of
a gene product operably linked to a native stress

promoter or a recombinantly derived stress promoter

which contains a response element.
linkage",

25

The term “"operative
"operatively linked" or "operably linked"
refers to the positioning of the promoter relative to

the gene such that transcription of the gene is
regulated by the promoter.

recombinant constructs,

30

The term encompasses both

as well as the structure of a

naturally occurring promoter and its associated gene.
The term “"determining and characterizing the

35 toxicity of a compound" includes identifying a compound
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5x SUPERSCRI PT first strand buffer (20% of total volume); 0.1 MDTT
(10% of total volune); 10mM dNTP mx 5 (5% of total volune); SUPERSCRI PT
" (5% of total vol une). The reaction mxture is centrifuged briefly
and then m xed by repeated pipetting. The m xture is I ncubat ed at
37[err]C for 1 hour. 2 [err]l of RNAse A (10 ng/m) is then added to
the reaction mxture and m xed 10 by pipetting. The reaction mxture is
t hen i ncubat ed at 37 C for another hour. At the end of incubation,
ddH err]O is added to a final volume of 4500 {err]l. The cDNA is
preci pitated by adding 50 [err]l. of 3Msodi.um acet at |l owed by 1 m
of 100% et hanol . *fhé& gf’?ffﬁré“‘?se‘t‘h%ln“’l%m%e'msr F‘FEQSBlF §0°m Hites in a
m crocentrifuge atithin chg 60Dlx g. The supernatant is renoved and the

CcDNA resuspended in 19Qe[eLf$|“{ﬁcfgmﬁ‘ﬂaihoseauéﬁﬁé£l & & in
resuspended DNA is_.then. renoved. and r n_a.scinti.llation

counter. A total 51 2586 1686-2P s> 1S~ Y ¥ Ui fsdf’géﬁ Oﬁy%?'i”aerZat i on.
The cDNA may Be eittfamdecadbyhabel ped-itmouglereot, shegdseocvfdperkqP dCTP

(100 [err]Gi) in §€}E‘ar{d%écble98m9{: DNA_of i Caldy diheblredokhs orgre tie use

of di goxi geni n-dUr using the GENIUS 1 kit (Boehri.nger Mannhei m 25
Bi ochenical , | ndldﬁ&?&(ﬂ isgrapRpd synthectic oligonygleghidf&utticient quantity
of stress gene cDNA |$1helr'easnedeby gdree abovmroddsed, bPCR wmiyquze used

promoter, genes which respond to identical stresses
10 contain a common response element within their
L ) promoters. Accordingly, the same response element 1is
responsible for inducing expression of a family ot
genes upon expcesure to a certain stress. When isolated
and operably linked to a minimal promoter and a
15 structural gene, the resulting construct functions like
a stress promoter. This is particularly useful in
dissecting a native stress promoter that responds tTo
multiple stresses into its component parts.
Individual cells respond to toxic stimuli, in
20 part, by activating specific genes whose protein
products detoxify the stimuli or repair damage caused
thereby. Eukaryotic cells have large number of genetic
and biochemical responses to damage and stress. At
least 50 different mammalian stress genes have already
25 Dbeen isolated and characterized. These genes are
induced by a variety of chemical and physical stresses
or cellular damage.
Among the chemical stresses which induce one
or more of these identified genes are exposure of the
30 cell to meréury, heavy metals, nitroxides, aromatic
hydrocarbons, acidity, basicity, alkylating agents,
peroxidizing agents, cross-linking agents, ionophores,
redox active agents, electrophilic compounds,
inflammatory agents, hydrophobic cytotoxic drugs,
35 ethanol, steroids, uncoupling agents, tumor promoters

and cellular factors, such as tumor necrosis factor.
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for anplification. Reverse transcription is carried
above, except that no label is 30

based on the

publ i shed 5 and 3

out as descri bed
I ncorporated into the cDNA.  Priners

codi ng sequences of the desired
stress gene are used in the PCR reaction.

Anplification of all stress
gene cDNAs is carried out in the sane reaction tube. 35
The total cDNA is diluted 1:10 with dH err] O and 10 [err]l is used
for the PCR reaction. The follow ng conponents are then
added to produce the indicated -:0-

m

10

20

25

30

35

growth factors and interferon. Physical stresses
include exposure to UV radiation, heat or X-rays.
Examples of cellular damage which induce
rhese identified genes are lipid oxidation, peroxisome
proliferaction, DNA strand breaks, DNA alkylation, DNA
cross-linkina, DNA oxidation, osmotic imbalance,
protein oxidation, protein misfolding, protein
alkylation, ATP depletion, membrane permeabilization,

glutathione depletion and alterations in signal
transduction. Many more stress genes are believed to
exist. The identification and characterization of

these additional stress genes is highly desirable in

understanding what effects various chemical stresses
have on the cell.

The present invention provides diagnostic
kits and methods for determining and characterizing the
toxicity of a compound in terms of the type of damage
it causes within the cell, i.e., DNA damage, protein
damage, redox damage, energy damage, lonic damage, etc.
According to one embodiment, each diagnostic kit of
this invention comprises a plurality of eukaryotic
cells, each of which harbors at least one promoter Or
one promoter element which responds to stress. The

plurality of cells, in toto, must comprise at least one

promoter or promoter element which responds to each of

the aforementioned types of stresses -- redox, DNA,

protein and energy/ionic -- operably linked to a gene
encoding a detectable product.

According to one embodiment, the pilurality of
cells in this kit are actually a single cell line,
wherein each cell contains all of the different types
of stress promoters and wherein each of those promoters
is activated upon exposure to the appropriate stress.
In this embodiment, the genes operatively linked to the
stress promoters are most preferably the native stress

genes. In this manner no genetic manipulation need be
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final concentration: Ix TAQ buffer (Boehringer Mannhei m Bi ochemi cal ) ;

300 [err] M each dNTP; 25 pnol each PCR prinmer; 2.5 units TAQ pol ynerase
(Boehri nger | Mannhei m Bi ochemical) ; dH err]Oto a total reaction vol une
of 50[err]l. The m xture is m xed by pipetting, followed by a 2 second
centrifugation. Two drops of I|ight mneral oil are placed on top of the
reaction m xture. PCR is set then carried out for 30 cycles of 1 mnute
10 at 95[err]C 2 minutes at Tm+ 2 C 3 mnutes at 72 C (10 m nut es

during last cycle). The PCR products are -i<-labelled with [err]P that has
been incorporated into nested h grj,rrers via a ki nase
e

] K re cg' in
one-cycle PCR Ca%g&& PYf/. OB5T elis PTIQY ey tfad ™ oy |gm°,rg |§8%_/pri%er
based on a stresshis prefeeteli embodigent detsedutr £Uddgredompsise of the

sequences upon \A@ilc%r&[kele%rtii@é"ssogrofmﬁgg YE{&h basethomplemehbBs VS idErs are
synt hesi zed usi ng an ol 1 gonucl eot| de synt hesi zer or__pur 8hlased froma
commerci al contr 482%k .2 BRPILERE REsCEADEFi FBF sCIPEY Mel1%8d “BY ¥ xi ng 1.2

[err]l (0.55 sci&td]df [teie Heheaf undetedopriakrofithe BP@cidie] | of 10x
ki nase buf T €£ -4 05 I dcirsPH &2 003 AMhMIELOEIEds £HE WMCBTT) & 5.0
[err]l [err]P ATg; .%we_r ﬁ’cl po_IfynucI eot rde ki nase. and 1 %h%%rrél
dH err] O The r@88EeForAnd dransd iy thepBRNPng¥aRET Heubat e € df"37[err]C
for 1 hour. Theokearéi EPNA ScdrilEneditedheyeof, einbebaef orhiath ®@yebe] C f or
10 m nutes, fo'l%“Eddgyeékégﬁéﬂﬁroducc in this embodiment.
10 It should be noted that although all
eukaryotic cells contain numerous sStress promoters
within their genomes, some of those promoters may or
may not be activatable upon exposure tO the proper
stress. This is especially true in higher eukaryotes,
15 such as mammals. Those cell lines whose stress
promoters do respond to almost all of the appropriate
stresses are preferred in the kits of this invention.
These include primary tissue from mammalian liver,
heart, lung, kidney, brain, or other organ, as well as
20 mammalian derived cell lines established from these
tissues available from Americén Type Culture Collection
(ATCC, Rockville, MD). More preferred are HepG2 cells,

HelLa cells and WIL-2 cells. Most preferred are HepG2
cells.

25 The oligonucleotides employed in the above

diagnostic kits and methods of this invention are
chosen based upon their ability to specifically
hybridize under relatively high stringency conditions
to the either the transcription product of the gene
30 operatively linked to the various stress promoters Or
its complement (i.e., a single-stranded cDNA reverse
transcribed from that mRN2Z). The choice of utilizing
complementary or homologous oligonucleotides depends
upon the method used for detecting the transcription

35 products. These various methods are described later in
the application.
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centrifugation and cooling on ice. 90 [err]]l of dHerr]O are

t hen
added, . fol l,owed by 100 [err]l of phenol/chl oroform (1:1). The m xture
is mxed well, centrifuged for 10 30 minutes, and the aqueous phase is
then transferred to a new tube. We then precipitate the | abelled
prinmers by adding 10 [err]l of 3Msodium acetate, 1 [err]l of 10
ng/ m t RNA, and 400 [err]l of 100% et hanol and placing on ice for
10 minutes. The mxture is the centrifuged for 30 mn 35 at room
tenperature. The pellet is washed with 80%z:2- et hanol, centrifuged for
5 seconds and dri ed. The

-54-

3ecause the DNA sequence of many mammaiian
stress cenes are known, hybridizable oligonucleotides
are easily cocnstructed. It should be noted that 100%
homology cr compiementarity between the oligonuclieotide
5 and the stress gene mRNA is not required. This :s
because the cligonucleotide may be designed based upon
the sequence cf a stress gene from a species different
from the source of the cells utilized in the kits and
methods of this invention.
10 While it is expected that similar stress
. ) genes from different mammalian species will be closely
related, the transcripts from those genes will most
likely not nave identical nucleotide sequences.
Accordingly, the oligonucleotides utilized in the kits
15 and mecthods of this invention are preferably at least
95% homologous or complementary. Preferably, the
oligonucleotides are between 20 and 500 base pa:yrrs
long. Most preferably, the oligonucleotides are
between 50 and 100 base pairs.

20 More preferably, the oligonucleotides are
synthesized using an oligonuéleotide synthesizer,
optionally followed by polymerase chain reacticn
("PCR") . In this procedure, an oligonucleotide having
a sequence identical to a portion of either the

25

template strand or the non-coding strand and within the

coding region of a known, sequenced stress gene is

synthesized. If PCR is to be used to increase the

quantity of oligonucleotide, the oligonucleotide is

synthesized with an additional 6 to 12 nucleotides at

30 each end. Those extra nucleotides serve as targets for

complementary primers in a PCR reaction. Preferably

the extra nucleotides at each end are complementary to

one another. This allows a single primer to prime off

of both the original oligonucleotide and the BCR

35 product thereof. Most preferably, the extra
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pellet is resuspended with 4 [err]l dHerr]O 0.5 [err]l 10x TAQ buffer,

and 0.5 [err]l TAQ enzyne. We then add 5 [err]l of the

| abel ed nested priners to the aqueous phase of the above-described PCR
m xture under the mneral oil and perform an additional cycle of PCR by
heating to 95 C for 2 mnutes, cooling to T[err] + 2[err]C (of |abeled
primer) for 2 mnutes and warmng to 72 C for 10 m nutes.

W then renove 50 [err]l of the aqueous phase to 10 a new tube, add 50
[err]] dHerr]O 100 [err]l phenol/chl orofasm m x well, and centrifuge
for 10 m nutes. The aqueous phase is recovered into a fresh t ube.

Uni ncorporated MUGECRBESSafe A lPsf%g?Oa‘DsLﬁF“ﬁnéeFtﬁmﬁo"‘onexGme“S 4,
Hybridization 15i.e., aAaAAAAZhEC NBHDIARE HRANEAITNIMTY athenher &sised | nked

ol igonucleotides is wetted jn. 15 of RAPI D HYB bu fer mersham
Arlington Heights, IL) by ROF & g%o%e T Bt MO Leﬁ%ﬁb?\é%lee%‘taﬁsa pair

of tweezers and sé’tﬁM&reFe*aPWEthgiqmelmm me'tvmﬁarésmﬁwaw'i s then 20
pr ehybri di zed sby :bf@gré&famy Ret QaBeSead -2 Magilodiag oxt REfluored&edd of RAPID

S then §mrer sed THFSE 1985 EREERR ni vl DA FSPOECROEPST HAD Pibel | ed
cDNA (15, 000u®8D dpresx liystdi detedt i the levdl off RARNBCHYBaord 25
boiled for 10 m ngt&s,dol |QW%daQVaHH$§g‘&@iéﬂﬂéﬂhfﬁéd oligonucleotide
synthesizer/PCR technique is that microgram quantities
10 of labelled oligonucleotide can be produced in a single
. ' procedure. The resulting oligonucleotides may
optionally be biotinylated following synthesis and
purification.

If the oligonucleotide is used to detect cDNA

15 reverse transcripts of the transcription product, it is
preferable that they not be labelled. In this
embodiment, it is preferred that the label be
incorporated into the cDNA, rather than the
oligonucleotide.

20

The design of appropriate oligonucleotide
probes for use in the kits and methods of this
invention is relatively straightforward. Obviously,
they should have high sequence similarity or
complementarity to the stress gene mRNA to which they
25 are designed to hybridize. The oligonucleotides in any

particular kit should also have approximately the same
melting temperature (T,) so that a single warming
apparatus (such as a water bath) may be utilized when
carrying out hybridization and subsequent washing
30 steps. Preferably the oligonucleotides are designed to
have a T, of greater than 70°C in 0.2X SSC. To
determine which portions of the coding regions of the
stress gene to use in designing oligonucleotide probes,
one may utilize a commercially available computer

35 program, such as OLIGO (National Biosciences, 2?lymouth,
MN) .
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i ce. After prehybridization, the ARNPAEE
and replaced with 14 m of fresh RAPI D HYB

| abelled cDNA is then added to 30 the bag and

ﬁE r enmoved

S
-65[jerr] C. The

E

he end is rededaled. The
bag is then i mrersed in a 68 C shaki ng wdt dr @&AUGV‘I&?M h. After
hybridi zati on, the nenbrane is renoved fromtHe and | aced into a
tray containing | ow stringency buffer (2x SSCYdTT@G?IEW of 20 m nutes
at romtenperature. The 35 nenbrane is then sterred 10 _high stringency
buf fer (0.2x SSC/0.1% SDS; preheatedato 45 C), and shaken for
-55-

According Ttz another empbodiment, each ci the
plurality of eukaryot:c cells in the diagnostic kit of
zhis inventicn harbors & stress promoter Or & stress
response element which is operatively linked to a

S heterologous gene enccding a detectable product. In

this embodiment, it is preferable that the same
heterologous gene be ilinked to the various stress
promoters or response elements in the kit. In this
manner, only a single assay need be performed to detect

10 induction of any of the stress promoters and stress
. response elements. It is also preferable that each

cell within the kit contains only a single stress
promoter or response element/heterologous gene
construct. Thus, the expression of the detectable

15 product in any given cell in the kit can be

specifically correlated to the induction of a single
stress promoter oOr response element.

The diagnostic kits and methods of this
invention employ a plurality of eukaryotic cells,

20 which, in toto, comprise promoters or response elements
that respond to each of: redox stress, DNA stress,
protein stress and energy stress. The preferred
promoters and response elements of this invention for

use with mammalian cells are listed below in Table 1.

25 TABLE 1
Preferred Mammalian Stress Promoters
Energyr
Promoter Redox DNA Protein lonic

CYP1AN X
GST Ya X X

30 GADD45 X
GRP78 X X X
JUN X X X
FOS X X X




30 mnutes at 45 C. The nenbrane is then renoved from t he hi gh
stringency wash, placed on a piece of Wuatman AM filter and exposed to
X“ray filmat -70[err]C overnight with an intensifying screen. After
devel opnment, the 5 autoradiograph is cut to fit into a 96-well mcrotiter
pl ate hol der and taped such that the radioactive dots are aligned with
the holes in the hol der. The aut or adi ograph is then read at 600nm f or
guantification. 10 The results for either of the two above-
descri bed assays are then conpared to a dakdbase of st andar ds prepared
usi ng the above pronoters and known toxins. By correlating results for

X with known conpounds, a toxi citapler af iikencad) be created. For 15
exanple, if X induced the sanme stress genes as TCDD at simlar

concentrations, thfs would indicated that X is toxic tp weelke ani mals
at simlar concent}atifmmeas A@BD. DNA Protein fonic
EXAMPLE 3 20 xrconstrucyion O Sttess prongt er - CAT Fusi ons
HSP70 X
MT 1A X X
GADD153 X
5 ALDH 1
HMO X X
CRE X
XRE X
' NFkBRE X X
10 RARE X
ThRE X
PPRE X
TRE X
ERE X
15 pS3RE X

Preferably, the promoters or response
elements which respond to redox stress in the methods
and kits of zhis invention are selected from the
promoters of the CYP1Al, GST Ya, JUN, ALDH1 and HMO

20 genes and the XRE, NFkBRE, PPRE, RARE, ERE, and ThRE
response elements.

The CYP1lAl gene encodes cytochrome P450 1Al,
an enzyme involved in the metabolism of polycyclic
aromatic hydrocarbons, such as benzo(a)pyrene. The

25 gene 1is inducible by aromatic hydrocarbons, plant
flavones and also by tetrachlorodibenzo-p-dioxin
(TCDD), one of the most potent teratogens and tumor
promoters (L. A. Neuhold et al., Mol. Cell. Biol., 9,
pp. 2378-2386 (1989); Y. Fujii-Kuriyama et al., The
30 FASEB J., 5, pp. 706-710 (1992); D. W. Nebert et al.,

Env. YHeaith Perspec., pp. 13-25 (1990);

R. A. Dixon et
al., Biol. Rev., 61, pp. 239-241 (1986)). The sequence
of this gene is desgribed in K. Sogawa et al., Proc.
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| prepared an XHF pronoter-CAT fusion as foll

-Syht-hesi-zed, t wo

ol i gonucl eot i des based upon t he published seqlyieRERLACEMENE SKHET

(col | agenase) pronmoter (P. Angel et al., M. —BrotT—7"Ppp| 25
2256-66 (1987)]. One corresponded to positions -520]t 1 Upptream
fromthe transcription start site priner. [ SE (hibAuﬁﬁégg

5' - TACCAGGCAGCTTAACAAAG 3'. The ot her corresp n -Qposi-tions| +53 to

+73 downstream from the transcriptions start

30 5' - ACTGGCCTTTGICTTCTTTC-3' . The ol i gonuci®eot i de
by Operon Techno
di ssol ved i n wat

un

10

(=
wn

20

25

30

35

ite. [SEQID NO 45]:
m?——”—"syﬂThesized

| ogies (Al aneda, CA). The ollgon ot| es were
é$%¥P—§ﬁﬁﬁﬁaP§l——9§éon%%nt?%ﬁﬁ(ﬁ? %8 g

more%/ m .

discliosure of which is herein incorporated by
reference.

The GST VYa gene encodes the glutathione 3-
transferase VYa subunit, a unique xenobiotic-responsive
element. The redox stress-sensitive portion of the GST
Ya promoter is strongly induced by electrophilic
herbicides, insecticides and planar aromatic
hydrocarbons such as B-naphthoflavone and 3-
methylcholanthrene [T. H. Rushmore et al., Proc. Natl.
Acad. Sci. USA, 87, pp. 3826-3830 (1990)). The

sequence of this gene is described in T. H. Rushmcre et

al., supra, the disclosure of which is herein
incorporated by reference.

The JUN oncogene codes for c-jun which
participates in the formation of the AP-1 complex -- a
transcriptional activator. Redox stresses which
activate the JUN gene are superoxide radicals and UVA
radiation. The sequence of this gene is described in
R. De Groot er al., EMBO J., 10, pp. 2523-2532 (1991},
the disclosure of which is herein incorporated by
reference.

The ALDH 2 gene encodes aldehyde
dehydrogenase and is induced by aldehydes and

peroxisome proliferators [D. W. Nebert, Env. Health
Persp., 88, pp. 13-25 (1990)].

The sequence of that
gene is described in L.C. Hsu et al., Proc. Natl. Acad.

Sci. USA, 82, pp. 3771-3775 (1985), the disclosure of

which is herein incorporated by reference.

The HMO gene codes for heme oxygenase. The
promoter is induced by the following redox stresses:
oxidative stress, hydrogen peroxides, and sodium
arsenite [S. T. Keyse and R. M. Tyrell, Proc. Natl.
Acad. Sci. USA, 86, pp. 99-103 (1989)]. The sequence
of this gene is described in that document, the




-

For XHF pronoter anplification | mxed 0.1 [err]g of Raji (human
genom c |library) genom c DNA 20 pnoles of each of the above two
prinmers, 5 [err]l of 10X buffer [500 MM KO, 100 mM Tris-HC , pH 8.3,
15 MM Md [err], 0.1%5 gelatin], 5 [err]l of 2.0 nMof each dNTP and 1
uni t of AMPLI TAQ (Taq pol ynerase) (Perkin-Elnmer, Norwal k, CT) I
added water to a total volune of 50 [err]l and perforned PCR.

The PCR reaction was run at 94[err]C for 2 10 mnutes, followed by 30
cycles of: 10 seconds at 56[err]C, 30 "$éconds at 71[err]C and 10

seconds at 94[err reactlon was .C Y%y Ncubating the
m xture at 56[err}la‘cmsu’f% °q. "Snjrﬁ Towe %BELS%%?G(% }} for 4 mnutes.
The react i onrgiedeete was t hen eI ectrophoresed on a 1. 0% 15 agarose gel

and the anplified sequenceneé(c‘m@dé romddsx scregel raﬁdoxﬁwé iflie@@ncThe

I sol at ed fragrrenLItwas th . qied and bI unt - end |igated into the
pBLCAT3 vect or dSEE?T"B%d ?nxﬁ’ TKOW et {1 2SNGEPTACT ds Res. " 15, p.

5490 (1987), Phe hwidzeFashers of Twhil c RRYShthRsreiat 24 -

reference. Sci. USA Oéheroﬁt I 8656 PEOIPT QoA . fU$h@n§ecf@hdéeof
simlarly prepared .usi ng ¥ t he abpve Cite d in tgupléoschuetg nnucl eoti de
sequences of the VAri 6G5P ‘és%iement *s described 1

the q1sclosure of which is herein incorporated by
reference.

10 NFkBRE is a redox stress response element

which encodes a transcription factor that is activated
by intracellular thiols [R. Schreck et al., EMBO J.,
10, pp. 2247-2258 (1991); B. Nelson et al., Molec.
Cell. Biol., 8, pp. 3526-3531 (1988)]. It also
15 responds to DNA stress. The sequence of this response
element is described in K. Leung and G. J. Nabel,
Nature, 333, pp. 776-778 (1988}, the disclosure of
which 1s herein incorporated by reference.
PPRE is the peroxisome proliferation response
20 element. It is a redox stress responsive element that
is induced by peroxisome proliferators [C. Dreyer et
al., Cell, 58, pp. 879-887 (1992)). The sequence of
this response eliement is described in that document,
the disclosure of which is herein incorporated by
25 reference.
RARE is the retinoic acid response element.
It is a redox stress-sensitive response element that
responds to the steroid hormone retinoic acid and its
analogs (H. de The, et al., Nature, 343, pp. 177-180

30 (1990), the disclosure of which is herein incorporated

by reference] .

ERE is the estrogen response element. It
responds to redox stress that is induced by estrogenic
compounds. The sequence of the ERE is described in V.

35 Kumar, et al., Cell, 55, pp. 145-156 (1988), the
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gene pronoter regions to design appropriate 25 oligonucleotide priners for
PCR. CAT fusions with the followi ng stress pronoters were prepared

for use in the kits and nethods of this invention: XHF, CYPI A, GST
Ya, MIIIA FCS, HSP70, GADD45, GADD153 and JUN.

EXAMPLE 4 30 Construction O A Response El enent - CAT Fusi on

| constructed a xenobiotic response el enent XRE- CAT fusion as follows.
| first had ol i gonucl eoti des corresponding to both strands of the

XRE synt hesi zed by an i ndependent contractok8{Cperon 35 Technol ogi es,

Inc., Alaneda, CA). The sequence of the. o .
disclosure ci which is herein incorporated by

reference.
ThRE :s the thyroid hormone response element.
It responds to redox stress that 1s induced by thyroid
S - hormone and its analogs. The sequence of the ThRE is

described in M. Beato, Cell, 56, pp. 335-344 ({(1989),

the disclosure cof which is herein incorporated by
reference.

Other promoters and response elements which
respond to redox and can be utilized in the kits and

methods of this invention may be selected from those

' listed in Table 2, below. In the brief description of
each of these genes and response elements that follows,
the document which discloses the DNA sequence of the
particular gene is indicated in brackets. The
disclosure of each of these documents is herein
incorporated by reference.

UGT encodes a UDP-glucoronosyl transferase
and its redox response is induced by 3-methyl

cholanthrene ({T. Iyanagi et al, J. Biol. Chem, 261, pp.
15607-14 (1986)].

20

CYP11B2 encodes a cytochrome P450
whose redox response is induced by steroids [T.

Kawamoto et al., Proc. Natl. Acad. Sci. USA, 89,
1458-62 (1992)].

PP .

Cu.zZnSOD encodes a superoxide

25 dismutase that is induced by copper- and zinc-catalyzed

superoxide formation [E. Danciger et al., Proc. Natl.

Acad. Sci. USA, 83, pp. 3619-23 (1986)]. The MnSOD

gene encodes a superoxide dismutase gene which can be

activated by tumor necrosis factor, interleukin-2 and

30 lipopolysaccharides {M. K. St. Clair and J. C. Holland,
Cancer Res., 51, pp. 939-943 (1991)]). ADPRT encodes a
ribosyl transferase and is induced by oxidative stress.
GP encodes glutathione peroxidase and its redox

response is induced by peroxides [S. Chada,
35 6, pp. 268-71 (1990)].

Genomics,

FAOxase encodes fatty acyl-CoA

oxidase and is induced by peroxisome proliferators [S.
e
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-57- XRE is descrbed in M Denison et al., J. Biol. Chem 263, pp.
17221-24 .1988). The oligonucl eotides were synt hesi zed with
over hangi ng BanH conpati bl e ends. The ol i gonucl eoti des were

dissolved in water 5 at a final concentration of 500 prnoles/m . | then
m xed 50 [err]g of each oligonucleotide together in a sol ution
containing 500 MM NaCl, 50 mM Tris-HO , pH 7.8, 1 nmM EDTA and boil ed
for 5 mnutes. | then

i ncubat ed the sol ution overni ght at 68[err]Cto
allow the 10 strands to anneal to one anoti¥er. The doubl e stranded

oligos were then eI ectrophoresed on a,  12% pol yacr LAam ge and
purified by excisl THP e Fangt - ‘ia-ngl—%#—ec@%e’rut%leﬁzg )Gn 5%2 g
The purified respoh3s?dl endBES enepges hanpdBox k§emsiednayd -6dned into the

BamHl site of pBLGARaddMe,3-nyBeBKSA8 @tC@A dedydbddna LN eMfund63onP.
17221- 24 (1988 éust upst.ream Q}/ tk m ni mal

Ot her response el BRERTE GRE 5si-GHE Ry Bepercxé??ﬂ“f é?ll'é;llprreé’tﬁéroéa {1 ng any
of the above-cited, Reddpwl iadhed PaocleNetde Aeadienfek. dISA.hd3varPous
response el engRy Ssi o dagn aRRRRPEhabEeS! h 99EHEk Bdndde pri mers
proliferator-activated receptor and is induced Ly
peroxisome proliferators [C. Dreyer et al., Cell, 68,
pp. 879-87 (1992)]. EH encodes an epoxide hydroliase
10 which responds to redox stress caused by phenobarbital
[R. K. Skoda et al., J. Biol. Chem.., 263, pp. 1549-54
{1988)]. <CYpP2B2 [J. S. Miles et al., Nucl. Acids Res.,
16, pp. 5783-95 (1988)), CYP2El1 [(J. =. Freeman et al.,
Biochem. J., 28, pp. 689-95 {1992)] and CYP3A3 [N. K.
15 Spurr et al., GenBank Accession number X12387)] encode

three different cytochrome P450s. They are responsive

to redox stress caused by phenobarbital (2B2), CCl,
(2E1), and aflatoxin, cyclosporin, testosterone and
nifedipine (3A3), respectively. The P450b gene encodes
the cytochrome P450b which is induced by phenobarbital

{C. M. Giachelli, et al., J. Biol. Chem., 264, pp.
7046-7053 {1989).

20

The P450d gene encodes cytochrome
P450d, which is induced by polycyclic aromatic

hydrocarbons, isosafrole, and 3-amino-1-S5H-pyrido(4,3-

25 blindole (Trp-P-2) [K. Sogawa et al., J. Biol. Chem.,
260, pp. 5026-5032 (1985). PPa encodes a poly {(ADP-
ribose)

polymerase and has a redox stress-sensitive
component which responds to lipid peroxidation and
oxidative stress [K. Uchida et al, Biochem. Biophys.

30 Res. Comm., 148, pp. 617-22 (1987)). PKC encodes
protein kinase C and its redox stress-sensitive

component 1is induced by lipid peroxidation. ALDH1
encodes another aldehyde dehydrogenase that is induced
by aldehydes and peroxisome proliferators [L.C. Hsu et
35 al., Proc. Natl. Acad. Sci. USA, 82, pp. 3771-75

(1385)]. The NMOl gene encodes the NAD(P)H menadione
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for PCR CAT fusions with the follow ng response
prepared for

use in the

CRE, pS3RE and RARE 25

O Toxins Using Stress Pronoter-CAT Fusions

x 10[err]
Exanpl e 3 and 4 above
two 96-wel |

one of

line was plated into the wells of the | ast™7bw of the

30

cells of each of the 14

det erm ne cel
Essenti al

unti |

35

Medi a

el ements were

kits and net hods of this invention: XRE, NFKB,

EXAMPLE 5 Assay
Approxi mately 5

transforned strains described in

were separately plated into a row of 12 wells in

pl ates. An untransfornmed human |iver cel

second plate to

b Th L { lete M I
Vla-jé ?%bcoF%REe aalfhersﬁﬁrg gXE?w} R e L or 1]

at 37[err]C 5%CCIerr]

reach|n@p&ﬂﬂ@zgnﬂﬂau@ﬁc9rcmac1c comoounas, azo dyes

mn

10

15

20

25

30

35

phenoliz ancticxidants [L. V. Favreau and C. 3.

J. Bioi.

Pickertt,

“kem., 266, Dp. 4556-4561 (1991)]). The GST2

gene enccdes it

ziutathione S-transierase-2 and responds

to similar redox stresses as GST Ya [P. G. Boarc et

al., Proc. Nati. Acad. Sci. USA, 84, pp. 2377-81

(1987)] .

The GAPDH gene encodes glyceraldehyde-3-

phosphate denydrogenase (L. Ercolani et al., J. Blol.

Chem., 263, pp. 15335-41 (1988)]. The NQO gene encodes

NAD (P) H

quinone oxireductase and responds to the same

redox stresses as NMO [A. K. Jaiswal, Biochemistrv, 30,
pp. 10647-33 1991).

respond

The cromoters and response elements which

o DNA stress that are useful in the methods

and kits of zhis invention are preferably selected from

the promoters of the GST Ya, GADD45, JUN, FOS, XHF and

GADD1ES3

genes and the TRE and pS3RE response elements.

The GST Ya gene is described above. 1Its DNA

stress-sensitive component is induced by alkylated DNA.

The SADD4S gene encodes a growth arrest and

DNA damage responsive protein. The GADD45 gene is

induced

by UV irradiation, X-rays, and the DNA damaging

agent, methyl methane sulfonate (MMS). This gene 1is

described in Q. Zhan et al., Mol. Cell Biol., 13, pp.

4242-50

(1993), the disclosure of which is incorporated

by reference.

The JUN gene has a DNA stress-sensitive

component that is induced by UVA radiation, tumor
promoters and growth factors.

The FOS gene encodes the oncogene c-fos. The

DNA stress-sensitive components of its promoter are

induced

by tumor promoters and growth factors [E. M.

Haliday, EMBO J., 10, pp. 109-11S5 (1991)]. The

sequence of this gene is described in F. van Straaten

et al.,

Proc. Natl. Acad. Sci. USA, 80, pp. 3183-3187
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-58 - We tested five or six different
of the various chemcals listed in Table

appropriate solvent in triplicate. 5

concentrations
3, below dissolved in the

Table 3 Test Conpounds Compound
Sol vent Concentration Range 3-MC DVSO 1 nM
10[err] M Sodi um arsenate water 1 nM- 10[err]M 10

DVBO none 001 - 10% (v/ vl

_21_
(1983), the disclosure of which is incorporated herein
by reference.

The XHF gene codes for collagenase and 1s

activated by mitogenesis, inflammatory agents, UV
radiation,

wn

and also in response to the tumor promoter,
12-0O-tetradecanoyvi-phorbol-13-acetate (TPA). The
sequence of this gene is described in P. Angel et al.,
Mol. Cell. Biol., 7, pp. 2256-2266 (1987), the

disclosure of wnhich is herein incorporated by
10 reference.

The GADD153 gene is expressed in response to

l growth arresting signals and DNA damaging agents [J. D.
Luethy and N. 5. Holbrook, Cancer Res., 52, pp. 5-10
{(1992)]. The sequence of this gene is described in

15 A.J. Fornace et al., Mol. Cell. Biol., 9, pp. 4196-4203

(1989), the disclosure of which is herein incorporated
by reference.

TRE is the TPA response element. It responds

to DNA stress induced by phorbol esters. The sequence

20 of TRE is described in P. Anggl et al., Cell, 55, pp.
875-85 (1988), the disclosure of which is herein

incorporated by reference.

pS3RE in the pS3 response element. It 1is

responsive to DNA stress and is induced by X-rays and

25 MMS. The sequence of the pS3RE is described in Q.
Zahn, et al., Mol. Cell. Biol., 13, pp. 4242-4250
(1993), the disclosure of which
by reference.

is herein incorporated

Other promoters which respond to DNA stress

30 and are useful in the methods and kits of this
invention are listed in Table 2, below. 1In the brief
description of each of these gene that follows, the
document which discloses the DNA sequence of the
particular gene is indicated in brackets. The

15

disclosure of each of these documents is herein
incorporated by reference.
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Cadm um sul fate water 100 nM- 10 [err] M

Bénzol al pyrene
DMbO 10 nM - 100[err] M

Et hanol none .001 - 10%
(vlv) " PMVA et hanol 3.2 - 200 ng/m 15
MV wat er 10 ng/mm - 100 [err]g/n
Met hapyri |l ene water 10 nM - 100 [err]M TCDD
D\ S0 1 nM 10[err]M Retinoic acid DVSO 10 nM -
100 [err] M

The various concentrations were nade by performng a 20
dilution series. For TCDD, we first renovegz20 [err]l| of medi a from
each well in colums 3 through 10 and 10 [err]|

~he IGR-1 cene encodes an early growth
response factor and 1s induced by mitogenesis and
phosphatase innibitors [S. V. Suggs, Nucl. Acids Res.,

18, pp. 4283-89 (1990)). The GAS 2,3 gene encodes a

n

gene which responds to growth arrest [C. Schneider et
al., Cell, 54, pp. 787-793 (1988)]. The MGMT encodes
an O-6-methylguanine methyltransferase and is induced
by alkylated DNA [K. Tano et al., Proc. Natl. Acad.
Sci. USA., 87, pp. 686-90 (1990)]. DNA Pol encodes DNA

10 polymerase A and is induced by mitogens. TK (which
. encodes thymidine kinase) [H. D. Bradshaw Jr. et al.,
Mol. Cell. Biol.), 4, pp. 2316-20 (1984)]}, DHFR (which
encodes dihydrofolate reductase) [C. Morandi, J. Mol.
Biol., 156, pp. 583-607 (1982)] and PCNA (which encodes
15

proliferating cell nuclear antigen) {D. Jaskulski et

al., J. Biol. Them., 263, pp. 10175-79 (1988)] each are
induced by cell proliferation. PGHS encodes
prostaglandin endoperoxidase synthase and is induced by

mitogens (S. A. Kraemer et al., Arch. Biochem.

20 Biophys., 293, pp. 391-400 (1992)]). LOX encodes a

5/12-lipoxygenase and is activated by exposure to tumor
necrosis factor [P. A. Dixon et al., Proc. Natl. Acad.

Sci. USA, 85, op. 416-20 (1988)]. 1ISG15, which encodes
interferon-stimulated gene,

is induced by o-interferon
25 {N. Reich et al., Proc. Natl. Acad. Sci. USA, 84,

6394-98 (1987)]. 2'-5' AS, which encodes 2'-5°

PP

oligoadenylate synthetase, is induced by f-interferon
(M. Walthelet et al., FEBS Lett., 196, pp. 113-20

(1986)];: EH, which is discussed above, contains a DNA

30 stress-sensitive component which is activated by

carcinogens. CYP2El contains a DNA stress-sensitive

element which responds to dimethylnitrosamine. TPOl
and TPO2 encode topoisomerases and are induced by DNA

strand breaks and agents which cause promoter

35 recombination (P. D'arpa et al., Proc. Natl. Acad. Sci.
USA, 85, pp. 2543-47 (1988): M. Tsai-Pflufelder et al.,
e
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fromcolums 11 and 12 of the 96 well plates. W
a 200 [err]Msolution of test chemcal into each well in colums 11
and 12. The liquid in those 25 wells was m xed well with a multichannel

pi pet man usi ng separate pipette tips for each row, and 20 [err]| was
t hen transferred fromthe wells in colum 12 to colum 10.
The liquid in colum 10 was m xed and 20 [err]| then transferred to

colum 8 and the procedure repeated for 30 the even nunbered col ums down
to colum 4. The sane

pl aced 10 [err]| of

-Z23-

Proc. Natl. Acad. Sci. USA, 85, pp. 7177-81 '1988)].

PPa, which was also discussed above, responds to DNA
stress caused by DNA damage. DRA encodes HLA class II

and is induced by interferon gamma {A. J. Korman et

(V)

al., Proc. Natl. iscad. Sci. USA, 79, pp. 6013-17

(1982); D. A. Shackelford et al., Immunol. Rev., 66,

pp. 133- (1982)]. The MnSOD promoter, which is

described above, also contains a DNA stress-responsive

element that is induced by tumor necrosis factor. The

MDR-1 gene encodes a protein which imparts multi-drug

) ) resistance and is mainly induced by hydrophobic
cytotoxic drugs [J. A. Silverman et al., Gene, 106, pp.
229-236 (1991)]. The beta-pol gene encodes the DNA
repair enzyme DNA polymerase beta and responds to N-

15 methyl-N'nitro-N-nitrosoguanidine (MNNG),
mechlorethamine hydrochloride (HN2), and cis-
platinum(II) diamine dichloride (cis-Pt) ([S. G. Widen,
et al., J. Biol. Chem., 263, pp. 16992-98 (1988)]. The

stromelysin-1 gene encodes a protein that is induced by
20 phorbol esters, such as PMA [K. L.

Sirum et al.,
Biochemistry, 28, pp. 8691-98 (1989)]. The PCNA gene
encodes proliferating ceil nuclear antigen which is
induced by tumor promoters [(S. Travali et al., J. Biol

Chem., 264, pp. 7466-72 (1989)].

25 Promoters which respond to protein stress

useful in the methods and kits of this invention are

preferably selected from GRP78, JUN, FOS, HSP70 and
MTIIA.

The GRP78 gene encodes a 78-kDa protein that
30 is a major endoplasmic reticulum component. GRP78 is
induced by misfolded proteins and glycosylation blocks

[(S. K. Wooden, et al., Mol. Cell. Biol., 11, pp. 5612-
23 (1991).

The sequence of this gene is described in
E. Resendez et al., Mol. Cell. Biol., 5,

pp. 1212-19
35 (1985),

the disclosure of which is herein incorporated
by reference.
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procedure was carried out for the odd nunmbered col ums starting with

colum 11 .and ending with colum 3. Colums 1 and 2 of each row

r épresent untreated controls. The plates were then incubated at

37[err]C, 5%5 CJOerr] overnight. At the end of the

I ncubation the nedia was gently aspirated fromall of the wells except
the cell viability row on the second plate. The cells in all but
that |ast row were washed twice with 200 [err]l of 10 phosphate buffered
saline. After the wash, we added 100'Fér'r]l of Cell Lysis Buffer (5 vl

Mops, 2.5 nmM Nad , 0. 38, aler o ELi.lon 100, pH
usi ng NaOH) to each mfﬂrggl ré:sﬁbé'{m& “30 §’r% nS'Its%s 1zi%i]roo v ob2n®
tenperature. W tdeeadonbipeel? et tesmteasiomsiNe ®EFMENLS Cetadieni ng

dupli cate concentimhiceasc0f nehem cal by transferring the 100 [err] | of
%s:tsgaglgdcglhngOtlgl tgr oter ﬁol #%a%f?%‘? leun@oa%% t%FC?lﬁggnsg?%ﬁ&%\o& resh 96
wel | plate weSadded abg0 ifeipfibcof DY ngat PrasreitrAss Y ORéaFENt A1 HID- Rad
Laboratories, acid analogues, heavy metals, anoxia and inhibitors of
energy metaboiism [D. D. Mosser et al, Mol. Cell.
Biol., 8, pp. 4736-44 (1988)). The sequence of this
gene is described in C. Hunt and R. I. Morimoto, Proc.
10 Natl. Acad. Sci USA, 82, pp- 6455-59 (1985), the
disclosure of which is herein incorporated by
reference.
MT ZIA, which encodes metallochionine IIA, is
induced bv heavy metals and glucocorticoids (M. Karin
15 et al., Nature, 299, pp. 797-802 (1982)]. The sequence
of that gene is described in the above reference, the
disclosure cof which is herein incorporated by

reference.

Other promoters which may be employed in the

20 kits and methods of this invention to detect protein
stress may be selected from those promoters listed in
Table 2, below, which respond to protein stress. In
the brief descripotion of each of these gene that
follows, the document which discloses the DNA sequence

25

of the particular gene is indicated in brackets. The
disclosure of each of these documents is herein
incorporated by reference.

MT 1A [R. I. Richards et al, Cell, 37, pp.
263-72 (1984)] and MT III [R. D. Palmitter et al.,
30 Proc. Natl. Acad. Sci. USA, 89, pp. 6333-37 (1992))

each encode a metallothionein gene that is induced by

the heavy metal, cadmium. GP contains an element that

responds to the protein damaging heavy metal, selenium.
The preferred promoters and response elements

35 which respond to energy/lonlc stress in the methods and

3
i




Hercules, CA) to each well in colum 1 through 7. W
[err]] of cell lysate fromthe wells in
plate to colum 2 of the protein assay pl ate,

colum 5 of the toxin test plate to colum 4 of the

pl ate and so on. The plates were then I ncubat ed for

tenperature and then t he absorbance of each well
The CAT assay was perfornmed using a CAT H2FA
Inc., Boulder, CO and follow ng

transferred 10

colum 1 of the toxin test

fromcolum 3 of the
toxin test 25 plate to colum 3 of the protein assay plate,

from

protein assay
15 m nutes at
read at ODferr].

used 190 [err]| ®fteai this ogeRcEp8apsei Rhe her PG T &5t “pFat e 4t

det er m ni ng GEATe afdred taha The CAE asspynwdsebétewved to proceed for

three and one-hal f hours alsgoom

5 I LeRer akur Ta Y hEY-vas
measured by using ciotinyré%éd“bﬁF%LC%nggcgibgé\ bove. Rt 5 M@v

CAMP response z=liement ("CRE") (W. J. Roesler et al

NP Y N

S Biol. Chem... 263, pp. °063-9066 (1988)].

GRE78, which is also described above,

contains an energy/ionic stress responsive eiement chat

responds to calcium ionovhores.

CRE is the cAMP response element. It -s an

10

energy/ionic stress-sensitive response element which

) responds to increased levels of cAMP [J. Roesler et
al., 5. Biol. CThem., 263, pp. 9063-66 (1988}, the

disclosure of which is herein incorporated by

reference. ]}

Other energy/ionic stress promoters that may

be employed in the kits and methods of this invention

are listed in Table 2, below. In the brief description

of each of these gene that follows, the document which

discloses the DNA sequence of the particular gene is

20 indicated in brackets. The disclosure of each of these

documents is herein incorporated by reference.

Two cytochrome P450 genes --

CYP11B2 wnich 1s

induced by cAMP; and CYP2El, which is induced by

ethanol -- contain energy/ionic stress responsive

25 elements. 2'-5'

AS contains an element which responds

to energy\ionic stress induced by ethanol. DBH, which

encodes dopamine f-hydroxylase [B. Grima, Nature, 326,
pp. 707-11 (1987)] and TH, which encodes tyrosine
hydroxylase [A. Lamouroux et al., EMBO J., 6, pp. 3921-

30 37

(1987)) are both induced by membrane depolarization.

ODC, which encodes ornithine decarboxylase, is induced

by osmotic shock ([N. J. Hickok et al.,

DNA, 6, pp. 179-

87 (1987)]. G6PD encodes glucose-6-phosphate
dehydrogenase and is induced by ATP depletion. PKC

35

contains an energy/ionic stress-responsive element

which is induced by Na/K ATPase depletion. PVALB
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o

anti body, followed by a streptavidin conjugated

al kal i ne phosphat ase,
and finally the colorinetric substrate, p-nitrophenyl-phospnate. Col or
devel opnent was neasured at ODjerr]. 5 Fol d-i nducti on was
cal cul ated using the foll owi ng fornul a:

ODferr] (test
sanple)/ O err](test sanple) OD[err] (control)

/O err](control) 10 The results for each of these experinents
S shown graphically in Figures 1 - 11.

EXAMPLE 5 Identificatione& Antitoxins 15

After an unknown conpound is found to be a _ toxin on the basis of its
i nducti on of one BRCRBPE PArVajhiMFdM aRCsiPFelBipreRdter@lvHe sane

p’focess
can be utilizedche édesl ) foerBapet apteakbiant htekén.X63070] . An
unknown conpound | ated tq.induce_20_ HMO it er and the
GADD153 pr onot er F‘%rgﬁg?g%‘gﬁ{e (%nt%mg A eaQ‘gW'?o

responsive element which is induced by caicium
5 ionophores.

TABLE 2

Other Mammalian Stress Promoters

Energyrs

Promoter Redox DNA Protein lonic

UGT

10 CYP1182
Cu.ZnSOD
MnSOD
NMO 1

ALDH 2
15 ADPRT
GP

GAS 2.3
EGR-1
MGMT
20 DNA Pol

s x| |xjxix|x]|X

beta-pol
DHFR
TK
PCNA
25 PGHS
LOX
1ISG15
DRA
MDR-1
30 2°-5" AS
FAOxase X
PBE
PPAR X

XXXXXXXXXXX_XXX

MT TANIA
35 TH e
DBH
obc
EH
cYpP282
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assays described herein. This indicates that the compound i s causing
oxi dative stress and DNA damage. One possibility is that the conmpound
i s causing hydr ogen peroxide formation in sufficiently high 25

amounts to result in DNA strand breaks. Ascorbic acid is known to
reduce the nunber of hydrogen peroxide- i nduced DNA strand breaks, and
therefore is a potenti al antitoxin to this unknown conpound.

Hep&2 cells are grown as described in Exanple 30 2. The cells are then

i ncubated with varying dilutions of aseaorbic acid for 30 m nutes. The
cells are then exposed to the concentration of unknown conpound

previously determned to be optimum fQl,;. 5 (daducisng the HVO and GADD153
pronoters. The assay for 35 pronot er induction (and concom tant stress

gene expressi onjTsthem carried—ogt—as desc ibed’in'qxamgggf—j 2.
I f the ascorbic aciditresated CFllsu@woche ank one

Protein lonic

CYP2E?
CYP3A3
P450b

P450d

5 TPO1/TPO2 X
PPa X X
G6PD
PKC X
PVALB

X X

XX XX

10 Stromelvsin-1 X
GST2 X
GAPDH
NQO

PCNA X
15 ARE X

XX |»x|IX

Because response elements can only be
isolated from the promoters which contain them by
recombinant DNA methods, the:-use of such elements in
the kits and methods of this invention is limited to

20 embodiments utilizing promoter-heterologous gene

CONSLYUCTS.
In order to operatively link a response
element to a heterologous gene, it must first be

ligated to a minimal promoter. A minimal promoter is

25 one which constitutively causes a basal expression of a
gene operatively linked thereto. Preferred minimal
promoters are the SV40 minimal promoter, the TK minimal
promoter or the fR-interferon minimal promoter. These
minimal promoters are well known in the art. This
300 minimal promoter/response element construct is then
operatively linked to the heterologous gene by well-
known recombinant DNA methods.

Many of the above described promoters, or

functional equivalents thereof, are present in other
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| evel of HMO or GADD153 nRNA transcripts than control cells, it is
consi dered to be an antitoxin. VWhil e | have hereinbefore
presented a nunber of enbodi ments of this invention, it is apparent
that 5 ny basic construction can be altered to provide other
enbodi ments which utilize the diagnostic kits, pro- cesses and products
of this invention. Therefore, it w Il be appreciated that the scope of
this invention is to be defined by the clains appended hereto rather
than 10 the specific enbodi ments which hav&8been presented
her ei nbefore by way of exanple. . .

eukarvotes, SucCll as nematodaes, veast, insects,

repriles, amphibians and piants.
Sor sxample, yeast contain a metailothionein

gene, CUP, that responds to protein stress induced by

V2]

exposure to heavy metals [T. R. Butt et al., Gene, 27,
PP. 23-33 {1984); T. R. Butt et al., Proc. Natl. Acad.
Sci. USA, 81, pp. 3332-36 (1984)). Yeast also contain
equivalents of the HSP70 and GRP 78 genes [(E. A. Craig,
In Stress Proteins In Biology And Medicine, Cold Spring
10 Harbor Laboratory Press, Cold Spring Harbor, New York,
pp. 301-21 {1990); W. R. Boorstein et al., J. Biol.
l Chem., 265, pp. 18912-21 (1990); and M. D. Rose et al.,
Cell, 57, pp. 1211-21 (1990)])]. Alcohol dehydrogenases,
a family of yeast genes that are induced by alcohol, an
15 energy/ionic stress have also been sequenced [T. Young

et al., Basic Life Sci., 19, pp. 335-361 (1982)].

Also, a large number of DNA stress genes have
been identified and sequenced in yeast. These include
MAG, the methyladenine DNA glycosylase, and MGT1l, which

20 respond to DNA alkylation damage [W. Xiao et al., Mol.
Cell. Biol., i3, pp. 7213-21 (1993)]; RADS1, RADS54,
RAD6, RAD23, RAD2, RAD18 and RAD7, all of which respond
to DNA strand breaks [G. Basile et al., Mol. Cell.
Biol., 12, pp. 3235-46 (1992); G. M. Cole et al., Mol.

25 Cell. Biol., 9, pp. 3314-3326 (1989%9); K. Madura et al.,
Nucleic Acids Res., 18, pp. 771-78 (1990); Nucleic
Acids Res., 18, pp. 4737-42 (1990); K. Madura et al.,
J. Bacteriol., 166, pp. 914-23 (1990); J. S. Jones et
al., Nucleic Acids Res., 19, pp. 893-98 (1991); J. S.

30 Jones et al., Nucleic Acids Res., 1B, pp. 3281-85
{1990)1};

PHR1 which is induced by DNA damaging agents
(J. B. Sebastion et al., Mol. Cell. Biol., 10,
4630-37 (1990)]}; RNR2 and RNR3, the yeast

ribonucleotide reductases,

pPp.

which are induced by DNA
35 damage [S. J. Elledge et al., Mol. Cell. Biol., 9,

5373-86 (1989); S. J. Elledge et al., Gene Dev., 4,

pp -
PP -
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-62- SEQUENCE LI STING (1) GENERAL

| NFORMATI ON: (i) APPLI CANT: XenonetirX, Inc. (all states except US)
2860 W derness Pl ace Suite 150 Boul der,
Col orado 80301 United States of America (1) APPLI CANT:
Farr, Spencer B (US only) 2852 Kal m a Avenue
No. 184 Boul der, Col orado 80301 United States
of Anmerica
-29-
740-51 (1990); Z. Zhou et al., Zenec:cs, 31, pp. 851-

66 (1992)); CDC9, the yeast DNA ligase (T. A. Peterson
et al., Mol. Zell. Biol., 5, pp. 226-35 (1985)]; UBI4,

another gene that responds to DNA damage [J. M. Treger

S et al., Mol. Tell. Biol., 8, pp. 1132-36 (1988)]; and

DDR48, a gene which responds to mutagens [J. M. Treger
et al., Mol. Cell. Biol., 10, pp. 3174-84 (i990)]. 1In
addition, several other DNA stress genes have also been
identified in yeast [G. W. Robinson et al., Proc. Natl.
10 Acad. Sci. USA, 83, pp. 1842-46 (1986); S. W. Ruby et
al., Mol. Cell. Biocl., 5, pp. 75-84 (1985); E. C.
Friedberg, Microbiocl. Rev

., S2, pp. 70-102 (1988); T

i .

McClanahan et al., Mol. Cell. 3icl., 4, pp. 2356-2363

=

(1984) ).

15 The appropriate combination of any or all of
these promoters, as well as other known yeast stress
promoters, may be utilized in the metheds and kits of
this invention. It will be understood that if yeast
stress promoters are employed, yeast hosts are

20

preferred and should be grown under conditions
appropriate for such a host. 'Such conditions are well
known in the art.

The most preferred kits and methods which
utilize oligonucleotides to detect toxicity comprise

25 the following stress promoters: ALDH1, CYP1lAl, FOS,

GADD153, HMO, HSP70, JUN and MTIIA. The most preferred

kits and methods which utilize reporter gene expression
to detect toxicity comprise the following stress
promoters and response elements: CYP1Al, GST Ya,
30 GADD45, FOS, XHF, HSP70, MT IIA, GADD1S3, CRE, XRE,
NFkBRE, RARE and pS53RE.
According to another embodiment of this

the diagnostic kits and methods additionally
employ at least one cell surface receptor-mediated

invention,

35 stress promoter. Such kits and methods are

particularly useful for determining and characterizing

REPLACEMENT SHEET

05 AUG 199



(i) APPLICANT: Todd, Marque D (US only) 8200 North Sheri dan

Boul evard - No. 904 West m nster, Col orado 80003
United States of Anerica (ii) TITLE OF I NVENTI ON: METHODS AND

DI AGNOSTI C KI' TS UTI LI ZI NG EUKARYOTI C STRESS PROMOTERS TO
DETERM NE TOXICITY OF A COVPOUND (1i1) NUMBER OF SEQUENCES
45 (i v) CORRESPONDENCE ADDRESS: (A) ADDRESSEE: Janes F.

Hal ey, Jr. (B) STREET: 1251 Avenug,.of the Americas (O
CI TY: New York (D) STATE: New York® (E) COUNTRY: United
States of Anerica, _ SIUP&Q}ER DABL E
FORM (APeME BT(WEI')%(P%{ | op"p;éyg%{h & excetha Bﬁé AﬂW BM PC
conpati bl e skin( Cy hePErA T NOUSYSTEN e TREDES/- I\/BTDBSJSE of cell

suriace receptor—mealated STrxess promoters allows Zor

the detecrion of compounds which can cause iocal

n

irritation or inflammation of such external organs.
ritants and inflammatory agents may cause

sub-lethal cell injury that cannot be detected

histologically. Such toxins would not be toxic to an

animal as a whole in a classic sense and thus may

10 escape detection by methods such as live animal
testing. The use of cell surface receptor-mediated
stress promoters in the kits and methods of this
invention allow for the detection and characterization
of such iocal irritants or inflammatory agents, as well

15

as the ability to distinguish between the two on a
subcellular level -- something that whole animal
testing cannot achieve.

The preferred cell surface receptocr-mediated
stress promoters for use in such kits are selected from
20 the promoters of the IL-1 alpha, G-CSF, GM-CSF, TNF-

alpha, IL-3, IL-6, IL-8, ICAM—l and stromelysin-i
genes.
The Interleukin (IL)-1 alpha gene encodes a
cytokine that is induced by mitogens,
25 lipopolysaccharide (LPS), PMA, silica,

other cytokines,

and UVB irradiation [T. A. Luger et al., J. Invest.

Dermatol., 95, pp. 100S-104S (1990)]. The sequence of
that gene is described in Y. Furutani et al., Nucleic

Acids Res., 14, pp. 3167-79 (1986), and the disclosure

30 of which is herein incorporated by reference.
The granulocyte colony stimulating factor (G-
CSF) gene produces a protein that is induced by
endotoxin, interferons, and PMA ([T. A. Luger et al., J.
Invest. Dermatol., 95, pp. 100S-104S (1990)]. The
35

sequence of this gene is described in S. Nagata et al.,
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(D) SOFTWARE: Patentln Rel ease #1.0, Version #1.25 (vi) CURRENT

APPL| CATI ON DATA: (A) APPLI CATI ON NUMBER: (B) FILING
DATE: (C) CLASSI FI CATI ON: (vii) PRI OR APPLI CATI ON DATA:

(A) APPLI CATI ON NUMBER US 08/ 008, 896 (B) FILING DATE:

21- JAN- 1993 (viii) ATTORNEY/ AGENT | NFORVATI ON: (A) NAME:
Marks, Andrew S (B) REG STRATI ON NUMBER: 33, 259 (O
REFERENCE/ DOCKET NUMBER: X-1 CI P (i x) TELECOMMUNI CATI ON | NFORMATI ON:
(A) TELEPHONE: (212) 596- 9000 (By3TELEFAX: (212) 596- 9090

(CD TELEX: 14-8367 (2) INFCRNATICN FOR SE? ID NO.1: . A
EMBO oD. =75-581 (1986), the cisclosure of which

is herein incorporated by reference.
The granulocyte macrophage colony stimulating

factor {GM-CSF) gene encodes a protein that is produced

(V3

in respcnse 5 the same stimuli as G-CSF (T. A. Luger

et al., suprai. The secquence of this gene is described
in S. Miyactake et al., EMBO J., 4, pp. 2561-2568
{1985) ,

the disclosure of which is herein incorporated
by reference.

10 The tumor necrosis factor (TNF) alpha gene

encodes a protein that is induced by IL-1 alpha and IFN

gamma [B. J. Nickoloff et al., J. Invest. Dermatol.,
94, pp. 1515-15%7S (1990)]). The sequence of this gene
1s described in D. Semon et al., Nucleic Acids Res.,

15 15, pp. 39083-9084 (1987), the disclosure of which 1is
herein incorporated by reference.
The IL-3 gene encodes a product of the same

name and is induced by interferon {(IFN) gamma, PMA, and
UVB irradiation [T. A. Luger et al.,

supra) . The
20 sequence of that gene is described in D. R. Cohen et
al., Nucl. Acids Res., 14, pp. 3641-58 (1986), the
disclosure of which is herein incorporated by
reference.
The IL-6 gene produces a protein that is
25 expressed in response to other cytokines, bacterial
toxins, viruses, tumor promoters and sodium lauryl
sulphate (T. Hunziker et al., Brit. J. Dermatol., 127,
PP. 254-57 (1992) and T. A. Luger et al., J. Invest.
Dermatol., 95, 100S-104S (1990)}. The sequence of this
30

gene is described in K. Yasukawa et al., EMBO J., 6,
Pp. 2939-45 (1987), the disclosure of which is herein
incorporated by reference.

The IL-8 gene is induced by the cytokines IL-

1 alpha, tumor necrosis factor (TNF-alpha), and IFN-
35 gamma, as well as by LPS,
Oliveira et al., Proc

.F§§;l~ _Acad. Sci. _USA, 89, pp.
REPLACEMENT SH‘ET
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~63- (i) SEQUENCE CHARACTERI STI CS: (A) LENGTH 70 base

pairs. . (B) TYPE: nucleic acid (C) STRANDEDNESS: single
(D TOPOLOGY: |inear (xi) SEQUENCE DESCRI PTION: SEQ I D NO 1:
AAAAAAACCC AGTCCAACTA CAGACATGGEC AGCTGAGICC CTGCCATTCA CCTTGGAGAC 60

-312-

9049-53 :1992)]. The sequence cf that gene is
described in N. Mukaida et &l., J. Immunol., 143, pp.
1366-71 (1989), the disclosure of which is herein
incorporated by reference.
S The intracellular adhesion molecule (ICAM)-i
gene encodes a protein that is induced by cytokines,
LPS, hydrocortisone, and PMA {S. W. Caughman et ai.,
Invest. Dermatol., 98, pp. 61S-65S (1992)]. The
sequence of this gene is described in B. G. Stade =t
10 al., Immunobiology, 181, pp. 851-56 (1990), the

. disclosure of which is herein incorporated by
reference.

J.

The stromelysin-1 gene contains a cell
surfaced receptor-mediated stress element that is
15 induced by epidermal growth factor.

Other cell surface receptor-mediated stress
promoters that may be utilized in the kits and methods
of this invention include the promoters of IL-1 beta,
TGF-alpha, IL-10 and M-CSF genes, as well as the

20 promoters of the genes that encode the cell surface

receptor that regulates the expression of any of the

above genes. In the brief description of each of these

gene that follows, the document which discloses the DNA

sequence of the particular gene is indicated in

25 brackets. The disclosure of each of these documents is

herein incorporated by reference.

The IL-1 beta gene is induced by the same
agents as IL-1 alpha [J. J. Huang et al., J. Immunol.,
140, pp. 3838-43 (1988)].

The transforming growth
30 factor (TGF)

alpha gene encodes a protein that is

induced by itself as well as by IFN-gamma [F.
al.

Iris et

., Nature Genetics, 3, pp. 137-45 (1993)]. IL-10 is
induced by contact allergens such as
trinitrochlorobenzene (TNCB)

35 al.

and haptens [J. M. Kim et
 J. Immunol., 148, pp. 3618-23 (1992)]. The other




&

GGTGTTTTTT 70 (2) | NFORMATI ON FOR SEQ | D NO 2: (i) SEQUENCE

CHARACTERI STI CS: (A) LENGTH. 69 base pairs (B) TYPE:
nucleic acid (C) STRANDEDNESS: single (D TOPOLOGY:

| i near (xi) SEQUENCE DESCRI PTION: SEQ ID NO 2: AAAAAAGGCC AGTATGCACA
GCTTTCCTCC ACTGCTGCTG CTCGCTGITCT GGGGTGTGGT 60 GICTTTTTIT 69 (2)

| NFORVATI ON FOR SEQ I D NG 3: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH 59 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: si ngl e (D TOPOLOGY:3d i near

cell surface recepror-mediated stress denes have also
been described n the arct.
The diagnostic kits and methods of this

inventicn relv on the inductrion of specific stress

wm

promoters cr stress response elements and the
transcription and/or translation of a gene operatively
linked therero.

For embodiments of the invention that employ
a heterologous gene operatively linked to a mammalian

10 stress promoter or stress responsive element, the

. choice of gene is essentially limitless. The only
parameters that are required are (1) that a DNA
sequence encoding the assayable product has been

characterized; and (2) that the product of the gene can

15 be detecrted. Sufficient characterization includes

knowledge of the entire coding sequence, availability
of a genomic clone or knowledge of a sufficient number
of restricrion sites within the genomic DNA sequence to
allow the gene to be manipulated so as to create an

20 operative linkage to the stress promoter.

Promoters of most mammalian stress genes are

inducible by more than one type of stress. This is

because such promoters contain within their sequence a

number of stress response elements, each of which is

25 responsive to a different type of stress. In

embodiments that utilize such multiple stress promoters
it is preferable that another promoter which responds
to only one of the multiple stresses also be employed.

This is true whether native promoter-gene systems or

30 recombinant promoter-assayable gene fusions are used.

For example, the HMO promoter and the JUN promoter are

induced by both peroxides and by UVA rays. Thus, these

promoters respond to both redox stress and DNA stress.

An NMOl promoter, which responds solely to oxidative

35 stress, may be used together with an HMO or JUN

promoter. This combination of promoters allows one to
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(xi) SEQUENCE DESCRI PTION: SEQ I D NO 3:

GACCCTGAAC CTGGECCGACC CAGITTTTT 59 (2) I NFORVATI ON FOR SEQ | D NO 4:

(1) SEQUENCE CHARACTERI STI CsS:

(A) LENGTH 63 base pairs

(© TYPE: nucleic acid (C) STRANDEDNESS: single

TOPOLOGY: | i near

(xi) SEQUENCE DESCRI PTION: SEQ I D NO 4:

AAAAAACAAC CTGAACGTCA ACGAGGAGAA GTACCAGGAG CGCGTTGECCA AGCGAGATTT 60

63 (2) 1 NFORVATI ON FOR SEQ I D NG 5:

(A) LENGTH: 60 base pairs (B) TPE: nucleic acid

(C) STRANDEDNESS: _single . . (D) . TOPOLOGY: | i.near.
determine whether induction c¢f che multiple stress
promoter was due to redox styess or UVA iight. In this
manner,

(V)

20

25

30

35

the nature of the stress caused by a compound
can be more accurately determined.

According to another embodiment of this
invention, individual response elements of a promoter
may be isolated and then operatively linked to a
mammalian minimal promoter and to a gene which encodes
a detectable product. Thus, expression of the
detectable product in the presence of a compound is
correlated with only one particular type of stress.

In embodiments which employ a gene enccding a
detectable product, the assavable product is preferably
B-galactosidase (encoded by the lacZ gene),
chloramphenicol acetyl transferase (encoded by the CAT
gene), galactose kinase (encoded by the galK gene), B-
glucosidase (encoded by the gus gene), glutathione
transferase, human growth hormone (encoded by the hGH
gene) or firefly luciferase (encoded by the lux gene).
Most preferably, the CAT gene. is employed.

The stress promoter-assayable product fusions
harbored by the hosts employed in certain of the
diagnostic kits and methods of this invention may be

made using standard recombinant DNA techniques that are

well known in the art. The choice of techniques

depends upon what is known about the particular stress
promoter to be used in the strain.

If a genomic fragment containing a stress

promoter and its gene have been isclated or cloned into

a vector, the promoter is removed by appropriate

restriction enzyme digests. The promoter fragment is

then isolated and operably linked to a gene encoding an
assayable product in a plasmid. The vector should also
contain a marker, such as Neo, for identifying stable
Screening for a functional fusion is

achieved by exposing transfectants to a stress which is

REPLACEMENT SHEET
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AAAAAACCCC AAGATCCTGA AACAGAGCAT

(D)
TTT

(1) SEQUENCE CHARACTERI STI CS:



(xi) SEQUENCE DESCRI PTION: SEQ I D NO 5: AAAAAATAGA GCGI'CCGCAA CCCGACAGCA
TGCCCCAGGA TTTGICAGAG GCCCTTTTTT 60

-64- (2) 1 NFORVATI ON FOR SEQ I D NG 6:
SEQUENCE CHARACTERI STI CS:

wn

20

25

30

35

05 AUG 1996 (i)
(A) LENGTH 65 base pairs

-35-

known to induce the specific stress promoter and
assaying for zhe detectable gene product.

T F
oy

the nucleotide sequence of the stress
promoter and i:s gene is known, polymerase chain
reaction technology may be employed to produce
assayable protein fusions. Specifically. one
synthesizes primers which are complementary to the 5°
and 3’ ends of the stress promoter portion of the gene,
hybridizes those primers to denatured, total mammalian
DNA under appropriate conditions and performs PCR. 1In
this manner, clonable quantities of any sequenced
stress cromoter may be obtained. Once the stress
promoter DNA has been obtained, It is operatively
linked to a DNA encoding an assavable protein in an
approoriate vector, as described above. Such methods
are well-known in the art.

Constructing operable fusions of stress

promoter response elements to a gene encoding a

detectable product is also carried out by standard

recombinant DNA techniques. .Because response elements

are small, DNA encoding them may be produced using an

oligonuclieotide synthesizer. Oligonucleotides

corresponding to both strands of the response element

are synthesized, annealed together and cloned into a

plasmid containing a reporter gene under control of a
minimal promoter. Alternatively, the double stranded
oligonucleotides can be allowed to multimerize via self
ligation prior to insertion into a vector. The
multiple copies of the response element allow for
higher expression of the detectable product upon stress
induction.

Embodiments of the present invention that
employ native stress genes as the genes enceding an

assayable product require no genetic manipulation prior
to assaylng toxicity.

]
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(B) TYPE: nucleic acid (C) STRANDEDNESS: single (D) -

TOPOLQGY: |inear (xi) SEQUENCE DESCRI PTI ON: SEQ | D NO 6: AAAAAAGGAG
TTGGGAGCTG AGTGGAGAAG AAGCCACGAC TCTCGCTAGG TCAGTACTCT 60 TTTTT 65 (2)
| NFORMATI ON FOR SEQ I D NG 7: (1) SEQUENCE CHARACTERI STI CS:
(A) LENGTH 69 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: si ngl e (D) TOPOLOGY: linear (xi) SEQUENCE
DESCRI PTION: SEQ ID NGO 7: AAAAAAGCCG CGGCAGICGG CATCGACCTG GGCACCACCT
ACTCCTGCGT GGGEGGTGITC 60 CAATTTTTT 69 -36-

The choice of cell _ine to use iIn the kits

and methods cf this invention is dependent uvon the
assay to be used to determine toxicity. For those

embodiments which utilize stress promoter-assavable

n

product gene Zusions, the cells must be able to produce
the expression product in assayvable form. Moreover,
those cells should not constitutively produce the

assayable prcduct from another copy of the gene in
their genome.

10 For embodiments which utilize the cell’s

native stress genes, the choice of cells is based upon
the ability cf those genes to be induced by stress.
Preferred ceils for embodiments that do not employ cell
surface receptor-mediated stress promoters are Hela,

15 HepG2 and WIL-2. For those kits and methods that do
employ cell surface receptor-mediated stress promoters,
the preferred cell line is one derived from the organ
of concern. For example, if the stress kits and
methods are intended to identify compounds which affect

20 the skin, a skin fibroblast or keratinocyte cell line,

such as SCCl2 or its derivatives, such as C6Cl, 1is

preferred. For kits and methods seeking to identify

toxins to the eye, a corneal cell line is most

preferred.

25 When utilizing stress promoter-assayable
product fusions, it is preferable that each host
employed in the kits and methods of this invention
harbors only one such fusion. In this manner, if a
compound induces expression of the assayable gene

30

product in any particular host cell, the specific type
of stress caused by the compound can unambiguously be
identified.

It is known that some compounds are not toxic
to mammals in their native form, but become toxic after
35 being processed by the liver. Therefore,

another embodiment of this invention,

according to

the compound to
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(2) | NFORMATI ON FOR SEQ I D NO 8: (1) SEQUENCE CHARACTERI STI CS:
(A) LENGTH 62 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: si ngl e (D) TOPOLOGY: |i near (xi) SEQUENCE

DESCRI PTION: SEQ I D NGO 8: AAAAAAATTA CAGCAAGCCT GGAACCTATA GCCCCTTTAA
CTTGAGCAGC ATCATTTTTT 60 TT 62 (2) | NFORVMATION FOR SEQ I D NO 9:

(i) SEQUENCE CHARACTERI STI Cs: (A) LENGTH. 62 base pairs
(B) TYPE: nucleic acid (C) STRANDEDNESS: single (D)
TOPOLOGY: |i near (xi) SEQUENCE DESCRLPTION: SEQ ID NO 9: AAAAAACATT

CAGGGAAGGG TTGGEGTAGGT AGCGAAGAAT AGGGATGAAG TCAGCTTTTT 60

be tested in the methods and kits of this invention is
pre-treated with an £9 liver extract. Methods for
prepvaring an S9 liver extract ("S9") are described by

S. Vennitt =t al., In Mutagenicizyv Testing - A

w

Practical Appbroach, 5. Vennitt et al., eds., IRL Press,

Oxford, England, pp. 52-57 (1984), the disclosure of

which is herein incorporated by reference. S9 is

generally a crude homogenate of rat liver with

insoluble particles removed by low speed

10 centrifugation, but may alsoc be prepared from human or
other mammalian liver. S9 is incubated with the test
compound in a potassium buffer containing NAD(P)H to
mimic stage I and stage II biotransformation of
compounds normally performed by the mammalian liver

15 prior to performing the toxicity assay. If, however,

primary mammalian liver cells are utilized in the kits

and methods of this invention, S9 pre-treatment is

unnecessary. The cells will be capable of performing

stage I and II biotransformation of compounds under

20 assay growth conditions.

Alternatively, the cells utilized in the kits
and methods of this invention are co-cultured with
cells capable of performing stage I and II
biotransformation, preferably,

25 line.

a primary liver cell
The biotransformation of the compound being
assayed is, in this instance, performed by those other

cells, rather than enzymatic fractions derived from
liver cells.

Prior to carrying out an assay on a compound

of unknown toxicity using the methods and kits of this
invention,

30

standard curves should be generated
utilizing at least one and preferably at least three
compounds that are known to induce each specific stress

promoter or response element that will be used to

35 screen the unknown compound.

REPLACEMEWi;}-‘l‘-EiET'




3

T 62 (2) I NFORVATI ON FOR SEQ I D NO 10:

CHARACTERI STI CS:

(1) SEQUENCE
' (A) LENGTH. 62 base pairs
-65-

-38-

ZTacn known chemical should more vreferably be
tested against all of the promoters, not just :the
promoter that it is known to induce. And each chemical

should be assayed over a sufficiently wide range cf

n

concentraticns to provide a useful standard curve,

preferably 1 cicomolar to 1 millimolar as well as at
several time points.

Once the standard curves have been generated,
a computer data base containing those curves is
10 generated. This database is then used to compare
. stress promoter-induction profiles of the compounds to
be tested with those of the known toxins used to
generate the standard curve. Thus, the results for any
untested compound are expressed in terms of relative

toxicity compared to known inducers of stress
promoters.

Each of the characterization and toxicity
determination methods of this invention comprise the
first step of culturing the cells both prior to and

20 following exposure toc a potential toxic compound.
Culture conditions will vary depending upon the cell
type utilized. Most preferably, immortalized human
liver cells (HepG2) are used. Growth of these cells
is performed under standard tissue culture conditions

25 -- minimal essential medium at 37°C, 5% CO,. The cells

are routinely grown in 165 cm’ flasks until they reach a
density of about 5 x 10% cells/ml.

Following this initial growth, the cells are

subcultured and exposed to the compound to be tested.

30 A typical assay employs approximately 2.75 x 10°

cells/ml. For initial tests on a compound, a series of

10-fold dilutions of the compound should be used.
Another series of dilutions of the compound which have

been pre-incubated with S9 fraction should also be

35 prepared and added to a second portion of each culture.

A third portion of each culture, which serves as a
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(B) TYPE: nucleic acid (©) STRANDEDNESS: single (D)

TOPOLQGY: |i near (xi) SEQUENCE DESCRI PTION: SEQ I D NO 10: AAAAAAATGC
TOGAGAAGGA GICTGCGGEGT GAGTGGTAGT AAGAGAGCGCT ATCCCCTTTT 60 TT 62 (2)

| NFORMVATI ON FOR SEQ I D NO 11: (1) SEQUENCE CHARACTERI STI CS:

(A) LENGTH 62 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: si ngl e (D) TOPOLOGY: linear (xi) SEQUENCE
DESCRI PTION: SEQ I D NGO 11: AAAAAAGGAA TCTCATTTTC TAGCTTTGAT CTGGITGICA
GITGGGATGG ACTTGCTTTT 60 TT 62 (2) I NFORMATEFON FOR SEQ I D NO 12:

contreol, 1s not exposed to the compound, but ctherwise
treated in the same manner as described below.
ALl of the cultures are then allowed to

incubate at normal growth temperacure for a period of

m

time ranging Zrom 5 minutes to 48 hours. More
preferably, exposure to the toxic or test compound is
for about Z to 32 hours. Following exposure to the

test compound, the level of assayable product or stress
gene mRNAs are measured.
10 If the embodiment measuring assayable product
‘ ) is employed, quantification may be carried out in a
number of ways that are well known in the art. For
example, a colorimecrric substrate may be utilized if
the expression product is an enzyme. Appropriate
15 colorimetxic substrates for specific enzymes are well-
known in the art. Alternatively, an assay which
employs specific antibodies, such as an RIA or ELISA,
can be used to detect the expression product.
Depending upon the nature of the assay used,
20 the buffer conditions of the lysed culture or
Supernatant may need to be adjusted. Accordingly,
suitable cuffer may be added to the lysed culture or
supernatanr: so that optimal conditions for the
particular assay are obtained. For example, if the

assayable product is to be detected by an RIA or ELISA
assay,

25

the buffer conditions must be adjusted to a
neutral pH to allow for maximal antibody-antigen
complex formation and to minimize non-specific antibody
binding. Such conditions are well known in the art and
are exempiified by a final buffer condition of 50 mM

phosphate buffer, 150 mM NaCl, pH 7.0. If the

30

assayable product is an enzyme and detection is to be
achieved by a colorimetric substrate assay, buffer
conditions must be optimized for maximal enzymatic

35 activity and minimal non-catalytic cleavage of the
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(1) SEQUENCE CHARACTERI STI CS: (A) LENGTH 62 base pairs

(B) TYPE: .nucleic acid (C) STRANDEDNESS: single (D)
TOPOLOGY: |i near (xi) SEQUENCE DESCRI PTION: SEQ I D NO 12:
AAAAAACCTC TTGCTTCCCC GTGITGATGI AGCCGAGGAT CTTCTTAAAC TGAGITTTTT 60

TT
62 (2) | NFORMVATI ON FOR SEQ I D NO 13: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH. 62 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: si ngl e (D) TOPOLOGY: |i near (xi) SEQUENCE
DESCRI PTI ON: SEQ I D NO 13:

AAAAAACAGT GGFCAATGTC ACGTGGCTTC GAAATGGAAA

These conditions are cocnventionali andg vary

ACCTGICACC ACAGGATTTT 60

substrate.
depending on the enzyme to be assayea.
In zhe most preferred embodiment Of this

aspect of the inventiocn, the detectable product is

(92

chloramphenicci acetyl transierase (CAT). Assays for
this enzyme are well-known in the art and are described
in J. Sambrook et al., "Molecular Cloning - A
Laboratory Manual, Second Edition", Cold Spring Harbor
Laboratory Press, pp. 16.60-16.65 (1989), the

10 disclosure of which is herein incorporated by
. ' reference. That reference also describes assays for 8-
galactosidase, another assayable product useful in the
methods and kits of this invention (pp. 16.66-16.57).
In embodiments that utilize transcription
15

level o determine stress gene induction, the level of
mMRNA transcribed fZrom genes operatively linked to the
stress promoters utilized in the kits and methods of
this invention must be measured ("stress gene mRNA").

This requires that total RNA or mRNA be isolated from

20 exposed cells. This may be gchieved by any of the

numexrous and well-known methodologies. Commercially
avallable mRNA or total RNA isclation kits may also be
utilized, such as is available from Strategene [La

Jolla, Ca). Preferably the cells are lysed with

25 guanidinium isothiocyanate (GTC). The lysate is then

acidified with sodium acetate buffer (pH 5.2) and the
contaminants extracted with phenol. The RNA is then

twice precipitated with ethanol, dried and redissolved
in water.

30 Once the RNA has been isolated, the level of
stress gene mRNA can be measured in a number of ways,
either directly or indirectly. In the direct method,
oligonucleotides that are complementary to stress gene
mRNA are used. In this method, the mRNA isoclated from

35

the cells is applied to nitrocellulose paper or nylon
membrane filter in a slot blot apparatus. After




TF 62 (2) | NFORMATI ON FOR SEQ | D NO 14: (i) SEQUENCE

CHARACTERI.STI CS: (A) LENGTH 69 base pairs (B)
TYPE: nucleic acid (C) STRANDEDNESS: single (D)
TOPOLOGY: |i near (xi) SEQUENCE DESCRI PTI ON: SEQ | D NGO 14:
-66 -

_.!l_

dilucing cthe XNA in the apparatus with appropriate salr
solution ipreferably two volume of Z0X SSC) and washing
the slcts, the nitroceilulose paper or filter is either

baked at 80 fzor 2 hours in a vacuum oven or UV

um

crosslinked to Zix the RNA. The RNA fixed to the
nitroceilulose is then hybridized to labeled
oligonucleotide probes which are complementary to

stress gene mRNAs under appropriate buffer and

temperature conditions.

10 An indirect method utilizes oligonuclieotides

that are homologous to stress gene mRNAs for detecrtion.

This method measures transcription by using the stress

gene mRNAs as templates for making labelled singie
stranded c<DNA using reverse transcription. These cDNAs
are then detected and quantitated by hybridizing to
complementary cligonucleotides (or denatured double-
stranded cDNAs) that are bound to a solid suppor:.
Preferably, the solid support is a negatively charged
membrane and the oligonucleotides are modified by the

addition of a positively charged amidite or amino group
on the 3’

20

end orior to binding to the membrane. This
3' modification allows the oligonucleotide to bind to
the membrane cnly via its 3 end, allowing for more

efficient hybridization than other methods of binding
25 DNA to a solid support.

In either method, a control representing a
constitutively expressed "housekeeping gene", such as

B-globin, fR-tubulin, R-actin or y-actin, which is not

induced by the specific experimental sample, is also

30 used. This provides a control for proper growth and

functioning of the cells, as well as the background

standard upon which to calculate the amount of specific

induction. Following hybridization, the amount of

hybridization is quantified. Quantification is

achieved by a method that is consistent with the label
on the oligonucleotide or cDNA.

35

If a radioisotope is

sy
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®

AAAAAAGGAT TGTGAAATGA AACGCACCAC ACTGGACAGC CCGITGGEGGA AGCTGGAGCT 60
GICTTTTTT 69 (2) I NFORVATI ON FOR SEQ | D NO 15:

(i) SEQUENCE
CHARACTERI STI Cs: (A) LENGTH 62 base pairs (B) TYPE:
nucl eic acid (C) STRANDEDNESS: single (D TOPOLOGY:
| i near (xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 15: AAAAAATTCT TACAATTTTG
GTACCAGTGC TTGACTAGGC GGATGAGGCT CTTGAGITTT 60 TT 62 (2) | NFORVATI ON FOR
SEQ | D NO 16: (i) SEQUENCE CHARACTERI STI Cs: (A) LENGTH
62 base pairs (B) TYPE: nucleic-agid

used as a label, exposure of the membrane to X-ray film
followed by densitometry tracing or liquid
scintillation counting would be the preferred methods

of quantification. If a fluorescent iabel is used, a

W

fluorometer is used for quantificaction. In this manner
the level of various stress gene inductions can be
measured. If a biotinylated label is used,
quantification is achieved by using streptavidin
conjugated to an enzyme that can yield a measurable
0 colorimetric product.

. It is known that while individual compounds
may not be toxic, combinations of non-toxic compounds
may, in fact be toxic. Therefore, it should be
understood that the kits and methods of this invention
can also be utilized to determine the potential
toxicity of combinations of known and unknown ccmpounds
(eg. drug interactions) in an identical manner to that
described above.

This invention also provides stress-specific
20 diagnostic kits and methods., For example, the
invention provides redox stress kits and methods; DNA
stress kits and methods; protein stress kits and
methods; energy/ionic stress kits and methods: &and

receptor-mediated stress kits and methods.
25 of promoters

The choice

to use in these stress-specific kits may

be made from any of the appropriate promoters described

or listed in Tables 1 and 2, above.
kits employ at least 3,

Preferably these

and more preferably at ieast 8,
promoters which respond to different subsets of

30 stresses within the larger group. Most preferably,

these specific kits and methods employ at least 12

promoters in those tables which respond to the

appropriate stress. These kits and methods allow a

more precise and specific analysis of the stresses
35 caused by a compound.
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(©) STRANDEDNESS: single (D TOPOLOGY: |inear (xi)
SEQUENCE DESCRI PTI ON: SEQ I D NO 16: AAAAAAAGTC TTGCATGATC CTTGICACAA
ATAGITTAAG ATGCCCTGGG TGATTCTTTT 60  TT 62 (2) 1 NFORVATION FOR SEQ I D

NG 17: (1) SEQUENCE CHARACTERI STI CS: (A) LENGTH: 51 base
pairs ' (B) TYPE: nucleic acid (C) STRANDEDNESS: single
(D) TOPOLOGY: i near (xi) SEQUENCE DESCRI PTION: SEQ ID NG 17:
AAAAAACCAG CACCCCGTCT CCGCGACTAC TTTATAGGCC AGACCTTTTT T 51 (2)

| NFORVATI ON FOR SEQ | D NO 18: (1) SEfXENCE CHARACTERI STI CS:

(A) LENGIH: 62 base pairs o
According t©o another empodiment, the

invention provides a method of identifying an antitoxin
to a compound determined to be toxic by the methods of

this inventicn. As described above, once a stress

(V)

promoter induction profile is generated for an unknown
compound, that profile is compared to profiles of known
compounds in a database. A potential antitoxir to the
unknown compound is a known antidote toc a compound
having a similar stress promoter induction proiile.

10 In order to test the efficacy of such an

. antitoxin, the stress promoter assay is repeated using
only those hosts containing stress promoters wnich were
induced by the unknown compound. Each of those hosts
is pre-incubated with varying concentrations oI the
proposed antitoxin prior to the addition of an inducing
concentration of unknown compound. If pre-incubation
with the proposed antitoxin decreases or obliterates
the effect of the unknown compound, such an antitoxin
will likely be effective.

20 Finally, this invention provides a method of
improving active drug design. According to this
embodiment, a new drug is first tested with any of the
above-described kits and methods and its toxicity is

determined. The information provided by such methods

25 and kits indicates the cellular mechanism of the drug’'s
toxicity. The portion of the drug that is likely to
cause the particular cellular damage indicated may then
be appropriately modified or eliminated depending upon
the role that portion plays in the drug’s

30 pharmaceutical activity. The resulting modified drug

is then retested with the kits and methods of this
invention to determine if its toxicity has been

sufficiently reduced or eliminated. Drugs improved and

modified by this method are also within the scope of
35 this invention.
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(B) TYPE: nucleic acid (C) STRANDEDNESS: single

TOPOLOGY: .|.i near (xi) SEQUENCE DESCRI PTION: SEQ I D NO 18:
AAAAAAAACC GTACTCTCCC AGITCTCTTC CATTTCCAGA CATCTTGAAT CCACCATTTT 60
62 (2) | NFORMATI ON FOR SEQ I D NG 19: (i) SEQUENCE
CHARACTERI STI CS: (A) LENGTH: 62 base pairs (B)
TYPE: nucleic acid

-44 -

T

In crder that the invention described nerein
may be more IZully understood, the following examples
are set ZIorc

)

It should be understood that these

examples are ZIcx illustrative purposes only and are not

n

to be conscrued as limiting this invention in any
manner.

Cerzain of the basic molecular biology
techniques described below are not set forth in detail.
Such techniques are well known in the art and are

10 described in the disclosure of Molecular Cloning - A
) ' Laboratory Manual Second Edition, J. Sambrook et al.,
eds., CTold Spring Harbor Laboratory Press, New York

(1989), the cisclosure of which is herein incorporated
by reference.

15

EXAMPLE 1
Design And Synthesis Of Stress
Gene-Specific Oligonucleotide Probes
The nucleotide sequence of each of the stress
genes described herein is known. Accordingly, design
20 of specific oligonucleotides 'is simply a matter of
choosing what portion of the gene to model upon. The
computer program OLIGO allows one to enter the
nucleotide sequence of the gene of interest and analyze
the sequence to determine position, length, and
25

composition of oligonucleotides which will hybridize to
the sequence of interest at salt concentrations and
temperatures selected by the user. Using this program,
I have designed the following stress gene-specific
complementary oligonucleotides for use in the kits and
30 methods of this invention:

GADD 153 gene: [SEQ ID NO. 1] S'-AAAAAAACCCAGTCCAACTA
CAGACATGGCAGCTGAGTCCCTGCCATTCACCTTGGAGACGGTGTTTTTT-3 ' ;

XHF1 gene: [(SEQ ID NO. 2] 5'-AAAAAAGGCCAGTATGCACAGC
TTTCCTCCACTGCTGCTGCTGCTGTTCTGGGGTGTGGTGTCTTTTTT-3" ;
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-67- (C) STRANDEDNESS: single (D TOPOLOGY: |inear

(xi) SEQUENCE DESCRI PTION: SEQ I D NO 19: AAAAAAGAGT GICTTTGGCA TACTTGATCA
CCAGGCACTT GTACTGAGCA ATCTGGITTT 60 TT 62 (2)

| NFORVATI ON FOR SEQ I D
N@ 20: (1) SEQUENCE CHARACTERI STI CS: (A) LENGTH: 62 base
pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single
(D) TOPOLOGY: i near
-45-
JUN gene: [SEQ IZ NO. 3] S'-AAAAAACCCTCAAGATCCT
GAAACAGAGCATGACCCTGAACCTGGCCGACCCAGTTTTTT-3";
MnSOD gene: [SEQ ID NO. 4) 5’ -AAAAAACAACCTGAAC
GTCAACGAGGAGAAGTACCAGGAGGCGTTGGCCAAGGGAGATTTTTT-3 " ;
5 HMO gene [SEQ ID NO. 5] 5’-AAAAAATAGAGCGTCCSC
ACCCGACAGCATGCCCCAGGATTTGTCAGAGGCCCTTTTTT -3 ;
GST Ya gene: (SEQ ID NO. 6] 5’-AAAAAAGGAGTTGGGAGCTG
AGTGGAGAAGAAGCCACGACTCTCGCTAGGTCAGTACTCTTTTTT-3";
HSP70 gene: (SEQ ID NO. 7] S’-AAAAAAGCCGCGGCAGTCG
10 GCATCGACCTGGGCACCACCTACTCCTGCGTGGGGGTGTTCCAATTTTTT-3" ;
. ‘ MDR-1 gene: [SEQ ID NO. 8) S5’-AAAAAAATTACAGCAAGCC
TGGAACCTATAGCCCCTTTAACTTGAGCAGCATCATTTTTTTT -3
CYP 1Al gene: [SEQ ID NO. 9] S'-AARAAACATTCAGGGAAGG
GTTGGGTAGGTAGCGAAGAATAGGGATGAAGTCAGCTTTTTTT -3
15 FOS gene: [SEQ ID NO. 10) 5’'-AAAAAAATGCTGGAGAAGG
AGTCTGCGGGTGAGTGGTAGTAAGAGAGGCTATCCCCTTTTTT -3
NMO1l gene: [SEQ ID NO. 11] 5’ -AAAAAAGGAATCTCATTTT
CTAGCTTTGATCTGGTTGTCAGTTGGGATGGACTTGCTTTTTT-3"
ALDH2 gene: [SEQ ID NO. 12] S5‘-AAAAAACCTCTTGCTTCCC
20

CGTGTTGATGTAGCCGAGGATCTTCTTAAACTGAGTTTTTTTT -3

DRA gene: [SEQ ID NO. :13] S5’'-AAAAAACAGTGGTCAATGTCA
CGTGGCTTCGAAATGGAAAACCTGTCACCACAGGATTTTTT -3

MGMT gene: [SEQ ID NO. 14] 5'-AAAAAAGGATTGTGAAATG
AAACGCACCACACTGGACAGCCCGTTGGGGAAGCTGGAGCTGTCTTTTTT -3

25 2'-5' AS gene: [SEQ ID NO. 15] S’-AAAAAATTCTTACAATTTT
GGTACCAGTGCTTGACTAGGCGGATGAGGCTCTTGAGTTTTTT-3"
DHFR gene: [SEQ ID NO. 16] 5'-AAAAAAAGTCTTGCATGATCCTT
GTCACAAATAGTTTAAGATGGCCTGGGTGATTCTTTTTT -3

Cu.ZnSOD gene: [SEQ ID NO. 17] 5‘-AAAAARACCAGCACCCCGTCT
30 CCGCGACTACTTTATAGGCCAGACCTTTTTT-3'

ALDHAl gene: {SEQ ID NO. 18] 5‘-AARAAAAACCGTACTCTCC
CAGTTCTCTTCCATTTCCAGACATCTTGAATCCACCATTTTTT -3

TK gene: [SEQ ID NO. 19] S’'-AAAAAAGAGTGTCTTTGGC
ATACTTGATCACCAGGCACTTGTACTGAGCAATCTGGTTTTTT-3"

35 PVALB gene: (SEQ ID NO. 20] 5'-AAAAAAAAACACCTTCTTC
ACATCATCCGCACTCTTTTTCTTCAGGCCGACCATTTTTTTTT-3"
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(xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 20: AAAAAAAAAC ACCTTCTTCA CATCATCCGC
ACTCTTTTTC TTCAGGCCGA CCATTTTTTT 60 TT 62 (2) | NFORMATION FOR SEQ I D

NO 21: (i) SEQUENCE CHARACTERI STI CsS: (A) LENGTH:. 62 base
pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single
(D TOPOLOGY: |inear (xi) SEQUENCE DESCRI PTION: SEQ I D NG 21:
AAAAAAGAAG CTCTCAGACA CGAAGTAGAC TGACTGGTAC GICTGGTCTT GGTAGGITTT 60 TT
62 (2) 1 NFORVATI ON FOR SEQ I D NG 22: (1) SEQUENCE CHARACTERI STI CS:
(A) LENGTH: 62 base pairs (B) TYRE: nucleic acid

TH gene: {SEQ ID NO. 2i] ='-AAAAAAGAAGCTCTCAGACAC

GAAGTAGACTGACTGGTACGTITGGTCTTGGTAGGTTTTTT -3

EH gene: {SEQ D NO. 22] 5'-AAAAAATCTAGAATATAGG
CAGCCAGACCCACAGGAGAGTCATTCAGAGCAGAGCCTTTTTT-3 "

wn

TOP1 gene: [SEQ D NO. 23] 5'-AAAAAAGATAGCGCTCTTCTITC
CCACCATTTCCACTTCTGTTCCTCTTCTTTCTTCTTTTTT -3
TOP2 gene: [SEQ ID NO. 24] 5‘-AAAARAGCCTCTGCCAGTTTTTCTT
CAGTCATCTTCACAACAAATTTCACAGTGGTTTTTTT -3
MT 1A gene: [SEQ ID NO. 25] S5'-AAAAAATCTCTTCCTTGCAG
10 GTGGCTCCTGCACCTGCACTGGCTCCTGCAAATGCAAAGAGTTTTTT -3
. The synthesis of the above oligonucleotides
was carried out as Zollows. The specific
oligonucleotide was synthesized using an automated
oligonucleotride synthesizer {[Mcdel 392, Applied
15 Biosystems, Foster City, CA].

I nave also designed the following
oligonucleotides which are homologous to the indicated
stress gene mRNAs, based on the reported nucleotide
sequence of the various genes or cDNAs thereof:

20 ALDH1 gene: [SEG ID NO. 26] 5'-AATTGCTATGGCGTGGTAAGTG
CCCAGTGCCCCTTTGGTGGATTCAAGAT -3’

CYP1Al gene: {SEQ ID NO. 27} 5'-ATCTGAGTTCCTACCTGAACGGT
TTCTCACCCCTGATGGTGCTATCGACA-3

FOS gene: (SEQ ID NO. 28] S'-GTACTCCCAGCTGCACTGCT
25 TACACGTCTTCCTTCGTCTTCACCT-3

GADD153 gene: [SEQ ID NO. 29]) 5’ -AGGAGAATGAAAGGAAAGTGGC
ACAGCTAGCTGAAGAGAATGAACGGCTC-3'

GADD4S gene: {SEQ ID NO. 30] 5'-AGTCGCTACATGGATCAATGGGT
TCCAGTGATTAATCTCCCTGAACGGTG-3

30 GAPDH gene: [SEQ ID NO. 31]) S'-GTGGTGGACCTGACCTGCCGTCT
AGAAARACCTGCCAAATATGATGACAT -3’

GST2 gene: [SEQ ID NO. 32] 5‘-CAGCCCAAGGAAGCCTCCCATGG
ATGAGAAATCTTTAGAAGAAGCAAGGA- 3"’

HMO gene: ({SEQ ID NO. 33] 5’ -CTTACACTCAGCTTTCTGGTGGCG
35 ACAGTTGCTGTAGGGCTTTA-3'
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(C) STRANDEDNESS: single (D TOPOLOGY: I|inear . (xi)

SEQUENCE DESCRI PTI ON: SEQ | D NO. 22: AAAAAATCTA GAATATAGEC AGCCAGACCC
ACAGGAGAGT CATTCAGAGC AGAGCCTTTT 60 TT 62 (2) 1 NFORVATION FOR SEQ I D

NO 230 (1) SEQUENCE CHARACTERI STI CS: (A) LENGTH: 62 base
pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single
(D) TOPOLOGY: i near (xi) SEQUENCE DESCRI PTION: SEQ I D NG 23:
AAAAAAGATA GCCCTCTTCT TCCCACCATT TCCACTTCTG TTCCTCTTCT TTCTTCTITTT 60 TT
62 —47-

HSP70 gene: {SEQ ID NO. 34] 3'-AGAAGGACGAGTTTGAGCACAAG

AGGAAGGAGCTGGAGCAGGTGT-3"

JUN gene: [SEQ iID NO. 35] 3’ -GCTCAGGGAACAGGTGGCACAGC

TTARACAGAAAGTCATGAACCACGTTA-3"

5 MDR1 gene: {SEQ ID NO. 36] 5’ -GAAAGGCATCTATTTTTCAATGGT
CAGTGTCCAGGCTGGAACAAAGCGCC-3

MT1A gene: {[SEQ ID NO. 37] 5’'-GCACTGGCTCCTGCAAATGCAAA
GAGTGCAAATGCAACTCCTGCAAG-3'

MTIIA gene: [SEQ ID NO. 38] 5'-CCCAGGGCTGCATCTGCAAAG
10 GGGCGTCGGACAAG-3"*

) NMO gene: {SEQ ID NO. 39] S'-ACCACTGTATTTTGCTCCAAGCAGC
CTCTTTGACCTAAACTTCCAGGCAG-5'

PCNA gene: {SEQ ID NO. 40] S5’ -ACAAAAGCCACTCCACTCTCTTCA
ACGGTGACACTCAGTATGTCTGCAGA-3'

15 NQO gene: {SEQ iD NO. 41] 5’ -TTGCTCTCGACAGTATCCACAAT
AGCTGACGGCTGGGTGTTTCAGTTTGA -3’

I also designed the following control

oligonucleotides which are homologous to housekeeping
gene transcripts:

20 ACTG (gamma-actin) gene: [SEQ ID NO. 42] S’-ACCTTCCAGCA
GATGTGGATTAGCAAGCAGGAGTACGACGAGTCG-3

BTUB (beta-tubulin) gene: [SEQ ID NO. 43] 5'-TTGAGTGG
ATCCCCAACAATGTGAAAACGGCTGTCTGTGACATCCCACCT -3 .
These oligonucleotides were each modified at

25 their 3’ end by the addition of an amino group so that
they could bind to a negatively charged membrane only
via their 3’ end. Such oligonucleotides were
synthesized to order by Operon Technologies, Inc.,
Alameda, CA.

30 Complementary and homologous oligonucleotide

probes for any of the other stress gene mRNAs that may
be employed in this invention may be similarly designed
using the software described above.
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-58-  (2) | NFORMATI ON FOR SEQ | D NO 24:

(i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH. 62 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: si ngl e (D) TOPOLOGY: |i near (xi) SEQUENCE
DESCRI PTI ON: SEQ | D NGO 24:

(03]

10

20

25

30

35

-48-

EXAMPLE 2

Toxicity Assay Cf An Unknown Compound
Using Radiolabelled Oligonucleot:ide Propes

I. Direct Quantification of _
Stress Gene mRNA by Hybridizat:ion
to Oligonucleotide Probes

It :s desirable to know if unknown compound
"X" is toxic and, if it is, what type of damage it
causes to mammalian cells.

HepG2 cells are grown in 165 cm flasks
containing minimal essential medium (Gibco/BRL,
Gaithersburg, MD) until they reach a density of
approximately 8 x 10° cells/ml. The cells are then
subcultured by diluting them to 5 x 10° cells/ml and
plated at 10 ml/plate. Several plates of each
subculture are exposed to a different concentration of
compound X (1 pM to 1 mM in a series of 10-fold
dilutions). Messenger RNA is isolated from subcultures
after 2, 4, 8, 16 and 32 hours, as described below.

The medium is removed from the cell
monolayers by aspiration and the cells are washed twice
with cold phosphate buffered saline. I then add 2 mi
of cold phosphate buffered saline to the monolayer and
use a rubber policeman to scrape the lysate into 15 ml
disposable polypropylene tubes. Total RNA was isolated
using the RNAzol B reagent (Biotecx Laboratories,
Houston, TX), following manufacturer‘’s directions. The
RNA pellet is dried and redissolved in 10 pl water. A
normal yield of RNA is about 100-200 pug/plate.

RNA from each two replicate plates is then
applied to 20 different slots in a slot blot apparatus
as follows. The slot blot apparatus is cleaned prior
to use in 0.1 N NaOH. A piece of nitrocellulose paper
or nylon membrane filter (0.45um pore size) is briefly
wetted in water and then soaked in 20X SSC for 1 hour

at room temperature. The filter is then placed in the
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AAAAAAGCCT CTGCCAGITT TTCTTCAGIC ATCTTCACAA CAAATTTCAC AGIGGTTTTT 60 TT 62

(2) I NFORVATI ON FOR SEQ I D NO 25: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH: 67 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: si ngl e (D TOPOLOGY: |inear (xi) SEQUENCE
DESCRI PTI ON: SEQ | D NG 25:

AAAAAATCTC TTCCTTGCAG GIGGCTCCTG CACCTGCACT
GCCTCCTGCA AATGCAAAGA 60 GITTTTT 67 (2)

(1) SEQUENCE CHARACTERI STI CS: (A) LENGTH 50 base pairs
(B) TYPE: nucleic acid (C) STRAMBDEDNESS: single
apparatus. The RNA sample from each plate is mixed
with 20 pul of 100% formamide, 7 ul_cf 37% formaldehvde
and 2 pl of 20X SSC, incubated at 68°C for 15 minutes
and zhen chilled on ice.
= Twenty pug of RNA is applied to each sliot In
the apparatus together with two volumes of 20X SSC.
After the solution drains through the filter, the sliots
are rinsed twice with 1 ml of 10 X SSC. The filter is
then dried and baked at 80°C for 2 hours in a vacuum
10 oven. The filter is then cut into strips so that
) samples exposed to different concentrations of X for
‘ varying periods of time can be hybridized to individual
stress gene-specific probes. One strip is used ior
each separate probe.

e
wm

Hybridization of the strips to individual
oligonucleotide probes are carried out under well known
conditions f£or RNA-DNA hybridization. The temperature

and salt concentration for hybridizing various probes

to the RNA will depend upon the nature of the

20 oligonucleotide. These conditions can be calculated

using well known formulae. Probes to the following
genes are used:

redox stress only: CYP1Al, NMOl, ALDH2;

DNA stress only: XHF, DRA, GADD1S3 and MDR-1;
25 protein stress only: HSP70, MT 1A;

redox and DNA stress: GST Ya, HMO and MnSOD;

redox, DNA and protein stress: JUN;

DNA, protein and energy/ionic stress: FOS.

Following hybridization, the strips are
30 washed, dried and mRNA levels are quantified in one of

two ways. In one method, the strips are exposed to X-

ray film and hybridization quantified by densitometry.
Alternatively the strips are cut into individual slots
and subjected to scintillation counting. Actually,

35 Dboth methods can be carried out
performed first.

if the former is
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(D) TOPOLOGY: | i near (i) MOLECULE TYPE: cDNA Giii)
HYPOTHETI CAL: NO (xi) SEQUENCE DESCRI PTION: SEQ I D NO. 26:
AATTGCTATG GCGTGGTAAG TGCCCAGTGC CCCTTTGGTG GATTCAAGAT

. 50 (2
| NFORVATI ON FOR SEQ | D NO 27:

(i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH: 50 base pairs (B) TYPE: nucleic acid
(C) STRANDEDNESS: single (D) TOPOLOGY: li near (i)
MOLECULE TYPE: cDNA

(iii) HYPOTHETI CAL: NO
-50-

II. indirect Quantification qf_ .
Stress Gene mRNA by Hybridization
of cDNA to Oligonucleotide Probes

A Cross-Linking of Oligonucleotides
> To Negatively Charged Membrane

We separately cross-linked oligonuclectides
homoliogous to the mRNAs of the following stress and
housekeeping genes to Biodyne C membranes {(Pall
Corporation, East Hills, New York) essentially using

10 the method described in Y. Zhand et al., Nucleic Acids
' Res., 19, pp. 3929-33 (1991):
l redox stress only: CYP1Al, ALDH1;
DNA stress only: GADD153;

protein stress only: HSP70;
15 redox and protein stress: MTIIA;
redox and DNA stress: HMO;
redox, DNA and protein stress: JUN;
DNA, protein and energy/ionic stress: FOS;

control: <y-actin.

20 The Biodyne C membrane was first rinsed

briefly with 0.1 N HCl. We then treated the membrane
for 15 minutes with freshly prepared 20% (w/v) EDC (1-
ethyl-3-(3-dimethylaminopropylcarbodiimide)). The
membrane was then rinsed with H,0 and placed on a 96-

25 well Dot-Blot apparatus. We then applied the amino-
modified oligonucleotides in 0.5M NaHCO, (pH 8.4) to the
membrane in individual wells using a vacuum for 15 min.
The total volume per well should not to exceed 3 pul.

Each individual oligonucleotides was applied in four
30 adjacent wells.

After applying the oligonucleotides, we
rinsed the membrane with 1 x TBS/0.1% Tween-20 and then
quenched any remaining active groups on the membrane by
treating with 0.1N NaOH for 10 min. We then rinsed the

35 membrane with dH,0, air dried, and stored the dry

membrane in a sealed plastic bag.
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(xi) SEQUENCE DESCRI PTION: SEQ I D NO 21:
-69 - ATCTGAGITC CTACCTGAAC GGTTTCTCAC CCCTGATGGT GCTATCGACA
50 (2) -1 NFORMATI ON FOR SEQ I D NQO 28: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH: 45 base pairs (B) TYPE: nucleic acid
_Sl_
B. Treatment ci Cells

and -“solation cl RNA

HepG2 ceils are grown in minimal essential

medium in 100 mm cell culture dishes to no greata2r than

Ul

80% confluencv. The cultures are then exposed o
various concentraticns of compound X and are incubated
at 37°C for the desired length of time. After
aspirating off the media, the cells are washed :hree
times with 10 ml of a room temperature phosphats
10 buffered saline solution. 5 ml of the phosphate
buffered saline solution is then added to the cell
culture dish and the cells are scraped from the dish
with a rubber policeman and placed in a 15 ml
centrifuge tube. Cells are the counted with a
hemacytomerer and pelleted in a centrifuge. The
phosphate tuffered saline is poured off.
If toral RNA isolation is desired, we use

RNAzol B {Biotecx Laboratories, Inc., Houston, TX),

following manufacturer‘s directions. If only mRNA s
20 desired, the Messenger RNA Isolation Kit (Stratagene
Inc., La jolla, CA) is used, following the
manufacturer’'s directions.

Reverse Transcription and Optional
PCR of Stress-Specific cDNAs

25 Total RNA (50 pg) or mRNA (2 ug) isolated by
the procedures described above is then reverse
transcribed using SUPERSCRIPT II (reverse

transcriptase) (Gibco/BRL, Gaithersburg, MD) and the
following protocol.

30 The RNA is added to a microcentrifuce tube
with DEPC H.0 and oligo-dT primer. The amount of DEPC
H,0 added to the reaction mix is determined af:zer the
volumes of the other reagents are determined. The
0ligo-dT primer (0.5 upg/pl) is added so that the volume
35

is 10% of the total end volume. The reaction mixture

o,
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E]

(€C) STRANDEDNESS: single (D TOPOLOGY: |inear (i) MOLECULE
TYPE: cDNA (iii1) HYPOTHETI CAL: NO (xi) SEQUENCE DESCRI PTI ON:
SEQ I D NO 28: GIACTCCCAG CTGCACTGCT TACACGICTT CCTTCGICTT

CACCT
45 (2) | NFORVATI ON FOR SEQ | D NO 29: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH 50 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: si ngl e (D) TOPOLOGY: i near (i1) MOLECULE
TYPE: cDNA (iii1) HYPOTHETI CAL: NO
_52_

is keatred =o T0°C for -0 min and then quick-chilled cn
ice. The following components are added in the order:

Sx SUPERSCRIPT first strand buffer (20% of total

volume); C.1M DTT {10% of cotal volume); 10mM dANTP mix
5 (5% of total volume); SUPERSCRIPT II (5% of total
volume). The reaction mixture is centrifuged briefly

and then mixed by repeated pipetting. The mixture is
incubated at 37°'C for 1 hour. 2 pl of RNAse A (10
mg/ml) is then added to the reaction mixture and mixed
10 by pipetting. The reaction mixture is then incubated
. at 37°C for another hour. At the end of incubation,
ddH.0 is added to a final volume of 450 pl. The cDNA is
precipitated by adding 50 pl of 3M sodium acetate,
followed by 1 ml of 100% ethanol. The mixture is then
centrifuged for 30 minutes in a microcentrifuge at
12,000 x g. The supernatant is removed and the cDNA
resuspended in 100 ul of ddH.,0. 2 pl of the resuspended
cDNA is then removed and read in a scintillation

counter. A total of 1,000,000 cpms is required for

20 hybridizacion.

The cDNA may be either radiolabelled through
the use of «o-*P dCTP (100 uCi) in the reaction or
chemically labelled through the use of digoxigenin-dUTP
using the GENIUS 1 kit (Boehringexr Mannheim

25 Biochemical, Indianapolis, IN).

If an insufficient quantity of stress gene

cDNA is obtained by the above process, PCR may be used

for amplification. Reverse transcription is carried

out as described above, except that no label is
30 incorporated into the cDNA.
published 5° and 3’

Primers based on the
coding sequences of the desired

stress gene are used in the PCR reaction.

Amplification of all stress gene cDNAs is carried out
in the same reaction tube.

35 The total cDNA is diluted 1:10 with dH,0 and

10 pl is used for the PCR reaction. The following
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(xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 29: AGGAGAATGA AAGGAAAGTG GCACAGCTAG
CTGAAGAGAA TGAACGECTC 50 (2)

| NFORMATI ON FOR SEQ | D NO 30:
(i) SEQUENCE CHARACTERI STI CS: (A) LENGTH. 50 base pairs

(B) TYPE: nucleic acid REPLACEMENT SHEET (O
STRANDEDNESS: si ngl e (D TOPOLOGY: |inear (i) MOLECULE
TYPE: cDNA 05 AUG 1996 (iii) HYPOTHETI CAL: NO
(xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 30: AGTCCCTACA TGGATCAATG GGITCCAGTG
ATTAATCTCC CTGAACGGTG 50

(2) -ERFORVATI ON FOR SEQ | D NO 31:

components are then added to produce the indicated

final concentration: ix TAQ buifer {(Boehringer
Mannheim Riocnemical); 300 pM each dNTP; 25 pmol each
PCR primer; 2.S5 units TAQ poiymerase {Boehringer

S  Mannheim Biochemical); dH.0 to a total reaction volume
of 50pl. The mixture is mixed by pipetting, followed

by a 2 second centrifugation. Two drops of light
mineral oil are placed on top of the reaction mixture.
PCR is set then carried out for 30 cycles of 1 minute
10 at 95°C; 2 minutes at T, + 2°C; 3 minutes at 72°C (10
. minutes during last cycle). The PCR products are
labelled with P that has been incorporated into nested

primers via a kinase reaction in a one-cycle PCR

reaction.

15 A nested primer is a primer based on a stress
specific nucleotide sequence located inside of the
sequences upon which the primers for PCR were based.
These primers are synthesized using an oligonucleotide
synthesizer or purchased from a commercial contractor.

20

The nested primers are labelled by mixing 1.2 pl (0.5
ug/pl) of nested primer with 1.0 pl of 10x kinase
buffer (0.5M Tris, pH 8.2, 0.1M MgCl,, 50 mM DTT); 5.0
pl a-¥p ATP; 1.0 pul polynucleotide kinase and 1.8 pul
dH,0. The reaction is mixed by pipetting and incubated

25 at 37°C for 1 hour.

The reaction is terminated by
incubation at 70°C for 10 minutes, followed by a quick
centrifugation and cooling on ice. 90 ul of dH,0 are
then added, followed by 100 pl of phenol/chloroform

(1:1). The mixture is mixed well, centrifuged for 10

30 minutes, and the aqueous phase is then transferred to a

new tube. We then precipitate the labelled primers by
adding 10 pl of 3M sodium acetate, 1 ul of 10 mg/ml

tRNA, and 400 pl of 100% ethanol and placing on ice for

10 minutes. The mixture is the centrifuged for 30 min

35S at room temperature. The pellet is washed with 80%

ethanol, centrifuged for 5 seconds and dried. The
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(i-) SEQUENCE CHARACTERI STI CS:

(A) LENGTH 50 base pairs

(B) TYPE: nucleic acid (C) STRANDEDNESS: single
TOPOLOGY: .li near -70-
(i7) MOLECULE TYPE: cDNA

-54 -

ot

10

20

25

30

35

pellet is resuspended with 4 pl dH.0, 0.5 ul 10x TAQ
buffer, and 0.5 ul TAQ enzyme.

We then add 5 ul of the labeied nested
primers to the agueous phase of the above-described PCR
mixture under the mineral oil and perform an additional
cycle of PCR by heating to 95°C for 2 minutes, cooling
to T, + 2'C (of labeled primer) for 2 minutes and
warming to 72°C for 10 minutes.

We then remove 50 ul of the aqueous phase to
a new tube, add S0 ul dH,0, 100 pl phenol/chloroform,
mix well, and centrifuge for 10 minutes. The aqueous
phase is recovered into a fresh tube. Unincorporated
orimers are removed using a spin column.

4. Hybridization

The membrane containing the cross-linked
oligonucleotides is wetted in 15 ml of RAPID HYB buffer
{Amersham, Arlington Heights, IL) by holding one end of
the membrane with a pair of tweezers and slowly
immersing the membrane. The membrane is then
prehybridized by transferring to a Seal-a-Meal bag, the

15 ml of RAPID HYB buffer from the wetting step is

added, and the bag is sealed. It is then immersed in a

68°C shaking water bath for 1 hour. The labelled cDNA
(15,000,000 cpms) is diluted into 1 ml of RAPID HYB and
boiled for 10 minutes followed by quick-chilling on
ice.

Afrer prehybridization, the RAPID HYB is
removed and replaced with 14 ml of fresh RAPID HYB
preheated to 65°C. The labelled cDNA is then added to
the bag and the end is resealed. The bag is then
immersed in a 68°C shaking water bath overnight. After
hybridization, -he membrane is removed from the bag and
placed into a tray containing low stringency buffer (2x
SSC/0.1% SDS) for 20 minutes at rom temperature. The
membrane is then transferred to high stringency buffer

(0.2x SSC/0.1% SDS; preheated to 45°C), and shaken for
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(Fii) HYPOTHETI CAL: NO (xi) SEQUENCE DESCRI PTION: SEQ I D NO 31:
GTGGTGGACC TGACCTGCCG TCTAGAAAAA CCTGCCAAAT ATGATGACAT

50 (2)
| NFORVATI.ON FOR SEQ | D NO 32: (1) SEQUENCE CHARACTERI STI CS
(A LENGTH 50 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: si ngl e (D TOPOLOGY: |inear (i) MOLECULE
TYPE: cDNA (iii) HYPOTHETI CAL: NO (xi) SEQUENCE DESCRI PTI ON:
SEQ I D NO 32:
_55_
30 minutes at ¢5°'C. The membrane is then removed from

the high stringency wash, placed on a piece of Whatman
3MM filter and exposed to X-ray film at -70°C overnight

with an intensifying screen. After development, the

S autoradiograph is cut to fit into a 26-well microtiter
plate hoider and taped such that the radioactive dots
are aligned with the holes in the holder. The
auctoradiograpnh is then read at 600nm for
cquantification.

10

The results for either of the two above-

. described assays are then compared to a database of
standards prepared using the above promoters and known
toxins. By correlating results for X with known
compounds, a toxicity profile can be created. For

15 examplie, if X induced the same stress genes as TCDD at

similar concentrations, this would indicated that X is
toxic

TCDD.

to whole animals at similar concentrations as

EXAMPLE 3

20 Construction Of Stress Promoter-CAT Fusions

I prepared an XHF promoter-CAT fusicn as

follows. I synthesized two oligonucleotides based upon

the published sequence of the XHF (collagenase)

promoter [(P. Angel et al., Mol. Cell Biol., 7,

PP -
25 2256-66 (1987)]).

One corresponded to positions -520 to

-501 upstream from the transcription start site primer.
[SEQ ID NO. 44): S'-TACCAGGCAGCTTAACAAAG-3‘'. The other
corresponded to positions +53 to +73 downstream from

the transcriptions start site. [SEQ ID NO. 45}:

30 5’ -ACTGGCCTTTGTCTTCTTTC-3'. The oligonucleotides were

synthesized by Operon Technologies (Alameda, CA). The
oligonucleotides were dissolved in water at a final

concentration of 500 pmoles/ml.
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CAGCCCAAGG AAGCCTCCCA TGGATGAGAA ATCTTTAGAA GAAGCAAGGA 50 (2)

I NFORVATI ON
FOR SEQ | D NO 33: (i) SEQUENCE CHARACTERI STI Cs: (A
LENGTH. 44 base pairs (B) TYPE: nucleic acid (O
SFRANDEDNESS: si ngl e (D) TOPOLOGY: |inear (ii) MOLECULE
TYPE: cDNA (iii) HYPOTHETI CAL: NO (xi) SEQUENCE DESCRI PTI ON:

SEQ | D NO: 33:

CTTACACTCA GCTTTCTGGT GGCGACAGIT GCTGTAGGEGC TTTA

44 (2) 1 NFORVATI ON FOR SEQ | D NG 34: (1) SEQUENCE

CHARACTERI STI CS:

W

10

15

20

25

30

35

(A) LENGTH: 456base pairs

Tcr XHF promoter ampiificacion I mixed 5.1 ug
of Raji {human genomic library) genomic DNA, 20 pmoles
of each of zhe above two primerxs, 5 ul of 10X buffer
[S00 mM KC!, 00 mM Tris-HCl, pH 8.3, 15 mM MgCl,, 0.1%
gelatin], 3 ui of 2.0 mM of each ANTP and I unit of
AMPLITAQ :Tag polymerase) (Perkin-Elmer, Norwalk, CT).
I added water to a total volume of 56 pl and periormed
PCR.

The PCR reaction was run at 94°C for 2
minutes, followed by 30 cycles of: 10 seconds at 56°C,
30 seconds at 71°C and 10 seconds at 94°C. The PCR
reaction was completed by incubating the mixture at 56°C
for 1.5 minutes followed by 71°C for 4 minutes. The
reaction product was then electrophoresed on a 1.0%
agarose gel and the amplified sequence excised from the
gel and pur:Zied. The isolated fragment was then
kinased and blunt-end ligated into the pBLCAT3 vector
described in B. Luckow et al., Nucl. Acids Res., 15, p.
5490 (1987), the disclosure of which is herein
incorporated by reference.

Other stress promoter-CAT fusions may be
similarly prepared using any of the above-cited,
published nucleotide sequences of the various stress
gene promoter regions to design appropriate
oligonucleoride primers for PCR. CAT fusions with the
following stress promoters were prepared for use in the
kits and methods of this invention: XHF, CYP1lAl, GST
Ya, MTIIA, FOS, HSP70, GADD45, GADD153 and JUN.

EXAMPLE 4

Construction Of A Response Element-CAT Fusion

I constructed a xenobiotic response element
XRE-CAT fusion as follows. I first had

oligonucleotides corresponding to both strands of the

XRE synthesized by an independent contractor

(Operon
Technologies, Inc

., Alameda, CA). The sequence of the
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(B) TYPE: nucleic acid (C) STRANDEDNESS: single
TOPOLOGY: .li near

GITTGAGCAC AAGAGGAAGG AGCTGGAGCA GGrar

(D
(i1) MOLECULE TYPE: cDNA (ii1) HYPOTHETI CAL:
NO - (xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 34: AGAAGGACGA
45
-87-
XRE is described in M. Denison et &ai., J. Biol. Them.,
263, pp. 17221-24 .1988). The oligonucleotides were

10

15

20

25

30

35

synchesized with overhanging BamHI compatible ends.

The oligonucleotides were dissolved in water
at a final ccncentration of 500 pmoles/ml. I then
mixed 50 pg of each oligonucleotide together in a
solution containing 500 mM NaCl, 50 mM Tris-HCl, pH
7.8, 1L mM EDTA and boiled for 5 minutes. I then
incubated the solution overnight at 68°C to allcw the
strands to anneal to one another. The double stranded
oligos were then electrophoresed on a 12%
polyacrylamide gel and purified by excising the band
and eiectroeluting the DNA.

The purified response elements were then

.

kinased and cloned into the BamHI site of pBLCAT2 (M.

Denison et al., J. Biol. Chem., 263, pp. 17221-24
(1988) ],

5ust upstream of the tk minimal promoter.

Other response element-CAT fusions may be
similarly prepared using any of the above-cited,

published nucleotide sequences of the various response

elements to design appropriate oligonucleotide primers

for PCR. CAT fusions with the following response

elements were prepared for use in the kits and methods

of this invention: XRE, NFkB, CRE, pS3RE and RARE

EXAMPLE 5
Assay Of Toxins Using Stress Promoter-CAT Fusions

Approximately 5 x 10° cells of each of the 14

transformed strains described in Example 3 and 4 above

were separately plated into a row of 12 wells in one of
two 96-well plates.

An untransformed human liver cell
line was plated into the wells of the last row of the
second plate to determine cell viability. The cells
were grown in 10% Complete Minimal Essential Media
(Gibco/BRL, Gaithersburg, MD) at 37°C, S% CO, until
reaching 90% confluency.
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-71-  (2) | NFORMATI ON FOR SEQ | D NO 35:

(1) SEQUENCE CHARACTERI STI CS:
(A) LENGTH. 50 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: si ngl e (D) TOPOLOGY: |i near (1i) MOLECULE
TYPE: cDNA (iii) HYPOTHETI CAL: NO (xi) SEQUENCE DESCRI PTI ON:
SEQ | D NO 35:

GCTCAGGGAA CAGGTGGCAC AGCTTAAACA GAAAGTCATG AACCACGITA
50 (2) INFORVATI ON FOR SEQ I D NO 36:

-58-

We tested five or six different

concentrations of the various chemicais listed in Table

2, below, dissolved in the appropriacte solvent in

triplicate.

5 Table 3
Test Compounds
Compound Solvent Concentration Range
3-MC DMSO 1 nM - 10uM
Sodium arsenate watef 1 nM - 10uM
10 DMSO none .001 - 10% (vivi
Cadmuum suifate water 100 nM - 10 uM
Benzolalpyrene DMSO 10 nM - 100 M
Ethanol none .001 - 10% {viv)
PMA ethanol 3.2 - 200 ng/mlt
15 MMS water 10 ng/mi - 100 pygrmi
Methapyrilene water 10 nM - 100 M
TCOD OMSO 1nM - 10 gM
Reunoic acid DMSO 10 nM - 100 uM
The various concentrations were made by performing a
20 dilution series. For TCDD, we first removed 20 ul of
media from each well in columns 3 through 10 and 10 gl
from columns 11 and 12 of the 96 well plates. We
placed 10 pul of a 200 uM solution of test chemical into
each well in columns 11 and 12. The liquid in those
25 wells was mixed well with a multichannel pipetman using
separate pipette tips for each row, and 20 ul was then
transferred from the wells in column 12 to column 10.
The liguid in column 10 was mixed and 20 ul then
transferred to column 8 and the procedure repeated for
30

the even numbered columns down to column 4. The same

I
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() SEQUENCE CHARACTERI STI CS: (A) LENGTH 50 base pairs

(B) TYPE: .nucleic acid (C) STRANDEDNESS: single (D)
TOPOLOGY: | i near (ii) MOLECULE TYPE: cDNA (iii1) HYPOTHETI CAL:
NO (xi) SEQUENCE DESCRI PTI ON: SEQ | D NO 36: GAAAGGCATC TATTTTTCAA
TGGTCAGTGT CCAGGCTGGA ACAAAGCGCC 50 (2) | NFORMVATI ON FOR
SEQ I D NO 37: (i) SEQUENCE CHARACTERI STI CS: (A) LENGTH:
47 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: si ngl e (D TOPOCECRY: |inear (i) MOLECULE
TYPE: cDNA

orocedure was carried out Zor the odd numbered columns
starting with column 11 and ending with column 3.
Columns 1 and 2 of each row represent untreated
controls. The plates were then incubated at 37°C, 5%
5 €O, overnight.

At —he end of the incubation the media was
gently aspirated from all of the wells except the cell
viability row on the second plate. The cells in all
but that last row were washed twice with 200 pl of

10 phosphate buffered saline. After the wash, we added
' 100 ul of Cell Lysis Buffer (5 mM Mops, 2.5 mM NaCl,

‘ 0.38 mM MgCl,, 0.25% Triton X-100, pH to 6.5 using NaCH)
to each well and incubated 30 minutes at room
temperature. We then combined thé lysates in the wells

15 containing duplicate concentrations of chemical by
transferring zhe 100 pl of lysate in column 12 to
column 11, column 10 to column 9, and SO on.

We assayed the total protein in each well as
follows. In two fresh 96 well plate we added 190 ul of

1X Protein Assay Reagent (Bio-Rad Laboratories,
Hercules, CA)

20

to each well in column 1 through 7. We
transferred 10 pl of cell lysate from the wells in
column 1 of the toxin test plate to column 2 of the

proteiln assay plate, from column 3 of the toxin test

25 plate to column 3 of the protein assay plate, from

column S5 of the toxin test plate to column 4 of the

protein assay plate and so on. The plates were then

incubated for 15 minutes at room temperature and then

the absorbance of each well read at ODgy.

30 The CAT assay was performed using a CAT ELISA
kit (5 Prime-3 Prime, Inc., Boulder, CO) and following
the manufacturer’s directions. We used 190 ul of each
cell lysate in the toxin test plates for determining
CAT activity. The CAT assay was allowed to proceed for

5

three and one-half hours at room temperature. CAT




(iFii) HYPOTHETI CAL: NO (xi) SEQUENCE DESCRI PTION: SEQ I D NO 37:
GCACTGGCTC CTGCAAATGC AAAGAGTGCA AATGCAACTC CTGCAAG 47

(2)
| NFORVATI ON FOR SEQ | D NO 38: (i) SEQUENCE CHARACTERI STI CS
(A) LENGTH: 35 base pairs (B) TYPE: nucleic acid
(C) STRANDEDNESS: single (D TOPOLOGY: |inear (i)
MOLECULE TYPE: cDNA

-50-
antibody, fc_liowed by & streptavidin conjugated
alkaline phosphatase, and finally the colorimetric

substrate, p-nitrophenyl-pnospnate. Color development
was measured at OD,;-.

Fold-induction was calculated using the
following ZIcrmula:

OD.ys itest sample) /ODgy(test sample)

OD,s (control) /ODgy icontrol)

10 The results for each of these experiments is

shown graphicaily in Figures 1 - 11.

EXAMPLE 6

Identification Of Antitoxins

15 After an unknown compound is found to be a

toxin on the basis of its induction of ocne or more
mammalian stress promoters, the same process can be
utilized to identify a potential antitoxin.

An unknown compound is demonstrated to induce
20 the HMO promoter and the GADD153 promoter in any of the

assays described herein. This indicates that the
compound 1s causing oxidative stress and DNA damage.
One possibility is that the compound is causing

hydrogen peroxide formation in sufficiently high

25 amounts to result in DNA strand breaks. Ascorbic acid

is known to reduce the number of hydrogen peroxide-

induced DNA strand breaks, and therefore is a potential

antitoxin to this unknown compound.

HepG2 cells are grown as described in Example
30 2. The cells are then incubated with varying

dilutions of ascorbic acid for 30 minutes. The cells

are then exposed to the concentration of unknown

compound previously determined to be optimum for
inducing the HMO and GADD153 promoters.
35 promoter induction
expression)

2.

The assay for
(and concomitant stress gene
is then carried out as described in Example

If the ascorbic acid-treated cells produce a lower
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(+ii) HYPOTHETI CAL: NO (xi) SEQUENCE DESCRI PTION: SEQ I D NO 38:
CCCAGGGCTG CATCTGCAAA GGGGCGTCGG ACAAG

35 (2)
I NFORMATI ON FOR SEQ | D NO 39: (1) SEQUENCE CHARACTERI STI CS:
(A) LENGTH 50 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: si ngl e (D TOPOLOGY: |inear
-63 -

level of HMO or GADD153 mRNA transcripts than control
cells, it is considered to be an antitexin.
Whiie I have hereinbefore presented a number

of embodiments of this invention, it 1is apparent that

wn

my basic construction can be altered to provide other
embodiments which utilize the diagnostic kits, pro-
cesses and products of this invention. Therefore, it
will be appreciated that the scope of this invention is
to be defined by the claims appended hereto rather than
10 the specific embodiments which have been presented

hereinbefore by way of example.
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(i) MOLECULE TYPE: cDNA (iii) HYPOTHETI CAL: NO (xi) SEQUENCE
DESCRI PTION:  SEQ I D NO: 39:  ACCACTGTAT TTTGCTCCAA GCAGCCTCTT TGACCTAAAC

TTCCAGGCAG 50 (2) I NFORVATI ON FOR SEQ I D NO 40: (1)
SEQUENCE CHARACTERI STI CS: (A) LENGTH:. 50 base pairs
(B) TYPE: nucleic acid (C) STRANDEDNESS: single (D)
TOPOLOGY: |i near (ii) MOLECULE TYPE: cDNA (iii) HYPOTHETI CAL:
NO

-62-

SEQUENCE LISTING

11) GENERAL INFORMATION:

(i) APPLICANT: XenometirX, Inc. {(all states except US)
2860 Wilderness Place
Suite 150
3puider, Colorado 80301
United States of America

(i) APPLICANT: Farr, Spencer B (US only)
2852 Kalmia Avenue
No. 184
Boulder, Colorado 80301
United States of America

(1) APPLICANT: Todd, Marque D (US only)
’ 8200 North Sheridan Boulevard
* No. 904

Westminster, Colorado 80003
United States of America

{ii) TITLE OF INVENTION: METHODS AND DIAGNOSTIC KITS UTILIZING

EUKARYOTIC STRESS PROMOTERS TO DETERMINE TOXICITY OF A
COMPOUND

(iii) NUMBER OF SEQUENCES: 465

(iv) CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: James F. Haley, Jr.
{B) STREET: 1251 Avenue of the Americas
(C} CITY: New York
(D) STATE: New York
(E) COUNTRY: United States of America
(F) ZIP: 10020 '

(vl COMPUTER READABLE FORM:
(A} MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.25

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
(B) FILING DATE:
(C) CLASSIFICATION:

(vii) PRIOR APPLICATION DATA:

(A} APPLICATION NUMBER: US 08/008,896
(B} FILING DATE: 21-JAN-1993

{(viii} ATTORNEY/AGENT INFORMATION:
(A) NAME: Marks, Andrew S
(B) REGISTRATION NUMBER: 33,259
(C} REFERENCE/DOCKET NUMBER: X-1 CIP

{ix) TELECOMMUNICATION INFORMATION:
(A} TELEPHONE: (212) 5$96-9000
(B) TELEFAX: (212) 596-9090
(C) TELEX: 14-8367
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(xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 40: ACAAAAGCCA CTCCACTCTC TTCAACGGTG

ACACTCAGTA TGTICTGCAGA 50 (2) I NFORVATION FOR SEQ | D NO 41:

(i) SEQUENCE CHARACTERI STI CsS: (A) LENGTH:. 50 base pairs

(B) TYPE: nucleic acid (C) STRANDEDNESS: single (D)
TOPOLOGY: | i near (i1) MOLECULE TYPE: cDNA 0 5 AUG
1996 (iii) HYPOTHETI CAL: NO (xi) SEQUENCE DESCRI PTI ON: SEQ
| D NO 41: TTGCTCTCGA CAGTATCCAC AATACGCTGAC GGCTGGGTGI TTCAGITTGA

50 (2) 1 NFORMATI ON FOR SEQ I D NO 42: -63-

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 70 base pairs
{(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:
AAAAAAACCC AGTCCAACTA CAGACATGGC AGCTGAGTCC CTGCCATTCA CCTTGGAGAC 60
GGTGTTTTTT 70
(2) INFORMATION FOR SEQ ID NO:2:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 69 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
* (D) TOPOLOGY: linear
{xi) SEQUENCE DESCRIPTION: SEQ iID NO:2:
AAAAAAGGCC AGTATGCACA GCTTTCCTCC ACTGCTGCTG CTGCTGTTCT GGGGTGTGGT 60
GTCTTTTTT 69
(2) INFORMATION FOR SEQ ID NO:3:
(i) SEQUENCE CHARACTERISTICS:
{(AR) LENGTH: 59 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:
AAAAAACCCC AAGATCCTGA AACAGAGCAT GACCCTGAAC CTGGCCGACC CAGTTTTTT S9
(2) INFORMATION FOR SEQ ID NO:4:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 63 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:
ARAARACAAC CTGAACGTCA ACGAGGAGAA GTACCAGGAG GCGTTGGCCA AGGGAGATTT 60
TTT 63
(2) INFORMATION FOR SEQ ID NO:5:
(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 60 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:S:

AARAAATAGA GCGTCCGCAA CCCGACAGCA TGCCCCAGGA TTTGTCAGAG GCCCTTTTTT 60

REPLACEMENT SHEET

05 AUG 1996




-73- (i) SEQUENCE CHARACTERI STI CS:
tB) TYPE: nucleic acid
TOPOLOGY: | i near

(xi) SEQUENCE DESCRI PTION: SEQ | D NO 42:

(2) INFORMATION FOR SEQ ID NO:6:

(1) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 65 base pairs
{(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:

[ REPLACEMENT SHEET

A) LENGTH: 45 base pairs

(C) STRANDEDNESS: single (D)
(ii) MOLECULE TYPE: cDNA

(iii) HYPOTHETI CAL: NO

05 AUG 1996

AAAAAAGGAG TTGGGAGTTG AGTGGAGAAG AAGCCACGAC TCTCGCTAGG TCAGTACTCT 60

TTTTT 65
(2) INFORMATION FOR SEQ ID NO:7:

(i} SEQUENCE CHARACTERISTICS:
t {A) LENGTH: 69 base pairs
(B} TYPE: nucleic acid
{C) STRANDEDNESS: single
iD) TOPOLOGY: linear

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:7:

AAAAAAGCCG CGGCAGTCGG CATCGACCTG GGCACCACCT ACTCCTGCGT GGGGGTGTTC 60

CAATTTTTT 69
{2) INFORMATION FOR SEQ ID NO:8:

(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 62 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear

(xi) SZQUENCE DESCRIPTION: SEQ ID NO:8:

AAARARAATTA CAGCAAGCCT GGAACCTATA GCCCCTTTAA CTTGAGCAGC ATCATTTTTT 60

TT 62
(2) INFORMATION FOR SEQ ID NO:9:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 62 base pairs
{B) TYPE: nucleic acid
(C} STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:

ARARAACATT CAGGGAAGGG TTGGGTAGGT AGCGAAGAAT AGGGATGAAG TCAGCTTTTIT 60

TT 62

(2) INFORMATION FOR SEQ ID NO:10:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 62 base pairs



ACCTTCCAGC AGATGTGGAT TAGCAAGCAG GAGTACGACG AGTCG 45 (2)

| NFORMATI ON FOR SEQ I D NG 43: (i) SEQUENCE CHARACTERI STI CS:

(CA) LENGTH 50 base pairs (B) TYPE: nucl ei i_d (O
STRANDEDNESS: si ngl e (D TOPOLOGY: |inear

TYPE: cDNA (iii) HYPOTHETI CAL: NO (xi) S

SEQ I D NO 43: TTGAGIGGAT CCCCAACAAT GTGAAAACGG CT

50 (2) |NFORMATION FOR SEQ ID NG 44: (i) SEQ
(A) LENGTH 20 base pairs -65-

{(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:
AAAAAAATGC TGGAGAAGGA GTCTGCGGGT GAGTGGTAGT AAGAGAGGTT ATCCCITITT 60
TT 62
{2) INFORMATION FOR SEQ ID NO:11l:
{i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 62 base pairs
{B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

* {xi) SEQUENCE DESCRIPTION: SEQ ID NO:11l:

AAAARAGGAR TCTCATTTTC TAGCTTTGAT CTGGTTGTCA GTTGGGATGG ACTTGCTTIT 60

TT 62
(2) INFORMATION FOR SEQ ID NO:12:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 62 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{(xi)} SEQUENCE DESCRIPTION: SEQ ID NO:12:
AAAAAACCTC TTGCTTCCCC GTGTTGATGT AGCCGAGGAT CTTCTTAAAC TGAGTTTTTT 60
TT 62
(2) INFORMATION FOR SEQ ID NO:13:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 62 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:13:
AAAAARACAGT GGTCAATGTC ACGTGGCTTC GAAATGGAAA ACCTGTCACC ACAGGATTTIT 60
TT 62
(2} INFORMATION FOR SEQ ID NO:14:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 69 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:14:



(B) TYPE: nucleic acid (C) STRANDEDNESS:. single (D)

TOPOLQOGY: .li near (ii) MOLECULE TYPE: cDNA REPLAEEL: T HYPOHHETI CAL:
NO (xi) SEQUENCE DESCRI PTI ON: SEQ I D NG 44 CX &b&@[f}l TIAACAAAG
20 (2) | NFORVATI ON FOR SEQ | D NO 45: (i EQJENCE CTERI STI CS:
(A) LENGTH: 20 base pairs (B) TYPE nucl eD& ABGYg9 (O
STRANDEDNESS: si ngl e (D TOPOLOGY: limear ?é) MILECULE
TYPE: cDNA (iii1) HYPOTHETI CAL: NO R

-66- — “J

e taan,

AAAAAAGGAT TGTGAAATGA AACGCACCAC ACTGGACAGC CCGTTGGGGA AGCTGGAGCT 50
STCTTTTTT 69
{2) INFORMATION FOR SEQ ID NO:15:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 62 base pairs
(B} TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:15:
AARAAATTCT TACAATTTTG GTACCAGTGC TTGACTAGGC GGATGAGGCT CTTGAGTTTT 60

TT 62
t (2) INFORMATION FOR SEQ ID NO:16:

(i} SEQUENCE CHARACTERISTICS:
(A} LENGTH: 62 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D)} TOPOLOGY: linear

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:16:
AAAAAAAGTC TTGCATGATC CTTGTCACAA ATAGTTTAAG ATGGCCTGGG TGATTCTTTT 60
TT 62
{(2) INFORMATION FOR SEQ ID NO:17:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: S1 base pairs
{B}) TYPE: nucleic acid
{(C) STRANDEDNESS: single
(D)} TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:17:
AARAAACCAG CACCCCGTCT CCGCGACTAC TTTATAGGCC AGACCTTTTIT T 51
(2) INFORMATION FOR SEQ ID NO:1B:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 62 base pairs
(B) TYPE: nucleic acid
{(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:18:
AAAAARDACC GTACTCTCCC AGTTCTCTTC CATTTCCAGA CATCTTGAAT CCACCATTTT 60

TT 62

(2) INFORMATION FOR SEQ ID NO:19:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 62 base pairs
(B) TYPE: nucleic acid



ggi) SEQUENCE DESCRI PTI ON: SEQ | D NO 45: ACTGECCTTT GICTTCTTTC

( S . o CLAIMS | claim 1.
di agnostic kit for identifying and characterizing a toxic conpound
conpri si ng: (a) an eukaryotic cell characterized

-67-

(C) STRANDEDNESS: single
(D) TOPOLOGY: lLinear

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:19:
AAAAAAGAGT GTCTTTGGCA TACTTGATCA CCAGGTACTT GTACTGAGCA ATCTGGTTTT 60
TT 62
(2) INFORMATION FOR SEQ ID NO:20:
(i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 62 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
R {(xi) SEQUENCE DESCRIPTION: SEQ ID NO:20:
AAAAAAAAAC ACCTTCTTCA CATCATCCGC ACTCTTTTTC TTCAGGCCGA CCATTTTTTT 60
TT 62
(2) INFORMATION FOR SEQ ID NO:21:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 62 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:21:
AAAAAAGAAG CTCTCAGACA CGAAGTAGAC TGACTGGTAC GTCTGGTCTT GGTAGGTTTT 60
TT 62
(2) INFORMATION FOR SEQ ID NO:22:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 62 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:22:
AAAAAATCTA GAATATAGGC AGCCAGACCC ACAGGAGAGT CATTCAGAGC AGAGCCTTTT 60

TT 62

[ ) I T ]
(2) INFORMATION FOR SEQ ID NO:23: REPLACERAENT SHEET

. e

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 62 base pairs
{B) TYPE: nucleic acid 05 AUG 1596
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:23:

AAAAAAGATA GCGCTCTTCT TCCCACCATT TCCACTTCTG TTCCTCTTCT TTTTTCTITT 60

TT 62

~
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TOPOLOGY: linear

(x1) SEQUENCE DESCRIPTION:

AAAAAAGCCT CTGCCAGTTT TTCTTCAGTC ATCTTCACAA CAAATTTCAC AGTGGTTTTT

TT 62

(2) INFORMATION FOR SEQ ID NO:25:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 67 base pairs
* (B) TYPE: nucleic acid
{C} STRANDEDNESS: single
{D) TOPOLOGY: linear

{x1)

AARAAAATCTC TTCCTTGCAG GTGGCTCCTG CACCTGCACT GGCTCCTGCA AATGCAAAGA

GTTTTTT 67

(2) INFORMATION FOR SEQ ID NO:26:

(1) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 50 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear

MOLECULE TYPE:

(i1) cDNA

{iii) HYPOTHETICAL: NO

(xi) SEQUENCE DESCRIPTION:

AATTGCTATG GCGTGGTAAG TGCCCAGTGC CCCTTTGGTG GATTCAAGAT

(2) INFORMATION FOR SEQ ID NO:27:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 50 base pairs
{(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(iii) HYPOTHETICAL: NO

(xi) SEQUENCE DESCRIPTION: SEQ

different pronoters which

gnﬁgagsﬁ_ pﬁgm’gt ers being operatively |inked

SEQ ID NO:24:

60

SEQUENCE DESCRIPTION: SEQ ID NO:25:

60

SEQ ID NO:26:

50

ID NO: 27 e
REPLAL -




to a gene which encodes a different detectable product; and
(b) at least four different nucleic acid sequences, each of said nucleic

aci d sequences being capable of hybridizing to the nRNA transcript of a
di*fferent one of the genes that is operatively |inked

-75- to said pronoters or to a single stranded cDNA prepared from said
MRNA transcri pt.

-56G-
ATCTGAGTTC CTACCTGAAC GGTTTCTCAC CCCTGATGGT GCTATCGACA SO
{2) INFORMATION FOR SEQ ID NO:28:
(1) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 45 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
{D} TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA

(iii) HYPOTHETICAL: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:28:
GTACTCCCAG CTGCACTGCT TACACGTCTT CCTTCGTCTT CACCT 45
(2) INFORMATION FOR SEQ ID NO:29:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: S0 base pairs
(B) TYPE: nucleic acid
{(C} STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA

{(iii} HYPOTHETICAL: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:29:

AGGAGAATGA AAGGAAAGTG GCACAGCTAG CTGAAGAGAA TGAACGGCTC S0

(2) INFORMATION FOR SEQ ID NO:30:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 50 base pairs

(o) TyPE: mucleic acid REPLACEMENT SHEET
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{ii) MOLECULE TYPE: cDNA 05 AUG 1996
(iii) HYPOTHETICAL: NO !

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:30:

AGTCGCTACA TGGATCAATG GGTTCCAGTG ATTAATCTCC CTGAACGGTG 50

(2) INFORMATION FOR SEQ ID NO:31:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 50 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear



3: A diagnostic kit for identifying and characterizing a toxic conpound
conpri.si ng: (a) an eukaryotic cell conprising at |east 4
different pronoters which respond to DNA stress, each of said pronoters
bei ng operatively linked to a different gene which encodes a detectable
product; and (b) at least four different nucleic acid
sequences, each of said nucleic acid sequences bei ng capable of hybridizing
to the nRNA transcript of a different one of the genes that is operatively
| inked to said pronoters or to a single str’@ded cDNA prepared from said
nMRNA transcript. 4, A diagnostic kit for identifying and
characterizing a to¥%it ¥&RFFHING Eonprsi ng: (a) an
eukaryotic cell copphSivpgrmdrz-i-eagé 4 different pronoters which respond to
protein stress, each of said pronoters being operatively linked to a
di fferent gene which encodes a detectable product; and (b)
at least four diffeggntssyseh@ 6zsa@gbfioneeNeeso: Aach of said nucleic acid
sequences being capable of hybridizing to the nRNA transcript of

GTGGTGGACC TGACCTGLCTS TCTAG CCTGCCAAAT ATGATGACAT 50

(2) INFORMATION FOR SEQ ID NO:32:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 50 base pairs
(B TYPE: nucleic acid
{C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(iii) HYPOTHETITAL: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:32:

CAGCCCAAGG AAGCCTCCTA TGGATGAGAA ATCTTTAGAA GAAGCAAGGA
S0

(2) INFORMATION FOR SEQ ID NO:33:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 44 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{1i) MOLECULE TYPE: cDNA

(iii) HYPOTHETICAL: NO

{(xi) SEQUENCE DESCRIPTION: SEQ ID NO:33:
CTTACACTCA GCTTTCTGGT GGCGACAGTT GCTGTAGGGC TTTA 44
(2) INFORMATION FOR SEQ ID NO:34:
(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 45 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA

(iii) HYPOTHETICAL: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:34:

AGAAGGACGA GTTTGAGCAC AAGAGGAAGG AGCTGGAGCA GGTGT 45




a different one of the genes that is operatively linked to said pronoters
or to a single stranded cDNA prepared fromsaid nRNA transcript.
5. A diagnostic kit for identifying and characterizing a toxic conpound

conpri si ng: (a) an eukaryotic cell conprising at | east
4 different pronoters which respond to energy/ionic stress, each of said
pronoters bei ng -76- operatively
linked to a different gene which encodes a

_'71_

(2) INFORMATION FOR SEQ ID NO:35:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 50 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: >inear
(ii) MOLECULE TYPE: c¢DNA

(iii) HYPOTHETICAL: NO

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:35:
GCTCAGGGAA CAGGTGGCAC AGCTTAAACA GAAAGTCATG AACCACGTTA SO
(2) INFORMATION FOR SEQ ID NO:36:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 50 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D} TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA

(iii) HYPOTHETICAL: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:36:
GAAAGGCATC TATTTTTCAA TGGTCAGTGT CCAGGCTGGA ACAAAGCGCC 50
(2) INFORMATION FOR SEQ ID NO:37:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 47 base pairs
{B} TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(iii) HYPOTHETICAL: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:37:
GCACTGGCTC CTGCAAATGC AAAGAGTGCA AATGCAACTC CTGCAAG 47
(2) INFORMATION FOR SEQ ID NO:38:

(1) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 35 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

( } MOLECULE TYPE: DNA LD e apoe
. ‘ REPLACEMENT SHegT
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det ect abl e product; and (b) at least four different nucleic
aci d sequences, each of said nucleic acid sequences bei ng capabl e of
hybridizing to the nRNA transcript of a different one of the genes that is
operatively linked to said pronoters or to a single stranded cDNA prepared
fromsaid nRNA transcri pt. 6. A diagnostic kit for identifying
and characterizing a toxic conpound conpri si ng: (a) a
manmal i an cell conprising at least 3 different pronoters which respond to
cell surface receptor stress, each of sai-dzpronoters being operatively
linked to a different gene which encodes a detectable product; and

(b) at |east threé&id) fHfY@PBFIIFUCI ¥ c aci d sequences, each of said nucleic
aci d sequences being capable of hybridizing to the nRNA transcript of a
different one of the genes that is operatively linked to said pronoters or
to a single stranded) cIINPENIECPRECREPTIONM SFRI P MRNA:t r anscri pt .

7. The di agnostdcgadtchc FRFOIHELNY chlacthBédMhéanc 35

(2) INFORMATION FOR SEQ ID NO:39:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 50 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
{D} TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA

(iii) HYPOTHETICAL: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:39:
ACCACTGTAT TTTGCTCCAA GCAGCCTCTT TGACCTAAAC TTCCAGGCAG 50
(2) INFORMATION FOR SEQ ID NO:40:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 50 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
{D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA

(iii) HYPOTHETICAL: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:40:
ACAARAGCCA CTCCACTCTC TTCAACGGTG ACACTCAGTA TGTCTGCAGA 50
(2) INFORMATION FOR SEQ ID NO:41:

(i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 50 base pairs o
(B) TYPE: nucleic acid REPLACEMENT SHEET
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA 05 AUG 1996

(1ii) HYPOTHETICAL: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:41}:
TTGCTCTCGA CAGTATCCAC AATAGCTGAC GGCTGGGTGT TTCAGTTTGA S0

{(2) INFORMATION FOR SEQ ID NO:42:

-



wherein said eukaryotic cell is a manmalian cell which additionally
conprises a pronoter which responds to cell surface receptor-nediated
stress, said pronoter being operatively linked to a gene which encodes a
détect abl e product, said kit additionally conprising at |east one nucleic
aci d sequence which is capable of hybridizing to either the nmRNA
transcript of said gene which is operatively linked to said cell surface
receptor-nedi ated pronoter or a single stranded cDNA reverse transcribed
fromthe nRNA transcript of each of said-dénes.
07 (1) SEQUENCE CHARACTERISTICS:

vA) LENGTH: 45 base pairs

{B) TYPE: nucleic acid

+C) STRANDEDNESS: single

{D} TOPOLOGY: linear

(11} MOLECULE TYPE: cDNA
{1ii) HYPOTHETICAL: NO
(x1} SEQUENCE DESCRIPTION: SEQ ID NO:42:
ACCTTCCAGC AGATGTGGAT TAGCAAGCAG GAGTACGACG AGTCG 45
{2) INFORMATION FOR SEQ ID NO:43:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: SO base pairs
(B) TYPE: nucleic acid
(C} STRANDEDNESS: single
(D) TOPOLOGY: linear
{ii) MOLECULE TYPE: cDNA

(iii) HYPOTHETICAL: NO

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:43:
TTGAGTGGAT CCCCAACAAT GTGAAAACGG CTGTCTGTGA CATCCCACCT SO
(2) INFORMATION FOR SEQ ID NO:44:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{ii) MOLECULE TYPE: cDNA
(1ii) HYPOTHETICAL: NO
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:44:
TACCAGGCAG CTTAACAAAG 20

(2) INFORMATION FOR SEQ ID NO:45:

3 SRR ot
(1) SEQUENCE CHARACTERISTICS- H!._..; é.A(.-‘.’_!VIL.;rﬁi oHEET
{A) LENGTH: 20 base pairs [
{B) TYPE: nucleic acid .
(C) STRANDEDNESS: single 05 AUG 1996
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(11i) HYPOTHETICAL: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:45:

ACTGGCCTTT GTCTTCTTTC 20



8. A diagnostic kit for identifying and characterizing a toxic conpound

conpri sing: (a) an eukaryotic cell which harbors at

| east one pronoter or response el enent that responds to redox stress;
(B) an eukaryotic cell which harbors at | east -one pronoter or response
el enent that responds to DNA stress; otic
cell which harbors at | east one pronoter or res (ﬂ!ﬂ!‘mum M
responds to protein stress; and (d) a ar Yot mc '+ which
har bor s at | east one pronoter or responée el enment that responds

to energy/ionic stress; wherein, each of said pronoters or response

el enments is operatlvely linked to a heterg#%é%gs gene encodi ng a detectable
product . I claPm: A diagnostic kit for identifying and
characterizing a toxic conpound conprising at |least 4 different eukaryotic
cells, each of which harbors a different promoter or res onse el enent that
responds to redox stress ant is bpER@IRFERF Kifkéart sdgptifying and

characterizing a toxic compound comprising:
(a) an eukaryotic ceil characterized
by:
(i) at least one promoter which
responds to redoxXx sStress;
(ii) at least one promoter which
responds to DNA stress;
{iii) at least cne promoter which
responds to protein stress; and
(iv) at least one promoter which
responds to energy/ionic stress,
each of said promoters being operatively linked to a
different gene which encodes a detectable product; and
(b) at least four different nucleic
acid sequences, each of said nucleic acid sequences
being capable of hybridizing to the mRNA transcript of
a different one of the genes that is operatively linked

to said promoters or to a single stranded cDNA prepared
from said mRNA transcript.

2. A diagnostic kit for identifying and
characterizing a toxic compound comprising:

(a) an eukaryotic cell comprising at
least 4 different promoters which respond to redox
stress, each of said promoters being operatively linked
to a gene which encodes a different detectable product;
and

(b) at least four different nucleic
acid sequences, each of said nucleic acid sequences
being capable of hybridizing to the mRNA transcript of

a different one of the genes that is operatively linked
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het er ol ogous gene encodi ng a detectabl e product. 10. A
di agnostic kit for identifying and characterizing a toxic conpound

conprising at |east 4 ' eukaryotic cells, each of which harbors a
dirf f erent prormtE m B%n lerrent that responds to DNA stress and is
operatively |ink s ous gene encoding a detectabl e product.
11. A diagnostic kit for identifying and characterizing a toxic conpound
conprising at least 4 different eukaryotic cells, each of which harbors a
di fferent prompter or response el ement that’>responds to

to said cromoters or to a single stranded cDNA prepared

from said mRNA Transcript.

2. A diagnostic kit for identifying and

characterizing a toxic compound comprising:
{a} an eukaryotic cell comprising at

least 4 different promoters which respond to DNA
stress, each of said promoters being operatively linked

to a different gene which encodes a detectable product;
and

(b) at least four different nucleic
‘ acid sequences, =ach of said nucleic acid sequences
being capable of hybridizing to the mRNA transcript of
a different one of the genes that is operatively linked

to said promoters or to a single stranded cDNA prepared
from said mRNA ctranscript.

4. A diagnostic kit for identifying and
characterizing a toxic compound comprising:

(a) an eukaryotic cell comprising at

least 4 different promoters which respond to protein

stress, each of said promoters being operatively linked

to a different gene which encodes a detectable product;
and

(b) at least four different nucleic

acid sequences, each of said nucleic acid sequences

being capable of hybridizing to the mRNA transcript of

a different one of the genes that is operatively linked

to said promoters or to a single stranded cDNA prepared
from said mRNA. transcript.

5. A diagnostic kit for identifying and
characrerizing a toxic compound comprising:
(a) an eukaryotic cell comprising at
least 4 different promoters which respond to

energy/ionic stress, each of said promoters being
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-78- protein stress and is operatively linked to a heterol ogous gene
encodi ng a detectabl e product. 12. A diagnostic kit for

i'dentifying and characterizing a toxic conpound conprising at Teast 4~
diefferent eukaryotic cells, each of which harbors a

response el enent that responds to energy/ionic streSf’mm mmlmmﬁﬂmel y

| inked to a heterol ogous gene encodi ng a detectable pl’*odﬁlctL "
13. A diagnostic kit for identifying and characterizing a toxic corrpound

conprising at least 3 different eukaryotic7eells, each of which harbors a
different pronoter or response el enent that responds to cell surface
recept or - nedi at edretraesveand: iskeperatd dlffelriemkedene dwhhel esrsiwigsus gene
encodi ng a det ect@lle? Bb?dUstoduce; and
{b) at least four different nucleic

acid sequences, each of said nucleic acid sequences

being capable of hybridizing to the mRNA transcript of

a different cne of the genes that is operatively linked

to said promoters or to a single stranded cDNA prepared

from said mRNA transcript.

6. A diagnostic kit for identifying and
. characterizing a toxic compound comprising:
(a) a mammalian cell comprising &t

least 3 different promoters which respond to cell

surface receptor stress, each of said promoters being

operatively Zinked to a different gene which encodes a
detectable product; and

(b) at least three different nucleic

acid sequences, each of said nucleic acid sequences

being capable of hybridizing to the mRNA transcript of

a different one of the genes that is operatively linked

to said promoters or to a single stranded cDNA prepared
from said mRNA transcript.

7. The diagnostic kit according to claim 1,

wherein said eukaryotic cell is a mammalian cell which
additionally comprises a promoter which responds to
cell surface receptor-mediated stress, said promoter
being operatively linked to a gene which encodes a

detectable product, said kit additionally comprising at

least one nucleic acid sequence which is capable of
hybridizing to either the mRNA transcript of said gene
which is operatively linked to said cell surface
receptor-mediated promoter or a single stranded cDNA

reverse transcribed from the mRNA transcript of each of
said genes.
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14. The diagnostic kit according to claim38, additio
har bori ng a pronoter which responds to :
receptor- .nedi ated stress, said pronoter being operat|{vely linked to fa

het er ol ogous gene. _encodi tect abl e product. 05 AUBS1998h
di agnostic klt“mﬂinm ' alH one of clains 1-5 or{ 812, wherein dai
eukaryotic cel |'{8%¢

manmal iian cel |

AT ST

d
cell. 16. The diagnostiT kit
according to claim 15, wherein said mammalian cell i Hep&2 cell.
17. The diagnostic kit according to any oney;70of clains 6-7 or 13-14,
wherein said manmalian cell is a cell derived fromthe skin or fromthe

eye.

3. A diagnostic kiz for identifying and

characterizing a toxic compound comprising:

(a) an eukaryotic cell which harbors at
least one promotex or response element that
responds o redoXx sStress;

(b) an eukaryotic cell which harbors at
least one promoter or response element that
responds to DNA stress;

{c) an eukaryotic cell which harbors at
least one promoter or response element that
responds to protein stress; and

(d) an eukaryotic cell which harbors at
ieast one promoter or response element that
responds to energy/ionic stress;

wherein, each of said promoters or response elements is

operatively linked to a heterologous gene encoding a
detectable product.

9. A diagnostic kit for identifying and
characterizing a toxic compound comprising at least 4
different eukaryotic cells, each of which harbors a
different promoter or response element that responds to
redox stress and is operatively linked to a

heterclogous gene encoding a detectable product.

10. A diagnostic kit for identifying and
characterizing a toxic compound comprising at least 4
different eukaryotic cells, each of which harbors a
different promoter or response element that responds to

DNA stress and is operatively linked to a heterologous
gene encoding a detectable product.

11. A diagnostic kit for identifying and
characterizing a toxic compound comprising at least 4
different eukaryotic cells, each of which harbors a

different promoter or response element that responds to



- 79- 18. The diagnostic kit according to any one of clains 1, 2,
7, 8, 9 or -14 wherein said pronoter or response el enent that responds to
redox stress is selected from CYPI Al, GST Ya, JUN, XRE, NFkBRE, RARE ThRE,

PPRE, ERE, NMO1, ALDH1, ALDH2, HVO NhSCD UGT, CYPllBZ Cu. DPRT,
GP, FAOxase, PBE, PPAR, EH, CYP2B2 , CYP2E1, CYPSQ\mL“Hﬂ !‘ ‘lﬁ B PPa PKC
GST2, GAPDH, NQO or ARE. 19. The dia |ng to

any one of clainms 1, 3, 7, 8, 10 or 14, wherein sal d pronDter or response
el ement which responds to DNA stress is sel-@eted from GST Ya, GADD45, JUN,
FOS, XHF, GADD153, TRE, p53RE, HMO, DRA, MiSOD, MDR-1, EGR-1, GAS 2,3,
MGMI, DNA Pol, beP&EOBBED BHFFES TRIA PCNRPEISVellpXlinked to a

heterologous cene encoding a detectable producc.

22. A diagnostic kit for identifying and
characterizing a toxic compound comprising at least 4
different =ukaryotic cells, each of which harbors a
different promoter or response element that responds to
energy/ionic stress and is operatively linked to a

heterclogous gene encoding a detectable product.

. ) 13. A diagnostic kit for identifying and
characrerizing a toxic compound comprising at least 3

different =sukaryotic cells, each of which harbors a

different promoter or response element that responds to

cell surface receptor-mediated stress and is
operatively linked to a heteroclogous gene encoding a
detectable product.

14. The diagnostic kit according to claim 8,
additionally comprising a mammalian cell harboring a

promoter which responds to cell surface receptor-

mediated sctress, said promoter being operatively linked

to a heterologous gene encoding a detectable product.

15. The diagnostic kit according to any one

of claims 1-5 or 8-12, wherein said eukaryotic cell is

a mammalian cell.

16. The diagnostic kit according to claim
15, wherein said mammalian cell is a HepG2 cell.

17. The diagnostic kit according to any one

of claims 6-7 or 13-14, wherein said mammalian cell is

a cell derived from the skin or from the eye.
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| SGL5, 2'-5'" AS, EH, CYP2El, TPOl, TPO2, PCNA or PPa. 20. The
di agnoestiec kit according-to any one of clainms 1, 4, 7, 8, 11 or 14,
wherei n said pronoter response el ement which responds to protein stress

o1 ?ﬁéeﬁfimﬂl\‘f\mmﬂ!ﬂ Ging to any one of claim 1,5, 7. 8, 15

of claims 1, 5, 7, 8, 12 or
14, wherein %sai’d p rom)ter whi ch responds to energy/ionic stress is

selected from GRP78, FOS, CRE, CYP11B2, 2'-5' AS, TH, DBH, ODC, CYP2E1,
G6PD, PKC or PVALB. 22. The didgnostic kit according to any
one of clains 6, 7, 13 or 14, wherein said pronoter whjch responds to
cel| surface receptor-nedi dtfed Steesdapgostaf it FITTRINE FoaPPRa® e CSF,
GVt CSF, TNF al phapfldtrainks 1 ,L-8, 1,L86, ol cAML4, whérdih ased dVipCBRoter or

23. The diagnostig kit according t9,.¢l 3l lngs o redox stress is
selected from CYP1lAl, GST Ya, JUN, XRE, NFKBRE, RARE,
ThRE, PPRE, ZSRE, NMOl, ALDH1l, ALDH2, HMO, MnSOD, UGT,
CYP11B2, Cu.ZnSOD, ADPRT, GP, FAOxase, PBE, PPAR, EH,
CYP2B2, CYP2El, CYP3A3, P450b, P450d, PPa, PKC, GSTZ2,
GAPDH, NQO or ARE.

19. The diagnostic kit according to any one
) of claims 1, 3, 7, 8, 10 or 14, wherein said promoter
‘ or response element which responds to DNA stress is
selected from GST Ya, GADD4S, JUN, FOS, XHF, GADD1S53,
TRE, pS3RE, HMO, DRA, MnSOD, MDR-1, EGR-1, GAS 2,3,
MGMT, DNA Pol, beta-pol, DHFR, TK, PCNA, PGHS, LOX,
I1SGls, 2'-5" AS, EH, CYP2El, TPOl, TPO2, PCNA or PPa.

20. The diagnostic kit according to any one
of claims 1, 4, 7, 8, 11 or 14, wherein said promoter
or response element which responds to protein stress is

selected from GRP78, SUN, FOS, HSP70, MT 1A, MT IIA, MT
III or GP.

21. The diagnostic kit according to any one
of claims 1, S, 7, 8, 12 or 14, wherein said promoter
which responds to energy/ionic stress is selected from
GRP78, FOS, CRE, CYP11B2, 2'-5' AS, TH, DBH, ODC,
CYP2E1l, G6PD, PKC or PVALB.

22. The diagnostic kit according to any one
of claims 6, 7, 13 or 14, wherein said promoter which
responds to cell surface receptor-mediated stress is
selected from IL-1 alpha, G-CSF, GM-CSF, TNF alpha, IL-

3, IL-8, IL-6, ICAM-1, IL-10 and M-CSF.

23. The diagnostic kit according to claim 1,
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-80- wherein: said pronoters conprise ALDHl, CYP1lAl, FOCS, GADD153, HMO,
HSP70,- JUN and MTIIA; and said eukaryotic cell is a Hep& cell.

24. The diagnostic kit according to claim8, wherein: W'l d pronoters or

response el ements conprise CYPI A, GST Ya, GADD45, FOS m*”,”-lmnﬂmmml I-A

GADD153, CRE, XRE, NFkBRE, RARE and p53RE; and
eukaryotic cells are Hep& cells.

-380-

wherein: said promoters comprise ALDHL1, CYPlAl, FOS,
GADD153, HMO, HSP70, JUN and MTIIA; and said eukaryotic
cell is a HepG2 cell.

24. The diagnostic kit according to claim 8,
wherein: said promoters or response elements comprise
CYP1Al, GST Ya, GADD45, FOS, XHF, HSP70, MT IIA,
GADD1S3, CRE, XRE, NFkBRE, RARE and pS3RE; and

said eukaryotic cells are HepG2 cells.

. 25. The diagnostic kit according to claim

24, wherein said gene encoding a detectable product is

the CAT gene.

26. A method for determining the toxicity of
a compound comprising the steps of:
(a) culturing:

(i) a eukaryotic cell comprising
at least one promoter or response element which
responds to redox stress;

(ii) a éukaryotic cell comprising
one promoter or response element which
responds to DNA stress;

at least

(iii) a eukaryotic cell comprising
at least one promoter or response element which
responds to protein stress; and

(iv) a eukaryotic cell comprising
at least one promoter or response element which
responds to energy/ionic stress;
wherein each of said promoters or response elements is

operatively linked to a gene encoding a detectable

product;
(b} exposing said cells to said
compound; and
(c) detecting the product of each of
said genes. . .
REPLALEM &
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25. The diagnostic kit according to claim24, wherein said gene encoding a
detect abl e. product is the CAT gene. 26. A nethod for
determining the toxicity of a conpound conprising the steps of:

1 cant o MM bonse o Srant Sher?™ ' © espondt 1ot or

stress; * (ii) a eukaryotic cell conprising at
| east one pronoter or response el ement which responds to DNA stress;

(iii) a eukaryotic cell conprising at-8least one pronoter or response
el ement whi ch responds _to grotein_stress; and

(iv) a eukaryotic cell conpfisingy Mmethod gion dete g >BEoidt &1 FesBbnse
el ement which a doampandscbepensiny/tlonistexis @gs; wherein each of said

pronoters or response el enents i§a)opg?ﬁﬁﬁggﬂégli nked to a gene encoding a
i

detectabl e product; exposi ng said geljs_to_said
a eukaryotic cel:l

narboring a
first redox sStress promoter Or response element
operacively linked to a gene encoding a detectable
product ;

(ii) a eukaryotic cell harboring a
second redox sStress promoter or response element
operatively linked to a gene encoding a detectable

. product ;

(iii) a eukaryotic cell harboring
a third redox stress promoter or response element
operatively linked to a gene encoding a detectable
product;

(iv) a eukaryotic cell harboring a
fourth redox stress promoter or response element
operatively linked to a gene encoding a detectable
product;

(b) exposing said cells to said
compound; and .

(c}) detecting the product of each of
sald genes.

28. A method for determining the toxicity of
a compound comprising the steps of:
{a) culturing:

(i) a eukaryotic cell harboring a
first DNA stress promoter or response element
operatively linked to a gene encoding a detectable
product;

(ii1) a eukaryotic cell harboring a
second DNA stress promoter oOr response element

operatively linked to a gene encoding a detectable
product;
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conpound; and (c) detecting the product of each of said

genes. : 81- 27. A nethod
for determining the toxicity of a conmpound conprising the steps of:

#?2 stCUlrteggi(ngéress pronoter or respoﬁlis)e 2I glrjrgﬁ{ymic aﬂ*mum“w"mﬂﬂig to

a gene encodi ng a detectable pr oduct ;
eukaryotic cell harboring a
-82 -
(iii) a eukaryotic cell harboring
a third DNA stress promoter or response element
operatively linked to a gene encoding a detectable
producrct;
(iv) a eukaryotic cell harboring a
fourth DNA stress promoter or response element
operatively linked to a gene encoding a detectable

producet ;

{b) exposing said cells to said
compound; and

' (c) detecting the product of each of
said genes.

29. A method for determining the toxicity of
a compound comprising the steps of:
{a) culturing:

(1) a eukaryotic cell harboring a
first protein stress promoter or response element
operatively linked to a gene encoding a detectable
producet ;

(ii) a eukaryotic cell harboring a
second protein stress promoter Or response element
operatively linked to a gene encoding a detectable
producet ;

(iii) a eukaryotic cell harboring
a third protein stress promoter or response
element operatively linked to a gene encoding a
detectable product;

(iv) a eukaryotic cell harboring a
fourth protein stress promoter or response element
operatively linked to a gene encoding a detectable

producet;

(b) exposing said cells to said
compound; and

(c) detecting the product of each of
said genes.
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second redox stress pronoter or response el enent operatively linked to
a gene encoding a detectable product; (i) a

eukaryotic [ redox stress pronoter or response

el enent llmﬂlml"m"m””med to a gene encodi ng a detectabl e

product ; (iv) a eukaryotic cell harboring a

fourth redox stress pronDter or response el enent operatively linked to
a gene encodi ng a detectable product ; (b) exposing
said cells to said conpound; and -83- (c) detecting the product
of each of said genes. 28. A nethod for determning the
toxicity of a conpound conpfi-si Ag™Ehe°dt epE @ftermining the toxicigyjof

cul turing: a compound compriising eh&kasyeps cofel |l harboring a

first DNA stress pronoter or resggnseﬁghgggggg operatively linked to a
gene encodi ng a detectable pr oduc (i) a
eukaryotic cell harboring a \13 a eukarvyotic cell harboring’a

first energy/ionic stress promoter or response
element operatively linked to a gene encoding a
detectable product;

(ii) a eukaryotic cell harboring a
second energy/ionic stress promoter or response
element operatively linked to a gene encoding a
detectable product;

(i) a eukaryotic cell harboring a
third energy/ionic stress promoter or response
element operatively linked to a gene encoding a
detectable product;

(1) a eukaryotic cell harboring a
fourth energy/ionic stress promoter or response
element cperatively linked to a gene encoding a

detectable product;

(b} exposing said cells to said
compound; and

{c) detecting the product of each of
said genes.

31. A method for determining the toxicity of
a compound comprising the steps of:
(a) culturing:

(i) a mammalian cell harboring a
first cell surface receptor-mediated stress
promoter or response element operatively linked to
a gene encoding a detectable product;

(ii) a mammalian cell harboring a
second cell surface receptor-mediated stress
promoter Or response element operatively linked to
a gene encoding a detectable product;

ﬁfﬁﬂﬁcfaam




second DNA stress pronoter or response el ement operatlvel y linked to

a gene encodi ng a detectable pr oduct ;

-82- . (iii) a eukaryotic cell athird
DNA stress pronoter or response el enent operatlvﬁﬂﬂﬂ IHF ”Mg ene
encodi ng a detectable product ; mot I C
cell harboring a fourth DNA stress pronoter or response el"emént *
operatively linked to a gene encodi ng a det escqt abl e product ;

a

(iii) a mammaliian cell harboring a
third ceil surface receptor-mediated stress
promoter or response element operatively linked to
a gene encoding a detectable product;

(b} exposing said cells to said
compound; and

(c) detecting the product of each of
said genes.

32. The method according to claim 26,
comprising the additional step of culturing a mammalian
cell comprising at least one promoter or response

element which responds to cell surface receptor-
mediated stress.

33. The method according to any one of
claims 26-32, wherein:

{a) each of said promoters or response
elements is operatively linked to the same gene
encoding a detectable product, said gene being
heterologous to each of said promoters or response
elements; and

(b) each of said cells harbors a
different promoter or response element operatively

linked to said gene and is cultured separately prior to
exposure to said compound.

34. The method according to any one of

claims 26-30, wherein said eukaryotic cell is a
mammalian cell.

35. The method according to claim 31 or 32,

wherein said mammalian cell is derived from the skin or
the eye.
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(b) exposing said cells to said conpound; and (c) detecting
t he product of each of said genes. 29. A nmethod for determning
the toxicity of a conmpound conprising the steps of: (a)

it provel n MIUIMIRL D v fonoe®ctcrer ' "Gperan Vel

operatively |inked

to a gene encodi*ng“a det'ect’abl’e product : (ii) a
eukaryotic cell harboring a second protein stress pronoter or response
el ement operatively linked to a gene entodi ng a detectable

product; 6. Gl he@nSHKBLYOEE S Eld NalihokbNg . a
third protein stress pronoter or response __element operatively Iinked
to a gene encodi ngherein szigt &&idblie pr sappalian cels. (iv) a
eukaryotic cell harboring a fourth protein stress pronoter or response

el ement operatively lipked o 39608 gearkndy % detestalle

wherein said mammalian cell is HepG2.

38. The method according to any one of
claims 26, 28 or 32, wherein said promoter Or response
element that responds to redox stress is selected from
CYP1Al, GST Ya, JUN, XRE, NFkBRE, RARE, ThRE, PPRE,
ERE, NMOl1, ALDH1, ALDH2, HMO, MnSOD, UGT, CYP11B2,
Cu.ZnSOD, ADPRT, GP, FAOxase, PBE, PPAR, EH, CYP2B2,
CYP2E1, CYP3A3, P450b, P450d, PPa, PKC, GST2, GAPDH,
NQO or ARE.

39. The method according to any one of
claims 26, 29 or 32, wherein said promoter Or response
element that responds to DNA stress is selected from
GST Ya, GADD4S, JUN, FOS, XHF, GADD153, TRE, p53RE,
HMO, DRA, MnSOD, MDR-1, EGR-1, GAS 2,3, MGMT, DNA Pol,
beta-pol, DHFR, TK, PCNA, PGHS, LOX, ISG15, 2'-5' AS,
EH, CYP2El, TPOl, TPO2, PCNA or PPa.

40. The method according to any one of
claims 26, 30 or 32, wherein said promoter or response
element that responds to protein stress is selected

from GRP78, JUN, FOS, HSP70, MT 1A, MT IIA, MT III or
GP.

41. The method according to any one of
claims 26, 21 or 32, wherein said promoter or response
element that responds to energy/ionic stress is
selected from GRP78, FOS, CRE, CYP11B2, 2'-5‘ AS, TH,
DBH, ODC, CYP2E1l, G6PD, PKC or PVALB.
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product ; (b) exposing said cells to said conpound; and
(c) detecting the product of each-of said genes.

-83- . : 30 A et hod termning the toxicity of a conpound
conprising the stepﬁm umml“] MH (a) cul turing:
(i) a eukaryotic cellf ornnggd

first energy/ionic stress pronoter
or response

-86-

42. The method according to any one of
claims 2Z6, z7 or 32, wherein said promoter cr response
element that responds to cell surface receptor-mediated
stress I1s seiected from iL-1 alpha, G-CSF, GM-CSF, TNF
alpna., -L-3, IL-8, IL-6, ICAM-1, IL-10 and M-CSF.

43. The method according to claim 26,

wherein the detection of said gene products comprises
the steps of:

{(a} 1isolating mRNA from said exposed
culture;

(b) quantitating the amount of mRNA

transcribed Irom each of said genes that is operatively
linked to a stress promoter or response element.

44. The method according to claim 38,
wherein said gene encoding a detectable product is the
CAT gene.

45. The method according to any one of

claims 26-20 or 32, comprising the additional step of

incubating said compound with an S9 liver extract prior
to exposing said cells to said compound.

46. The method according to claim 44,
wherein:
said promoters or response elements comprise CYP1Al,

GST Ya, GADD45, FOS, XHF, HSP70, MT IIA, GADD153, CRE,
XRE, NFkKBRE, RARE and pS3RE; and

said mammalian cells are HepG2 cells.

47. A method of identifying an antitoxin to

a new toxic compound comprising the steps of:

(a) determining the types of stresses
caused by said new toxic compound by the method
according to any one of claims 26-46;




efenment operatively linked to a gene encoding a det ect abl e product;

(i1) a eukaryotic cell harboring a second energy/ionic stress pronoter
or response el ement operatively linked to a gene encoding-a-
det ect abl e product; (i) a eukaryotic cell a
third energy/ionic stress pronoter or response el ‘ﬁ“ “ﬁ gﬂi gm&
| inked to a gene encoding a det ect abl e product; \“
(i) a eukaryotic cell harboring a fourth energylldhlé stress pronDter
or response el enment operatively linked8&’0 a gene encoding a
det ect abl e product; (b) exposing said cells.to said
conpound; and (c)PHet MY G SRR PG cFPHOWE d
genes. whith, Annetbofdrbeesseiersmdimg ddhanyonei by ofaamconpound
conprising the st AH: causes stresses s£ﬁQlé¥“ié”|Hg%e caused by sai
(i) a mammal i an cell hdrboring a cell surface receptor-nedlated
stress toxlic compound; &and

{c) repeating the method used to

determine the types of stresses caused by said new
toxic compound according to step (a) with the
additional step of treating the eukaryotic cells
employed in said method with an antitoxin to said known
toxic compound identified in step (b).

48. A method of decreasing the toxicity of a
drug, comprising the steps of:

{a} determining the type of stresses
caused by said drug using the methods according to any
one of claims 26 to 46; and

(b) modifying said drug to alter or
eliminate the portion thereof suspected of causing said
determined stresses.

49. The method according to claim 48,
further comprising, after step (b), the additional step
of:

{c) repeating the method used to
determine the types of stresses caused by said drug

according to step (a) using the modified drug according
to step (b).

50. A modified drug produced by the method
according to claim 49 or 50.
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prordter or response elenment operatively linked to a gene encoding a
det ect abl e product; (ii) a manmmalian cell harboring a
second cel I surface receptor-nedi ated stress pronoter or response

el enent operatively linked to a gene encodi ng a detectabl e product;
-84 - (iii1) a ragwalian cell harboring a third
cell surface receptor-nedi ated stress pronoter or response el enent

operatively |inkitle:oMethods apdndisenosidicngites tetEetiad Manpadan dtress
(b) exposing said cel Pxomptersmitd Determine Toxicity of a Compound.

ABSTRACT
This invention provides methods and
diagnostic kits for identifying and characterizing

toxic compounds. These methecds and diagnostic kits

vt

measure transcripticn or translation levels from genes
linked to native eukaryotic stress promoters,
especially those of mammals. The kits and methods of
this invention utilize at least one stress promoter

from each of the following groups: redox stress, DNA

10 stress, protein stress and energy/ionic stress. The

invention also provides methods and diagnostic kits for

tdentifying and characterizing compounds that are toxic

0 spec:rfic organs, such as skin and the eye, as well

as for each of the individual stresses indicated above.

-5 The methods and diagnostic kits of this invention vield

information concerning the action of a compound on a

subcellular level. This information may be utilized to

design antitoxins to compounds found to be toxic and in
active drug design.

None of the figures is to be published.
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cofpound; and (c) detecting the product of each of said
genes. 32. The nethod according to claim26, conprising the
additional step of culturing a mammalian cell conprising at |east one
pronoter or response el ement which responds to cell surface receptor-
medi at ed stress. 337 The net hod according to any one of clains
26- 32, wherein: (a) each of said pronoters or response

el ements is operatively linked to thé/3ane gene encodi ng a detectable
product, said gene being heterol ogous to each of said pronoters or response
el enents; and (b) each of said cells harbors a different
pronoter or response el enent operatively linked to said gene and is
cultured separately prior to exposure to said conmpound.
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34 The nmet hod according to any one of clainms 26-30, wherein said

eukaryotic cell is a manmalian cell. 35. The net hod according
t.o claim31l or 32, wherein said mammalian cell is derived fromthe skin or
t-he eye. - 05- 36. The
met hod accorading to claim33, wherein said cell is a mammal i an cell
2/11
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37. The nethod according to claim 34, wherein said manmalian cell is HepQ&2.
38. The nethod according to any one of clainms 26, 28 or 32, wherein said
pronoter or response elenment that responds to redox stress is selected from
GYPI Al, GST Ya, JUN, XRE, NFkBRE, RARE, ThRE, PPRE, ERE, NMOl, ALDHI,
ALDH2, HMO, WMhSOD, UGT, CYP11B2, Cu.ZzZnSOD, ADPRT, GP, FAOxase, PBE, PPAR
EH, CYP2B2, CYP2El, CYP3A3, P450b, P450d, PPa, PKC, GST2, GAPDH, NQO or
ARE. 39. The nethod accondilng to any one of clains 26, 29 or
32, wherein said pronoter or response el enent that responds to DNA stress
Is selected from GST Ya, GADD45, JUN, FOS, XHF, GADD153, TRE, p53RE, HMO
DRA, MhSOD, MDR-1, EGR-1, GAS 2,3, MaVI, DNA Pol, beta-pol, DHFR TK, PCNA,
PGHS, LOX, |SGl5, 2'-5" AS, EH, CYP2El, TPOL, TPO2, PCNA or PPa.
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40. The nethod according to any one of <clainms 26, 30 or 32, wherein said
pronoter or response elenent that responds to protein stress is selected
from GRP78, JUN, FCS, HSP70, MI 1A, MI IIA MM Il or GP. 41.
The nethod according to any one of «clains 26, 31 or 32, wherein said
pronoter or response elenent that responds to energy/ionic stress is

sel ected from GRP78, FOS, ORE, CYPL1B2, 2'-5' AS, TH, DBH, ODC, CYP2EL,
G8PD, PKC or PVALB. /
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-86- 42. The nmethod according to any one of clainms 26, 27 or
32, wherein said pronoter or response elenent that responds to cell surface
receptor-nedi ated stress is selected fromIL-1 al pha, G CSF, GwW CSF, TNF

at pha, 1L-3, IL-8, IL-6, ICAM1, IL-10 and M CSF. 43. The

met hod according to claim26, wherein the detection of said gene products
conpri ses the steps of: 5,11 (a) isolating nRNA from sai d exposed
cul ture; (b) quantitating the anmount of nRNA transcri bed
fromeach of said genes that is operatively linked to a stress pronoter or
response el enent. 44. The nethod according to claim 36,

wherein said gene encoding a detectable product is the CAT gene.
45. The nmethod according to any one of
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clainms 26-30 or 32, conprising the additional step of incubating said
conmpound with an S9 liver extract prior to exposing said cells to said
conmpound. 46— The-net hod- according to—ctai m 44, wherein: said
ptronoters or response el enents conprise CYP1Al, GST Ya, GADD45, FOS, XHF,
HSP70, MI Il A, GADD153, CRE, XRE, NFkBRE, RARE and p53RE; and

said manmmalian cells are Hep& cells. 6/11 47. A net hod of
identifying an antitoxin to a new toxic conpound conprising the steps of:
(a) determning the types of stresses caused by said new toxic conmpound by
the nethod according to any one of clains 26-46;
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-87-

b)

process according co any one of clains 26-46,

t.hose caused by said toxic compound;

and

I dentifying a known toxic conmpound whi ch,

in the

causes stresses simlar to

(c)

repeating the

net hod used to determ ne the types of stresses caused by said new toxic
conpound according to step (a) with the additional

eukaryotic cells enployed in said ngtthod with an antitoxin to said known
toxi ¢ conpound identified in step (b).

decreasing the toxicity of a drug,

step of treating the

48. A net hod of

conprising the steps of:

(a) determning the type of stresses caused by said drug using the nethods
according to any one of clains 26 to 46; and

said drug to

(b) nodifying

alter or
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elimnate the portion thereof suspected of causing said determ ned
stresses. 49. The nethod according to claim48, further
conprising, after step (b), the additional step of: (c)
repeating the nethod used to determne the types of stresses caused by
said drug according to step (a) using the nodified drug according to step

(b). 50. A nodified drdglproduced by the method according to
claim49 or 50.
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